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NERVE GROWTH FACTOR ADMINISTRATION ON CULTURED HUMAN
LIGAMENTOCYTES: AN IN VITRO PILOT STUDY

L. SENESI', L. FARINELLI!, S. MANZOTTI', M. FRAVISINI? and A. GIGANTE'

!Clinical Orthopaedics, Department of Clinical and Molecular Sciences, Universita Politecnica
delle Marche, Ancona; *Department of Orthopaedic, “Sol et Salus” Hospital, Torre Pedrera, Italy

Nerve growth factor (NGF) is involved in several joint pathologies. It has been demonstrated that its
concentration increases in synovial fluid and tissue from arthritis. However, its role in joint homeostasis
and pathophysiology still remain to be clarified. This study analyzed the effect of 200 ng/ml on cultured
human ligamentocytes by evaluating cell proliferation, cell phenotype and gene expression. The MTT
test excluded an influence on cell viability at 7 and 14 days. Regarding cell phenotype, we observed that
NGF might promote the synthesis of COL1A1. On the other hand, real time PCR showed that NGF did
not influence gene expression of COL3A1, FGF-BETA, IGF1, MMP2, MMP3, MMP9 and MMP13.
However, COL1A1 gene was significantly upregulated in treated cell at 14 days. Our results suggest that
NGF may have an anabolic effect on ligament. Additional investigations are necessary to determine how

NGF may influence ligamentocytes.

Nerve Growth Factor (NGF) is a dimeric protein
made up of two identical, not covalently bound
polypeptide chains linked by intrachain disulfide
bonds. (1).

NGF is involved in nervous, endocrine and
immune system function, but it is also involved in
some inflammatory and rheumatic diseases. Previous
studies demonstrated its ability to participate in pain
initiation and neurogenic inflammation through
stimulating of neuropeptide overexpression and
activating immune cells (2).

To date, it has been widely established that NGF
and its receptors are present in normal and over
expressed in pathological articular cartilage (3)
and synovium (4), but the findings about their role
in joint pathophysiology are scant and conflicting
(5). In addition, growing evidences indicate that
blocking NGF signaling using anti NGF agents

(i.e. tanezumab) provide effective pain relief in
osteoarthritic patients confirming the role of NGF-
TrKA axis in pain response (6).

Even though, the impact of NGF and its
signaling pathways seem to be significant in joint
homeostasis, there is an inconsistent literature about
the relationship between NGF and human ligaments.
Nowadays, only studies on rats were found (7,
8). Nithya M et al. reported the ability of NGF to
enhance wound healing through increasing the
synthesis of collagen (7) whereas, Mammoto et al.
reported the ability of NGF to improve the healing
of injured medial collateral ligament by promoting
reinnervation and angiogenesis (8).

For these reasons, the aim of the present in
vitro study was to analyze the effect of NGF on the
proliferation, phenotype and gene expression of
human healthy ligamentocytes.
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MATERIALS AND METHODS

Ligamentocytes cultures

Healthy ligamentocytes were harvested from the
anterior cruciate ligament (ACL) of knees of 5 subjects
(2 males, 3 females) of similar age (65-75 years) that
underwent total knee arthroplasty. Each of these ACLs
was undamaged and appeared to be free of aggressive
inflammation. All participants provided a written informed
consent prior to the operation. The fragments of ligament
collected during the surgery were not of any medical use.
Ligaments cultures were subdivided in two groups: group
A - untreated ligamentocytes used as controls; group B -
cultures treated with 200 ng/ml of NGF (Sigma Aldrich,
St. Louis, MO, USA); The medium and NGF were
replaced twice weekly. The effects of NGF exposure were
evaluated in ligamentocytes monolayers at 7 (T1) and 14
days (T2).

Cell viability (MTT assay)

For viability evaluation, cells were seeded in 48-well
multi-plates (5000 cells/well). The 3-[4,5-dimethylthiazol-
2-y1]-2,5-diphenyl-2H-tetrazolium bromide (MTT) test
was performed at 7 and 14 days. The culture medium
was replaced with a filtered 10% sterile solution of 5
mg/ml  3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyl-2H-
tetrazolium bromide (MTT) in DMEM without phenol red
(both from Sigma Aldrich) and incubated at 37°C for 4 h.
After removing the supernatant, the dark blue formazan
crystals that had accumulated in cells were dissolved
by adding in 1 ml of solvent (0.01 N HCI in absolute
isopropanol) and quantified by spectrophotometry
(BioPhotometer Plus, Eppendorf, Hamburg, Germany) at

Table I. Results of non-parametric analysis.
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550 nm. Data are the mean of 3 assays and are expressed
as optical density (O.D.) for each cell group and time
point.

Cell phenotype

Cells for immunohistochemistry were incubated with
anti-MMP9, anti-MMP13 and anti-COL1A1 polyclonal
antibody. The percentage of stained cells was assessed
by computerized morphometric analysis using Leica
Application Suite 4.1 (Leica Microsystem, Heerbrugg,
Switzerland) by examining 5 random fields (10x) /
culture at 14 days. Cells were seeded in chamber slides
at a concentration of 5000 cells/ml. At 14 days they were
fixed in 4% paraformaldehyde for 15 min. The reaction
was detected using the Dako LSAB+ System-HRP kit
according to the manufacturer’s instructions (all reagents
from Dako Cytomation, Carpinteria, CA, USA).

RNA Purification

Sub-confluent cells were harvested from 25 cm?
flask after 7 and 14 days. Total RNA was extracted using
Trizol® reagent (Life Technologies, Paisley, Scotland,
UK) according to the manufacturer’s instructions.
RNA was resuspended in nuclease-free water and its
concentration was determined by UV spectrophotometry
at 260 nm using a NanoDrop 2000 (ThermoScientific,
Waltham, MA, USA).

RNA purity was assessed by the A260:280 ratio
(range, 1.7-1.9) and the A260:230 ratio (>1.6). Total
RNA degradation was assessed by 1% agarose gel
electrophoresis prior to RT-PCR. Gels were viewed after
staining with GelRed™ (Biotium, Hayward, CA, USA)
for 20 min. Total RNA (1 pg) was used in a reverse

Cell viability Mean Standard Deviation
Group A (T1) 0.469866667 0.149852245
Group B (T1) 0.4852 0.160548702

Group A (T2) 1.099133333

Group B (T2) 1.210733333

0.386696793

0.472199181
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transcription reaction using SuperScript®III First-Strand
Synthesis SuperMix kit for qRT-PCR (LifeTechnologies,
Carlsbad, CA, USA) according to the manufacturer’s
recommendations. The reaction was run in an MJ Mini
ThermalCycler (Bio Rad Laboratories, Hercules, CA,
USA).

Real-time PCR and gene expression analysis

The expression of 9 ligamentocytes marker genes -
type I collagen (COL1AL1), type III collagen (COL3A1),
metalloprotease (MMP) 2 (MMP-2), MMP-3, MMP-9
and MMP-13, fibroblast growth factor (FGF), insulin-like
growth factor-1 (IGF-1) - was determined by real-time
PCR (RT-PCR) 7 and 14 days into culture in monolayers
treated with NGF and in untreated chondrocytes. All
experiments were performed in triplicate cDNA was
amplified by real-time PCR using Power SYBR® Green
PCR Master Mix (Applied Biosystems, Foster City,
CA, USA) and the specific assay designed for the genes
investigated except in the case of COL1A1, whose cDNA
was amplified using TagMan universal PCR master mix
(Applied Biosystems). SYBR® Green assay reactions
were performed in a 20 pl volume using the ABI PRISM
7500 (Applied Biosystems). Each reaction contained 10
ul 2X Power SYBR® Green PCR Master Mix, 400 nM

(S1)3

concentration of each primer, and cDNA. TagMan assay
amplification were performed in a 20 pl volume using
the ABI PRISM 7500. Each reaction contained 10 pl 2X
Power SYBR® Green PCR Master Mix, 400 nM of each
primer, 200 nM of the specific probe, and cDNA. All
experiments included non-template controls to rule out
reagent contamination.

Gene expression levels were normalized to the
expression of the housekeeping gene RPL13 and are
presented as fold changes relative to expression in control
cells. Results are the mean of 6 observations. Quantification
was done with the delta/delta calculation method using
7500 Software v2.0.5 (Applied Biosystems). Forward and
reverse primers for RT-PCR were designed using Applied
Biosystems Primer Express software.

Statistical analysis

A non-parametric approach was used, as variables
were not normally distributed. Variables were summarized
using median and interquartile range (1*-3" quartiles). A
ranked-based non-parametric analysis for longitudinal
data was used to compare MTT viability data (at O.D.
550 nm) in the two cell groups at 7 and 14 days. The
effect of treatment type and time and their interaction was
evaluated; results are presented as a box plot. The Kruskal-

MTT Test
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Fig 1. Light grey: group A; dark grey: group B. No significant differences in cell viability were observed in

both groups at 7 and 14 days.
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Wallis test was applied to compare histochemical staining
(COL1A1, MMP-9) at 14 days. Statistical significance
was set at a level of probability of 0.05. Changes in gene
expression are given as fold change; >1.5 fold change
expression for upregulation and <0.5 fold change for
downregulation were considered significant (p<0.05).

RESULTS

Cell Viability (MTT assay)

The results of non-parametric analysis are reported
in Table I and Fig. 1. No significant differences in
cell viability were observed between two groups at
T1 and T2. Significant differences were observed
between T1 and T2 in both groups (P<0.05). Median
reading a T1 were 0.486 (1%-3" quartiles: 0.314-
0.615) in group A; 0.554 (1%-3" quartiles: 0.347-
0.59) in group B. Median reading a T2 were 1.083
(13 quartiles: 0.803-1.328) in group A; 1.186 (1%-
31 quartiles: 1.021-1.363) in group B.

Histomorphometry
The median percent values of cells staining with
COL1A1 were 5.16% in group A (1%-3" quartiles:

L. SENESI ET AL.

3.65-6.32); 18.78% (1%-3¢ quartiles: 16.375-
21.41) in group B. The median percent values of
cells staining with MMP9 were 12.762% in group
A (18-39 quartiles: 11.07-13.745); 13.65% (1:-3
quartiles: 12.871-14.767) in group B. The median
percent values of cells staining with MMP13 were
14.068% in group A (1%-3" quartiles: 12.61-16.04);
15.4% (1%-3 quartiles: 13.365-17.85) in group B as
reported in Fig. 2.

Gene expression

COL3Al, FGF-BETA, IGF1, MMP2, MMP3,
MMP9 and MMP13 gene expression did not differ
significantly in group A compared to group B.
COL1A1 gene was significantly upregulated in
group A only at 14 days. The gene expression data as
fold change was reported in Fig. 3.

DISCUSSION

It has been well established that all tissues
within the joint as cartilage, synovium and bone are
characterized by expression of NGF and its receptors.
Even though, our knowledge regards their role in

Histomorphometricanalysis

30

25

20 l

Stained cells (%)

.

COL1A1

- e -

MMP9 MMP13

Fig. 2. Light grey: group A; dark grey: group B. it is worth mentioning that the median proportion of stained cells for
COL1A1 was significantly lower in Group A than Group B (P<0.05).
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pathophysiology of osteoarthritis (OA) is marginal
and unclear, NGF has been detected over-expressed
in synovial fluid of OA (9). In addition, several
studies pointed out that chondrocytes and synovium
could produce NGF as a reaction of various stimuli of
damage, through IL-1 and/or TGF-f signaling (10).
Hence, it is reasonable to postulate that the ligaments
of the central pivot of the knee might be subjected to
the autocrine/paracrine effect of NGF. To the best of
our knowledge, this is the first study describing the
in vitro effect of NGF on proliferation, phenotype
and gene expression of human ligamentocytes in
primary cultures.

In regards to cells viability, MTT test disclosed
that NGF did not influence cell proliferation; this

MMP2

7 days 14 days

MMP9

04
02
0

7 days 14 days

COL3A1

7 days 14 days

IGF-1

7 days 14 days

suggests that it should not act neither as growth
factor nor toxin on ligamentocytes, but rather similar
to a cytokine through the activation and/or inhibition
of specific signaling pathways.

Results of the present study suggested that the
administration of NGF should promote the synthesis
of COLIA1 in ligamentocytes differentiation.
Indeed, it was the only gene that seems to be
upregulated by RT-PCR and immunohistochemical
analysis compared to control (Fig. 4).

Taken together, our findings suggest that NGF
may have an anabolic effect on ligamentocytes as
observed by Mammoto et al. in rats (8). Even though
these data required replication, we could assume that
in case of acute knee injury, the NGF delivered by

MMP3

7 days 14 days

MMP13

1129
1128
1127
1,126
1125

1124
1123

1122
1121
112

1,119
7 days 14 days

COL1A1

7 days 14 days

FGF-b

7 days 14 days

Fig. 3. Gene expression pattern: Mean gene expression values in NGF-treated samples from 5 healthy adult individuals
normalized to control values. Changes in gene expression are given as fold change; >2 fold change expression for
upregulation and <0.5 fold change for down regulation were considered significant (p<0.05) (Marked with *).



6 (S1)

Group A (Control group)
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Group B (NGF group)

COL1A1

MMP9

MMP13

Fig 4. Immunohistochemical analysis. All photos were taken at 10X magnification. Cytoplasmatic staining of COLIAI,
MMPY9, MMP13 was detected after 14 days of culture. It is worth mentioning the difference regarding COLIAI as

highlighted in Fig. 2.

synovium in response of damage, might promote
an anabolic response of the central pivot acting as a
defense mechanism of the joint.

Among metalloproteases, several families of
these zinc dependent enzymes participate actively
to development, remodeling and subsequent
pathological processes of the joints (11). Considering
our results, NGF may have an uncertain effect on
human ligamentocytes. In our cultures, these genes
expression were not influenced in significative
manner by NGF administration.

It has been demonstrated that MMP-13 is not
expressed in healthy anterior cruciate ligament
collected from total knee arthroplasty, whereas its
expression is predominant in tendinopathies (12).
Our results are controversial, because we showed
that NGF administration seems to increase MMP-
13 expression. On the other hand, our research
pointed out that NGF seems to have an anabolic
effect on ligamentocytes. For these reasons, we

hypothesize that mRNAs will not be translated in
the corresponding enzyme under NGF stimuli or that
there is a simultaneously production of inhibitors of
MMP in favor of an ultimate anabolic effect.
Among the growth factor family, FGF-f and
IGF-1 have proven to play a crucial role in the joint
pathophysiology. The former regulates a broad
spectrum of biological functions, including cellular
proliferation, survival, migration, and differentiation.
It was originally identified as a protein capable of
promoting fibroblast proliferation. Indeed, FGF have
been utilized for the regeneration of damaged tissues,
including skin, tendon and ligament (13). The latter
plays a crucial role in wound healing and connective
tissue repair in rats (14) even though these data
need to be confirmed in human. In the present study
both gene expressions were not influenced by NGF,
suggesting that the anabolic effect observed in vitro
might not be due to IGF-1 and FGF-p} signaling.
Additional analyses regarding gene expression
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and protein synthesis are necessary to clarify the
behavior of ligamentocytes under NGF stimulation,
as considering our data, we could only hypothesize
that this anabolic response occurs in vivo.
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MULTI-OMICS ANALYSIS OF SYNOVIAL FLUID: A PROMISING APPROACH IN THE
STUDY OF OSTEOARTHRITIS

G. VICENTI, D. BIZZOCA, M. CARROZZO, G. SOLARINO and B. MORETTI

1Department of Neuroscience and Organs of Sense, Orthopaedics Section, University of Bari Aldo
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Osteoarthritis (OA), affecting 250 million individuals worldwide, is a significant social health
problem. Therefore, the search for synovial fluid (SF) biomarkers that could anticipate the diagnosis
of OA is gaining increasing importance in orthopaedics. This review summarizes the recent progresses
preformed in the multi-omics approach to OA, mainly focusing on proteome and metabolome analysis
of SF. Proteomics of the SF has shown the up-regulation of several components of the classic complement
pathway in OA samples, including C1, C2, C3, C4A, C4B, C5 and C4 C4BPA, thus depicting that
complement is involved in the pathogenesis of OA. Moreover, proteomics has displayed that some pro-
inflammatory cytokines, namely IL-6, IL-8 and IL-18, have a role in OA. The metabolomic profiling
of the SF in OA has identified some metabolites as potential biomarkers of OA and has shown the
existence of metabolically different OA subgroups. However, further studies with larger samples sizes
and matched-control groups are needed to identify SF biomarkers that could be useful in the diagnosis,

treatment and follow-up of OA.

Osteoarthritis (OA) is the most prevalent
degenerative joint disease and a leading cause of pain
and disability in elderly people. The Osteoarthritis
Research Society International (OARSI) defines
OA as “a disorder involving movable joints
characterized by cell stress and extracellular matrix
degradation initiated by micro- and macro-injury
that activates maladaptive repair responses including
pro-inflammatory pathways of innate immunity”(1).

OA, affecting 250 million individual worldwide,
mainly over-65 adults, represents a significant social
health problem (2).

Even if several genetic and environmental risk
factors promote the development of OA, i.e. age,
gender, ethnicity, body mass index (BMI), physical
activity and muscle weakness, the exact pathogenesis
of OA is still unclear (3). The anatomopathological

features of OA include cartilage degeneration, intra-
articular synovial inflammation and subchondral
osteosclerosis (4).

Currently, the diagnosis of OA is based on
physical examination, while the progression of the
joint degenerative changes could be assessed with
imaging techniques only (3, 4).

Osteoarthritis causes articular pain, joint stiffness
and loss of function, thus progressively affecting the
working ability and the social life of the patient (5).
Nonetheless, the symptoms onset occurs after that
the irreversible joint changes have developed (2).
Therefore, arthroplasty still is the most successful
procedure for the treatment of OA, with a reported
high patient’s satisfaction rate (6).

Thus, the search for synovial fluid (SF) biomarkers
that could anticipate the diagnosis of OA is gaining
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increasing importance in orthopaedics (2). This
review summarizes the recent progresses preformed
in the multi-omics approach to OA, mainly focusing
on proteome and metabolome analysis of SF, to
depict the future perspectives in the diagnosis and
treatment of OA.

Synovial fluid physiology and composition

Diarthrodial joints are lined with a tissue called
synovium that produces the joint fluid, a viscous,
mucinous substance that lubricates joints (7). It
is also called synovial fluid (SF) because of its
resemblance to egg white. SF is an ultrafiltrate of
plasma, containing the same plasmatic levels of
glucose and uric acid. The SF protein concentration,
however, is about one third of the plasmatic one (8).

Plasma constituents that enter joint fluid must cross
a double-barrier membrane. First, the endothelial
lining of the capillaries is crossed, followed by
movement through a matrix that surrounds synovial
cells (9). This ultrafiltrate is finally combined with
the hyaluronate synthesized by the synovium (9).

The SF provides nutrition and lubrication to the
articular cartilage in minute amounts. It accumulates
in a pathologic joint, and reflects the ongoing process
of the joint disorder (10).

Proteomics of synovial fluid in osteoarthritis

The proteome is the cell’s specific protein
complement in a defined physiological context
at a specific point in time (11). Proteome analysis
or “proteomics” is the large-scale protein-based
systematic analysis of the proteome, or a defined sub-
proteome, from a cell, tissue, or entire organism (11).
A relatively new discipline that has been growing
rapidly in the last two decades (12).

Proteomics of the SF has shown the upregulation
of several components of the classic complement
pathway in OA samples, including C1, C2, C3, C4A,
C4B, C5 and C4 Binding Protein Alpha (C4BPA),
thus depicting that complement is involved in the
pathogenesis of OA (10-14).

Corigliano et al, in a clinical study analysing the
SF obtained from 25 arthritic knees at different stages,
have recently reported that the expression levels of
two Complement C3 peptide fragments, i.e. C3f and
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C3f Des-Arg, decrease with the progression of OA
degrees severity (15). These authors consequently
suggest that C3f could be a useful tool for the staging
of knee OA (15).

Wang et al, in an interesting in vivo study
performed on mice genetically deficient in CS5,
C6, or CD59a, have shown that complement, and
specifically the membrane attack complex (MAC)-
mediated arm of complement, is critical to the
development of arthritis.

Moreover, these authors have shown in
chondrocytes of mice genetically deficient for C5,
the expression of inflammatory and degradative
molecules was lower than in C5-sufficient mice (14).

Based on this finding, Wang et al have
hypothesized that increased SF levels of some
complement proteins should cause the MAC
formation, with subsequent chondrocytes apoptosis
and inflammatory response (14).

It should be noted that these data still have a
limited clinical usefulness, since it is reported that
the complement inhibition causes an increased
risk of infection, mainly caused by Neisseria
(13). Eculizumab, an anti-C5f human monoclonal
antibody FDA-approved for the treatment of
Paroxysmal Nocturnal Hemoglobinuria (PNH)
could be, however, a promising tool in the treatment
of OA (13, 16, 17).

Proteomics studies have also suggested that some
pro-inflammatory cytokines, namely IL-6, IL-8 and
IL-18, could have a central role in the pathogenesis
of OA18-21.

Interestingly, Livshits et al have evaluated
the circulating levels of IL-6 in 908 women at
recruitment and at 5-, 8- and 15-years follow-up
(22). All the patients underwent also an X-ray of
the knee at baseline and at 10- and 15-years follow-
up; the X-rays findings were finally used to classify
in stages, according to Kellgren and Lawrence, the
severity of knee OA in the recruited patients (22).
These authors reported that circulating levels of IL-6
are significantly higher in women that develop OA,
concluding IL-6 could be a potential therapeutic
target in the treatment of knee OA (22).

Wang et al, in a controlled clinical-radiographic
study comparing 33 patients with primary knee OA
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at different stages with 15 health subjects, have
observed that plasma, synovial fluid and articular
cartilage IL-18 levels were significantly increased in
OA patients, and these elevated levels were positively
correlated with radiographic OA severity (23).

Metabolomics of synovial fluid in osteoarthritis

Metabolomics is a rapidly emerging “omics”
science, which involves the study of the small
molecules (i.e. molecular weight<10 kDa) produced
by active and living cells at a specific time
point, during their life cycles (7). Consequently,
metabolomics provides a snapshot of a biological
system status, showing how it changes in response to
stress, environmental changes and diseases (7, 24).

The basis for metabolomics is that a specific
pathological condition may alter the concentration
of a specific groups of metabolites, which can then
be targeted as a biomarker of that disease (25).

In the field of osteoarthritis research, several
studies have investigated the metabolomic profiling
of the synovial fluid (SF), reporting interesting
findings (26-30).

Carlson et al, in a recent pilot study, performed
the global metabolite profiling of 13 synovial fluid
samples - 1i.e. osteoarthritis (n=5), rheumatoid
arthritis (n=3) and healthy subjects post-mortem
samples (n=5) - using high-performance liquid
chromatography (HPLC) and mass spectroscopy
(MS) (26). These authors found 35 metabolites
as potential biomarkers of OA, including
phosphatidylcholine, lysophosphatidylcholine,
ceramides, myristate derivatives, and carnitine
derivatives (26).

Zheng et al had previously analysed with HPLC-
MS the SF obtained from the knee of 35 subjects,
25 patients affected by OA and 10 control subjects
(i.e. patients undergoing high amputation) (27).
These authors, through multi-variate data analysis,
identified six metabolites strongly associated with
OA: glutamine, 1,5-anhydroglucitol, gluconic
lactone, tyramine, threonine and 8-aminocaprylic
acid (28).

Mickiewicz et al, in a controlled study, have
analysed the SF obtained from 55 arthritic knees
and 13 control knees (post-mortem sample) (29).
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These authors observed fructose and citrate
levels were increased in SF samples collected
from OA knee joints, whereas the concentrations
of  O-acetylcarnitine, = N-phenylacetylglycine,
methionine, ethanol, creatine, malate, ethanolamine,
3-hydroxybutyrate and hexanoylcarnitine were
decreased in OA samples compared to the controls
(29).

Kim et al, on the other hand, in the differential
analysis of the SF obtained from eight patients with
early knee OA (Kellgren-Lawrence stages 1-2),
compared with seven patients with late knee OA
(stages 3-4 according to Kellgren-Lawrence), have
identified 28 critical metabolites for discriminating
between the early and late knee OA, with a
significantly different concentration in the two
groups (28). These metabolites, mainly related to
fatty acid metabolism, glycerolipid metabolism,
and the tricarboxylic acid cycle, included malate,
ethanolamine, squalene, glycerol, muyristic acid,
oleic acid, lanosterol, heptadecanoicacid, and capric
acid (28).

Zhang et al evaluated the SF metabolomic profile
of 80 patients with hip and knee osteoarthritis,
undergoing total hip or knee replacement surgery,
and showed that OA consists of three metabolically
distinct subgroups (30). The existence of
metabolically different OA subgroups, that are likely
due to the differences in carnitine, lipid and collagen
metabolism, will help to understand the pathogenesis
and develop targeted therapies for OA (30).

DISCUSSION

Multi-omics analysis of the synovial fluid is a
promising tool in the study of OA. However, further
studies with larger samples sizes and matched-
control groups are needed to identify SF biomarkers
that could be useful in the diagnosis, treatment and
follow-up of OA.
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NEW INSIGHTS INTO THE TREATMENT OF NON-HEALING DIABETIC FOOT ULCERS
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Diabetic foot ulcers (DFUs) are one of the most serious and devastating complication of diabetes
mellitus, affecting about 15% of diabetic patients. This review describes the innovative treatment
options currently available in the treatment of non-healing DFUs. The use of Platelet-Rich-Plasma
(PRP) is a safe and valid approach in the treatment of DFUs. However, the methods used to obtain and
prepare autologous PRP vary between the studies, thus further evidences are eagerly awaited. Adipose
tissue-derived mesenchymal stem cells (ADSCs) are a promising tool in the treatment of DFUs, but
additional largescale and long-term follow-up clinical trials are needed. Bone marrow mesenchymal
stem cells (BM-MSCs) transplantation, on the other hand, revealed effective in reducing incidents and
improving the quality of life of patients with amputations. Autologous Peripheral Blood Mononuclear
Cells (A-PBMNCs) showed a good efficacy in the treatment of diabetic patients with CLI, but further
RCTs are awaited to best investigate this new therapeutic approach. Photobiomodulation (PBM) therapy
revealed effective in the treatment of DFUs in two RCTs, but a standardization of therapeutic protocols

as well as level-I studies are needed.

Diabetes mellitus (DM) is a major public health
problem worldwide (1). According to the International
Diabetes Federation (IDF), the global prevalence of
DM in 2011 was 366 million, but it is estimated that in
2030 DM (1) will affect 552 million of people.

Diabetic Foot Ulcers (DFUs) are one of its most
serious and devastating complications, affecting
about 15% of diabetic patients, especially older
patients with poor glycaemic control, critical
limb ischemia (CLI) and history of chronic lower
extremity wounds (2).

DFUs management involves a multidisciplinary
approach that includes wound debridement,
management of any infection, advanced wound
dressings, revascularization procedures when

indicated and oftf-loading (3).

Nonetheless, it is reported that 10-15% of DFUs
remain active after traditional treatment, and 5-24%
of them will finally lead to limb amputation within a
period of 6-18 months after first evaluation (4). An
impaired healing process often occurs in patients
with: poor glycaemic control; concomitant limb
ischemia; concomitant soft tissue infections; foot
deformities (2-4).

Consequently, the research for new therapeutic
approaches that could improve DFUs healing
is gaining increasing importance. This review
describes the innovative treatment options currently
available in the treatment of non-healing DFUs,
mainly focusing on Platelet-Rich-Plasma (PRP),

Key words: diabetic foot ulcers, critical limb ischemia, mesenchymal stem cells, platelet-rich-plasma, autologous-
peripheral blood mononuclear cells, photobiomodulation therapy, low-level light therapy
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Mesenchymal Stem Cells (MSCs), Autologous
Peripheral Blood Mononuclear Cells (A-PBMNCs)
and photobiomodulation (PBM) therapy.

Platelet-rich palsma

Platelets are physiologically involved in tissue
regeneration through the liberation of several
substances such as growth factors (PDGF, EGF, FGF,
VEGF, TGF-Beta), cytokines (5, 6) and fibrinogen,
which is engaged in the constitution of a scaffold on
which the cells can implant, thrive and achieve skin
closure (7).

In diabetic patients, the wound healing process
is affected by several factors, i.e. decreased growth
factors (GFs) synthesis, impaired neo-angiogenesis,
reduced macrophages function and extracellular
matrix imbalances (8). Therefore, the application of
GFs, isolated or all together in platelet rich plasma
(PRP), has been proposed as a catalyst for diabetic
ulcers closure.

It has been shown that the amount of GFs in the
granulation tissue of refractory DFUs significantly
increases since the third day from PRP gel application (9).

Interestingly, PRP growth factors are enclosed in
exosomes and exert their effects only at the fusion
with fibroblasts and endothelial cells cytomembrane.
Guo et al. demonstrated that PRP-derived exosomes
have a central role in promoting neo-angiogenesis
and fibroblast proliferation, through the modulation
of RhoA/YAP signaling (10).

Furthermore, diabetic wounds are usually
burdened by polymicrobial infections sustained by
multi-drug resistant bacteria. The in vitro study by
Cetinkaya et al. suggested that the use of PRP is not
contraindicated in the treatment of infected wounds,
since it exerts a leukocyte-independent antimicrobial
effect on common germs such as methicillin resistant
S. aureus, K. pneumoniae and S. aeruginosa (11).
Consequently, PRP treated wounds are less prone to
infections (12).

The methods used to obtain and prepare
autologous PRP vary between the studies and the
available evidences are inconclusive regarding which
is the best procedure (9). Usually, a venous blood
sample is drawn from the patient and centrifuged to
separate the platelets from the other blood cells and
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concentrate them to at least 1 million/microliter.

GFs liberation is achieved by adding calcium to
the sample or by freezing it, in order to physically
induce the lysis of the platelets (9). Then, autologous
PRP is injected around and into the bed of the wound
or applied to it as a gel (9).

A recent and thorough review by Martinez-
Zapata et al, including 10 Randomized Controlled
Trials (RCTs), suggested that autologous PRP might
be beneficial in diabetic foot ulcer healing (RR
1.22,95% CI 1.01 to 1.49), but several imprecisions
and lack of statistical power of the examined trials
make this evidence of very low quality (9). Results
from RCTs conducted on venous ulcers or ulcers of
mixed etiology failed to clarify the role of PRP on
complete wound healing (9). Data regarding the
adverse reaction profile are also unclear, but seem
to be similar between treated and control group (9).

More recent studies (12-14) assert PRP safety and
efficacy in achieving diabetic foot ulcers complete
closure, but due to their lack in methodological rigor,
further evidences are eagerly awaited.

Mesenchymal stem cells

The use of Mesenchymal stem cells (MSCs) is a
new attractive treatment option to promote chronic
wound, venous and diabetic foot ulcers healing, due to
the ability of these cells to differentiate into multiple
cells types such as neurons, muscle cells, endothelial
cells, adipocytes, osteocytes and chondrocytes (15).

There are different types of mesenchymal stromal
cells, autologous or allogeneic, which can be isolated
from peripheral blood, bone marrow, umbilical cord,
placenta, brain, gingiva, oral mucosa, adipose tissue
and amniotic fluid (16).

MSCs can be applied locally to augment wound
healing, or with intramuscular and subcutaneously
injections, sometimes in association with autologous
platelet gels to improve wound healing efficiency
17).

Among the different types of MSCs, adipose
tissue-derived mesenchymal stem cells (ADSCs) and
bone marrow mesenchymal stem cells (BM-MSCs)
have been mainly used in the treatment of non-healing
DFUs (21-33).

Adipose tissue is an abundant and easy accessible
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source of MSCs, which could be obtained with
traditional extraction methods, without altering their
activity (18).

Preclinical studies (18-20) have pointed out
ADSCs accelerate wound healing thanks to their
differentiating,  regenerating and  angiogenic
properties.

Lee et al, in a pilot study on 15 CLI patients (only
3 diabetic patients were recruited), injected ADSCs
into the muscles of the lower extremities and reported
clinical improvement, in terms of increased ulcer
healing rate, advanced walking distance, and the
formation of vascular collateral networks in the 3
diabetic patients (21).

In 2014, the first phase-I trial evaluating the
feasibility and safety of intramuscular injections
of autologous ADSCs in 60 patients with
nonrevascularizable ~CLI, revealed significant
improvement in leg pain, ulcer size and pain-free
walking distance at a 2-year follow-up (22).

Vicenti et al, in a pilot study on 30 patients with
non-healing DFUs, have recently shown that stromal
vascular fraction (SVF) enriched lipoinjection is more
effective than autologous lipotransfer in reducing the
wounds size and the healing time (23).

The results of ADSCs in the treatment of DFUs
are promising and no major adverse effect has been
reported; however, additional largescale and long-
term follow-up clinical trials are needed to determine
the long-term safety of this therapeutic approach (24).

To date, six clinical trials involving ADSCs
therapies for DFUs are in progress but their results are
not available (25).

Bone marrow is a common source of MSCs,
even if they are obtained through a highly invasive
procedure (26).

Some RCTs (27-29) have investigated the efficacy
of intramuscular injection of BM-MSCs in diabetic
patients with CLI depicting a significant improvement
of amputation rate, Ankle-Brachial Index (ABI),
DFUs healing rate and lower limb pain in treated
patients.

A recent meta-analysis (30) has concluded that
autologous BM-MSCs transplantation is a safe and
effective approach that could improve the quality of
life of patients with amputations.
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Autologous peripheral blood mononuclear cells

Autologous Peripheral Blood Mononuclear
Cells (A-PBMNCs), i.e. monocyte/macrophage and
lymphocyte circulating populations, are a promising
source for cell therapy, since they keep the same
differentiating and regenerating properties as the bone
marrow mononuclear cells (BMMNCs), but they
could be easily isolated from peripheral blood (31).

A-PBMNC s, especially circulating monocytes
CD14+, are able to differentiate into different
cytotypes, according to the tissue in which they
are infiltrated (32). In this differentiation process,
both soluble factors released by CDI14- cells and
the connection with fibronectin or collagen play an
important role (32).

Moreover, A-PBMNCs enhance the tissue repair
process through paracrine mechanisms, thanks to the
release of several cytokines, including VEGF, FGF2,
MCP-1 and angiopoietin, and the activation of a
cross-talk with muscle cells and satellite stem cells,
thus resulting in an amplified release of angiogenetic
cytokines (31, 33).

A-PBMNCs act at different stages of the wound
healing process, by promoting vasculogenesis,
collagen deposit, extracellular matrix remodelling,
endothelial ~ progenitor cell recruitment, re-
epithelization and neoagiogenesis (31-34).

The great plasticity of CDI14+ cells depends
on their marked sensitivity to small changes in the
tissue microenvironment: circulating monocytes
could acquire two different phenotypes, known as
M1 (classically activated macrophages) and M2
(alternatively activated macrophages), thanks to the
macrophages polarization process (35, 36).

MI1 macrophages are predominant in the initial
stage of the inflammatory process, when they
are triggered by bacterial or viral molecules and
inflammatory cytokines; this phenotype aims to
provide host protection against microbes in this phase
(35, 36). In the resolution stage of an inflammatory
process, on the other hand, macrophages are polarized
in direction of M2 phenotype by anti-inflammatory
cytokines, in order to promote angiogenesis and tissue
remodelling (36).

Furthermore, it is reported that M2 macrophages
reduce neuropathic pain through the production of
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opioid peptides, thus they could also improve the pain
management in diabetic patients (37).

Despite the high number of reports (38-45) that
have investigated the efficacy of A-PBMNCs in the
treatment of critical limb ischemia (CLI) and non-
healing chronic DFUs, to date there is a lack of studies
with high statistical power: only one RCT (43) and
one systematic review (46) have been published.

Huang et al, in a RCT on 28 diabetic patients, have
assessed the efficacy of autologous transplantation
of granulocyte colony—stimulating factor (G-CSF)—
mobilized PBMNC:s in the treatment of CLI (Fontaine
class Il or IV) of diabetic patients (43). These authors
reported that, the main manifestations, including lower
limb pain and DFUs, as well as the laser Doppler
blood perfusion of lower limbs and Mean ankle-
brachial pressure index, significantly improved in the
treated group, at 3-month’s follow-up, in absence of
adverse effects (43).

In recent years, however, a new device (Pall
Celeris System) which allows to isolate MNCs from
peripheral blood thanks to blood gravity filtration,
without using G-CSF, has been developed (44-45).

Spaltro et al have recently assessed in vitro and
in vivo, in a hind limb ischemia mouse model, the
angiogenic potency of PBMNCs isolated from
healthy donors with Pall Celeris system (44). In
vitro, these authors observed that PBMNCs secrete a
panel of angiogenic factors and migrate in response
to vascular endothelial growth factor and stromal-
derived factor-1 stimuli (44). In vivo, moreover,
PBMNC:s induced neovascularization by increasing
capillary, arteriole and regenerative fibre numbers,
with human cells detected in murine tissue up to 7
days after ischemia (44).

De Angelis et al, in a prospective non-randomized
clinical trial, compared 43 patients, suffering for CLI
(Fontaine class IV) and concomitant non-healing
DFUs, treated with A-PBMNC with a historically
matched control group (45). Patients were implanted
with 12mL of A-PBMNC, collected by selective
filtration from 120mL of peripheral blood with Pall
Celeris system, in the ischemic area of the limbs;
A-PBMNC treatment was repeated for a maximum
of three times (45). These authors reported the local
injection of A-PBMNC has striking early and long-
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term effects, together with a favourable safety profile,
significantly decreasing the risk of amputation (45).

The only systematic review on this topic, based on
only two RCTs, was published in 2014 by Moazzami
et al (46), who concluded that there is insufficient
evidence to support the local transplantation of
autologous MNCs for CLI. On the base of these
findings, further Level-I studies are needed to best
investigate this new therapeutic approach.

Photobiomodulation therapy

Photobiomodulation (PBM) or Low-Level Light
Therapy (LLLT) is a new attractive alternative therapy to
enhance wound healing (47). This therapeutic approach
involves the tissues exposure to either coherent light
sources (lasers) or non-coherent light sources, consisting
of filtered lamps or light-emitting diodes (LED), in order
to modulate their biological activity: herein the term
photobiomodulation (PBM) (48).

The photons, however, to influence a living
biological system such as the skin, must be absorbed
by tissue photo-acceptors (49). In this transduction
process, mitochondria seem to play a central role,
since Cytochrome c oxidase (Cox), the terminal
enzyme of the electron transport chain, is considered
the primary photo-acceptor for the red-Near Infrared
(NIR) range in mammalian cells (50).

The absorption of photons by Cox induces, by
fastening electron transfer reactions, an increased
ATP synthesis and proton gradient, thus enhancing
the activity of the Na+/H+ and Ca2+/Na+ antiporters,
and of all the ATP driven carriers for ions, such as
Na+/K+ ATPase and Ca2+ pumps51. This process
finally leads to increased intracellular levels of two
important second messengers, i.e. cCAMP and Ca2+
that influence, on their turn, several biological
activities.

Moreover, it is reported that PBM therapy may
alter the cell redox potential thus affecting the activity
of the redox-dependent transcription factors (51).

Based on these findings, the beneficial effects of
PBM on wound healing might be attributed to anti-
inflammatory signalling, cell proliferation, protein
synthesis, and decreased bacterial infection (52).

In vivo studies on diabetic mouse models,
showed that PBM at 633 nm improves the ulcers
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healing process by an average of about 10% (53).
Furthermore, it is reported that the application of
PBM at 635 nm three-times daily, at power densities
of 1, 5 and 15 mW/cm2, reduces the wounds
polymorphonuclear leucocytes infiltration, in normal
and diabetic mice (54).

Landau et al (55), in a double-blind RCT on 16
patients with DFUs or chronic leg ulcers, illuminated
the treatment group wounds with 180 mW/cm2
broadband light (400-800nm) twice a day for 4 min/
session. At 12 weeks follow-up, all the wounds
were closed in 9 out of 10 patients (90%) from the
treatment group; the wound size reduction in the
treatment group versus the placebo group was 89%
and 54%, respectively.

Frangez et al (56), in a lager sample double blind
RCT on 40 diabetic patients and 39 non-diabetic
patients with chronic wounds, compared the effects
of PBM performed with LED at 625, 660, 850
nm with 2.4 J/cm2 power three-times weekly for 8
weeks (treated group) with PBM performed with
broadband (580-900 nm) light and a power density
of 0.72 J/em2 (control group). The authors observed
a significant increase in blood flow in treated diabetic
and non-diabetic patients (p=0.040 and p=0.033);
Falanga wound bed score evaluation showed a
significant improvement in both treated groups as
compared to the control group.

Although PBM therapy is a promising approach in
the treatment of non-healing DFUs, a standardization
of therapeutic protocols as well as further level-I
studies are still needed.

DISCUSSION

Non-healing DFUs can be currently managed with
new interesting therapeutic approaches. However,
before introducing these innovative treatments
in clinical practice further multicentric level-I
studies are needed to create standard protocols and
definitively assess their efficacy and safety.
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Clinical biophysics investigates the relationship between non-ionizing physical energy and the
human body. Although several types of electrical stimulation devices have received US FDA approval
for orthopaedic application, the use of Pulsed Electromagnetic Field (PEMFs) play a central role in joint
biophysics. This narrative review aims to summarize the current evidences on the efficacy of PEMF-
therapy in the treatment of knee articular diseases. Preclinical studies have assessed the effects of
PEMFs on chondrocytes, synoviocytes, articular cartilage explants and animal models, showing positive
effects of PEMF-therapy on cells proliferation, extracellular matrix (ECM) production, chondrocytes
apoptosis and inflammatory cytokines down-regulation. Currently, PEMF-therapy is a valid option in
the conservative management of several knee articular diseases, including early OA, patellofemoral pain
syndrome and SONK. PEMFs could be also used as an adjunct after an arthroscopic knee procedure or

TKA implantation, in order to control the joint post-operative inflammatory state.

Biophysics is the study of biological systems and
biological processes using physics-based methods or
based on physical principles (1). Clinical biophysics
has recently evolved as a medical branch that
investigates the relationship between non-ionizing
physical energy and the human body (2).

A physical stimulus triggers a biological response
by regulating specific intracellular pathways, thus
acting as a drug (3). The efficacy of an electrical
stimulus, however, depends on the specific features
of its physical wave, i.e. frequency and amplitude-
and on the exposure time, since only a specific type
of wave could activate specific cellular targets (3).

Consequently, the concept of a new soft-
pharmacology has been recently developed in
clinical biophysics and, for each type of biophysical
stimulation; a dose-response relationship has been

described (3).

In the field of Orthopaedics and Traumatology,
clinical biophysics focuses on both traumatic,
orthopaedic and joint diseases, thus three different
subspecialties could be depicted, namely orthopaedic
biophysics, traumatic orthopaedic biophysics and
joint biophysics (4).

Several types of electrical stimulation devices
have received US FDA approval for orthopaedic
application, namely inductive coupling, such
as Pulsed Electromagnetic Fields (PEMFs) and
Combined Magnetic Fields (CMFs), Capacitive
Coupling Electric Fields (CCEFs) and Low-Intensity
Pulsed Ultrasound (LIPUS) (5).

Injoint biophysics, the use of PEMF-therapy plays
a central role, since several preclinical and clinical
studies have reported positive effects of PEMFs on
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articular cartilage, subchondral bone and synovia
(7-37). This narrative review aims to summarize the
current evidence on the efficacy of PEMF-therapy in
the treatment of knee articular diseases.

Mechanism of action

Anelectromagnetic field isaphysical phenomenon
resulting from the combination of an electric field
and a magnetic field. The electromagnetic fields
employed in clinical biophysics have a frequency
below 100 Hz and the magnetic flux density in the
range between 0.1mT and 30mT (6).

The PEMF device acts by producing a magnetic
field that, in its turn, induces currents to flow in
nearby tissues (3). These induced currents mimic
the natural electrical activities created within bones
during movements, thus triggering a cascade of
activities, from the cell membrane to the nucleus
and on to the gene level, where specific changes take
place (7).

PEMFs mechanism of action, deeply studied
in MC3T3-E1 cell line, involves the activation of
the ryanodine-sensitive calcium channels in the
sarcoplasmic reticulum2. The resulting increased
cytosolic calcium concentration triggers, in its turn,
the calcium-calmodulin pathway, thus causing the
upregulation of the genes of the TGF-beta/BMP
superfamily (8).

In human chondrocytes (T/C-28a cells), PEMFs
also acts by activating and upregulating the adenosine
receptors, mainly the A2A and A3 subtypes, thus
leading to an anti-inflammatory effect, thanks to the
activation of the NF-kB pathway (9,10). This is an
interesting biologic effect that could explicate the
efficacy of PEMFs inreducing articular inflammation.

Preclinical evidence in joint biophysics

Several preclinical studies have assessed
the in vitro effects of PEMFs on chondrocytes,
synoviocytes, and articular cartilage explants,
showing positive effects of PEMF-therapy on cells
proliferation, extracellular matrix (ECM) production,
chondrocytes apoptosis and inflammatory cytokines
down-regulation (11).

The effects of PEMFs on cell proliferation and
cartilage ECM component synthesis, including
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proteoglycans (PGs) and collagen type 11, have been
shown in different experimental models (11-17).
Moreover, Ongaro et al have recently shown, on
human cartilage explants, that PEMFs increase PGs
synthesis of the same magnitude as that induced by
the IGF-1, one of the most efficient cartilage anabolic
growth factor (11,18).

IL-1b is a pro-inflammatory cytokine that
promotes the cartilage ECM degradation in healthy
and osteoarthritic-joint-derived cells (11). It is
reported that PEMFs inhibit the negative effect
of the cytokine IL-1b on the production of ECM
components in cartilage explants, thus potentially
preventing the cartilage ECM degradation (18-21).

Furthermore, it is known that synoviocytes
contribute to the homeostasis of the joint
environment, by secreting a wide range of pro-
inflammatory mediators, such as PGE, (22).

Studies on synoviocytes have shown that PEMFs
significantly inhibit the release of PGE, and the
proinflammatory cytokines IL-6 and IL-8, while
stimulating the release of IL-10, an anti-inflammatory
cytokine (23, 24).

Finally, in vivo preclinical studies have reported
positive effects of PEMFs on subchondral and
epiphyseal bone deposition (26), articular cartilage
protection (27) and integration of autologous
osteochondral grafts (28) and collagenous scaffold
with bone marrow concentrate (29).

From bench to bedside: the realization of a PEMF
device

Based on these preclinical data, a PEMF device
was finally developed (I-One®, Igea, Carpi, Italy).
The magnetic field of this device is generated by a
pair of circular coils of copper wire, placed opposite
each other. The coils are powered by the generator
system, that produces the input voltage of pulse.

The pulse duration of the signal is 1.3 ms and
the repetition rate is 75 Hz, yielding a duty cycle
of 1/10. The intensity peak of the magnetic field is
1.5 mT and the induced electric field, as detected
with a standard coil probe (50 turns, 0.5 cm internal
diameter of the coil probe, 0.2 copper diameter), is
0.07 mV/cm.

As previous stated, the exposure time for PEMF-
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therapy effectiveness, consequently I-ONE® device
should be used 4-6 h per day, for at least 30 to 60
days (30-37). The efficacy of this device, that could
be used both in the conservative management of joint
diseases both as an adjunct treatment after a surgical
procedure, was then confirmed by different clinical
trials (30-37).

PEMFS in the conservative management of joint
diseases

Based on these preclinical findings, PEMFs
could be successfully used in the conservative
management of several knee articular pathologies,
including early knee osteoarthritis (OA),
patellofemoral pain syndrome, and spontaneous
osteonecrosis of the knee (SONK).

Gobbi et al, in a perspective level IV study
enrolling 22 patients with early symptomatic knee
osteoarthritis and functional knee limitations,
assessed the efficacy of PEMFs, performed 4 h per
day for a total of 45 days, on clinical outcomes (30).

At 1-year follow-up, a significant improvement
of pain, range of knee movement and activity
level was depicted (30). At the 2-year follow-up,
however, an impairment of the clinical scores was
recorded, probably due to the reduction of PEMFs
activity (24, 27, 31). Based on these findings, they
proposed that PEMF-therapy should be annual
repeated.

Jammarone et al, in a randomized controlled
trial on 33 patients, demonstrated the superiority of
PEMF-therapy, performed 4 h per day for 6 weeks,
in combination with a home exercise program (HEP)
compared with HEP alone, in the management of
patellofemoral pain syndrome at 6 and 12 months
follow-up (32).

Marcheggiani Muccioli et al, in a level IV study
on 28 patients with Koshino stage I spontaneous
osteonecrosis of the knee (SONK), have assessed
the clinical and MRI effectiveness of PEMF-
therapy, performed 6 h daily for 90 days, in the
treatment of SONK (33). At the 6-month follow-
up, a clinical improvement and a reduction of the
SONK area was detected on MRI. At the 24-month
follow-up, 86% of patients were preserved form
knee prosthetic surgery (33).
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PEMFS as an adjunct treatment after a surgical
procedure

Arthroscopic surgical procedures could represent
an inflammatory stimulus for the joint environment,
since they might alter the physiological balance
between cartilage, subchondral bone and synovia.
Thus, biophysical stimulation with PEMFs could
be a useful approach to fasten restoration of the
physiological articular environment.

Zorzi et al, in a prospective randomized and
double-blind study, evaluated the effect of PEMFs
on chondroprotection in a cohort of 31 patients
undergoing arthroscopic chondral abrasion and/
or perforation and/or radiofrequency for knee
osteoarthritis (34). The patients were randomized
into two groups: a control group (magnetic field at
0.05 mT) and an active group (magnetic field of
1.5 mT). All the patients began PEMFs treatment
within 5 days after the surgical treatment and were
instructed to use PEMFs for 90 days, 6 h per day (34).
The authors reported a better clinical outcome and
a lower NSAIDs assumption at 90-days follow-up
(34). At the 3-year follow-up, the number of patients
who completely recovered was higher in the active
group compared to the control group (p <0.05) (34).

Benazzo et al, in a prospective randomized and
double-blind study, evaluated the effectiveness of
biophysical stimulation in reducing the articular
cartilage inflammation in 29 patients undergoing
arthroscopic reconstruction of the anterior cruciate
ligament (ACL), with use of quadruple hamstrings
semitendinosus and gracilis technique (35).

The patients were randomized to active or placebo
treatments; active device generated a magnetic field
of 1.5 mT at 75 Hz. All the patients were instructed
to use the PEMF device for 4 h per day for 60 days
and were recalled at 30, 60, 180 days and 2 years
follow-up (35).

A faster clinical recovery was observed in
treated patients at 6-months follow-up. At the 2-year
follow-up, however, no statistically significant
differences between the two groups were found.
Based on these data, the authors conclude that the
use of PEMFs should always be considered after
ACL reconstruction, particularly in professional
athletes, to shorten the recovery time, to limit joint
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inflammatory reaction and its catabolic effects
on articular cartilage and, ultimately, for joint
preservation (35).

Moretti et al performed a prospective randomized
controlled study on 30 patients undergoing TKA,
to assess whether PEMFs can be used to limit the
pain and enhance patient recovery after TKA, at
12-months follow-up (36). Patients were randomized
into experimental or a control group; patients in the
experimental group were instructed to use PEMF
device 4 hours per day for 60 days (36). These
authors reported an early functional recovery in
treated group (36). Similar data were also reported
by Adravanti et al, in a randomised controlled trial
on 33 patients undergoing TKA (37).

All these data confirm the essential role of PEMFs
in reducing post-operative joint inflammation, thus
justifying their use, as an adjunct, after a surgical
procedure.

CONCLUSION

PEMF-therapy is a wvalid option in the
conservative management of several knee articular
diseases, including early OA, patellofemoral pain
syndrome and SONK. PEMFs could be also used
as an adjunct after an arthroscopic knee procedure
or TKA implantation, to better control the post-
operative inflammatory state.
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TANTALUM MONOBLOCK CUPS IN TOTAL HIP ARTHROPLASTY: CLINICAL
RESULTS AND OUTCOME PREDICTORS
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G. GASPARINI' and MASSIMO MARICONDA
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This study aims to report the minimum 2-year follow-up results of the tantalum monoblock cup in primary
THA and to identify possible outcome predictors. Eighty-eight porous tantalum monoblock acetabular cup
in primary THA were reviewed. The Harris Hip Score (HHS) and the Short Form-36 Health Survey (SF-
36) were used for the evaluation of outcomes. Radiographic evaluation included acetabular component
orientation, presence of bone gaps, radiolucent lines, new bone formation and heterotopic ossifications.
After a mean follow-up of 55.4+19.5 months, no component revision was noted. The HHS improved from
43.6+14.6 to 88.3+8.4 (P<0.001). The mean physical domain of the SF-36 did not significantly differ from
that of age-matched, healthy subjects (P=0.072); the mean mental component of the SF-36 was significantly
higher than that of age-matched, healthy subjects (P<0.001). Negative determinants of postoperative HHS
(total adjusted R?=0.328) using tantalum monoblock cups were age at surgery (R>=0.164, P<0.001), female

sex (R?=0.103, P<0.001), and acetabular inclination (R>=0.084, P=0.003).

Due to excellent rates of bone ingrowth and low
rates of loosening, resulting in improved longevity,
press-fit, cementless fixation has gained momentum
during the past decades as the preferred method for
acetabular reconstruction in total hip arthroplasty
(THA) (1).

Faced with the increasing demand for joint
arthroplasty surgery, intense efforts have been made to
further improve fixation, ingrowth and survivorship,
especially in younger and active patients in which
disappointing failure rates can be still detected. In
this light, cementless monoblock acetabular cups
have been introduced as an alternative to cementless
modular and cemented all-polyethylene components
to increase the survival rate of primary THA. As the
polyethylene liner is compression-molded into the

metallic shell, micromotions and wears at the interface
are eliminated, thus decreasing the polyethylene
wear rate, osteolysis, and aseptic loosening (2). The
porous metallic shell has a high friction coefficient
that enhances the primary mechanical stability of
the acetabular component reducing micromotions
at the bone-implant interface, and osteoconductive
properties of the metal shell may help bone ingrowth of
the component and therefore determine its secondary
stability (3). The low modulus of elasticity produces a
more physiologic load transfer with diminished stress
shielding (4).

Excellent results of the monoblock tantalum cups have
been demonstrated up to 15 years postoperatively (5),
but there is still a lack of information dealing with
possible determinants of clinical and radiographic
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outcomes. This study aims to report the minimum
2-year follow-up clinical and radiographic results
of the tantalum monoblock acetabular cup during
primary THA, and to determine which variables
behave as outcome predictors.

MATERIALS AND METHODS

Study population

The study protocol was approved by the local
ethical committee and the research was carried out
according to the Helsinki declaration. Informed consent
was obtained from all individual participants included
in the study:.

From January 2010 to December 2012, patients
undergoing THA were eligible for the use of a porous
tantalum monoblock cup if there was sufficient
periacetabular bone stock for peripheral rim fixation on
preoperative X-rays. Contraindications were acetabular
segmental or rim non-supportive defects, and severe
acetabular dysplasia (6). Criteria to be included in
this retrospective study were (1) primary THA and
(2) a minimum follow-up of 24 months. In the study
period, 130 patients underwent THA with a porous
tantalum monoblock cup, and 95 of them fulfilled the
inclusion criteria. Eighteen patients were lost to follow-
up, leaving 78 (82.1%) patients available for the study.
There were 46 (60%) males and 32 (40%) females,
with a mean body mass index of 29.1+4.3 kg/m?, and a
mean age of 61.4+12.7 years at surgery.

Ten patients underwent bilateral THA; thus, data
were available for 88 cases. Osteoarthritis was the
primary underlying diagnosis in 49 cases. Other
diagnoses were: osteonecrosis of the femoral head in 16
cases; developmental hip dysplasia in 10 cases (grade |
in 8 cases and grade II in 2 cases according to Crowe);
Perthes’ disease in 4 cases; rheumatoid arthritis in 3
cases; sequelae of epiphisiolysis in 2 cases; psoriatic
arthritis, post-traumatic arthritis, sclerodermic arthritis
and femoral neck fracture in 1 case each.

Surgical procedure

Patients were operated by two hip surgeons (OG
and MM). All operations were performed under
general anesthesia in lateral decubitus position. A
posterolateral surgical approach was used in all cases.
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The acetabulum was prepared with hemispherical
reamers, and porous tantalum monoblock cups
(Trabecular ~ Metal Monoblock  Acetabular
Component System, Zimmer Inc., Warsaw, IN, USA)
were implanted. As the cups had a hemi-ellipsoid
geometry, the diameter of the final reamer matched
the polar diameter of the acetabular component and
was 2 mm less than the equatorial diameter. A line-to-
line reaming technique was used: in details, a 44-mm
cup was used in 3 cases, a 46-mm in 10 cases, a 48-
mm in 20 cases, a 50-mm in 25 cases, a 52-mm in 18
cases, a 54-mm in 8 cases, a 56-mm in 3 cases and a
60-mm in 1 case. Cup version and inclination angles
were chosen using a mechanical alignment guide. A
28-mm head was used in 8 cases, a 32-mm head in 35
cases and a 36-mm head in 45 cases; heads were made
of either cobalt-chromium alloy (47 cases) or ceramic
(41 cases). Head size was adapted to cup diameter and
ceramic heads were used in patients <60-years-of-age.
No bone grafting was used in any case. The femur
was then prepared and reamed and a CLS Spotorno
stem was used in 57 cases, a VerSys stem in 24 cases,
a Miiller stem in 4 cases, and a Wagner stem (for all,
Zimmer Inc., Warsaw, IN, USA) in 3 cases.

Immediate active and passive motion and
full weight bearing were allowed as tolerated
postoperatively. Hospital discharge occurred when
the patient was able to walk independently with
crutches, and physiotherapy was continued for 2
months. Starting one day preoperatively, all patients
received a 6-week pharmacological subcutaneous
antithromboembolic therapy with low-molecular-
weight heparin; patients also received a 24-hour
pharmacological venous antibiotic prophylaxis with
wide spectrum B-lactams or glycopeptides.

Clinical evaluation

The Harris Hip Score (HHS) (7) and the Short
Form-36 Health Survey (SF-36) questionnaire (8)
were the instruments chosen for the evaluation
of patients. The HHS is a widely used specific
outcome measure for hip studies to assess pain and
functional status. Sum scores are fitted in a 0 - 100
scale, with high values indicating less pain or better
physical functioning. The HHS was assessed both
preoperatively and at the last follow-up. The percent
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HHS recovery rate (RR) between preoperative and
follow-up was calculated as follows: [(postoperative
value - preoperative value) / postoperative value]
%. Information about comorbidity was gathered
preoperatively using the Cumulative Illness Rating
Scale (9). Pain, ability to work and postoperative
satisfaction were also evaluated using an analog
centesimal scale.

Radiographic evaluation

A radiographic assessment including a standing
anteroposterior view of the pelvis was performed in
all patients after surgery and at the last follow-up.
Acetabular component inclination was determined
as the angle between the greater diameter of cup face
and a line tangent to the base of both Kohler teardrops
(5). Anteversion of the acetabular cup was empirically
determined using the ratio between short axis and long
axis of the ellipse; cups oriented within an anteversion
of 15°£10° and an inclination angle of 40°+10° were
considered appropriate (10). Areas of absence of
contact between the surface of the cup and the bone
immediately after surgery were defined as gaps, in
contrast with radiolucent lines that developed over the
follow-up interval at the bone-implant interface (11). The
presence of gaps, radiolucent lines and new bone growth
on the interface were assessed according to the zones
described by DeLee and Charnley (12). The presence of
heterotopic ossifications was also recorded and assessed
according to the Brooker classification system (13). A
component was considered to have migrated if change
in position between the immediate postoperative and
the follow-up evaluation was greater than 3 mm and/
or 8° (14). Radiograms were independently evaluated
by 2 observers, and evaluations were repeated twice
on 2 separate days; a consensus decision was reached
in a final common readout. Correlation coefficients for
interobserver and intraobserver reliability of repeated
measures were >0.8 in all cases.

Statistical analysis

Descriptive statistics were used for continuous
variables, and proportions for categorical variables.
The Kolmogorov-Smirnov test was preliminarily
used to assess the normality of data distribution. The
Student’s #-test was used to assess the significance of
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differences. Univariate and multiple forward stepwise
linear regression analysis were used to assess the
association of independent variables with the HSS at
follow-up, the RR of HSS, and the level of satisfaction
with surgery. Only variables that showed a trend toward
an association with the outcome of interest (i.e., P<0.1)
in the univariate analysis were included in the models
of multiple regression analysis. In these models, the
total adjusted R? for the model and changes in R? for
the independent contribution of single predictors were
calculated to assess the total variance in the outcome
variable accounted for by the whole model and the
single explanatory variables, respectively. In the
case of collinearity between explanatory variables,
only the best-fitting models (e.g., those including the
collinear explanatory variable accounting for the most
relevant variation in the variance of the outcomes)
were adopted. In details, the explanatory variables
included in the analyses were sex, age at surgery,
body mass index, Cumulative Illness Rating Scale,
acetabular inclination, acetabular version, bone gaps,
radiolucent lines, new bone formation, and heterotopic
ossifications. The preoperative and postoperative
values of HHS, SF-36’s PCS and SF-36’s MCS were
also checked as possible determinants of the level of
satisfaction with surgery at follow-up.

To calculate the post hoc power (1 - B error
probability, 2-tailed) achieved by our statistical tests,
we considered the sample size, the observed effect
size, and the a value of 0.05. A post hoc power >80%
was considered adequate to fully accept the results.
IBM SPSS Statistics 21.0.0.1 software (IBM Corp,
Armonk, NY, USA) and G*Power 3.1 software
(Institut fiir Experimentelle Psychologie, Heinrich
Heine Universitdat, Dusseldorf, Germany) were
used for the database construction and the statistical
analysis. A 2-tailed P<0.05 was considered significant.

RESULTS

Clinical results

After a mean follow-up of 55.4+19.5 (range, 24-
102) months, the HHS improved from 43.6+14.6
(range, 1 - 90.8) to 88.3+£8.4 (range, 68 - 100)
(P<0.001, 100% power), with a mean 51% recovery
rate. The pain assessed on the centesimal analogue
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scale decreased from 754+20.5 preoperatively to
9.8+£14.7 at follow-up (P<0.001, 100% power),
whereas the ability to work increased from 46.4+£23.9
to 80£18.6 (P<0.001, 100% power). The mean PCS
was 44+6.7, and this value did not significantly differ
from that of age-matched, healthy subjects (P=0.072,
81% power); the mean MCS was 59.8+11.8, and
this value was significantly higher than that of age-
matched, healthy subjects (P<0.001, 100% power).
The level of satisfaction at follow-up was 90+14.4.
No major complications (i.e., periprosthetic joint
infections, dislocations, loosening, and deep venous
thrombosis / pulmonary embolism) were observed.

Radiographic results

No loosening or migration of components was
observed at the last follow-up. There were 60
(68.2%) acetabular cups oriented in correct version
and 28 (31.8%) in anteversion. The mean acetabular
inclination was 41.7°£8.1 (range 22°-67°). Bone gaps
were detected in 2 (2.2%) cases (1 in zone I and 1
in zone III) and appeared completely filled by newly
formed bone at the last follow-up. Radiolucent lines
occurred in 7 (8%) cases: 4 in zone 11, 2 in zones I and
III, and 1 in zones 1, II, and III. New bone formation
was observed in 17 (19.3%) cases: 13 in zone I,
3 in zones I and III, and 1 in zone III. Heterotopic
ossifications were observed in 10 (11.4%) cases and
there were 8 grade I and 2 grade II ossifications.

Regression analysis

Stepwise regression analysis revealed that the most
important negative determinants of postoperative HHS
(total adjusted R?70.328) were age at surgery (R*°0.164,
P<0.001), female sex (R*0.103,P<0.001), and acetabular
inclination (R?°0.084, P=0.003). The postoperative HHS
(R*70.227,P<0.001) and MCS (R*0.099, P=0.001) were
the most important positive predictors of postoperative
satisfaction (total adjusted R?0.325).

The presence of bone gaps, radiolucent lines, new
bone formation, or heterotopic ossifications was not
found to be predictive of any outcomes at follow-up.

DISCUSSION

Periprosthetic osteolysis and aseptic loosening
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remain leading causes of THA failure (15) and
improvements in techniques and designs of
acetabular components have significantly decreased
the rate of failures (16). The primary mechanical
stability of tantalum monoblock acetabular cup
due to its tribologic features has been advocated
to improve THA stability and longevity. Potential
disadvantages using such components include the
difficulty to insert them in a proper way due to
rough surface and dished contour, the difficulty for
an inexperienced surgeon to evaluate the presence
of bottoming out effect (16), and concerns about the
component revision in case of infection (17) due to
the high bone ingrowth and impossibility of a liner
exchange.

Our results demonstrated that the use of
monoblock tantalum acetabular cup in THA achieves
a significant improvement of the HHS. This is a valid
and reliable scale and is often used as a reference gold
standard for assessing the construct validity of other
hip outcome measures (18). In the current study, the
HHS improved from 43.6 preoperatively to 88.3 five
years after surgery that is a higher than thresholds of
16 - 18 points and 40 points respectively for minimal
and moderate improvement previously reported for
the HHS (19). These data are in full agreement with
those of previous studies with a similar follow-up
(11, 16); interestingly, De Martino et al. (5) detected
a HSS improvement from 47 preoperatively to 94
at a minimum 15-year follow-up, thus assessing the
effective durability of such reconstructions.

Researchers and clinicians increasingly are
recognizing the importance of assessing quality
of life outcomes when evaluating the efficacy of
surgical procedures (20, 21). We noted that patients
who had undergone THA with a monoblock
tantalum cup had a similar mid-term quality of life
with respect to age-matched healthy controls in
terms of both physical and mental function. To the
best of our knowledge, only one study by Ayers et al.
(22) previously used the SF-36 in the evaluation of
monoblock tantalum acetabular cups and detected a
significant improvement in the sole PCS, while the
MCS did not change up to 5 years postoperatively.

Onerandomized controlled trial (23)demonstrated
that long-term results of tantalum cups are superior in
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comparison with those of titanium monoblock cups
in primary THA, with no revisions occurring for cup
loosening 12 years postoperatively. Accordingly, in
our series no component loosening was observed at
the last follow-up. This finding is in agreement with
most of the current available literature on tantalum
monoblock cups (16, 22, 23, 24). Detection of bone
gaps at the immediate postoperative radiographs
may represent a concern of THAs with tantalum
monoblock acetabular components. Indeed, these
implants may prevent surgeon from assessing the
complete seating of cup during implantation (2).

The occurrence of bone gaps in the current study
is lower than that of previously published series (5,
22, 23). The frequency of radiolucent lines in our
series concurs with the data by Wegrzyn et al. (23)
and Gruen et al. (24) showing that despite bone gaps
rate in tantalum cups was significantly higher than
that in titanium cups, a lower rate of radiolucent lines
has to be expected at the final follow-up due to the
excellent osteointegration. Notably, our regression
analysis indicates that neither the presence of
bone gaps nor radiolucent lines significantly affect
postoperative outcomes; however, the sample
size impedes us to draw firm conclusions. We
demonstrated that better clinical outcomes can be
expected in males and younger patients, confirming,
at least in part, previously published results (25). As
a further outcome predictor, excessive acetabular
inclination was associated with poor results. It has
been previously demonstrated that proper acetabular
orientation within a so-called safe zone in both
version and inclination plays a pivotal role in
determining outcomes following THA (10).

Main limitations of this study include the small
sample size and lack of a control group with a
different cup. The short duration of follow-up also
prevented us to draw definite conclusions on the
implant longevity and survivorship. As a further
limitation, the hips were evaluated with plain
radiographs that typically underestimate the true
incidence of osteolysis. Limits arising from the
retrospective design should be finally considered;
we tried to partially overcome this issue by a post
hoc validation of our statistical tests using a strict
power analysis.
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In conclusion, the use of tantalum monoblock
acetabular cups in primary THA is followed by
significant clinical improvement from 24 to 102
months after surgery. Patients show quality of life that
is comparable to healthy subjects. Male sex, younger
age at surgery and proper acetabular inclination
behave as determinants of clinical outcomes.
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The knee is the largest and most complex joint in the human body. Traumatic events, such as anterior
cruciateligament (ACL) tear, can lead to an alteration of joint tissues homeostasis. Literature reports an evident
correlation between abnormal joint biomechanics and the status of articular tissues. These alterations, due to
a sub-optimal ACL reconstruction, may result in an increasing risk of developing degenerative pathologies,
such as osteoarthritis. Thus, the identification of the optimal surgical technique is a highly demanding
issue in ACL reconstruction. The aim of this study was to analyze the correlation between joint cartilage
conditions and knee biomechanics in ACL reconstructions, by integrating MRI T2 mapping investigations,

radiostereophotogrammetry-based gait analysis and subject-specific musculoskeletal modelling.

Due to its prominent loading-supporting role,
human knee joint is very often subjected to traumatic
injuries. Among them, anterior cruciate ligament
(ACL) lesion presents the highest rate of incidence
(1). Surgical ACL reconstruction is indeed one of
the most widespread approach, used to restore joint
biomechanics and reduce pain. Nevertheless, the
choice of the optimal surgical technique and graft
represents a critical issue. In fact, there is evidence
that the knee often incurs in altered conditions
affecting the homeostatic state of the articular tissues
and definitely increasing the risk of developing
degenerative pathologies, such as osteoarthritis (OA);
this alteration of the joint biomechanical condition
can occur due to both ACL injury and, above all, a
sub-optimal reconstruction (2). In particular, articular
cartilage can demonstrate the signs of alteration,
with OA that is radiologically reported to occur in
10% to 90% of the cases, after few years from the

surgery (3). However, early stages of OA appear
as physiological modifications within the collagen
fiber network, which can be hardly detectable by
standard radiographic control, thus precluding
the possibility of any conservative treatment. The
progression of these altered conditions has been
attributed to a variation of joint biomechanics after
ACL reconstruction, which may therefore contribute
to the onset of the disease itself (4).

In this perspective, the integration of novel
medical imaging technologies and protocols such
as those provided by magnetic resonance imaging
(MRI) and innovative approaches for estimating
knee biomechanics, such as subject-specific multi-
body models and radiostereophotogrammetry-based
gait analysis system, may prove to be effective in
detecting critical conditions leading to early OA
development. Actually, MRI can be exploited for
an early detection of cartilage changes (5). Several
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MR sequences have been proposed as “biomarkers”
specific for early OA detection; particularly,
transverse relaxation time T2 revealed to be able
to evaluate the collagen content-fiber orientation
and the loss of type II collagen, which are the first
signs of cartilage degeneration (6). On the other side,
multi-body modelling has been extensively used to
simulate musculoskeletal system during different
tasks (7), specifically concerning also knee joint and
ACL issues (8).

The main goal of this preliminary study was to
investigate — by integrating MRI T2 mapping, gait
analysis via radiostereophotogrammetry (RSA) and
subject-specific multi-body lower limb modelling,
whether the changes in joint biomechanics,
necessarily occurring after ACL reconstruction,
can be significantly correlated to the knee cartilage
physiological condition. This approach specifically
aims to provide a reliable tool able to support the
optimization of the reconstructive procedure,
leading to an effective surgical prevention of OA
development.

MATERIALS AND METHODS

This study was approved by local IRB and written
informed consent was obtained from all participants.
Overall, clinical trial included 42 patients undergoing ACL
reconstruction. Out of these subjects, in this preliminary
analysis, we considered 9 patients (3 females and 6 males,
age = 22.2+6.1 years), who underwent 3 different surgical
techniques: single-bundle (SB) (9), non-anatomic double-
bundle (naDB) (9) and single-bundle with lateral plasty
(SBLP) (10); each technique included 3 subjects. For each
subject, MRI T2 mapping sequences were performed via
1.5 T scanner (GE Healthcare) both before (baseline)
and 18 months after the surgery (FU18). At the same
time, stance phase was monitored during standard level
gait by means of a radiostereophotogrammetric system.
Knee biomechanics was then estimated by multi-body
musculoskeletal modeling (7). Graphical details on the
workflow are reported in Fig. 1.

Cartilage assessment
Imaging parameters for T2 mapping were: repetition
time (RT) = 1000 + 1100 ms, echo time (TE) = 8 + 72
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ms, field of view (FOV) = 60; slice thickness = 3 mm,
slice spacing = 3.5 mm, matrix = 512 x 512, Band Width
(BW) = 122 Hz/pixel. Sagittal T2 sequences, resulting
from both baseline and follow-up acquisitions, were
imported into an open-source DICOM viewer (OsiriX,
Pixmeo Sarl), firstly to obtain the specific range of RT
TE and secondly to define the cartilage regions of interest
(ROIs). Each sequence was divided on a slice-by-slice
basis and by precise anatomical markers, i.e. menisci (11).
The mid-sagittal slice through the centre of each condyle,
composed by eight different echo images, was selected
for the T2 analysis (12). MR images were then processed
using a dedicated software (MRI Processor Toolbox,
ImageJ). Posterior lateral tibial plateau (pLTP), central
medial tibial plateau (¢cMTP) and central medial femoral
condyle (cMFC) were selected as ROIs; the contours of
each ROI were manually outlined on the mask obtained
by overlaying the starting slice to the corresponding
region in each T2 mapping image (12). T2 values of more
than 200 ms were considered outliers and automatically
excluded from the analysis (6, 13).

Kinematics Acquisition

The stance phase was acquired for each patient at
baseline and at follow-up by means of a custom-made
radiostereophotogrammetry system. The radiographic
equipment was constituted by two synchronized 100
kHz radiographic tubes and two 430x430 mm flat
panels. Acquisition frame rate was optimized to 8§ Hz, to
limit patient radiological exposition. The CCD sensors
system had a resolution of 2280x2280 pixels, with pixel
dimension equal to 148 um. A force platform (P6000,
BTS Bioengineering) synchronized with the radiological
system was also used to acquire ground reaction forces
(GRF). Force platform data-rate was set to 400 Hz.

Musculoskeletal Modelling

A complete subject-specific multi-body model of
the lower limb (from thigh to foot) was created for each
patient, keeping into account inertial and anatomical
inter-subject differences. MRI sagittal proton density
(PD) sequences were imported in 3DSlicer (14) and
virtual models of tibia, fibula and femur were generated
by segmentation. To complete the limb, a general foot
model (7) was also imported and scaled according to each
patient anthropometry. Furthermore, the inertial properties
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and joint relationships were defined via nmsBuilder (15),
including:

i): inertial properties of body segments (comprehensive
of soft tissue contribution) were adjusted according
to patients’ anthropometry starting from a general
10-segments, 23-degrees-of-freedom (DOF) model (16);

ii): knee joint was modelled as a free joint (6 DOF) to
highlight all the translational and rotational capabilities;

iii): ankle joint was modelled as a 1 DOF hinge joint,
thereby permitting only the flexion-extension movement.

Since the radiostereophotogrammetric field-of-view
was focused at the knee joint, ankle flexion-extension
movement was modelled according to standard references
(17). The complete lower limb models were then imported
in an open source biomechanics simulation software
(OpenSim, SimTK), where kinematic data and GRF
information where exploited to perform inverse dynamic
simulations, thus to obtain reliable information about the
loads acting at joint.

Table I legend:
*nLTP: posterior lateral tibial plateau, *cMTP: central medial
tibial plateau, *cMFC: central medial femoral condyle.
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Kinetics Assessment

Inverse dynamic simulation provided full information
of forces and moments acting at the joint during the stance
phase of the performed level gait. This preliminary analysis
was focused on peak and impulse of forces and moments
acting on the principal directions (antero-posterior,
medio-lateral and vertical forces, and flexion, abduction
and axial moments). Force values were normalized in
percentage by subject weight, whereas moments were
normalized in percentage by weight and height. Impulses
were calculated as the area under the time curve of the
absolute values of the corresponding kinetic quantity.

Statistical Analysis

Differences between FU18 and baseline values of
T2 signal for each specific ROI, as well as of kinetic
quantities, were evaluated. Keeping into account the
sample size, Spearman correlation analysis between T2
values for each ROI and dynamic parameters was carried
out. Correlations were considered significant when p-value
< 0.1. Furthermore, the relationships between patients’
anthropometry (height, mass and age), and T2 values for
each ROI and dynamics variations were investigated.

RESULTS

No correlation between baseline or FUIS8
relaxation time and patients’ anthropometric data
was found. As highlighted in figure 2, a significant
correlation (p-value=0.0857) between the normalized
abduction moment impulse and the T2 signal in the
medial femoral condyle region was evidenced, with
a negative trend (correlation coefficient r=-0.6167).
Age correlated with the longitudinal evolution of T2
signal, but not with the variation of impulse. Specific
p and r values for all the analysed quantities and
ROIs are reported in Table 1.

DISCUSSION

Usually, after a traumatic injury such as an ACL
tear, cartilage presents higher T2 values compared
to healthy conditions (18). Therefore, one of the
first aims that ACL reconstruction should pursue, in
addition to effectively restore knee stability, would
be to recover pre-traumatic cartilage homeostasis,
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Fig. 1. Workflow of the study. The integration of MRI T2 mapping, RSA and subject-specific modeling allowed
to evaluate the physiological status of cartilage after ACL reconstruction.
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Fig. 2. Distribution of variation for T2 in medial femoral condyle and normalized abduction moment impulse for
the subjects of the study. SB, single-bundle,; naDB, non-anatomic double-bundle; SBLP, single-bundle lateral plasty.

thus reducing the risk of early tissue degeneration. In
this sense, a reduction of T2 values after 18 months
from the intervention would be advisable. Despite
the small sample size, a statistically significant
correlation was found between the variation of the
normalized abduction moment and the variation of
the T2 signal in the medial femoral condyle region,
one of the riskiest region for early OA (19). The
negative correlation coefficient highlighted how an
increment of the impulse was related to a decrement
of T2 values; this specific finding could underline
that an increase of the loading in the knee coronal

plane may provide a precious impact in aiding
the cartilaginous tissue to restore its biochemical
equilibrium on the long time after the surgery
(20). Furthermore, age seemed to contribute to the
tissue’s capacity to restore itself, but the lack of a
statistically significant correlation with the moment
parameter indicated that age cannot explain the
variation by itself; probably, this restoring capacity
is multifactor-dependent gender,
bone shape and surgical technique represent only
some of variables which could influence the final
outcome (21). Particularly, follow-up time appears

where age,
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to be determinant for homogenous analyses and
comparisons between studies: the study by Kumar et
al (22) reported a significant correlation between T2
increase and medial knee loading increase over the
first 6 months after the surgery, but an opposite trend
from 6 to 12 months.

More patients will be included in the analysis to
validate these preliminary results. Despite this limitation,
the presented procedure represents a valuable tool to
highlight the influence of ACL reconstruction on both
biomechanics and tissue conditions by integrating MRI
evaluation, assessing the evolution of knee cartilage
status, a reliable motion analysis system, accurately
recording limb movements soft-tissue artifacts and
subject-specific biomechanical modelling.
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First, we review basic concepts of Tissue Engineering, that is, how the tensegrity is able to modulate
the cell behavior. Then, we review our experimental results regarding the bone tissue engineering via

biomaterials and bioreactors.

Basic concepts of tissue engineering
Tissue Engineering has been defined as follows:

“Tissue engineering is the application of principles
and methods of engineering and life sciences toward
fundamental understanding of structure-function
relationships in normal and pathological mammalian
tissues and development of biological substitutes to
restore, maintain, or improve tissue functions”.

The fundamental concept that emerges from
the previous definition is the so-called relationship
between structure and function. In other words,
cells are characterized, both inside and outside,
by a structural context (called ‘tensegrity’) able
to modulate proliferation and differentiation. In
particular:

1) There is structural connection between
extracellular matrix proteins, integrins of
the plasma membrane, cytoskeleton, nuclear
membrane and DNA  macromolecules
(heterochromatin, euchromatin during the
interphase of the cell cycle).

2) In addition, transcription factors, mRNA and
miRNAs pass through the pores of the nucleus.

3) Forces and deformations (concentrated,
distributed, perpendicular to the plasma

membrane, and of shear, i.e. parallel to the
plasma membrane) are transmitted along the cell
tensegrity structure directly to the interphase
DNA, influencing the transcription.

4) These forces and deformations, thus transmitted,
are also able to modulate the permeability of
the pores of the nucleus, thus influencing the
trafficking of transcription factors, mRNA and
miRNAs.

5) The main ‘biochemical actors’ are almost all
connected to the tensegrity structure (e.g., G
protein, PIP,, DAG, enzymes localized on
membranes). It has been shown that these
molecules drive biochemical reactions not only
from the chemical viewpoint, but also from
the spatial one; in other words, biochemical
reactions are possible because they occur in a
very precise spatial organization.

6) A functioning cytoskeleton (i.e. not destroyed
or fixed) is a necessary condition for various
biochemical reactions (e.g., G-PIP -DAG-IP,
pathway).

As a consequence, it is clear how Tissue

Engineering is interdisciplinary: Tissue Engineering

uses concepts and methods of both biology and

Key words: bone regeneration, bone tissue engineering, biomaterials, bioreactors
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engineering allowing to study how the variations of
the structural context (tensegrity) in cells, tissues,
organs induce variations in biological functions (e.g.,
cell growth and differentiation, tissue formation and
remodeling, morphogenesis, organ working).

An example of the tensegrity effect was studied by
Ingber (1). As the adhesion of the cell culture surface
increases, the adhesiveness caused by the deposition
of fibronectin increases the area of cell spreading;
the consequence is a greater growth [measured, in
proliferated cells, in terms of the incorporation of
radioactive (*H)-Thymidine nucleoside].

Another case is represented by the seeding of

¥ [em]

X [em]

Fig. 1. In silico model of the electromagnetic bioreactor
(A) and 3D distribution of the magnetic induction field
when it is maximum (B).
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distinct hepatocytes on distinct areas obtained with
photochemical techniques (2). It is experimentally
shown that small-area-adherent hepatocytes produce
albumin and have a low proliferation (i.e. they
maintain their phenotype), whereas, if the same cells
are adhered to larger areas, they proliferate more and
produce less albumin (i.e. they do not maintain the
characteristic phenotype).

Another example by Ingber et al. is the building,
via endothelial cells, of in vitro linear and capillary-like
structures (3). In this experiment, the authors tried to
understand in which particular tensegrity the formation
of capillaries is fostered; the purpose was to find
how to disadvantage the neo-angiogenesis in tumor
tissues. Only particular concentrations of fibronectin
and collagen IV (basal lamina collagen) can foster the
formation of capillary-like structures (3).

Bone tissue engineering

Regarding our experience, we have designed
and used biomaterials and bioreactors suitable to
implement specific tensegrity conditions (4-25). For
example, abiocompatible and porous polyurethane has
geometrical, mechanical, surface and biocompatibility
features promoting the attachment, the proliferation
and the differentiation of osteoblasts (4).

Nevertheless, in Tissue Engineering, the design
of a biocompatible material is only the first step to
create a tissue substitute in vitro. In particular, an
electromagnetic bioreactor (Igea, Carpi, Italy) was
designed for the biophysical stimulation of cells
in vitro (4). This device consists of two electrical
windings (called solenoids) at the center of which
the cell culture is positioned. The bioreactor is
able to stimulate the cells with a time-varying
magnetic induction field (maximum intensity = 3.3
mT, frequency = 75 Hz) and with an induced time-
varying electric field.

As seen in the scanning electron microscope
images (4), the electromagnetic stimulation is able,
with respect to the untreated control, to promote the
cell proliferation with the formation of extensive
3D clusters formed by cells and by extracellular
bone matrix. Furthermore, the electromagnetic
stimulation increases the degree of calcification of
the extracellular bone matrix.
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Fig. 2. Induced electric currents (top) and local
compression and traction vs time (bottom).

To explain the previous biological effects, an in
silico model of the electromagnetic bioreactor has
been created (5). In Fig. 1, we see the model of the
solenoids with the geometry of a multiwell plate in
the center; we also observe the 3D distribution of the
magnetic induction field when it is maximum.

The biological effects can be explained by
calculating the electric currents induced in the
culture medium (Fig. 2). The time-varying magnetic
induction field induces time-varying electrical
currents, which, in turn, by the law of Faraday-
Neumann-Lenz, generate local mechanical forces
of compression and traction (5). In other words, the
cells inside the electromagnetic bioreactor undergo
mechanical stimulation, which is nothing more than
a mechanical vibration at the frequency of 75 Hz and
with the force intensity of the pN order.

Similar results (in terms of proliferation,
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differentiation and production of bone extracellular
matrix) have been obtained using different types of
biophysical stimulus such as: i) the perfusion of the
culture medium (25) emulation of the movement
of the interstitial fluid in the compact bone: ii); the
ultrasound stimulus (24), which is known to heal
bone fractures (Igea, Carpi, Italy).
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SINGLE DOSE CEFAZOLIN IS SAFE AND EFFECTIVE FOR
PRE-OPERATIVE PROPHYLAXIS IN ORTHOPAEDIC ONCOLOGY

A. ZIRANU', M. LILLO!, M. FANTONI', N. MAFFULLI** and G. MACCAURO!'

!Orthopedic and Traumatology Institute, Fondazione Policlinico Universitario A. Gemelli
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Medicine, London, England

Surgical site infections (SSI) are a common potentially preventable complication after surgical
procedures. A standardized antibiotic prophylaxis in elective orthopaedic surgery plays a major
role in lowering SSI. At present, there is little published evidence regarding standardized antibiotic
prophylaxis in orthopaedic oncological surgery. We introduced a prophylactic antibiotic protocol
for orthopaedic oncological surgery in our hospital. The proposed protocol consists in “one-shot”
intravenous administration of Cefazolin 2g, 30 min before surgery. In our setting, this preoperative
antibiotic prophylaxis regimen was associated with a markedly lower rate of SSI’s. There is no current
evidence in favour of greater effectiveness of prophylaxis beyond 24/48 h after surgery compared to our
pre-surgical “one-shot” administration; by contrast, prolonged post-surgical prophylaxis is likely to
undermine the patient’s bacterial flora and select resistant pathogens. These results are preliminary and
should be used to start planning a standardised prophylactic protocol to prevent SSI’s after orthopaedic

oncological surgery.

Surgical site infections (SSI) are a common
potentially preventable complication after surgical
procedures. SSI occur within 30 days after the
surgery, in the part of the body where the surgery
took place. If the surgical operation involves in situ
implantation of a foreign body of non-human origin,
the length of time to define an SSI is extended to one
year after the index surgery (1, 2).

Among hospital-acquired infections (HAI), SSI’s
rank 3" for incidence, representing 14.6% of all
infections observed in hospital patients and 38% of
infections in surgical patients (3, 4). Their impact on
health resource consumption is remarkable: patients
with SSI spend an average 11 days in hospital, i.e.
almost twice the average 6-day hospital stay of non-
infected patients (5). In addition, the probability of

re-admission and overall post-surgical mortality are
higher in patients with SSI. Given the increase in
costs and the mortality from SSI, their reduction is
a major goal of modern surgical practice. Together
with non-pharmacological prevention, antibiotic
prophylaxis effectively reduces the incidence of SSI.

Inappropriate or excessive antibiotic prophylaxis
favour the development of resistant pathogens (6, 7).
For example, an increase in colitis or diarrhea caused
by Clostridium difficile in hospital patients has been
linked to the inconsiderate use of inappropriately
long antibiotics administration (8-11).

A standardized antibiotic prophylaxis in
elective orthopaedic surgery plays a major role
in lowering SSI (12). At present, there is little
published evidence regarding standardized antibiotic
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prophylaxis in orthopaedic oncological surgery. SSI
are serious complications in orthopaedic oncological
surgery, with potentially devastating and life-
threatening consequences, especially taking into
account the impaired immunological status and the
general conditions of these patients (13, 14). The
immunosuppression induced by anti-neoplastic
chemotherapy is a major factor of higher rate of SSI
compared to general orthopaedic surgery patients
(15-20).

It is presently unknown whether in this field a
“single-shot” prophylactic approach is preferable to
long-term post-surgical antibiotic therapy.

We introduced a prophylactic antibiotic protocol
for orthopaedic oncological surgery in our hospital.
Adherence to such protocol was not compulsory,
and we evaluated the effects of the application of the
protocol in our patients.

MATERIAL AND METHODS

The proposed protocol consists in “one-shot”
intravenous administration of Cefazolin 2g, 30 min
before surgery. We identified two different groups
of patients according to the risk related to surgical
procedure (Table I).

A.ZIRANU ET AL.

In high risk patients (Group 2) in whom a
prosthesis is implanted, and may require a drain at
surgical site, we continued to administer intravenous
Cefazolin 1g every 12 h until drain removal,
occurring within 24 h from surgery.

From January 2015 to January 2016, 93 patients
with a primary musculoskeletal tumor underwent
surgery in our setting. The administration of all drugs,
including antibiotics, is recorded prospectively in
the relevant section of the hospital records, and the
occurrence of SSI was recorded in a routine fashion
in the medical records by the attending surgeons. In
all the 93 patients, the antibiotic administered, the
time of administration, the relevant dosage, possible
additional administration of antibiotic during long-
surgeries, and use of antibiotic beyond 24 h after the
index operation was recorded (Table II).

RESULTS

We divided the patients into two groups: in 36
patients the antibiotic prophylaxis regimen was
in strict accordance with the described protocol;
the remaining 57 patients received a different
prophylaxis regimen with regard to timing, doses
and employed antibiotics.

Table 1. Two different groups of patients according to the risk related to surgical procedure.

Cefazolin i.v. 2 gr. “one shot” 30 min

Group A: Low risk

Bone/soft tissues biopsy (35 patients)

before surgery

Bone resections and curettage with or
without autologous bone grafts and/or
utilization of local adjuvants (liquid
nitrogen, cement, hydrogen peroxide, ect)

(24 patients)

Cefazolin i.v. 2 gr. “one shot” 30 min

before surgery

Group B: High risk

Ostheosynthesis with intramedullary nails

and/or plates(15 patients)

Cefazolin i.v. 2 gr. “one shot” 30 min

before surgery

Prosthesis (19 patients)

Cefazolin i.v. 2 gr. “one shot” 30 min
before surgery. Then Cefazolin i.v. 1 gr.
every 12 hours until the removal of

drainages
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Table I1. Features of the 93-patient sample of the study.
VARIABLES

“Weight (BMI): 30,25-34,23

-Age: 3-82 yrs

-Comorbidities: diabetes, RA, cardiovascular diseases, allergies, pulmonary diseases,

ASA score

-Oncological diagnosis

-Type and duration of surgical procedure

-Radio/chemotherapy

-Type and duration of antibiotic prophylaxis

-Smoke

Table Illa. Numbers of infected patients in two groups.

93 Group 1 Group 2
Infected 3 8
Not infected 33 49

Table I1Ib. Common variables in infected patients of group 2.

Diabetes (2, 1 from group A and 1 from group B)

Radio/chemotherapy (2, both from group B)

ASA score >2 (5, 2 from group A and 3 from group B)

Rheumatoid arthritis (1, from group B)

Obesity (2, 1 from group A and 1 from group B)

Surgical duration >90 min (6, all from group B)

“One shot” prophylactic antibiotic administration < 30 min before surgery

(6, 2 from group A and 4 from group B )
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In the patients in whom the protocol had been
followed, the incidence of SSI was 8.3% (3 of 36,
with an absolute risk of 0.083), while the patients
treated with a different prophylaxis developed an
SSIin 14.1% of cases (8 of 57, with an absolute risk
of 0.141) (Tables III a, b).

DISCUSSION

Antibiotic prophylaxis in orthopaedic surgery is
hotly debated, and there is no high level of evidence
proving greater effectiveness of prophylaxis
exceeding 24/48 h after surgery compared to a single
pre-surgical “one-shot” administration. By contrast,
prolonged post-surgical administration of antibiotics
likely undermines the patient’s bacterial flora,
exposing them to the risk of Clostridium difficile,
colitis or resistant pathogens, with consequent rise in
costs and mortality.

Many risk factors are involved in the occurrence
of SSI in orthopaedic oncology, including the
presence of comorbidities, smoking, ASA score >2,
not to mention the quality of sterilization, the amount
of foot traffic in the operating room or the presence
of laminar air flow. Antibiotic prophylaxis should
supplement the general principles of SSI prevention,
not replace appropriate practice.

In our national setting, there is wide variability
in peri-surgical antibiotic treatments in the main
orthopaedic oncological centres and discrepancies
emerged when trying to precisely distinguish
between its prophylactic (to prevent SSI’s) use
and therapeutic use (to cure an already developed
SSI). Many orthopaedic oncological centres use
prophylactic schemes that overlap with schemes
designed for tackling frank infection: this approach
is economically unsustainable, and it contributes to
the emergence of multi-resistant microbial strains.
The simple antibiotic prophylaxis protocol proposed
in this investigation is a concrete improvement in the
prevention of SSI in these difficult patients.

In patients with allergy, intolerance or
hypersensitivity ~ to  beta-lactam  antibiotics,
intravenous Vancomycin (15mg/kg and up to 1
g) or intravenous Clindamycin (600 mg) are valid
alternatives. It should be kept in mind that many
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patients present with MRSA colonization (21):
in these patients, Cefazolin may be ineffective.
Administration of intravenous Vancomycin (15mg/
kg and up to 1 g) combined with nasal decolonization
based on Mupirocin (3 times/day for 5 days) and
dermal washing with Chlorhexidine soap should be
considered.

These data are only preliminary and are reassuring
about the validity of our prophylactic protocol. The
study showed a clear decrease in incidence of SSI
associated to the adherence to the proposed scheme.
No doubt large studies should be conducted, though,
given the present results, it could be easily argued
that it would be unethical to conduct randomised
controlled trials in orthopaedic oncological patients.

There is no doubt that the present investigation
is preliminary, given the relatively small size of
our sample, yet it gives evidence of the benefits of
a standardised prophylactic protocol in terms of
prevention of SSIs after orthopaedic oncological
surgery.

Given the population incidence of primary bone
cancer, it is difficult to enroll large patient cohorts
from a single centre. Therefore, other orthopaedic
centres are being enrolled to further standardise the
implementation of the protocol presented in this
investigation. Enrolling more patients would allow
to study the clinical relevance and the impact of
each variable at play, allowing to develop and refine
a reliable protocol for safe effective prophylaxis of
infection in musculoskeletal oncological surgery.
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BIOMARKERS AND INFECTIONS IN ORTHOPEDICS:
OUR EXPERIENCE AND LITERATURE REVIEW
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The issue of infections in Orthopedics is rising in importance day by day. In management of
Periprosthetic Joint Infection (PJI), classical biomarkers involved in diagnosis process are C-reactive
protein (CRP) and Erythrocyte Serum Rate (ESR). Although wide use in PJI diagnosis process, CRP and
ESR are not sensitive and specific enough for a correct diagnosis. Orthopedic surgeons, Microbiologists
and Infectivologists are very interested in research about new (or rediscovered) biomarkers that can
help in the diagnosis of orthopedics infections. In our Institution, a rigid protocol is applied to face
suspicious PJI, implemented with LE testing routinely. In our retrospective observational study, we has
compared reliability of LE test in relation ICM criteria and the comparison with other diagnostic tests
or exams. Our results show that LE is a reliable method especially for intra-operatively PJI diagnosis.

Infection in Orthopedics is a problem and is
increasing in importance. Osteomyelitis and septic
arthritis are present in every orthopedic ward,
but to date the most important issue is probably
Periposthetic Joint Infection (PJI) (1, 2). PJI diagnosis
remains a challenge for orthopedic surgeons; there
is much debate in literature about this topic. The
criteria of diagnosis, defined and revised in the last
International Consensus Meetings (ICM) about
PJI, are divided in Major and Minor criteria (3); it
is important to highlight that some biomarkers are
present as Minor criteria.

A biomarker is defined as “a characteristic that is
objectively measured and evaluated as an indicator of
normal biological processes, pathogenic processes,
or pharmacologic responses to a therapeutic
intervention” by Biomarkers Definition Working
Group in 2001 (4). In orthopedics, we can categorize
biomarkers in serum and synovial kinds. A serum
biomarkerislessinvasivetoobtain, and less hazardous
for iatrogenic articular infections. Moreover, serum

biomarkers are useful for monitoring trend of the
pathology and the therapy response. Advantages of
a synovial biomarker is the ability to reflect the local
response of the organism, although is very sensitive
to empiric antibiotic therapy.

In management of PJI, classical biomarkers
involved in diagnosis process are C-reactive protein
(CRP) and Erythrocyte Serum Rate (ESR). The first
is a non-specific acute phase protein that normalizes
in two or three weeks post-operatively, while the
second is a non-specific inflammation measure that
normalizes between three and twelve months post-
operatively (5). Although wide used in PJI diagnosis
process, CRP and ESR are not enough: indeed the
sensitivity is estimated relatively at 88% and 77%
while specificity relativity of 74% and 70% (6).
Some studies indicates that CRP and ESR cannot
used for monitoring persistence of infection after
revision surgery (7).

According to the results, orthopedic surgeons,
microbiologists and infectivologists are very

Key words: infection, periprosthetic, joint, biomarkers

Corresponding author:

Paolo Di Benedetto, MD, PhD,

Clinica Ortopedica,

Azienda Sanitaria Universitaria Integrata di Udine,
P.le S.Maria della Misericordia, 15, 33100 Udine, Italy
Tel.: +39 0432 559464 - Fax: +39 0432 559298
e-mail: paolo.dibenedetto@asuiud.sanita.fvg.it

51(S2)

0393-974X (2018)
Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



52 (S1)

interested in research about new (or rediscovered)
biomarkers that can help diagnose and monitor
infections in Orthopedics.

In our department, revision surgery for PJlis not a
rare procedure. We apply a rigid protocol to approach
PJI, known as “Udine Strategy” (8). From a few
years, it has been implemented routinely with the use
of the Leucocyte Esterase (LE) test. The aim of our
retrospective observational study is to demonstrate
reliability of LE in relation to ICM criteria and the
comparison with other diagnostic tests or exams.

MATERIALS AND METHODS

Between December 2016 and September 2017, we
enrolled 38 patients with suspicion of PJI; 22 females and
16 males, mean age at the time of surgery 71.1 years.
These patients underwent revision surgery, respectively,
26 for revision of total knee arthroplasty (TKA) and
12 for revision of total hip arthroplasty (THA). All
patients underwent routine preoperative blood tests,
LE test, histological and cultural synovial exam, frozen
section (FS) exam on peri-prosthetic tissue simples (9),
histological and cultural test on peri-prosthetic tissue
samples and cultural exam on sonicated fluid from
prosthetic components. For the LE test, “Chemistrip 7
Urine Test Strips” (Roche Diagnostics, Indianapolis,
Indiana) was utilized. According to literature, tests that
had results of 2+ and 3+ were positive, while 1+ was to be
considered negative. All strips were read at 1 and 2 min as
recommended by manufacturer.

All cultural exams on synovial fluid, peri-prosthetic
tissue samples and sonicated fluid had been conducted for
aerobic, anaerobic and fungal organisms.

Tab 1. Results of cultural exams.
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RESULTS

In 9 of the 38 patients, micro-organisms were
isolated from cultural exams on synovial fluid or peri-
prosthetic tissue samples, 5 cases were Staficoloccus
aureus, 3 cases Stafilococcus epidermidis and 1
case Stafiloccocus gallolyticus according to local
epidemiology (Table I).

LE test was considered negative in 20 patients
(52.6%), 1+ in 4 patients (10.5%), 2+ in 2 patient
(5.2%), 3+ in 12 patients (31.6%). None of the LE
tests were excluded for blood contamination.

Frozen section examination resulted negative
in 28 patients (73.6%) and positive in 10 patients
(26.3%). In 1 of 10 positive frozen section exams,
at the histological examination, 25 PMN/HRF were
found, highlighting a false negative case.

Sonicated fluid culture resulted positive in 10
cases, according to the cultural exam on synovial
fluid or tissue sample findings. In 1 patient, the
culture resulted positive only at sonicated fluid
culture exam. In 27 cases, it resulted negative.

The comparison between LE test and the other
diagnostic methods, considered individually,
was carried out both descriptively, evaluating
the proportion of cases in which the tests agreed
positively or negatively (positive culture-positive
test or negative culture-negative test) on the total,
using Cohen’s Kappa index.

The concordance between LE test and peri-
prosthetic or synovial fluid culture resulted of
88.24% with x=0,721. Performing the same
operation between LE test and frozen section exam,
the concordance was of 87.5% with x=0,714.

Oragnism

Tissue simple

Sonicated fluid

Staphylococcus aureus
Staphylococcus epidermidis

Streptococcus gallolyticus

5
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Finally, the concordance between LE test and culture
of the sonicated fluid exam resulted of 86.67% with
k=0,700.

Applying ICM criteria (3) on our patients, 10
of them were considered affected by PJI. Eight
of these met the major criteria, presenting two or
more positive cultures for the same organism; one
of these also presented a sinus tract. Two patients
met 3 minor criteria: a positive LE test (3+) and
synovial leukocyte count (3300/uL) (considered as a
single criterion), elevated synovial PMN (82%) and
elevated synovial RCP (6.6 mg/L).

Comparing these results, accuracy of LE test
was assessed, demonstrating a sensitivity of 100%,
a specificity of 85.71%, a positive predictive value
(PPV) of 71.43% and a negative predictive value
(NPV) of 100%. The same was carried out for the
other tests examined. According to our data, the
culture exams on peri-prothetic tissue simples
reported sensitivity, specificity, PPV and NPV
respectively of 90%, 100%, 100% and 96.55%,
frozen section examination of 90%, 100%, 100%,
96.55% and the culture on sonication fluid of 100%,
96.43%, 90.91% and 100% (Table II).

In our Institution, a small analysis on the
a-defensin test was conducted which has reported
sensitivity, specificity, PPV and NPV values
respectively of 50%, 100%, 100% and 87.5%.

DISCUSSION
Our growth in knowledge regarding specific

pathways of articular infections has created new
potential biomarkers. The majority of these are pro-

Tab II. Exam accuracy.
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inflammatory cytokines found both in serum and in
synovial fluid. The hope is that the novel biomarkers
should improve the diagnostic process in rapidity
and accuracy, overcoming the more traditional tests
(10). In literature there are concerns regarding this,
indeed we can find many papers about serum and
synovial biomarker.

Serum biomarkers

IL-6 is secreted by macrophages and T-cell and it
is a regulator of acute phase response that stimulate
hepatocytes to produce other markers including
CRP. Therefore IL-6 increase before CRP, with
the advantage to have the possibility to detect PJI
early. In addition to this IL-6 rise down quicker than
other classical biomarkers after surgery (11). IL-4
is a biomarker found higher in knee and hip septic
revision compared to aseptic revision (12). Both
IL-6 and IL-4 have high specificity, respectively of
95% and 90%, but a lower sensitivity, respectively
0f46.7% and 60%. Some authors suggest combining
these biomarkers to improve their diagnostic
accuracy (6).

From the first years of the new millennium, there
is concern about procalcitonin (PCT) as a reliable
marker for sepsis. PCT rise in importance because
it seems able to discriminate between a septic or
inflammatory disease (13). The issue about real
sensitivity and specificity of PCT and about the cost-
effectiveness of these tests does not support its role
in PJI diagnosis (14).

Recently, D-dimer take place in a cohort of serum
biomarkers. It is a product of fibrin degradation with
a short half-life. During early post-operative period,

Sensitivity Specificity PPV PNV
Leucocyte Esterase test 100% 85.71% 71.43% 100%
Cultural exam 90% 100% 100% 96.56%
Frozen section exam 90% 100% 100% 96.56%
Sonicated fluid cultural exam 100% 96.43% 90.91% 100%




54 (S1)

D-dimer rise rapidly in day 1 and decrease just as
quickly at base level in day 2; a second peak is present
at 2 weeks post-operatively. For this reason, D-dimer
value, combined with level of CRP and ESR, might
be effective in early detection of PJI (15).

Synovial biomarkers

A recent meta-analysis has shown the increasing
interest of synovial biomarkers in scientific literature:
the number of potential biomarkers analyzed is vast,
but the number of publications is poor (16). The
majority of these studies do not have a real role
in clinical practice. Some institutions do not have
facilities that can run specific tests and the early PJI
diagnosis is mandatory.

Synovial biomarkers can also be detected
through a point-of-care test for accelerate diagnosis:
nowadays only LE and a-defensin has a point-of-
care test validate and tested on the market. Among
many biomarkers analyzed, CRP, LE, a-defensin,
IL-6, IL-1b, and IL-17 are the most important.

LE has been largely studied in literature: it is
an enzyme produced by neutrophils in synovial
fluid during an infection (17). The LE test is simple
and with low costs (0.17$ per test). Sensitivity and
Specificity of LE for diagnosing PJI has 81% and 97%
respectively but this test has also the disadvantage to
be unreadable if blood is contaminated (18).

The a-defensin has demonstrated to have greatest
diagnostic odd ratio (16). This biomarker is released
by activated neutrophils (19); its sensitivity was
100% and specificity was 96% in a recent meta-
analysis (18). An important drawback is the cost of
this test, much higher than LE test.

As previously mentioned, in our Institution a
rigid protocol is applied to face suspicious PJI (8).
The “Udine Strategy” has been implemented with
LE testing routinely and in our experience during the
last years, seems to give good results. Also for this
reason, this retrospective observational study has
made.

Comparing concordance between LE test and
others is significant. Probably, the most important
comparison has been done with frozen section
examination, because these tests are executed, in our
protocol, at the same time during surgery and often
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FS guides subsequent clinical and surgical decisions.
In our investigation, as previously mentioned, a
sample analyzed by FS examination resulted a false
negative, indeed >25 PMN/HRF were found at
subsequent histological exam. The corresponding
intra-operatively LE test resulted 3+. Hence, we
deduce the importance to have more than one test
available, able to be considered a reliable guidance
during our activity. Indeed this topic is widely
debated in the literature (12, 20).

A major limitation of our study is certainly the
restricted number of patients examined, which could
reflect a selected subpopulation of patients and could
therefore invalidate the investigation. In this regard,
it would be necessary to increase the observation
time and a greater number of patients should be
enrolled.

A further limitation regards the characteristic of
the LE test to obtain indirect results, compared to
the leukocyte-count examination, which, according
to these assumptions, should have the same
accuracy. Specifically, it has been demonstrated
that the LE test may be excessively sensitive in the
first postoperative period, when compared with the
leukocyte count (21).

The potential benefits of this diagnostic method
include large availability, low costs, and the ability
to provide reliable diagnosis within 60-120 sec
(22). As already mentioned, the LE test is part of a
battery of tests present in a colorimetric strip, used
in the diagnosis of pathologies of the urinary tract.
Considering that this test is easily available and
economic, it can be used almost anywhere, even in
structures where budget is limited.

The manageability of the test also allows its use

both in the surgery room and in the ward and allows
the reading by para-medicals. However, this last
point could turn into a disadvantage, since untrained
staff could introduce a bias in the result.
Another important advantage is rapidity of results;
most of the other validated tests for the diagnosis of
PJI require a greater turnaround time. The simple
leukocyte count in the synovial fluid takes 30
min in the best laboratories and the culture of the
microorganism, the diagnostic gold standard, can
take days.



Journal of Biological Regulators & Homeostatic Agents

Analysis of literature and our study indicate that

LE is a reliable test for PJI diagnosis, especially
intra-operatively. Further studies are necessary
to clarify the role of the large number of potential
biomarkers identified and what their benefits are,
used both individually and in association.

10.
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A LOCAL ANESTHESIA WITHOUT TOURNIQUET FOR DISTAL FIBULA HARDWARE
REMOVAL AFTER OPEN REDUCTION AND INTERNAL FIXATION: THE SAFE USE OF
EPINEPHRINE IN THE FOOT. A RANDOMIZED CLINICAL STUDY

A. POGGETTI', A. DEL CHIARO?, M. NICASTRO?®, P. PARCHP?,
N. PIOLANTI? and M. SCAGLIONE?

'Hand and Reconstructive Microsurgery Unit, AOU Careggi, Italy, *Intensive Unit Care, University of Pisa,
Italy, 3Orthopaedic and Trauma Division, University of Pisa, Italy

Hardware removal after surgical treatment fracture is one of the most common procedures in
orthopaedic daily activity. A percentage from 14.5 to 21 of total removal involves the ankle joint. Trying
to reduce the important socio-economic impact of this surgical procedure, we thought to perform it using
the Wide Awake Local Anaesthesia Without Tourniquet (WALANT), a particular technique presented
by D. Lalonde that associated a local anaesthetic drug with epinephrine in order to obtain an effective
haemostatic effect despite the lack of a tourniquet. Nowadays, the WALANT efficiency and safety in
hand surgery is widely demonstrated in literature but there are no data about its use in lower limb
extremity surgeries. Authors performed a randomized study with 60 patients whom underwent distal
fibula hardware removal between 2014 and 2016; they were divided into two groups: Group A under
loco-regional anaesthesia with tourniquet and Group B under WALANT. We did not find significant
differences in term of maximum pain level felt during the anaesthesiologic and surgical procedure.
However, the use of WALANT significantly reduced post-operative pain levels. The WALANT procedures
also reduced the number of hospitalization days. No differences in term of post-operative complication
rates were found. In conclusion, the WALANT can be considered as a suitable option for distal fibula
hardware removal in selected patients; it shows important clinical and economic advantages compared
to the traditional loco-regional anaesthesia with tourniquet. This study also lays the foundation for the
use of the WALANT beyond the field of hand surgery only.

Level of clinical evidence: 11

Hardware surgical removal after Open Reduction
and Internal Fixation (ORIF) of bone fracture is
one of the most common procedures in orthopaedic
daily practice (1, 2), although the indications for
this operation are not yet defined in literature (3-
5). Most of these (from 15 to 21%) are performed
after ORIF for distal tibia or distal fibula fractures
(6, 7). Indications for hardware removal in order
of frequency are: hardware related pain or ankle

stiffness, hardware infections, patient’s insistence
even if asymptomatic or implant failure (like screw
breakages or peri-device fractures) (6-9). In an era
of increasing interest in economic impact of medical
procedures, the important socio-economic effect of
this frequent surgical procedure must be taken into
consideration (1). We thought that the introduction
of the Wide Awake Local Anaesthesia without
Tourniquet (WALANT) - that is already largely
employed in hand surgery (10-12) could reduce its

Key words: Local anesthesia without tourniquet, WALANT, foot and ankle hardware removal, epinephrine
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significant economic impact even for this kind of
surgical procedure. To our knowledge, literature
presents only one article suggesting the use of local
anaesthesia for ankle trauma surgery (13). In order
to evaluate clinical results of the use of WALANT
in hardware removal, Authors created a monocentric
randomized study dividing a total of 60 patients
whom underwent distal fibula plate removal between
January 2014 and December 2016 into two groups: the
former using a traditional loco-regional anaesthesia
(group A) and the latter using the WALANT (group
B). The primary outcome of this study is to highlight
differences in pain scores between the two groups in
pain scores measured before and during the surgical
procedures throughout the five days after surgery.

MATHERIALS AND METHODS

From January 2014 and December 2016 Authors
evaluated 60 patients whom underwent lateral malleolus
hardware removal.

Inclusion criteria were: isolated distal fibula fracture (no
other associated fractures or intra-operative demonstrated
tibio-fibular ORIF (Open
Reduction and Internal Fixation) surgical procedure for the

syndesmosis imbalance);
original distal fibula fracture performed under loco-regional
anaesthesia (in particular, a “bi-block’ anaesthesia); X-Ray
confirmed fracture healing; hardware removal for local
pain (also mild pain levels) or ankle stiffness; more than12
months between the ORIF and the hardware removal
surgical procedure.

Exclusion criteria were: preference for procedure
under intravenous sedation anaesthesia (IVSA) or general
endotracheal anaesthesia (GETA); medical contraindication
for the WALANT use (substantially history of peripheral
vascular disorder due to occlusive peripheral arteries
disease diabetes, etc. and history of allergic reaction to
local anaesthetic drugs); clinical and X-Ray signs of
hardware infection; X-Ray documented hardware failure;
delayed healing of the surgical scar or tardive distal fibula
skin coverage suffering (clinically documented by an ulcer
development) after ORIF procedure; inability to sign the
informed consent. Our local Ethics Committee approved
this study.

Eligible patients were informed in detail about the
differences between the general, loco-regional and the
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WALANT anaesthesia and all of them signed a written
informed consent to be admitted into our study. They were
then randomly divided into two groups of 30 patients: group
A performed the hardware removal under loco-regional
anaesthesia (in particular, a “bi-block” anaesthesia) and
group B performed the same surgical procedure under
WALANT. Both groups underwent the surgical procedures
into the main operative room.

For each patient, we collected demographic data such
as age, gender, distal fibula fracture AO/OTA classification
and type of hardware for ORIF, hardware removal indication
and time between ORIF and hardware removal procedure.
We also registered the number of hospitalization days; we
considered 2 days of hospitalization if patient had to stay
in the hospital for the night after surgery. We then collected
data about maximum perceived pain using the Numeric
Pain Rating Scale (NRS). The bi-block anaesthesia was
performed by an anaesthesiologist using 1% mepivacaine.
A tourniquet was placed in the middle third of the tight
(14). Using an electric bipolar signal in order to locate the
femoral and the sciatic nerve local anaesthetic was injected
around these two nerves to reach a complete lower limb
sensitivity and motor block (14). The WALANT was
instead performed by the same surgeon using a mixture
of 0.5% ropivacaine (40 ml) and 1:1000 epinephrine (0.2
ml). The first 30 ml was injected into subcutaneous tissues
of the middle point of the before-created surgical scar and

the last 10 ml was injected with the contact of the needle
with the distal fibula bone (Fig. 1 and Fig. 2). We injected
the mixture not only near the lateral fibula surface but also

Fig. 1. Details of the technique we used for the injection of
the mixture of ropivacaine and epinephrine.
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near its anterior and posterior surface in order to reach the
medial surface by periostal membrane diffusion phenomena
as described by D. Lalonde (11). In order to reduce the pain
related to the local anaesthetic injection, we warmed the
mixture (15) and we added 1 ml of 8.4% bicarbonate (16).
We waited 20-30 min from the injection before starting
surgical procedure (11, 17).

All patients received antibiotic prophylaxis with 2 g of
sodic cefazoline administered 30 min before the surgical
incision. A team of three surgeons performed all the
hardware removal procedures.

For each patient we fixed a medical examination
five days after the surgery in order to control the wound
conditions and the post-operative maximum pain score. We
also planned another examination at 15 days after surgery
to remove stitches and point out possible cases of delayed
wound healing.

Statistical analysis was performed using the Statistical
Package for Social Sciences, Version 13 (SPSS Inc.,
Chicago, Illinois). Continuous variables were showed
as meantstandard deviation and discrete variables were
expressed as frequency percentages. The non-parametric
Mann-Whitney test was used to analyse variable differences
between the two groups of patients. We used a 5% level of
confidence for the test.

RESULTS

Patients’ mean age at the time of hardware removal
was 32 years (from 21- to 59-years-old), consisting of
49 males (81.6%) and 11 female (18.4%). The mean

Fig. 2. The surgical site aspect after the injection of the
mixture of ropivacaine and epinephrine.
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time between the ORIF and the hardware removal
procedure was 15 months (with a range between 12
and 21 month). Using the AO/OTA classification, 51
fractures (85%) were 44-B1.1/2 and 9 (5%) fractures
were 44-B1.3. ORIF procedure was performed
using Syntes LCP Lateral Distal Fibula Plates in 43
(71.6%) cases and Intrauma O’Nil Kite Plates in 17
(28.4%) cases. Data about type of hardware removal
indications showed that 43 (71.6%) patients reported
distal fibula local pain (with a mean NRS of 2.7
and a range from 1 to 7) while 17 patients (28.4%)
suffered both for pain and ankle stiffness related to
the hardware presence; differences in demographic
and clinical data between two groups are shown in
Table 1. No differences in term of mean age, gender
ratio and time between ORIF and hardware removal
procedures were found.

Statistically significant differences were instead
found in term of days of hospitalization. After the
surgical operation under WALANT, no patient had to
remain in hospital for the night against the 10 patients
after the bi-block anaesthesia. Patients remained
into the hospital after the bi-block anaesthesia
fundamentally because they had a persistence of the
lower limb motor nerve block (and inability in free
deambulation), beyond the term of the surgical block
closure (8 pm); this was the reason why the surgeon
preferred not to discharge them before the following
day after surgical activity (8 am). No difference
in mean maximum NRS evaluated during the
anaesthetic procedure was found (Table I). Patients
from Group A referred they felt the worst pain
during the anaesthetic infiltration around the sciatic
nerve; less pain was instead reported during the
infiltration around the femoral nerve. Patients from
Group B however referred the worst pain during the
infiltration of the first 10-20 ml of local anaesthetic
and epinephrine mixture; local pain decreased after
almost 2 min so the surgeon could deeply infiltrate
the mixture near the periosteal membrane also,
without further patient suffering. No differences were
found in terms of local pain felt during the surgical
procedure of hardware removal. Some patients from
Group B (26%) referred the persistence of a tactile
perception during the surgery that they described as
“strange” but not painful. Patients from Group A did
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not refer any particular perception during the surgical
operation. We highlighted a significant difference
in terms of maximum NRS score during the 5 days
after surgery. Patients from Group B reported a
lower NRS than patients from group A during our
first clinical examination. We did not find any cases
of peripheral ischemic infarction. Moreover, we did
not find any cases of delayed wound healing at our
second clinical examination (fixed 15 days after
surgery) in either group of patients.

DISCUSSION

Hardware surgical removal after open reduction and
internal fixation (ORIF) of bone fractures represents
a significant part of elective orthopaedic surgery.
Different authors reported variable percentage from
15 to 30% of total planned orthopaedic surgeries (1,
18). Three different reviews show that the ankle joint
is the most frequently involved anatomic district, with
percentages from 14.5 to 21 of total hardware removals
(6-8). Although, there is little information regarding
the incidence and indications for implant removal after
ORIF for ankle fractures. Previous reports indicate
that hardware-related complaints represent the most
common indication (19, 20). Removal due to infection
varies from 1.3 to 4.8% and hardware failure from 0.8
to 1.2% (21, 22). In addition, the patient’s personal
preference is a recurring indication but it is frequently
hidden under a mild hardware-related pain or ankle
stiffness. However, the indications and the clinical
need for routine hardware removal after ORIF are
disputed (23); surgeons express different viewpoints
on this argument with some advocating the routine
removal and many opposing the routine removal (24).
This frequent surgical procedure obviously represents
an important item of expenditure for the national health
system. In an era of increasing attention for socio-
economic impact of medical procedure, we thought to
perform distal fibula hardware surgical removal under
the Wide Awake Local Anaesthesia without Tourniquet
(WALANT), a particular anaesthesiologic technique
presented by D. Lalonde that is actually largely
employed in hand surgery (10, 11, 25). Nowadays,
there are many articles in literature demonstrating
that WALANT offers a wide range of clinical and
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economic advantages in hand surgery, compared to
traditional loco-regional anaesthesia with tourniquet.
In particular, the main advantages are: no need for
tourniquet (because of the haemostatic effect of the
epinephrine); the anaesthesiologist presence is not
essential for its use (because “only” local anaesthesia
is applied); the possibility for an intraoperative
motoric check (because it blocks only the sensitive
nervous fibres); a more rapid patient discharge after
surgery (10, 11, 25). Many articles also highlighted
the substantial safety of WALANT, also the widely
mentioned risk of peripheral ischemic infarction
due to the epinephrine injection into upper limb
extremities has been disproven (11, 26). Moreover,
an antidote (phentolamine) is largely available if this
rare side effect appears after the injection. Obviously,
literature reports that the use of this particular kind
of local anaesthesia also has some contraindications
like the history of peripheral vascular disorder (due
to occlusive peripheral arteries disease, diabetes etc.)
or the history of allergic reaction to local anaesthetic
drugs. Despite the large number of articles about
the use of the WALANT in hand surgery, literature
presents no data about its application in lower limb
extremity surgeries such as ankle hardware removal.
Authors therefore planned a single centre,
randomized clinical study including 60 patients
that underwent distal fibula hardware removal from
January 2014 to December 2016, divided into two
groups: Group A performed the surgery under a
traditional loco-regional anaesthesia with tourniquet
and Group B performed the surgery under the
WALANT technique. The two groups showed no
significant differences in term of demographic and
trauma-features data. We excluded patients that
preferred another kind of anaesthesia (like IVSA or
GETA) from our study along with patients that were
not able to sign the informed consent. We did not
include patients with a history of allergic reactions
to local anaesthetic drugs, history of peripheral
vascular disorder due to occlusive peripheral arteries
disease, diabetes, vasculitis etc. and patients that,
after the ORIF procedure, developed a delayed
wound healing or tardive distal fibula skin coverage
suffering. Indeed, this fact clearly reveals a local
microcirculation impairment that could worsen with
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the use of epinephrine (11, 25). Finally, we also
excluded patients with clinical and radiographic
signs of hardware infection and/or failure because the
removal procedure could be more invasive requiring a
more extended anaesthetized area.

We did not find differences in terms of perceived
mean maximum NRS during the anaesthesiology
procedures. Indeed, the pain that patients from group
A referred to during the peri-sciatic nerve injection
was statistically comparable with the one that patients
from group B experienced during the infiltration of
the first 10-20 ml of local anaesthetic and epinephrine
mixture. No differences were highlighted in terms of
intraoperative maximum pain. Despite the use of local
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anaesthesia, patients from group B did not denounce
particular pain during the initial unscrewing from
the medial fibula cortical bone. This fact is probably
due to the periosteal diffusion of the local anaesthetic
drugs that were injected at least 30 min before starting
surgical procedures. For this reason, in our experience,
it is important to insert the needle very close to the
periosteal membrane in order to permit its medial
diffusion. Mean maximum post-operative NRS
referred at the 5-day follow-up showed a statistically
significant difference instead. This fact is probably
linked to the difference in local anaesthetic drugs
pharmacokinetics. Indeed, the mepivacaine used for
loco-regional anaesthesia generally allows an almost

Table 1. Differences in demographic and clinical data between the two groups of patients.

GROUP A GROUP B p value
Number of patients 30 30
Mean age (years) 31+0.8 32+1.3 >0.05
Gender Ratio (M/F) 25:5 24:6 >0.05
Time between ORIF and | 15+0.9 13£14 >0.05
hardware removal
1 day hospitalization 20 (66%) 30 (100%) <0.05
2 days hospitalization 10 (33%) 0 (0%) <0.05
Mean maximum NRS | 6.23 + 1.36 (range 4-9) 6.07 £ 1.34 (range 3-9) >0.05
during anaesthesitic
procedure
Mean maximum NRS | 0.63 +0.67 (range 0-2) 0.67 £ 0.72 (range 0-2) >0.05
during surgical procedure
Mean maximum NRS | 4.51 £ 1.04 (range 2-6) 3.30 + 1.09 (range 1-6) <0.05
after surgery
Delayed wound healing 0 0 >0.05
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10 h sensitive block while the ropivacaine used for
WALANT, an almost 24 h block with a valid post-
operative analgesic effect (27).

It is important to underline that, despite its limits in
sensitive nerve block duration, we chose mepivacaine
for the loco-regional anaesthesia because it is one of
the local anaesthetic drugs with the shorter and the
more stable period of motor nerve block (that is almost
3-4 h) (27). Nevertheless, the use of mepivacaine did
not prevent the presence of a significant difference
in number of hospitalization days between the two
groups. This difference represents an important
economic advantage in the use of WALANT that
permits a more rapid patient discharge, given the lack
of peripheral motor nerve block.

Finally, authors did not found significant difference
even in terms of wound healing delay. This is an
important evidence against WALANT’s detractors
that says the local swelling due to the injection
of epinephrine and local anaesthetic could cause
difficulties in surgical suture and then increase the risk
of wound healing complications. We also highlighted
no cases of peripheral ischemic infarction confirming
the WALANT substantial safety in upper and lower
limb extremity surgical procedures despite the use of
epinephrine.

In conclusion, the WALANT can be considered as
a viable solution for distal fibula hardware removal
procedures in carefully selected patients. This
particular anaesthesiologic setting can offer important
clinical and economic advantages compared to the
traditional loco-regional anaesthesia with a significant
reduction in term of post-operative pain and recovery
duration, without increase in pre- and intra-operative
pain levels and in post-surgical complications rate.
Moreover, this study lays the foundations for the use of
WALANT, not only for hands but also for other types
of extremities in surgical procedures. Furthermore, we
propose to increase the clinical relevance of this study
enlarging the number of enrolled patients and improve
the efficacy in post-operative pain control using the
new bupivacaine liposomal formulation (13).
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Cryotherapy, also called Cryoablation (CA), is a technique that provides a local treatment to various
pathological conditions. In Musculoskeletal tumours management, Cryoablation is well accepted and
validated as a treatment in palliative cures for metastatic patients. Recently, CA has been proposed also
as an alternative to radiofrequency ablation in osteoid osteoma and other benign tumour treatment with
promising results. Cryotherapy with argon ice-balls as local adjuvant in open surgery is a tool that can
provide enlargement of surgical margins if used properly. There is still not enough evidence supporting
use of cryotherapy as local adjuvant in Musculoskeletal open surgery as the series cited above are very
small and there is no comparative RCT between local adjuvant therapies including CA. One-hundred-
and-eighty-three patients were treated with Cryoablation from 2000 and 2018 in the Musculoskeletal
Tumours Surgery Unit of Careggi (Florence) and the University 2nd Clinic of Pisa. In our study
group, 38 patients (26.6%) were affected by bone metastasis, 16 patients (11.1%) by aneurismal bone
cysts or angiomas, 22 patients (15.4%) by low-grade malignant musculoskeletal tumours, 2 patients
(1,4%) by fibromatosis, 63 patients (44.1%) by benign musculoskeletal tumours (principally Giant
Cell Tumours-GCT) and 2 patients (1.4%) by Osteosarcomas. In 125 cases (87.4%), CA has been used
as an adjuvant therapy, in 12 cases (8.4%) as a percutaneous ablation therapy and in 6 cases (4.2%)
as adjuvant to remove tumoral lesions ‘en bloc’ or as a ‘poor technique’ for its sterilizing effect on
previously resected bones. Mean follow-up was 10 years. Twenty-three patients (16%) were classified
as Alive with Disease (AWD) due to local recurrence or tumour progression (14 metastases, 5 low-grade
malignant bone tumours, 4 Giant Cell Tumours). Eight patients died due to the disease (6 metastases, 2
osteosarcomas), while 1 died from leukaemia. One-hundred-and-eleven patients (78%) were classified
as Continues Disease Free (CDF). All patients reported decrease in pain-related symptoms after surgery
and all surgeons reported better control of blood loss. Three cases (2%) of local skin necrosis or wound
dehiscence were reported. No local recurrences were reported after fibromatosis ablation. Our results
confirm that CA could be considered as a safe and effective technique to treat various conditions as
adjuvant and palliative therapy. In particular, in open surgery, cryotherapy as an adjuvant treatment
could lead to very low rates of recurrence in locally aggressive tumours like Giant Cell Tumours. These
results could be generalized but a better understanding about indications and outcomes can be reached
studying CA in specific populations with comparation to other adjuvant techniques.
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Cryotherapy, also called Cryoablation (CA), is
a relatively novel technique that provides a local
treatment to various pathological conditions. CA
induces coagulating necrosis by using rapid freezing,
slow thawing, and repetition of the freeze-thaw cycle
(1). It works by rapidly decompressing a gas (usually
argon) through a needle-like probe. As the argon
flows through the needle, a ball of ice crystals forms
around the tip of the probe, thus immediately leading
to the cellular death of the surrounding tissues. In
Musculoskeletal tumours management, Cryoablation
is well accepted and validated as a treatment in
palliative cures for metastatic patients (2,3). Painful
bone metastasis in patients that can be treated
only with “low-risk” approaches are addressed to
percutaneous Scan images guided cryoablations.

In recent years, CA has been proposed also as
an alternative to radiofrequency ablation in osteoid
osteoma and other benign tumour treatments with
promising results (4-8). Cryotherapy with argon
ice-balls as local adjuvant in open surgery is a tool
that can provide enlargement of surgical margins if
used properly. In locally aggressive tumours such
as Giant Cell Tumours, aneurismal bone cyst and
Chondroblastoma, local recurrence still represents a
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major challenge (9,10). Cryotherapy has been tested
in some case series showing good results in terms of
local recurrences rates (11-14). There is still not
enough evidence supporting use of cryotherapy as
local adjuvant in Musculoskeletal open surgery since
the series cited above are very small and there is no
comparative RCT among local adjuvant therapies
including CA. Our study includes 143 cases of local
aggressive tumours, metastasis and other conditions
managed with the aid of CA with a median follow-
up of 10 years.

MATERIALS AND METHODS

One-hundred-and-forty-three patients were treated
with Cryoablation between May 2000 and June 2018 in
the Musculoskeletal Tumours Surgery Unit of Careggi
(Florence) and the 2nd University Clinic of Pisa. Each
patient underwent Computed Tomography Scan and
Magnetic Resonance Images to plan surgical intervention
and positioning of the needles before surgery. Each patient
underwent intra-operatory fluoroscopy and Post-operative
Ct-Scan controls. Regular clinical and radiological
follow-up was planned at 2, 6 and 12 months and then
each 6 months after surgery to detect any recurrence,
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Fig. 1. Graphical interpretation of clinical follow-up results by surgery type.
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complication or disease progression. Each patient was
classified as:

-alive with disease (AWD) if there was a local
recurrence or tumour progression after surgery;

-died of disease (DOD) if the patient died
due to neoplasm progression or neoplasm-related
complications;

-died for other causes (DOC);

-continues disease free (CDF) if there was no
progression or recurrence of the tumour since the last
clinical and radiological follow-up.

All results were expressed as percentages (rates).

A questionnaire with self-reporting of residual pain (NRS
scale) was delivered to each patient, and each surgeon
was asked to report difficulties in blood loss checking
during surgical intervention. Cryotherapy was used as an
adjuvant in open surgery to enlarge surgical margins, as a
“poor technique” to sterilize bone after tumour resections
and as percutaneous Ct-Scan guided therapy for small
lesions.

As adjuvant in open surgery, CA was performed using
usually two or more probes positioned in a previously
planned spatial configuration after lesion curettage to
enlarge surgical margins without compromising bone
structural resistance. After having done bone curettage,

(S1) 67

a gel-like solution was generally used to completely
fill the cavity as a thermal conductor. The probes were
then immerged in the gel-like solution with the studied
configuration in order to freeze all the cavity thanks to
the argon flow (Fig. 1, 2). After first freezing cycle, the
resulting solid gel solution was then melted with hot
water. These cycles were repeated three times for ten
minutes each or 8 minutes in some cases when there were
risks of skin freezing or of damaging nerves and vessels.
In this manner, thermal shock of the freeze-thaw cycles
should be well conducted and regularly distributed around
the cavity walls enlarging surgical margins.

During the procedure, constant skin irrigation and
protection with sterile glove filled with warm water was
performed in order to avoid skin necrosis. As an ablation
therapy, the needle-like probe was positioned with a
Ct-Scan in radiology department or with an amplifier
in operative room guidance to reach the lesion and to
perform circumferential coagulation necrosis. Ablation
of the mass and the surrounding tissues necrosis was
verified during the procedure. As a ‘poor technique’,
used to sterilize bones after bone resections, Cryotherapy
was applied to the surgical specimen after macroscopic
removal of all tumour tissue. A dedicated team performed
3 cycles of freezing and thawing 10 minutes each putting

Fig. 2. Probes disposition after aneurismal bone cyst curettage.
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the specimen in liquid nitrogen in order to sterilize it
from all tumoral cells. After this procedure, the resected
and sterilized bone could be positioned in its anatomical
position to perform tissues reconstruction. When the
‘poor technique’ were applied to long segments of weigh
bearing bone like femur, surgeons used to fill the sterilized
bone with cement to improve mechanical resistance of the
construct. In our study group, 38 patients (26.6%) were
affected by bone metastasis (usually oligometastatic
patients), 16 patients (11.1%) by aneurismal bone cysts
or angiomas, 22 patients (15.4%) by low-grade malignant
musculoskeletal tumours, 2 patients (1.4%) by fibromatosis,
63 patients (44.1%) by benign musculoskeletal tumours
(principally Giant Cell Tumours-GCT) and 2 patients
(1.4%) by Osteosarcomas. In 125 cases (87.4%), CA has
been used as an adjuvant therapy, in 12 cases (8.4%) as
a percutaneous ablation therapy and in 6 cases (4.2%) as
adjuvant to remove tumoral lesions ‘en bloc’ or as a ‘poor
technique’ for its sterilizing effect on previously resected
bones. Mean follow-up was 10 years.

RESULTS

Only 23 patients (16%) were classified as alive
with disease (AWD) due to local recurrence or tumour
progression (14 metastases, 5 low-grade malignant
bone tumours, 4 Giant Cell Tumours). 8 patients died
due to the disease (6 metastases, 2 osteosarcomas), 1
died of a different disease (leukemia). 111 patients

S. COLANGELI ET AL.

(78%) were classified as continues disease free
(CDF). In the open surgery group our patients were
classified as AWD: 10.5%, DOD: 0%, DOC 0 %
and CDF: 89.4%; in the “poor technique’ group they
were classified as AWD: 0%, DOD: 100%, DOC:
0%, CDF: 0%; in the percutaneous ablation group
patients of our study group resulted as AWD: 35%,
DOD: 15%, DOC: 2.5%, CDF: 47.5%. All patients
reported diminution of pain related symptoms after
surgery and all surgeons reported better control of
blood loss. Complications rates were very low,
only 3 cases (2%) of local skin necrosis or wound
dehiscence were reported, all these 3 patients healed
with periodical medications. No local recurrences
were reported after fibromatosis ablation (Table I,
11, Fig. 3).

DISCUSSION

Cryotherapy has a broad range of applications
in medical field. Palliative therapies using CA are
well accepted and proven to be safe and effective. In
particular, image guided percutaneous ablations of
metastases is very useful to treat lesions otherwise
managed only with follow-up and pain related
drugs (2). In patients who are not suitable for
surgical excision of metastasis due to bad general
conditions or to particular locations of the lesion,
percutaneous CA could be the only available option.

Table 1. Clinical follow-up results by tumor fupe.

| TumorsType | TotalPatients | awp | pop | poc | cor
63 4 o o0 58

Benign Muskuloskeletal tumors
Bone Metastasis

Low-grade malignant muskuloskeletal

tumors

Aneurismal bone cysts or angiomas

38 14 B o0 18
22 5 o 1 16
16 o o o0 16
2 0 (i} D
2 o 2 0 o
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Table II. Clinical follow-up results by surgery fupe.

| Opensurgery UL
0
35

As radiofrequency, cryotherapy also could be used in
small lesion ablations, in particular, osteoid osteomas
and fibromatosis loci could be treated with the same
techniques of image guided percutaneous ablation
with radiofrequencies. Our results confirm optimal
outcomes for fibromatosis loci ablations being 0% our
rate of local recurrence with a long-term follow-up.
Given the very small subgroup of patients
treated with CA as a ‘poor technique’, we could
not generalize our results in this particular field of
application. However, in our series, sterilizing bone
resulted very useful in surgical interventions to
improve reconstruction time. Using the same resected
bone allowed us to perfectly recreate the anatomical

awp (%) | Dop(%) | DOc(%) | CDE(%)
ne : 0

o 89,5
100 o o
15 2,5 47,5

site eliminating problems of different sizes or shapes
that are usually linked to allotransplants. The use of
custom made titanium prostheses could be a better
alternative in some cases but the costs are greater
and their production process requires long time that
could be significantly shortened by the use of bone
sterilized with “poor technique. Thus improving
patients’ post-operative recovery and their quality of
life. Complications rate resulted very low.

The most promising therapeutic area of CA is the
field relative to CA as adjuvant after open surgery to
enlarge surgical margins. Our recurrence rate after
low-extremities GCT curettages is very low being
around 6% and being the recurrence rates reported
in literature after curettage of low-extremities
CGTs (15) around 15-20% using different adjuvant
therapies. Our results confirms that CA used as an
adjuvant therapy after CGT open surgery is a very
useful technique. Blood loss seems to be more
controllable as subjective reports of surgeons suggest.
Further research, with prospective comparative
study designs is needed to evaluate superiority of CA
adjuvant therapies in regards to the other currently
used techniques. Complication rates are also very
low. If the surgeon applies the appropriate procedures
being very careful about distances between the probe
and the skin, no complications should be expected.

In our series, only 3 skin necrosis were reported
(2% of the patients), with complete resolution after
periodical medications. No bone fractures were
reported in our study group. This one was one
of the most feared complications when CA was
introduced due to the weakening of the surrounding
bone after curettages. Our results demonstrate that
CA is effective but also safe. The very key point is
the needle positioning. With a correct positioning,
surgeons can enlarge surgical margins without
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causing excessive weakening of the surrounding bone
or skin necrosis. A careful preoperative planning is
essential to reach these goals of efficacy and safety.
In the future, the introduction of surgical navigation
tools, in particular with the aid of Augmented Reality
technology, should allow us to improve precision of
the needle positioning.

Our results confirm that CA could be considered
as a safe and effective technique to treat various
conditions as an adjuvant or palliative therapy.
In particular, in open surgery, cryotherapy as an
adjuvant treatment could lead to very low rates of
recurrence in locally aggressive tumours like Giant
Cell Tumours. These results could be generalized
but a better understanding about indications and
outcomes can be reached studying CA in specific
populations with comparation to other adjuvant
techniques.
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POLYMETHYLMETHACRYLATE-AUGMENTED FENESTRETED PEDICLE-SCREW
FIXATION IN LOW BONE QUALITY PATIENTS: A CASE SERIES AND LITERATURE REVIEW

R. GHERMANDI', V. PIPOLA!, S. COLANGELI?, P. PARCHI?, L. ANDREANI?, R. CAPANNAZ, and A.
GASBARRINT

'Department of Oncologic and Degenerative Spine Surgery, IRCCS Istituto Ortopedico Rizzoli — Bologna,
Italy; *Second Orthopedic Division, Department of Translational Research and New Technology in Medicine
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The use of pedicle screws in low bone quality patients implicates risks of secondary implant loosening for
grip lack. In fact, the result is a reduced mechanical stability at bone-screw interface and consequently an
increased chance of pullout and hardware failure. Augmentation techniques have been described for many
years and fenestrated screws that allow cement injection is one of them. This is a retrospective observational
study of patients treated at our department with polymethylmethacrylate- (PMMA) augmented fenestrated
screws. Indications for posterior instrumentation were traumatic fracture in osteoporotic spine, oncological
disease, post-traumatic deformity, degenerative disease, revision surgery and sickle cell disease fractures.
Implant stability was evaluated with X-Rays and CT scan performed 3 days after surgery and every 3
months during the follow-up. Accuracy of screw placement was evaluated with Heary classification. Fifty-
three surgical treatments in 52 patients were performed and 247 PMMA augmented fenestrated screws were
placed. According to the Heary classification, 96.21% resulted Grade I, 1.8% Grade I, 2% Grade IV. A total
of 17 complications occurred. Fenestrated screw augmentation should be performed in selected patients in
whom the bone quality is insufficient to guarantee implant stability. These screws may result useful in complex
cases as revision surgeries, osteoporosis and tumour affections where bone quality is highly compromised.

While indications for spine instrumentation
are increasing, the population is aging and finding
patients with poor bone quality or elderly patients
with implant failure is becoming a common
problem. Alternatives to traditional pedicle
screws have spread in the last decades not only in
revision surgery but also in primary surgery. Many
solutions have been proposed in order to reduce
the risk of screw loosening: expandable screws,
hydroxyapatite-coated screws, bicortical screws,
larger diameter screws and PMMA augmentation.
PMMA augmentation can be achieved by direct
technique through cement injection before screw

inserting or through fenestrated pedicle screws with
holes designed for cement injection.

In low bone quality patients, the bone-screw
interface is greatly affected reducing the mechanical
grip of the screws and their integration at the interface
between bone and metal. Polymerization of PMMA,
once extruded through the screw holes, creates a
continuous mass between the core of the screw and
the cancellous bone in the vertebral body (1).

MATERIALS AND METHODS

This is a retrospective observational study of patients

Key words: fenestrated pedicle screws, osteoporosis, low bone quality, hardware failure,
polymethylmethacrylate, PMMA
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with low bone quality treated at our department from
September 2006 to September 2012, who received a
posterior fixation with PMMA augmented fenestrated
screws. Indications for posterior instrumentation were
traumatic fracture in osteoporotic spine, oncological
disease, post-traumatic deformity, degenerative disease,
revision surgery and sickle cell disease fractures. Implant
stability was evaluated with X-Rays and CT scan
performed 3 days after surgery and every 3 months during
the follow-up. Accuracy of screw placement was evaluated
with Heary classification (2). After the first 12 months,
radiologic controls were taken once a year in all surviving
patients. Clinical evaluation was performed with the VAS
score. Complications were recorded and were classified
according to the temporal distribution in intraoperative,
early post-operative and late post-operative complications

3.
RESULTS
From September 2006 to September 2012, 53

surgical treatments in 52 patients with low bone density
were recorded. Mean age was 64.53 years old (range
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22-85 years old). Indications for posterior fixation
were traumatic fracture in osteoporotic spine in 5
cases; oncological disease in 28 cases; post-traumatic
deformity in 3 cases; degenerative disease in 3 cases;
revision surgery in 12 cases; sickle cell disease
fractures in 1 case (2 interventions). Mean Follow-
up period was 23.9 months. A total of 247 fenestrated
screws were implanted and cement augmentation
was performed with no more than 2 cc of PMMA
per screw. According to the Heary classification (2)
96.21% of the screws were Grade 1, 1.8% Grade I,
2% Grade IV. VAS score decreased significantly after
the procedure, the pain was relieved and quality life
greatly improved, mainly in walking ability.

We recorded 6 intraoperative complications
(35.3%); 1 early post-operative complication (5.9%)
and 10 late post-operative complications (58.8%).
Six patients had an intracanal cement leakage. In 5
cases cement leakage was detected by post-operative
CT scan; it did not require any treatments because
patients had no symptoms in 4 cases and 1 case
radicular pain referred the remission of symptoms after
14 months of physiotherapeutic treatment. In 1 case

Fig.1. A, b): Forty-nine-year-old female rheumatoid arthritis and L1 burst fracture; rapid worsening of neurological
function, ASIA C. She was submitted to a decompression and T11-L3 fixation with PMMA augmented fenestrated screws
and vertebroplasty of level above and below. ¢): CT scan shows the circumferential distribution of cement around the
screw, d, e): post-operative LL and AP X-Ray,; ASIA: American Spinal Injury Association score.
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Table 1. Features of population enrolled.

Ne Age Date Fenestreted Screws Complications
1 66 09/2006 1

2 76 12/2006 4 Cauda equina
3 68 01/2007 2

4 73 02/2007 4

5 85 05/2007 4 Infection

6 57 05/2007 4

7 75 06/2007 1

8 56 06/2007 7

9 57 06/2007 10 Infection

10 62 06/2007 4

11 70 08/2007 2 Leakage

12 76 08/2007 4 Leakage

13 77 09/2007 4

14 58 11/2007 3

15 79 02/2008 4

16 70 02/2008 4

17 72 02/2008 4

18 55 03/2008 4

19 55 03/2008 4 Rod Breakage
20 58 04/2008 4

21 66 04/2008 5

22 60 09/2009 2

23 63 10/2009 5

24 58 11/2009 4

25 64 11/2009 3 Rod Breakage
26 67 12/2009 2

27 73 01/2010 4

28 56 03/2010 4

29 52 05/2010 2

30 63 06/2010 12 Leakage/Dehiscence
31 65 06/2010 4
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32 71 07/2010 4 Leakage
33 45 08/2010 2
34 70 12/2010 1
35 51 01/2011 8 Rod breakage
36 57 02/2011 4
37 80 02/2011 4 Traumatic Fracture
38 51 02/2011 4 Leakage
39 59 02/2011 4
40 71 03/2011 12 Leakage
41 63 07/2011 6
42 68 07/2011 10 Traumatic Fracture
43 79 08/2011 4
44 80 08/2011 4
45 72 08/2011 4
46 63 09/2011 6
47 54 09/2011 4 Infection
48 68 11/2011 4
49 22 11/2011 11
50 55 11/2011 4 Screw Pull-Out
51 46 12/2011 8
52 59 02/2012 14

cement leakage was detected intraoperatively with
subsequent laminectomy and cement removal without
any sequelae after surgery. No cases of pulmonary
embolism were detected. There was one cauda
equina syndrome due to a postsurgical hematoma that
appeared three days after surgery and required a re-
intervention. Two patients had accidents (car crash
and ladder fall down) with adjacent levels fractures
that required a revision surgery with extension of
fixation to the compromised levels. Four surgical
site infections were recorded that were successfully

treated by antibiotic therapy; three-rod breakages and
1 case of screw pull out (0.4 % of all screws). Three
patients with metastases died of the disease 13, 21 and
24 months after treatment (Table I).

DISCUSSION
It has been widely demonstrated that
demineralized bone has direct relationship with
pedicle screw loosening. Increased spaces in
osteoporotic cancellous bone framework limits
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the immediate mechanical grip of the screws and
compromises integration at the interface between
bone and metal, favouring the weakness of the
implant. The increasing age of the population and the
spreading of spine surgical indications are the reasons
that encourage many kinds of research in this field.
Ozturk et al (4) presented a series of 1454 screws
(not fenestrated) with 48 months follow up in cement
augmentation technique, concluding that this method
provides rigid fixation and prevents implant failure,
however cement leakage and pulmonary embolism
can be a problem and should be carefully monitored.
With respect to the cement leakage, Frankel et al
(5) detected extravasations in 39% of their series
with 1 pulmonary embolus and no relationship with
the amount of cement injected. Sawakami et al (6)
instrumented 38 patients with pseudoarthrosis from
osteoporotic fractures, deciding that reinforcement
of pedicle screws using PMMA augmentation may
be a feasible surgical technique in poor bone quality
spine.

In a study conducted on bone specimens obtained
from 5 adult humane spines, Leichtle et (7) al have
shown no difference in main failure load between
solid cemented screw and fenestreted screws and
similar failure pattern between the two groups.
The main advantage of fenestrated screws is that
the cement can be injected directly through the
screw avoiding the removal of the screw required,
instead, for the solid screws. Furthermore, the use
of fenestrated screws minimize the operative time,
above all during multilevel instrumentations, and it
is associated with a circumferential distribution of
cement around the screw and not predominantly at
the screw tip in the anterior part of the vertebral body.

The optimal cement volume for a proper screw
fixation is controversial. A cement volume of 1 ml to
3 mL was suggested as optimal; instead volume >3
ml are not associated to an improvement of fixation
strength but a greater risk of cement leakage (8,
9). Alternatives to PMMA have also been assayed:
Derincek et al (10) revised 17 cadaveric vertebras
with calcium sulphate augmentation and with
straightforward technique, finding that mean pull-
out strength ratio of revised screws to original was
0.71 for anatomic trajectory screws and 1.8 for
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graft-augmented screws, a statistically significant
difference (P=0.002) (6). In 6 cadaveric sacrum the
PMMA augmentation provided increased resistance
to cyclic loading compared with the CTBC (calcium
triglyceride bone cement) for pedicle screw fixation,
but both augmentations well exceeded previously
published findings for non-augmented screws (11).

Bioactive glass can significantly improve bone
microstructure of the interface in osteoporosis
condition and increase the hold-strength of the
pedicle screw, concluded an experimental study in
ovariectomized sheeps (12). Even if non-cemented,
pedicle screws augmentation techniques with
polyethylene (Nesplon) tape applied sublaminar or
subpars are described to improve fixation stiffness
(13). Double-threaded pedicle screws (14) and
expansive pedicle screws showed to significantly
improve biomechanical fixation strength in bone of
compromised quality (15) along with longer screws
that reach the anterior cortex (16).

Par¢ et al (17) observed that a significant
increase in pullout strength for both thoracic and
lumbar vertebrae could be achieved by injecting
a limited quantity of cement through a fenestrated
pedicle screw when the bone mineral density is
severely compromised. The median removal torque
was 0.34 Nm for the standard and 1.83 Nm for the
augmented screws (18). Fenestrated screws have the
capacity to confine cement placement in the vertebral
body and may provide enhanced safety from cement
extrusion into the spinal canal. It is feasible to inject
high-viscosity PMMA through this fenestration
geometry, and higher-viscosity cement may improve
the fixation effect (18).

CONCLUSION
Fenestrated screw augmentation should be
performed in selected patients in whom bone quality is
insufficient to guarantee implant stability. These screws
may result useful in complex cases such as osteoporotic
and tumour patients and revision surgery. Cement
leakage and its related complications as neural injuries
and pulmonary embolism represent the main limitation

of their use even if they can be controlled by cement
volume between 1 and 3 mL per screw.
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A RARE CASE OF HOFFA’S FAT PAD HERNIATION IN A YOUNG PATIENT: DYNAMIC
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Abstract Hoffa’s fat pad (HFP) is part of the knee structure interposed between the joint capsule and
the synovium. Recent studies have classified infrapatellar fat pad (IFP) disorders on a pathogenesis-based
classification: traumatic disorders, post-traumatic disorders, lesions secondary to adjacent disorders.
Masses or pseudo-masses may also be found within the IFP, however these alterations are much less
frequent. Diagnostic imaging plays an important role in the diagnosis of masses and pseudo-masses of
IFP and the first choice exam is a dynamic ultrasound study. We presented a rare case of Hoffa’s fat pad
herniation through the joint capsule, in a young child without history of knee injuries that has never

been described before in the literature.

The infrapatellar fat pad (IFP), also known
as Hoffa’s fat pad (HFP), is an intracapsular and
extrasynovial structure located in the infrapatellar
region, posterior to patellar tendon and anterior
to the capsule (1). IFP constitutes a true crossroad
between patella, femur and tibia (2).

Infrapatellar Fat Pad injuries are divided into
intrinsic and extrinsic. Intrinsic lesions such as
hoffitis, anterolateral impingement, plica syndrome,
post-arthroscopic ~ changes, trauma, patellar
dislocation and extrasynovial tumors are less
frequent. Differently, extrinsic lesions are more
frequent and may affect the synovium, patellar
ligament, vascular structures, and bursae. Mucoid
and parameniscal cysts may also develop in the
infrapatellar space (1).

In this article, we present a rare case of Hoffa’s
fat pad herniation in a child that shows a palpable
mass in the anterolateral aspect of knee exclusively
during maximal flexion of the knee.

Case report

An 8-year-old male performed a magnetic
resonance (MR) exam at our radiological department
for a palpable mass at the anterolateral aspect of knee,
without history of knee injuries. The patient did
not present any symptoms or restriction of range of
movement (ROM). Informed consent was obtained
from all individual participants included in the study.

The clinical examination showed a mass,
soft, mobile and not painful, visible and palpable
exclusively during maximal flexion of the knee in

Key words: Hoffa's fat pad, infrapatellar fat pad disorders, infrapatellar fat pad, ultrasound, dynamic sonography,
magnetic resonance imaging
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the anterolateral aspect of the infrapatellar region.
The mass was not visible or palpable during full
knee extension. The skin over the suspected mass did
not present any changes.

MRI protocol was performed with a 1.5 T
(Toshiba Vantage Titan System), with sagittal Turbo
Spin Echo (TSE) T1-weighted in sagittal plane (TR/
TE 420/10mS, 17x17cm  FOV, 4mm thickness),
axial and coronal TSE proton density-weighted with
fat saturation (TR/TE 2688/18mS, 17x17cm FOV,
4mm slice thickness), and sagittal and axial TSE
T2-weighted (TR/TE 6000/120mS, 17x17cm FOV,
4mm slice thickness).

The MRI images showed a little area of low
signal on T1-weighted sagittal images (Fig. 1) and
focal hyperintensity on axial T2-weighted sequences
at the anterolateral margin of the joint capsule. These
aspecific findings did not explain the clinical mass
and we decided to performed dynamic ultrasound
(US) evaluation.

The US examination performed with linear
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probe (15-18 Mhz) showed partial herniation
of Hoffa’s fat pad through the capsular defect
during flexion movement of the knee (Fig. 2). US
Color-Doppler examination showed no signs of
hypervascularization of the herniated tissue or signs
of fat necrosis. Diagnosis of hernia of Hoffa’s fat
pad was made and no treatment was necessary. The
patient returned for observation one year later and
the mass was clinically and sonographically stable
and unchanged.

DISCUSSION

The infrapatellar fat pad (IFP), also known
as Hoffa’s fat pad (HFP), is an intracapsular and
extrasynovial structure located in the infrapatellar
region and is made of fat lobules separated by
thin fibrous cords (1). It is located in the anterior
compartment of the knee and is limited anteriorly
by the patellar tendon, the patellar retinacula and the
joint capsule, superiorly by the inferior pole of the

Fig.1. MRI - Axial T2w show the presence of a focal hyperintensity on axial T2w sequences at the anterolateral margin

of the joint capsule.



Journal of Biological Regulators & Homeostatic Agents

patella, inferiorly by the proximal tibia and the deep
infrapatellar bursa, posteriorly by the horns of the
menisci, femoral condyles and joint synovium (3).

IFP is attached to the intercondylar notch of the
femur by the infrapatellar synovial plica also known
as the ligamentum mucosum that is the remnants
of embryologic synovial membranes. It is the most
common plica of the knee and sometimes it can
become symptomatic. A further ligament that courses
within the posterior aspect of the fat pad between
the anterior horns of both menisci is the transverse
(geniculate) ligament (4).

The IFP is a flexible and displaced structure; the
main functions are: to increase the synovial area; to
facilitate the distribution of synovial fluid; reduce
friction between the patella, patellar tendon and deep
skeletal (5). Moreover, it prevents pinching of the
synovial membrane and it facilitates vascularization
of adjacent structures (5).

Recent studies have shown that IFP is a
metabolically active producer of cytokines, cellular
growth factors and adipokines; it is also a stem cell
reservoir and an ideal source of mesenchyme-lineage
stem cells for tissue-engineering strategies (6).

Vascularity of IFP is supplied by the superior and
inferior genicular arteries from which two vertical
vascular branches located at the posterolateral margins

A
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of the patellar tendon branch out. These vertical
arteries are interconnected by two horizontal arteries
that are positioned superior and inferior to the IFP
(7). Additional anastomotic arteries may be present at
the level of the tibial plateau and within infrapatellar
synovial fold, connecting the medial genicular artery
to the middle or superior horizontal artery (7). While
the peripheral area of IFP is well supplied, there is
a paucity of vascularity in the central one (7). The
IFP is richly innervated and is therefore a source of
anterior knee pain; it receives branches of the femoral,
common peroneal and saphenous nerves (1).

The IFP injuries are divided into intrinsic
and extrinsic. Intrinsic lesions such as hoffitis,
anterolateral impingement, plica syndrome, post-
arthroscopic changes, trauma, patellar dislocation and
extrasynovial tumors are less frequent. Differently,
extrinsic lesions are more frequent and may affect
the synovium, patellar ligament, vascular structures,
and bursae. Mucoid and parameniscal cysts may also
develop in the infrapatellar space (2). Recent studies
have classified IFP disorders on a pathogenesis-based
classification:

- Traumatic disorders: (traumatic lesions involving
the anterior knee, impingement syndrome, patellar
dislocations);

- Post-traumatic disorders: (post-traumatic or post-

B

Fig. 2. US long-axis view. Extension (a) and flexion (b) show partial herniation of Hoffa's fat pad through the capsular

defect during flexion movement of the knee.
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arthroscopic fibrosis, Cyclops lesion and post-surgical
fibrosis);

- Lesions secondary to adjacent disorders:
(meniscal and ligamentous injuries, trauma of the
patellar tendon, articular disorders, meniscal cysts and
synovial abnormalities), masses and pseudo-masses
(ganglion cysts, chondroma, synovial hemangioma).

Masses or pseudo-masses abnormalities rarely
occur within the IFP. Patients with oedema and
abnormalities of the IFP are often symptomatic, even
if sometimes asymptomatic (1). The reason why some
subjects do not feel pain is still unknown, even though
they present MRI findings that are similar to those in
patients with local pain (6).

Imaging

US imaging is a safe and effective evaluation
of superficial soft-tissue abnormalities and is
typically the initial imaging modality requested (8).
Moreover, US compared with MRI enables dynamic
and comparative assessment of the clinical structures
(8). The optimal acoustic window of the [FP is with
the knee joint fully extended or at 30° flexion (8).
Is possible to identify two discernable well-defined
tissue layers within the IFP: the superficial layer,
which generally resembles the adjacent extra-
articular subcutaneous fat, and the homogeneously
hypoechoic deeper layer, distinguishable by the
absence of adipose tissue septae (6).

Additionally, compression sonoelastography
showed greater elasticity in the superficial HFP layer
than in the deeper zone (6). It can reliably distinguish
between cystic and solid masses and with the use of
color or Power Doppler, determine the amount of
vascularity within the mass. Dynamic uUsS
imaging can be performed to assess abnormalities
that are present only during provocative maneuvers
(9). Contralateral imaging can also be performed to
evaluate symmetry. Information obtained by US can
be used to dictate further imaging or can be used to
guide biopsies or surgical excisions (9).

MRI

MRI is the diagnostic modality of choice for
lesions when US has not been diagnostic (10). MRI
protocol generally includes sagittal proton density
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(PD)-weighted, three-orthogonal-plane sequences
proton density (PD)-weighted with fat saturation,
axial T2w.

At MRI, the IFP appears predominantly
hyperintense on Tlw and T2w sequences and
structurally similar to subcutaneous fat. The internal
fibrous septa are hypointense on T1w sequence and
hypointense on fat saturation sequences (10).

The infrapatellar plica is well imaged at MRI
as a low-signal-intensity structure of variable size
and thickness on T1w images. It can be followed
from its femoral origin (in the anterior part of the
intercondylar notch) since its distal attachment into
the inferior pole of the patella (11).

Hoffa’s fat pad hernia is a new entity, described
in literature only previously from Chauvin et al. Our
case describes a Hoffa’s fat pad herniation through
the joint capsule of a young child without history of
knee injuries that has never been described before
in the literature. In our case, the painless herniation,
caused by a defect of the joint capsule, was detected
exclusively with dynamic ultrasound examination.
MRI did not show the hernial mass but only the
defect of the joint capsule on the lateral margin.
Although the etiology remains still understood, it
seems to be related to a capsular defect.

It is possible that IFP herniation may be linked
to the presence of a locus minoris resistentiae in the
anterolateral margin of the joint capsule at the point
of passage of vessels from intra to extra-articular,
easily detectable at MRI.

CONCLUSION

We described an interesting case of IFP herniation
through a capsular defect without any traumatic event.

Radiologist and orthopedic surgeons must
remember that the IFP should be always investigated
for pathologic changes not only with an MR exams
but specially with a US evaluation. US allows
the detection of several pathology, which remains
underdiagnosed without a dynamic evaluation.
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Hydatid Disease (HD), also called Echinococcosis or Hydatidosis, is a parasitic infection caused
by the larval stage of the tapeworm Echinococcus: E. granulosus or E. multilocularis. HD occur most
frequently in liver or lungs, rarely in brain, skeletal muscles, bones, kidneys, spleen. Bone infestation
of Echinococcosis hydatid cysts occurs respectively by haematogenous seeding and progressive invasion
into bone by lesions in the adjacent soft tissues. Patients with musculoskeletal HD clinically show the
disease in adulthood because the lesions develop very slowly. In some cases, HD is an uncommon cause
of soft tissue mass, pain and neurovascular symptoms due to compression or to secondary infection.
Diagnostic imaging plays an important role in the diagnosis of HD and in the differential diagnosis
with soft tissue tumors. We present a rare case of male patient of 42 year-old with diagnosis of HD with

primary and exclusive localization in right hemi-pelvis and femur.

Hydatid Disease(HD),alsocalled Echinococcosis
or Hydatidosis, is a parasitic infection caused by
the larval stage of the tapeworm Echinococcus:
E. granulosus (cystic hydatid disease) or E.
multilocularis (alveolar hydatid disease) (1).
High prevalence of E. granulosus is reported in
South America, Mediterranean countries, Russian
Federation, Middle East, Australia, Central Asia,
Northern and Eastern regions of Africa, while E.
multilocularis is limited to some areas of Central

Europe, Canada and Alaska (2). A few cases
of infections due to E. oligarthrus or E. vogeli
(polycystic HD) have also been described in South
America (3). However, in non-endemic areas, some
cases of infections can occur as a result of the
emigration of infected persons and the diagnosis
is often delayed because of a low prevalence
and consequently a low clinical suspicion for the
disease (3).

HD is a zoonosis. The adult tapeworm lives in

Key words: Echinococcus granulosus, Echinococcus multilocularis, Echinococcosis, Hydatid disease, bone cysts,
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the small bowel of the definitive hosts (dogs, foxes
and other carnivores) and delivers the eggs that are
excreted in the environment with the stool, where
they are ingested by an intermediate hosts (sheep,
cattle, pigs, rodents and humans) (2).

The embryos that are liberated from the eggs in
the bowel of the intermediate hosts penetrate the
intestinal wall entering the portal blood stream and
are carried to the liver (68-75%) or to the lungs (15-
25%) (4); within these organs they develop into cysts,
which can be single or, in some cases, multiples (5).
Infrequently, HD occurs in the brain, the skeletal
muscles, the bones, the kidneys, and the spleen or in
other tissues (5).

Case report

In 2003, in another hospital, a 42-year-old male
patient, from Morocco was diagnosed with an
osteo-muscular Echinococcosis in his right-thigh,
presented as a spontaneous femoral fracture. He had
been treated with surgical correction and antibiotic
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therapy giving him a temporary benefit until 2007,
when he had a worsening of the HD, which, among
other symptoms, included the development of
cutaneous fistulas sovrainfected by S. aureus and S.
epidermidis, causing two episodes of osteomyelitis.
He then underwent multiple percutaneous drainage
and antiparasitic therapies. In February 2016, a
curettage of the anterior and posterior compartment
of the thigh was performed. Others locations of the
disease were excluded with imaging techniques
during the follow-up.

In April 2018, he arrived at our hospital
complaining of onset of fever, important worsening
of edema and functional impotence in his right
thigh. After the admission, laboratory and imaging
examination were performed. Laboratory tests
were normal except for microcytic anemia and for
the presence of antibodies against E. granulosus.
A fistula swab culture was performed and resulted
positive for Methicillin-Sensitive S. aureus,
consequently an intravenous antibiotic therapy with

Fig. 1. Coronal TSE TIW images show the presence of multiple cystic formations involving the right femur and the
muscles of the anterior and posterior compartment of the thigh. The right femur is deformed, swollen with a cortical
thinning. The right thigh shows an increased size compared to the contralateral with signs of fat infiltration of the

muscles. The knee and the hip are spared from lesions.
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cefazolin and rifampicin was started.

Chest X-Ray and abdominal ultrasonography
(US) showed no abnormalities. Magnetic resonance
imaging (MRI) of the hip, right thigh and knee
with a contrast agent revealed a pathological tissue
consisting of multiple polylobulated formations of
variable sizes; mother cysts that started from a few
millimeters to some centimeters; daughter cysts,
with a multi-micro cystic internal structure at the
level of the femur, from the trochanteric region to the
distal epiphyseal and in the soft tissue surrounding
the femur. The pathological tissue replaced most
of the extensor and adductor compartment of
the musculature, except a part of of the flexor
compartment; the femoral bone component showed
diffused thinning of the cortical bone with some
cortical interruptions and segmental swelling (Fig.1,
2). The diagnosis of recurrence of the HD was made
based on the clinical manifestations, laboratory
findings and radiological imaging. The orthopedist
decided for a conservative management with medical
(pharmacological o Antibiotic therapy) treatment
and a strict follow-up, the only curative option was
the amputation of the right thigh with reconstruction
of a part of the hip.

Many patients with musculoskeletal hydatid
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disease clinically show the disease in adulthood
because the lesions develop very slowly. Males
and females are equally affected. Bone infestation
of E. granulosus and E. multilocularis cysts
occurs respectively by haematogenous seeding and
progressive invasion into bone by lesions in the
adjacent soft tissues (6).

Clinically, musculoskeletal HD is asymptomatic;
in some cases, it is an uncommon cause of soft tissue
mass, pain and neurovascular symptoms due to
compression or to secondary infection (7).

Immunodiagnosis, through the detection of
circulating E. granulosus antibodies, is useful in
primary diagnosis and patient’s follow-up after the
treatment (8). Imaging appearance of hydatid cysts
(HCs) depends on the stage of the cyst growth (5).

On US, the presence of multiple vesicles (daughter
cysts) in the mother cyst (cysts inside a cyst) is
characteristic of the HD; unilocular or complex cyst
formation or solid lesion mimicking a tumor may
also be found. The rim surrounding the cyst is a
characteristic sign of HD of the liver and the lungs.
It is composed of parasitic membranes (endocyst
and ectocyst) that manifests as hypoechoic layer,
and of a vascularized membrane (pericyst), that is
formed as a response to the host and it manifests

A

B

Fig. 2. Axial (a) and Coronal (b) STIR images show “cyst within a cyst sign”, i.e. multiple multilocular cystic formations
characterized by daughter cysts (hypointense) within the mother cysts (hyperintense). There is no evidence of simple cysts.



86 (S1)

as echoic line (9). In the complex cysts, multiple
echogenic foci due to hydatid sand may be seen
(hydatid sand sign). Wall calcification, which is a
sign of the parasite’s inactivity, usually manifests as
a hyperechoic contour with a cone-shaped acoustic
shadow (10). Calcifications may be encountered at
radiography, both as an incidental finding or on scans
performed to evaluate musculoskeletal pain (11).

Computer Tomography (CT) may show a closed
sac containing fluid (3-30 HU) that can have some
rim calcifications. In complex cysts, generally the
mother cyst’s fluid has a high attenuation compared
to the daughter vesicles (11).

Initial findings on US can be confirmed with
MRI that shows unilocular hydatid cyst as a
heterogeneous low-to-intermediate-signal-intensity
on TI1- and high-signal-intensity on T2-weighted
images. In multilocular cysts, the daughter vesicles
are hypointense on T1-w and hypo- or hyperintense
on T2-w images when compared to the mother
cyst (12). Endocysts and ectocysts membranes
are hypointense on T2-w images, while pericysts
membranes is hyperintense on T2-w images. After
intravenous administration of gadolinium, contrast
enhancement is seen at the vascularized pericyst
(12). Two characteristic signs of cyst complications
are the “water-lily sign” and “fluid-fluid level sign”
(13). The first may be observed when there is a
separation of the endocyst from the pericyst, which
produces a floating membrane appearance (12).

Imaging of soft tissue and bone HD

High levels of lactate make the muscle an
unfavorable site for hydatid cyst infestation (prevalence
of primary presentation 0.5-4%) (14). Paravertebral,
pelvic, gluteus and the lower extremity muscles are
the most frequent location of muscular involvement.
The definitive diagnosis is generally confirmed by
histopathological examination after surgery (13).

Bone involvement is present in approximately
the 0.8-4% of patients affected by H, and the more
frequently involved bone sites are the spine (35-
50%) and the hip (21%), followed by the femur
(16%) and the tibia (10%). In the spine, the thoracic
vertebrae are most often affected (50%), followed,
with decreasing frequency, by the lumbar (20%),
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sacral (20%) and cervical (10%) vertebrae (5).

The diagnosis of bone HD is made by appearance
of radiological characteristics. The radiographic
changes show erosion, destruction and deformity
of the bone; periosteal reaction, sclerosis and
intracystic calcification are uncommon. The
differential diagnosis includes nonspecific or specific
osteomyelitis  (tuberculosis or actinomycosis),
aneurysmal bone cyst, giant cell tumor, myeloma,
atypical osteomyelitis, cystic metastases, and fibrous
dysplasia (14).

In the presence of vertebral involvement, typical
elements that can help to differentiate HD from
tuberculous spondylitis are the lack of bone sclerosis
and disc damage, the involvement of the ribs, and
the extension into spinal canal and spinal cord (5).

CT is the best-suited modality for a clear
demarcation of the lesion and for evaluating the
osseous involvement. CT appearance of bone lesions
is similar to those demonstrated on radiography (5).

MRI is the preferred imaging modality for the
evaluation and characterization of the extension of
the extraosseous diffusion and within the soft tissues
of HD (14).

Treatment

Bone HD is commonly managed with surgical
treatment. For the large and extensive lesions,
curettage and/or aspiration of cysts are performed
and chemotherapy (albendazole) is administered
to prevent recurrences (15). Complete excision,
or even amputation, is needed in some cases. The
fluid of E. granulosus cysts is extremely toxic for
the host; therefore incisional biopsy and marginal
excision are contraindicated (14).

CONCLUSION

Bone Echinococcosis is a rare (less than 4% of
cases of HD) and difficult to treat parasitic infection.
Cystic or lytic lesions are present in the trabecular
bone and may extend to other subcortical areas.
Spongy tissue constitutes a favorable ground for the
spread of HCs. Over time, the parasites reach and
destroy the cortex, with subsequent expansion of
the disease to the surrounding tissues. Radiological
diagnosis of hydatid disease may be difficult, and
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the symptoms are often nonspecific. The lesion may
also have a multicystic appearance or mimic a soft
tissue tumor because of its solid or complex pattern.
Radiography is essential for investigating the bone
involvement of hydatid disease and is also useful for
the study of the soft tissue localizations. MRI is the
method of choice for the evaluation of the disease’s
extension and for the detection of morphological
changes in the lesion. The rim sign is an important
and useful finding for the differential diagnosis.
Musculoskeletal HD goes in differential diagnosis
with several pathologies. In the presence of a
skeletal pathology without a conclusive diagnosis, it
is important to keep a high index of suspicion for
hydatid disease to ensure an early diagnosis.
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Total Hip Arthroplasty (THA) is considered the most successful treatment for advanced hip
osteoarthritis. Different surgical approaches for THA are available and they have shown excellent
outcomes in the long-term follow-ups. However, few studies have analyzed the functional outcomes in the
first days after a THA surgery. The purpose of this study was to compare the early functional outcomes
between two different surgical techniques: a minimally invasive direct anterior approach (mini-DAA) and
a postero-lateral approach (PL). Twelve patients for each group were analyzed. Pre- and postoperative
(3,10, 30 and 90 days after surgery) Patient-Reported Outcome Measures (PROMs) were administered:
HOOS, HHS, VAS and SF-12-v2 scores. Moreover, comparison between surgical operation time and
blood loss were examined. PROMs showed a significant improvement in the SF-12-v2 in the mini-DAA
group compared to the PL group at 3 days after surgery: this difference was maintained also after 10 and
30 days. In addition, HOOS and HHS were significantly ameliorated in the mini-DAA group starting 10
days from surgery. In both groups, a physiological pain reduction was observed in the first days after
surgery; comparing it to the pre-surgical VAS values, we found a significant improvement in the scores
for the mini-DAA group after 30 days. Moreover, we demonstrated a significant reduction in blood loss
for the mini-DAA group. Surgical operation times were similar in the two groups; however, the duration
of the mini-DAA procedure was shorter compared with the known literature. In this preliminary study,
we demonstrated that the minimally invasive direct anterior approach for THA may lead to benefits
in the early postoperative time, as it allows for an improvement in functional outcomes, a reduction
of postoperative pain, a reduction of hospitalization time and consequent reduction of postoperative
complications; therefore, this surgical approach may consent an early return to work and daily activities.

Total hip arthroplasty (THA) is considered the most
successful treatment for end-stage hip osteoarthritis (1,
2). Nowadays, several surgical approaches are used
for THA with excellent functional outcomes (3). The
indications for THA have been expanded to include
progressively younger patients, and more than half of
all primary THAs are expected to be under the age of
65 in the very near future.

Less pain and improved early function, faster
return to normal activities of daily living, and fewer
restrictions on movement are helpful goals for patients
undergoing treatment and should also provide economic
benefit since resource utilization will be decreased. The
increased activity level of younger patients, combined
with an increased life expectancy, has in turn amplified
the need for greater implant longevity.
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In recent years, the direct anterior approach (DAA)
has gained popularity among other approaches because
it represents a tissue sparing surgery, which does not
damage muscles and therefore it allows for a faster
recovery (4-6).

Indeed, DAA uses an intermuscular access between
the sartorius muscle and tensor of the fascia lata and
allow a good exposition of the hip joint that prevents
trauma to soft tissues. In addition, this surgical
approach provides benefits in early reported pain and
function, postoperative length of stay, less dislocations,
and postoperative analgesia (7-11). Complications as
dislocations and Trendelenburg gait are more frequent
in the posterolateral approach (PL) because of the
violation of the external rotator muscles, abductor
muscles and posterior capsule of the hip joint. The
DAA has became popular because of the low risk of
dislocation. The integrity of the posterior capsule and
the surrounding muscular structures, are the factors
which reduces the risk of dislocation. In current
literature, dislocation after DA A was found in 0.0-1.5%
(12-15).

These features allow an early rehabilitation and
better functional outcomes (16-19). Thus, the main
objective of this study was to compare the functional
outcomes in the early post-surgical period between
mini invasive anterior approach (mini-DAA) and
posterolateral approach for total hip arthroplasty.

MATERIALS AND METHODS

Patients

Twenty-four patients were selected and divided in
two groups for this study. Twelve patients were enrolled
for THA through a mini-DAA approach and the other
12 patients underwent THA through a posterolateral
approach. All patients undergoing THA at our hospital
“Istituto Ortopedico Galeazzi” had been diagnosed with
hip osteoarthritis, avascular femoral head necrosis (FICAT
II-1V) or developmental hip dysplasia (Crowe I and II).
All patients undergoing conversion THA, revision THA,
developmental hip dysplasia Crowe III-IV or another
major anatomical alterations were excluded from this
study. All surgeries were performed by two experienced
surgeons. One surgeon with an extensive experience in PL
approach and other in mini-DAA approach. In the mini-
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DAA group there were 6 men (50%) and 6 women (50%)
and in the PL group there were 5 men (60%) and 7 women
(60%).

All the patients were well informed about the
surgical procedure and risks, technique and postoperative
of the

rehabilitation protocols. Informed consent

procedure was signed before surgery.

Surgical Procedure

All surgeries were performed under subarachnoideal
or general anesthesia. In the operative phase, all patients
received an antibiotic prophylaxis with cefazolin IV,
dosed according to the body weight of each patient.

The mini-DAA approach was performed in supine
position using a special leg positioning surgical table for
mini invasive direct anterior approach (MEDACTA). A
skin incision was performed 2 cm distal and lateral from
the anterosuperior iliac spine. The mini-DAA approach
involved exposure of tensor fascia lata. Through the
interval between sartorius and tensor fascia lata, the
anterior rectum was exposed and retracted. After the
exposure of the hip capsule, C-shaped capsulotomy was
performed. Conversely, PL approach was performed
in lateral decubitus position: after the skin incision,
extrarotator muscles were sectioned to reach the hip
capsule, which was opened.

A cementless stem an acetabular cup was implanted in
every patient. All surgical parameters, including estimated
blood loss, operative time, intraoperative complications
and any other pertinent information, were recorded in
detail.

Postoperative Management

Adequate  deep vein  thrombosis-Pulmonary
embolism prophylaxis [Calcium Nadroparin 0.4-0.6 ml
subcutaneously (Italfarmaco S.p.A) once a day for 30
days] was administered to all patients according to Italian
guidelines. All patients received an adequate postoperative
analgesia. The standard protocol included acetaminophen
1000 mg three times daily associated to celecoxib 200
mg once daily, as a first step. Ketorolac 300 mg IV and
morphine were reserved for patients with moderate to
severe pain according to the visual analog scale.

After the surgical procedure, all patients were
transferred to the ward. Early rehabilitation was initiated
4 h after surgery or as soon as the motor block due to
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spinal anesthesia was solved. The physical therapy on day
zero included placing the patient in sitting and standing
position, then, if possible, the patients were encouraged
to begin ambulation with the help of crutches. Thereafter,
physical therapy occurred twice daily until discharge from
the hospital.

Functional Outcome Measurement

Pre- and post-operative completed Patient-Reported
Outcome Measures (PROMs) were analyzed for each
approach. With the Visual Analogue Scale (VAS)
patients were asked to mark the average pain they felt
in the involved hip during the previous week. The score
ranges from ‘0’ (no pain at all) to ‘10’ (unbearable pain).
The ‘Hip disability and Osteoarthritis Outcome Score’
(HOOS) was used to examine the opinion of the patients
about their THA. The score is expressed in a scale ranging
from 0 to 100 whereby a low score indicates symptoms.
The Harris Hip Score (HHS) was used to determine the
grade of disability due to hip disease. The quality of life
was assessed with the SF-12v2 score. This score assesses
2 components; the Physical Component Summary (PCS)
and the Mental Component Summary (MCS). All tests
were applied on the preoperative phase at day 3, 10, 30
and 90.

Statistical analysis
Statistical analysis of categorical data was performed
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using the Chi-square test or Fisher’s exact test, where
appropriate. Comparison between mini-DAA and PL
groups for continuous data was analyzed, using the non-
parametric “rank-sum”testofwithtwotails Wilcoxon’s test.
In case of normal distribution (Shapiro-Wilk statistics), the
two tails Student’s #-test was applied. To compare groups
at different times, Student’s #-test for paired data was used
or, in case of non-normal distributions, the corresponding
non-parametric Wilcoxon’s signed-rank test was applied.
A covariance analysis was performed to calculate post-
surgical adjusted averages for the main clinical scores
and the corresponding adjusted differences between mini-
DAA and PL groups. The analysis was adjusted a priori
for variables such as age, sex and preoperative scores
examined. For all two-tailed tests, p-values lower than
0.05 were considered significant. Statistical analysis was
conducted using the SAS statistical package v.9.4 (SAS
Institute-Cary, NC, USA).

RESULTS

Twenty-four patients (24 hips) were included.
Patient characteristics are shown in Table I. The
groups differed in terms of age distribution, gender
and Body Mass Index (BMI). The study population
counted slightly more men for the mini-DAA
approach (50%) compared to the PL approach group
(40%). The mean age between the DAA and PL

100
90
80
70
60
50
40

Minutes

30
20
10

Surgery Length

= mini-DAA
m PL

Fig. 1. Comparison of surgery timing. Surgery timing in mini-DAA and PL groups. No statistical difference was found.
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group was comparable: 63.4+6.4 years vs 72.2+11.2
years. In the mini-DAA, the mean BMI was 26.2+3.8
and 26.243.5 for the PL group. Mean Preoperative
hemoglobin was significantly different: for mini-
DAA group the mean value was 11.6+1.0 g/dL and
£13.7£0.8 g/dL for the PL group (P<0.001). There
were no significant differences between the mini-
DAA and PL group in pre-surgery assessment of the
HHS, HOOS, PCS, MCS and VAS.

Procedure time using the mini-DAA was slightly
longer than the PL group, with a median duration of
79,3 minutes (min- max 56-88) for the DAA group
and a mean duration of 70,4 minutes (min- max
56-88) for the PL group. Though, no significant
difference was reached (Fig. 1).
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The preoperative SF12 scores (both the MCS
and PCS components) were comparable; however,
we noticed a significant better outcome in the mini-
DAA group starting from 3 days after surgery (Fig.
2). This difference was maintained until 30 days
after surgery (p-value<0,001) (Fig. 2).

The HOOS scores displayed a similar trend: the
two groups were comparable before surgery and 3
days after surgery; whereas a significant higher score
in the mini-DAA group was recorded 10 days and 30
days after surgery (p-value<0,001) (Fig. 3a).

Also, the HHS score showed a significant
improvement in the mini-DAA group starting
10 days after surgery. In this case, the difference
between the two groups was maintained also at the

a Physical Comparison Summary (PCS-SF12)
® mini-DAA = PL
70,00
* * *
60,00 =
(]
@ 50,00
o
O 40,00
n
c
§ 30,00
s 20,00
10,00
0,00
90 days
b Mental Comparison Summary (MCS-SF12)
= mini-DAA = PL
80,00
* * *
70,00 — — —
g 60,00
S
O 50,00
O
) 40,00
S 30,00
[}]
= 20,00
10,00
0,00
Pre-op 3 days 10 days 30 days 90 days

Fig. 2. Comparison of Quality of Life. SF12 PCS (a) and SF12 MCS (b) scores in mini-DAA and PL groups at different
time points. Significant differences were found at 3, 10 and 30 days after surgery. p-value <0.001.
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longest time point (Fig. 3b).

When we analyzed the pain with the Visual
Analogic Scale (VAS), we noticed a significant and
physiological reduction in pain within both groups
in the first days after surgery, though without a
statistical significance. At 30 days from surgery,
we found a significant difference between the two
groups by applying a multivariate analysis, which
adjusts the scores on the baseline values (p<0,008)
(Fig. 4a).

Finally, we studied differences in blood loss
between the two groups: we found a significant
decrease in hemoglobin after surgery within each
group, as expected (Fig. 4b). We then compared the
two groups and we performed again a multivariate
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analysis: we demonstrated that blood loss in the
mini-DAA groups was significantly reduced (Fig.
4b).

DISCUSSION

In this preliminary study we compared 12 patients
undergoing THA through a mini invasive direct
anterior approach (mini-DAA) with other 12 patients
through a posterolateral approach (PL). Both surgical
techniques have shown excellent outcomes in the
follow-ups (typically 1 months, 3 months or later).
However, few studies have analyzed the functional
outcomes in the immediate post-surgical time frame.
Thus, we decided to compare these outcomes 3, 10,

a Hip-disability and Osteoarthritis Outcome Score
(HOOS)

= mini-DAA

Mean Scores
=N WS U N
OO0O0S00000
OO0 0000000
OO0 0000000

= PL

Pre-op 3 days 10 days 30 days 90 days
b Harris Hip Score (HHS)
= mini-DAA = PL
120,00
* * *
o 100,00
<
8 80,00
»n
e 60,00
©
g 40,00
20,00
0,00
Pre-op 3 days 10 days 30 days 90 days

Fig. 3. Comparison of Functional Outcomes. HOOS (a) and HHS (b) scores in mini-DAA and PL groups at different time
points. HOOS scores: significant differences were found at 10 and 30 days after surgery. p-value <0.001;, HHS scores:
significant differences were found at 10, 30 and 90 days after surgery. p-value <0.001.
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30 and 90 days after surgery.

Literature reported a longer surgical time for the
DAA approach (17-19). We believe this could be
due to the inherent technical difficulty to obtain an
adequate exposure of the acetabulum and femoral
neck. However, in our study we did not find
significant differences in the duration of surgery,
probably because both surgeons have an excellent
expertise in performing this procedure. In addition,
we did not record any intraoperative complication.

Theoretically, minimally invasive techniques are
expected to reduce bleeding compared to standard
approaches. This is primarily a result of sparing soft
tissue and, in some cases, of the reduced invasion
of the femoral canal. Indeed, in our study we
demonstrated a significant reduction of perioperative
blood loss in the mini-DAA group when compared
with the PL group considering the differences in the
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baseline values.

In our study, we observed reduction of VAS
scores in both groups; however, a significant
difference between the groups in favor of the mini-
DAA approach was noted 30 days after surgery. A
possible explanation is that mini-DAA is a soft tissue
sparing technique, thus it allows for the access to the
hip joint through an intermuscular plane, avoiding
muscular trauma. Instead, the posterolateral
approach requires the dissection and detachment of
the short external rotators of the hip to reach the joint
capsule, leading to increased postoperative pain.

Early functional outcomes also improved
significantly in the mini-DAA group. In particular,
the HOOS and HHS scores enhanced immediately
after surgery. The tissue sparing and the consequent
pain reduction, which allows for a faster recovery,
could explain these results.

= | Visual Analogue Scale (VAS)

® mini-DAA

10,00

8,00

Mean Scores

Pre-op 3 days

6,00 L
4,00
Bl
0,00 1

= PL

T

+ 1

10 days 30 days 90 days

Mean Values = SD Hemoglobin drop p-value
b (pre-post)

Pre-surgery Post-surgery

mini-DAA 11.6+1.0
PL 13.7£0.8

p-value (mini-DAA vs PL) <0.001

10.6+1.0 -1.0£ 0.9 0.004
11.5£0.9 -2.2£0.8 0.001
0.04 0.006

Fig. 4. Comparison of pain reduction and blood loss. a): VAS scores in in mini-DAA and PL groups at different time
points. A physiological pain reduction was noticed in both groups after surgery. A significant difference was found at
30 days after surgery. p-value <0.008; b): Blood loss measured by hemoglobin drop in mini-DAA and PL groups. A
significant difference in hemoglobin values before and after surgery was found in each group. Comparing the two groups,
a significant reduction in blood loss was measured in mini-DAA group. p-value <0.006.



Journal of Biological Regulators & Homeostatic Agents

Table 1. Patients’ characteristics.
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All Mini-DAA PL p-value
patients (n=12) (n=12)
(n=24)
Characeristics n (%) n (%) n (%)
Age 0.03
<60 6(25.0) | 5(41.7) 1 (8.3)
60-69 8(333) | 5(41.7) 3(25.0)
>70 10 2 (16.7) 8 (66.7)
(41.7)
Age Average + SD 678+ 63.4+64 722+112 0.03
10.0
Age Median (range) 68 (45- 61 (55-75) 73 (45-85)
85)
Sex 0.68
Females 13 6 (50.0) 7(58.3)
(54.2)
Males 11 6 (50.0) 5(41.7)
(45.8)
Body Mass Index (BMI) 0.15
<25 kg/m’ 10 5(41.7) 5(41.7)
(41.7)
25-<30 kg/m’ 11 4(33.3) 7(58.3)
(45.8)
>30 kg/m* 3(12.5) 3(25.0) 0 (0.0)
BMI Average+ SD 262+ 262 +38 262+35 0.99
3.0
BMI Median (range) 264 25.9(19.9- 27.3 (19.6-
(19.6- 32.9) 29.8)
32.9)

Age, Sex and Body Mass Index (BMI) distribution of the analyzed patients.

Another important finding is the significant
improvement in the quality of life. Indeed, SF-12
scores were significantly enhanced in the mini-
DAA group even at 3 days after surgery. Thus, this
mini-invasive surgical approach has a significant
less impact in the quality of life, probably because
it allows an immediate mobilization and therefore
a faster recovery to daily activities (i.e. walking
without crutches).

One of the limits of this study is that PL patients
were transferred to rehabilitation centers within 7
days after discharge, whereas mini-DAA patients
were discharged at home without any need of
specific rehabilitation. This difference may have
altered the results; in particular, it may have caused
an overestimation of the outcomes in the PL group.

Another possible bias is the difference in patients’
age: the mean age for the mini-DAA group was 63
years old, while it was 72 for the PL group. Thus, PL

patients were in general older and this disparity may
affect the baseline data and the functional outcomes;
though this bias was considered by applying a
multivariate analysis.

In conclusion, our results confirm the reported
literature on the medium and long-term follow-ups
after THA (17-19). Indeed, both surgical approaches
lead to excellent results within 1 to 3 months after
surgery. On the other hands, we demonstrated
important differences in the outcomes measured in
the immediate postoperative period. All the scores
resulted significantly improved in the mini-DAA
group starting from 3 days after surgery.

This finding is crucial as it suggests that the
mini-DAA approach allows for a faster mental and
physical recovery. Nowadays patient’s expectations
and daily activities continuously intensify and the age
population progressively increases: thus, people more
frequently ask for a rapid rehabilitation after surgery.



96 (S1)

Moreover, hospitalization time and costs may

decrease if the mini-DAA approach is used; this will
lead to a reduction in post-surgical complications (i.e.
perioperative infections) and to a drop in health costs.

More data are necessary to strengthen our

findings; thus, the goal is to continue data collection
until a suitable sample number is reached, to allow
conclusions with greater statistical power.

10.
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CHARACTERIZATION OF DIFFERENT IN VITRO CULTURE CONDITIONS TO
INDUCE A FIBRO-CHONDROGENIC DIFFERENTIATION OF SWINE
ADIPOSE-DERIVED STEM CELLS
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Meniscus repair is still a challenge for orthopaedic surgeons as this tissue has a scarce healing
potential due to the limited vascularization and to the lack of progenitor cells. Lately, several tissue
engineering strategies combining cells and scaffolds have been developed. Adipose-derived stem cells
(ASC:s) represent a novel cell source for meniscus repair as they are easy to harvest, and they possess an
intrinsic chondrogenic potential. The aim of our study was to analyze and compare the chondrogenic
differentiation of swine ASCs cultured in vitro with different supplemented media. We isolated ASCs
from swine adipose tissue and we placed in pellet cultures supplemented with either Bone Morphogenetic
Protein (BMP)-2 and Transforming Growth Factor (TGF)-B3 or with Bone Morphogenetic Protein
(BMP)-7 and Transforming Growth Factor (TGF)-p1. Samples were analyzed after 7, 14 or 21 days of
culture by biochemical, histological and gene expression analysis. Our preliminary results show that

BMP-2 and TGF-B3 are stronger inducers of chondrogenesis.

The menisci are fibrocartilaginous structures,
which contribute to static weight bearing, to
distribution of compressive forces during joint
movement, to joint lubrication and stabilization, and
to proprioception (1). They are mainly composed of
water, then collagens, glycosaminoglycans (GAGs),
DNA, and glycoproteins (2, 3). Collagen fiber
arrangement is highly specialized, with the majority
being circumferentially aligned (4, 5) with a different
organization in the various meniscal regions. This
peculiar fiber orientation creates biomechanically
optimal resistance to hoop stresses. Proteoglycans
are hydrophilic molecules that contribute to the large
water content and to the shock absorption properties

of the meniscus (3, 6-8). In the mature tissue, cell
morphology varies among different regions. The outer
portion of the meniscus mostly contains fibroblast-
like cells, whereas the inner part reveals more rounded
cells that behave similar to chondrocytes (9, 10). The
cell types distribution reflects the vascular supply:
during maturation, vasculature recedes to the outer
10-30% of the tissue, leaving the majority of the tissue
avascular (6, 11-14).

Based on its anatomy and vascularity, the meniscus
has limited healing capacities especially in central
two-thirds avascular zone (15), and thus tears are
mostly treated by partial or total meniscectomy (16);
however, this procedure does not prevent late onset of
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secondary osteoarthritis (17, 18). To overcome these
problems, alternative procedures to restore native
tissue function may be achieved both by improving
surgical techniques and by supporting cell growth and
new reparative tissue formation. Tissue engineering
approaches that involve the use of cells and biomaterial
scaffolds have gained increasing attention as potential
regenerative therapies in the field of musculoskeletal
medicine (10, 19, 20). In particular, studies have
reported successful repair of meniscal punch defects
with a mesenchymal stem cells (MSC)-biomaterial
combination on a hyaluronan-collagen base (21).
Several cells sources have been tested for meniscus
healing, along with meniscus fibro-chondrocytes (22,
23), chondrocytes (24, 25), MSCs, synovium-derived
stem cells (26, 27), and adipose-derived stem cells
(28, 29). It has not been determined which cell type
is ideal for repair, however Fraser et al. (30) reported
that the number of MSCs in adipose tissue is ~500-
fold more than that in bone marrow.

Adipose-derived  mesenchymal stem cells
(ASCs) are therefore a promising candidate cell
source for meniscus regeneration through the less
invasive technique of intra-articular injection. The
chondrogenic differentiation of ASCs may be induced
by growth factors which play the most important
role in this process. Different mixes of these
polypeptides have been studied to evaluate the best
combination for cell proliferation and chondrogenic
differentiation. Rui et al. (31) observed the positive
effect of Bone Morphogenetic Protein (BMP)-2 on
Transforming Growth Factor (TGF)-f3-induced
chondrogenesis of synovium-derived stem cells in a
pellet culture system. On the other hand, Shintani et
al. (32) considered BMP-7 more potent than BMP-2
in inducing chondrogenesis, and he highlighted the
need of a combined action with a member of TGF-
family (particularly TGF-B1) to trigger an alternative
signaling pathway for chondrogenic differentiation.

Thus, the aim of our project was to characterize
different in vitro culture conditions to induce a fibro-
chondrogenic differentiation of swine ASCs. In
particular, two combinations of growth factors were
analyzed: (i) M 1 differentiation medium, supplemented
with TGF-B3 and BMP-2 and (ii) M2 differentiation
medium, supplemented with TGF-2 and BMP-7. To
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establish the optimal stimulation conditions, ASCs
were 3D-cultured in pellet at different time points,
then the differentiated tissues were characterized by
biochemistry (GAGs quantification), and by histology
(GAGs presence and distribution). Moreover, the
expression gene expression of cartilage-related
proteins (collagen type I, collagen type I, aggrecan,
versican) was quantified by Real-Time Polymerase
Chain Reaction (PCR).

MATERIALS AND METHODS

If not specifically mentioned, all chemicals were
purchased from Sigma-Aldrich company (St. Louis,
MO, USA).

Cell purification

Adipose tissue from adult pig was sliced into small
pieces. The pieces were digested at 37°C, shaken for 2 h
in phosphate buffered saline (PBS; Life Technologies),
amphotericin (50mM), gentamycin (50mM), penicillin
and streptomycin (100 U/ml), 0.1% collagenase type I
(Worthington, New Jersey, US). Collagenase was then
neutralized with equal volume of DMEM.

Cells were then passed through a cell strainer,
in DMEM, 10% v/v
FBS, sodium pyruvate (ImM; Life Technologies),
ultraglutamine (2mM; Lonza), HEPES (10mM; Life
Technologies),

centrifuged, resuspended

amphotericin  (50mM), gentamycin
(50mM), penicillin and streptomycin (100 U/ml),
fibroblast growth factor (FGF2; Smg/ml)seeded on
tissue culture dishes and cultured until confluence was

reached.

Three-dimensional culture

Pellets of 5x10° cells were formed by centrifuging
the cells in 1.5ml screw cap tubes in DMEM and
leaving them steadily for 48 hours. Pellets were cultured
into three different media: serum free medium (SFM;
composed by DMEM, 2mM ultraglutamine, 10mM
HEPES, 100U/ml penicillin and streptomycin, 1mM
Sodium Pyruvate, 2% human serum albumin and
1X insulin-transferrin-selenium), M1 differentiating
medium (composed by SFM, 10ng/ml TGF-3, 10ng/ml
BMP-2, 10"M dexamethasone (DEX), 100uM ascorbic
acid (AA) and M2 differentiating medium (composed by
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SFM, 10ng/ml TGF-B1, 10ng/ml BMP-7, 10'M DEX,
100uM AA.

Pellets were collected after 7, 14 and 21 days of
differentiation in M1 medium, in M2 medium, or in
SFM, as control.

Glycosaminoglycans (GAGs) quantification

Dimethylmetilene blue (DMMB) dye assay was
the method chosen to measure glycosaminoglycans
production by differentiated pellets. Pellets were
digested overnight at 55°C with 50ug/ml proteinase K in
a 100mM dipotassium phosphate solution. The enzyme
action was heat-neutralized at 90°C for ten min. The
lysates were centrifuged for ten min at 12000xg in a
refrigerated centrifuge and the supernatant was analysed
by a colorimetric assay.

A standard curve adopting chondroitin sulphate was
run in parallel with all the samples in a 96 wells plate.
DMMB dye was added and the plate was read at 500nm
wavelength. GAGs quantification was normalized versus
DNA concentration. DNA concentration was measured
with CyQuant kit (Thermo Fisher Scientific, Waltham,
MA, USA) following the manufacturer instructions.
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RNA extraction, RT-PCR and Real Time PCR

A triplicate of each pellet was lysed in 1ml trizol
(Thermo Fisher Scientific) at 56°C for three hours and
vortexed. RN A was extracted following the manufacturer
instructions.

cDNA for real time PCR was prepared from
Ipg of RNA adopting High-Capacity cDNA reverse
transcription kit (Thermo Fisher Scientific), following
the manufacturer instructions.

Real time PCR was performed with Tagman
Universal PCR Master Mix (Thermo Fisher Scientific),
following the manufacturer instructions, on a Step One
Plus thermocycler (Thermo Fisher Scientific). The
primers were the following: Ss03373340 m1, COL1Al,
Ss03373344 g1, COL2A1, Ss03374822 ml, ACAN,
Ss04323141 ml, VCAN, Ss03216374 g1, YWHAZ
(Thermo Fisher Scientific).

Histology

After 14 and 21 days, the pellets were fixed in 10%
formalin, included in paraffin following the standard
procedures and sectioned with microtome. The sections

GAGs

SSFMaM1l oM2

GAGs/DNA

SSFMaM1 mM2

Fig. 1. DNA and Glycosaminoglycans quantification in pellet cultures. a): CyQuant assay to evaluate DNA content
in SFM, M1 and M2 groups; b): DMMT analysis to evaluate GAGs content in SFM, M1 and M2 groups; c¢): GAGs/
DNA ratio in SFM, M1 and M2 groups. Error bars indicate the standard error of the mean for each medium/time of
differentiation; lowercase letters indicate significant differences of at least P <0.05.



100 (S1)

were stained with Safranin-O and counterstained with
fast green.

RESULTS

In this study, we isolated mesenchymal cells
from the adipose tissue and we evaluated the role
of two different culture media (M1 and M2) in
chondrogenic differentiation. Cells were cultured in
pellets and evaluated at 3 different time points (7, 14
and 21 days). A control group was cultured in vitro
with SFM (Fig. 1a).

Biochemical analysis showed an initial production
of GAGs in the two different media and in the control
medium after 7 days of culture (Fig. 1b). At the
longest time point we noticed, a significant increase
in GAGs deposition both in M1 and M2 conditions
compared to the SFM group. Moreover, the GAGs/
DNA ratio at 21 days was significantly increased in
both groups, but particularly in M1 experimental
group (Fig. 1¢). Thus, we concluded that the culture
medium supplemented with TGF-B3 and BMP-2
may enhance GAGs production in ASCs.

The histological evaluation at 14 days showed a
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scarce deposition of GAGs in all the experimental
groups as demonstrated by the light Safranin-O
stain (Fig. 2a, c, e). After 21 days of culture, SFM
and M2 groups were still characterized by a low
accumulation of GAGs, whereas we noticed a higher
increase in Safranin-O stain in M1 group (Fig. 2b,
d, ). Therefore, we concluded that the M1 culture
medium may favor GAGS deposition, consistently
with the biochemical analysis.

We then analyzed gene expression of selected
fibro-chondrocyte markers: namely Collagen type
I, collagen type II, aggrecan and versican. Cells
expressed Collagen type 1 on all the three conditions
starting from 7 days of culture. However, we
noticed a significant upregulation of Collagen type
I expression in M1 and in particular in M2 groups
at 14 days (Fig. 3a). At the longest time point, both
M1 and M2 displayed a downregulation of Collagen
type I expression (Fig. 3a). Collagen type II resulted
highly expressed in M2 group at 7 days, though this
upregulation was not maintained at 14 and 21 days
(Fig. 3b). Conversely, we observed a progressive
increase of Collagen type Il expression in M1, which
reached a significant plateau at 21 days (Fig. 3b).

Fig. 2. Histological analysis of the pellet cultures. Safranin-O stain of SFM (a, b), M1 (c, d) and M2 (e, f) groups after 14

days (a, ¢, e) and 21 days (b, d, f) of culture.
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Moreover, Collagen type Il was scarcely detectable
in control group (Fig. 3b).

Aggrecan expression displayed a similar pattern:
it was barely measurable in SFM group, whereas it
was progressively and significantly upregulated both
in M1 and M2 (Fig. 3c). M1 showed the highest
increase of Aggrecan gene expression at all time
points (Fig. 3c). Finally, versican gene expression
was upregulated in all three groups at 7 days (Fig.
3d). At the latter time points, we noticed a progressive
increase of versican gene expression in the control
group, while M1 displayed a downregulation
especially at 21 days (Fig. 3d). M2 showed versican
upregulation at 7 and 14 days, followed by a slight
decrease at 21 days (Fig. 3d).

Therefore, gene expression analysis partially
confirmed the biochemical evaluation, as the culture
medium supplemented with TGF-f3 and BMP-2
promotes the upregulation of some markers, which
are expressed in the cartilaginous matrix, such as
Collagen type Il and Aggrecan.

In  conclusion, our preliminary results
demonstrated that TGF-B3 and BMP-2 enhance
a RT-PCR COLL1 b

700 A

8 SFM 8M1 M2
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B
b
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fibro-chondrogenic differentiation of ASCs in an in
vitro setting.

DISCUSSION

The aim of this work was to compare and to
analyze the role of two different culture media on
chondrogenic differentiation of ASCs for future
meniscus tissue engineering strategies. Meniscus
repair is still an unsolved problem: its scarce
vascularization in the inner part and the lack of
multipotent cells contribute to the limited self-
healing potential (11, 16).

In the last years, several meniscus repair
strategies combining cells and scaffolds have been
developed, however, the meniscus is composed by
different cell types, chondrocyte-like cells in the
inner part and fibroblast-like cells in the outer region,
thus, regenerating the meniscus still represents a
challenge. Recently, MSCs have been proposed as a
potential cell source for meniscus regeneration due
to their ability to differentiate into different lincages
under proper stimulation. MSCs can be harvested

RT-PCR COLL2

SFM 8M1 mM2

RT-PCR VCAN

7d

SFM oMl mM2

Fig. 3. Gene expression analysis of the pellet cultures. a): RT-PCR analysis for Collagen type I gene expression in SEFM, M1
and M2 groups; b): RT-PCR analysis for Collagen type Il gene expression in SEM, M1 and M2 groups, c¢): RT-PCR analysis
for aggrecan gene expression in SFM, M1 and M2 groups; d): RT-PCR analysis for versican gene expression in SFM, M1
and M2 groups. Error bars indicate the standard error of the mean for each medium/time of differentiation. Lowercase letters
indicate significant differences of at least P<0.05; capital letters indicate significant differences of at least P<0.01.
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from different tissues (bone marrow, adipose tissue,
umbilical cord, etc.): i.e. bone marrow-derived
stem cells (BMSCs), which have been extensively
characterized and used for tissue engineering
purposes. ASCs represent a novel cell source, which
possesses some indisputable advantages: ASCs are
easier to harvest and, more importantly, their quantity
is greater than BMSCs (30). Thus, we decided to
analyze ASCs potential in meniscus regeneration.
In previous studies, we characterized both meniscal
cells and ASCs and we tested their multipotency.

Another issue is which combination of growth
factors or cytokines to use in order to differentiate
cells in the fibro-chondrogenic lineage. A previous
study suggested that BMP-2 in combination with
TGF-B3 may induced chondrogenesis in multipotent
cells derived from the synovium (31). Another work
stated that BMP-7 and TGF-B1 are stronger inducers
of chondrogenesis in synovium-derived stem cells (32).

Thus, we decided to compare ASC chondrogenic
differentiation = process with two  different
supplemented media. Our results suggest that ASCs
stimulated by BMP-2 and TGF-B3 better differentiate
in the chondrogenic lineage.

Our study had several limits; firstly, we analyzed
ASCs behavior only in an in vitro setting, therefore
a further in-vivo work is necessary to test ASCs
differentiation. Moreover, we did not compare
ASCs with other multipotent cells (i.e. BMSCs or
synovium-derived stem cells) to test if the effect
of these growth factors is cell-specific. Lastly,
we should combine ASCs with a biocompatible
meniscus scaffold and analyze the role of BMP-2
and TGF-f3 in a three-dimensional environment.

In conclusion, our results may be useful to design
and develop novel tissue engineering strategies
for meniscal repair, as we demonstrated that
adipose tissue is a possible cell source and that the
combination of the above-mentioned growth factors
may enhance the chondrogenic differentiation.
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Cartilage lesions still represent an unsolved problem: despite the efforts of the basic and translational
research, the regeneration of this tissue is far from being reached (1-3). Articular cartilage lesions can be
divided in two main groups: superficial or partial defects and full-thickness defects (4, 5). Partial lesions
are not able to self-heal because multipotent cells from the bone marrow cannot reach the area leading to a
progressive degeneration of the tissue (6). Conversely, full-thickness injuries possess greater chances to heal
because subchondral bone involvement allows for the migration of mesenchymal cells, which fill the damaged
area (7, 8). However, healing occurs through the formation of a fibrocartilaginous tissue, which has different
biomechanical and biological properties (9). Native hyaline cartilage has indeed specific biomechanical
properties, which confer resistance to compressive and shear stresses; the reparative fibrocartilaginous
tissue lacks these abilities, therefore, the surrounding healthy cartilage progressively degenerates. In the past
years, several therapeutic strategies have been developed to restore the damaged cartilage, bone marrow
stimulation (chondroabrasion, drilling, micro- or nano-fractures) and more recently, tissue engineering
approaches (10-14). Some of these latter procedures have already been applied in clinical practice such as
matrix-induced autologous chondrocyte implantation (MACI) (15) or osteochondral scaffold implantation
(16). Generally, tissue engineering approaches are based on the combination of three main elements: cells (i.e.
primary chondrocytes or multipotent mesenchymal cells), biocompatible scaffolds (i.e. polymers, composites,
ceramics) and signaling molecules (i.e. growth factors). Moreover, several culture conditions (i.e. static or
dynamic cultures) and biomechanical stimuli can be applied during the in vitro culture to promote tissue
maturation (17-19). However, an in vivo culture is mandatory to validate a new engineered construct as the
in vitro phase lacks the essential in vivo environmental stimuli and because the in vivo culture allows for the
testing of the biocompatibility and safety of a new material (18, 19). Moreover, preclinical animal models
are crucial to understand the molecular mechanisms of cartilage lesions favoring the development of new
regenerative strategies (20, 21). In vivo studies on animal models should focus on the analysis of the cellular
component, analyzing the maintenance of the cellular phenotype and the tumorigenicity; on the evaluation
of the biocompatibility, toxicity and degradation of the biomaterial and on the assessment of the engineered
construct. In this manuscript, we will review the most common preclinical animal models, which are used to
understand cartilage biology and therefore to develop new tissue engineering strategies. We will focus on both
small and large animal models highlighting their peculiarities, advantages and drawbacks.
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Animal models
Animal models for cartilage engineered strategies

can be essentially divided into 3 categories:

1) Animal models to analyze the biocompatibility
and toxicity of the scaffolds;

2) Animal models to evaluate the chondrogenesis in
Vivo;

3) Animal models to assess the chondrogenic
potentialities and mechanical properties of newly
engineered constructs (Table I).

Animal models to analyze the biocompatibility and
toxicity of the scaffolds

In vivo evaluation of a new material is mandatory
before implantation in humans. In vivo testing is
indeed essential to assess irritation, delayed-type
hypersensitivity, systemic toxicity and local effects
generated after the implant.

Irritation, delayed-type hypersensitivity

Mouse, rat or rabbit are used to test the irritation
potentialities and the delayed-type hypersensitivity.
The new material or the extract of it is placed in
contact with the animal skin, and any adverse
reaction (i.e. fur loss or abrasions) is examined and
reported.
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Systemic toxicity and local effects

Systemic and local toxicity tests are performed to
exclude both systemic and local pathological effects
due to the implant of the new biomaterial in the
animals. For these studies both small- and large-size
animals can be used.

In details, mice, rat or rabbit can be used to test
the systemic toxicity. In this case, the biomaterial
is usually implanted in subcutaneous pouches or in
the muscle. The in vivo experimental time is usually
long (24 weeks or more) to allow for the evaluation
of late toxicity. During the in vivo time, animals
are constantly monitored to check for behavior
changes, multiorgan toxicity (liver, heart or kidney
dysfunction). After sacrifice, histologic analyses are
performed on all the tissues, urine and blood tests are
completed to exclude any adverse reaction caused
by the implanted material.

The local side effects are usually evaluated in
rabbit or sheep model. The biomaterial is implanted
in an orthotopic chondral or osteochondral defect
and it is cultured in vivo for a long experimental time
(more than 12 weeks).

At the end of the culture time, the material and
the surrounding tissues are analyzed by histology.

Table 1. Suitable animal models for cartilage tissue engineering studies.

Scaffold biocompatibility and toxicity

Chondrogenesis Biomechanics

Mouse X

Rat X

Rabbit

Mini-Pig

X[ X | X

Dog

Goat

Sheep

Pig

X[ X | X]|X|X

Horse

List of the available animal models based on their possible use: animal models to test scaffold bio-
compatibility and toxicity, chondrogenesis or biomechanics.
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Some critical parameters are examined:

» Presence of fibrosis or fibrotic capsule surrounding
the material

* Presence of inflammation around the implant

* Morphological changes in the surrounding tissues

* Type, number and distribution of inflammatory
cells

* Presence of necrosis,
granulomas

» Integration of the material with the adjacent
tissues (usually evaluated by histomorphometry)

material debris or

Animal models to evaluate cell phenotype in vivo

In tissue engineering and in regenerative
medicine, the choice of an adequate source of
cells is fundamental to achieve good results. Both
differentiated and undifferentiated cells can be
combined with a scaffold to obtain an engineered
cartilaginous substitute and available cell sources
include native articular cartilage, cartilage from
the nasal septum, synovium, bone marrow and
adipose tissue (22-29). Some important cellular
characteristics are required: chondrogenic potential
(for undifferentiated cells), proliferative potential
and the ability to maintain the chondrocytic
phenotype both in vitro and in vivo; for the in vivo,
growth factors have a fundamental role as discussed
later in the manuscript (6).

Terminally differentiated cells, such as articular
chondrocytes, have been extensively used for the
treatment of cartilage lesions combined with different
scaffolds in the so-called autologous chondrocyte
transplantation (ACT) technique, with satisfactory
results (15, 30, 31). Primary articular chondrocytes
have the obvious advantage to already possess a
chondrocytic phenotype; however, they also have
several disadvantages: the donor site morbidity, the
limited availability, the low proliferative rate and the
tendency of dedifferentiate into fibroblastic cells when
cultured in vitro (22). Recently, the use of primary
chondrocytes harvested from the nasal septum have
been investigated; these cells possess an enhanced
proliferation rate and a higher chondrogenic capacity
compared to articular chondrocytes (25, 26).

Stem cells are the new frontier in cartilage
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regeneration; they are a self-renewing cell population
that exhibits an ability to undergo multilineage
differentiation (32). Stem cells give rise to cell
progenies, which become progressively committed
to differentiate into different cell types (32). At
advanced stages of development, the products
are multipotent cells with a limited degree of
differentiation and lower self-renewal potential (33).
Many adult tissues maintain a stem cell population,
which is necessary for tissue repair and remodeling.
Thus, these adult stem cells can be used for tissue
engineering purposes. Multipotent stem cells with
a chondrogenic potential (mesenchymal stem cells)
can be harvested from the bone marrow, the adipose
tissue, the synovium and more recently, from the
umbilical cord (28, 29, 34-37). Several in vitro
studies have proven their efficacy to differentiate
into chondrocytes (22).

The chondrogenic potential of these different cell
sources needs to be assessed in an in vivo model, as
the in vitro culture lacks the natural stimuli for tissue
regeneration. Hence, chondrogenesis heterotopic
models usually follow the in vitro culture to
validate the cell source. Generally, small animal
models (mouse or rat) are used for this purpose.
Cartilage-engineered constructs are heterotopically
implanted in subcutaneous or muscular pouches
of immunocompromised mice (more rarely rats).
The wvalidity of this in vivo approach for cartilage
engineering strategies was proven a few years ago
(38), and nowadays the subcutaneous implant of
cartilaginous substitutes is widely used. For example,
our lab has extensively studied a tissue engineered
construct made of primary articular chondrocytes
embedded in fibrin glue and cultured first in vitro
and then in vivo (39).

We have demonstrated that the
environment contributes to the maintenance of the
chondrogenic phenotype. Other research groups
have also validated this method for different cell
sources (40). The explanted xenografts are then
usually analyzed by histology and biomechanical
tests.

Moreover, the implant into immunocompromised
animals is also essential to exclude tumorigenic
potential of the cells.

in  vivo
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Animal models to assess the chondrogenic
potentialities and mechanical properties of new
engineered constructs

The heterotopic chondrogenesis models are very
useful to validate a potential cell source, but they
do not provide any information on the mechanical
properties and on the integration capacities of the
cartilaginous substitute with the native cartilage and
the subchondral bone. Thus, orthotopic models are
crucial to address this issue. Different approaches
for cartilage lesions are available: partial-thickness
or full-thickness lesions, acute or chronic lesions,
lesions with a different degree of self-healing based
on animal age (41). Both small- (mice, rats), medium-
(rabbit) and large-size (dog, sheep, goat, pig, horse)
models are suitable (21).

Small-size animal models

Rodents are attractive models because housing
costs are relatively low and because they have a short
lifespan, which allows for their analysis throughout
development and maturation. Moreover, several
antibodies and reagents are available for rodents.

However, rodent (mice and rats) joints are
small and they are characterized by a thin layer of
cartilage, which hardly permits the implantation of a
graft. Moreover, growth plate persists throughout the
life both in mice and in rats. Thus, the presence of
metaphyseal chondrocytes increases the self-healing
potential of articular cartilage lesions and therefore
it may confound the experimental results. On the
other hand, the availability of transgenic mice is a
great resource to study the molecular mechanisms
of cartilage lesions; the opportunity of deleting
or overexpressing genes is indeed a precious tool
to unveil the role of a specific protein in cartilage
degradation or repair (42, 43). For example, Zhang et
al. noticed that the expression of CCN1 in cartilage
of osteoarthritic mice increased; thus, they generated
a transgenic mouse model characterized by the
overexpression of CCN1 exclusively in cartilage and
they confirmed that this matricellular protein might
play an important role in cartilage degeneration (43).

Besides, in the past years different mouse models
of spontaneous (44) or induced osteoarthritis (45-48)
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have been developed. These models can be used both
for the mechanistic understanding of the disease and
for the application of gene therapy strategies (49-
51). Thus, the knowledge of the molecular basis of
cartilage degradation and repair might lead to the
development of novel tissue engineering strategies.

Medium-size animal models

Medium-size animal models, namely rabbits,
are widely used for cartilage engineering strategies
mainly because rabbit knee joint shares several
characteristics with the human knee. For example,
the rabbit femoral trochlea represents an appropriate
site for cartilage-engineered implants: it is easily
accessible and, due to the wide degree of flexion,
this anatomical region is subjected to weight bearing
similarly to human femoral condyles. Both partial-
and full-thickness defects have been generated with
rabbit models; for example, Marmotti et al. developed
a novel osteochondral substitute composed by
cartilage fragments, hyaluronic acid, fibrin glue
and Platelet Rich Plasma and they implanted it in
osteochondral lesions of the rabbit trochlea (52).
They demonstrated that this novel osteochondral
graft was a good cell source and it could repair the
defects (52).

However, cartilage thickness in the knee is
relatively thin (53) and it possesses self-healing
capacities due to the migration of undifferentiated
cells to the site of lesion (8). Thus, the rabbit is more
suitable for partial-thickness cartilage defects.

Moreover, several rabbit models of induced
osteoarthritis are available: the disease is usually
triggered by partial/total meniscectomy, anterior
cruciate ligament tears or the combination of the
two methods; alternatively, osteoarthritis is also
induced by collagenase injection, denervation or
immobilization (54-57). Therefore, the rabbit model
is also useful to test several gene therapy approaches
with the aim to investigate the role of specific
proteins in cartilage repair and regeneration (58).

Large-size animal models

Small- and medium-size animals are useful to
study the chondrogenic potential of the cell sources,
to explore the physiopathology of cartilage lesions,
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and to test tissue-engineered constructs for small
defects (particularly partial-thickness lesions).
Conversely, large-size animal models are essential to
assess a chondral or osteochondral substitute in an
articular environment. Knee is usually the preferred
site for the implantation and this joint leads to several

advantages:

1. Grafting of larger scaffolds (or grafting of
multiple scaffolds);

2. Analysis of the integration between the

substitute and the surrounding tissues (cartilage and
subchondral bone);

3. Evaluation of the role of biomechanical stresses
on tissue maturation.

Different animal models are available (dog, goat,
sheep, pig and horse) and each of them has specific
characteristics, which need to be considered in the
experimental plan. In general, knee anatomy of
larger-size animals share several features with the
human one, and probably the biggest benefit of these
models is that a second-look arthroscopy can be
performed in many of these animals.

Hereafter we will briefly describe the different
large-size animal models focusing on the peculiar
properties of each of them.

Dog

Dog’s knee shares many characteristics with
the human one; thus, it is an ideal model for
cartilage repair. The canine model has been also
widely used to explore osteoarthritis pathogenesis.
Pond and Nuki (59) have developed an induced-
osteoarthritis model by unilateral cranial cruciate
ligament (CCL) transection, which has been widely
exploited especially in the veterinary field to
analyze osteoarthritic changes (60) and to identify
new genetic pathways (61) and markers (62) in the
development of the disease.

Several research groups have used the canine
model (63, 64). Kazemi et al. implanted a substitute
composed by Bone Marrow Mesenchymal Stem
Cells (BM-MSC) embedded in a platelet rich plasma
hydrogel: they demonstrated by macroscopy and
histology a good degree of repair in the experimental
groups compared to empty defects (63).

The main advantages of the canine model are the
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size of the knee joint and the possibility to generate
osteochondral defects. Moreover, canines are very
docile and therefore they can tolerate immobilization
(or external fixation) and a second-look arthroscopy.
On the other hand, cartilage thickness is significantly
thinner than the human one and the invasion of canine
bone marrow cells into the scaffold may generate an
immune response if cells from another species are
used (65).

The main limitation for the use of canine model
is however ethical, dogs are considered companion
animals, thus, the general population does not easily
accept their application in experimental studies.
Moreover, dogs are quite expensive compared with
other animals and it is quite difficult to find skeletally
mature dog models (21).

Goat

Goats are also a good model due to the similarities
with human anatomy and because cartilage is thicker
when compared to rabbits or dogs; though it is thinner
than sheep or pig’s cartilage (65). Goats’ housing
and handling are relatively inexpensive, moreover, a
second look arthroscopy is feasible on these animals
and this perhaps represents the greatest advantage.
Thus, in the last years there has been an increase in
the use of this species. For example, Mumme et al.
chose the goat to test the chondrogenic potential and
the regenerative capacity of chondrocytes harvested
from the nasal septum in an osteochondral lesion
(25). They demonstrated the superiority of nasal
chondrocytes on articular chondrocytes: this result
lead to the development of a clinical trial (66).
Hence, the goat model allows for the grafting of
large substitutes although the maximum lesion size
is not considered critical for humans.

The main disadvantages of the goat are the
anesthesiologic difficulties and the risk of immune
response if the subchondral bone is involved. In
addition, goats are natural browsers and consequently,
the control of the pre-operative phase and the post-
operative recovery might be challenging.

Sheep
Sheep knees also share several features with
the human joint; therefore, also this animal model
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is suitable for cartilage repair studies. Advantages
of the sheep include the low costs of housing and
size of the joints, which ease the grafting of large
substitute. Indeed, our lab and other research groups
have chosen this animal model for their studies (67-
70). Recently, we published an original paper on the
comparison of 3 cell-free scaffolds for one-stage
treatment of osteochondral lesions (71). In this work,
we have been able to generate big defects (11 mm
width and 9 mm depth) in the medial femoral condyle
of 18 skeletally mature sheep; we demonstrated the
superiority of one of the 3 scaffolds when compared
to the other ones after 3 months of in vivo culture.
Another benefit of the sheep model is the
possibility to perform an arthroscopic evaluation
to test the graft macroscopically. However, a great
variability in cartilage thickness has been reported,
which may interfere with the results (20). The
subchondral bone may also be particularly thick
and compact in older sheep; so, it can inhibit the
migration of multipotent cells from the bone marrow
and it may delay the integration of the graft (20).

Pig

Swine model is the most suitable animal model,
as its anatomy closely resembles humans, not only
for joints but also for heart and other organs (72).
The affinity between humans and pigs also prevent
host immune reactions thus, xenogeneic cells might
potentially be implanted in a pig model. Swine are
also appropriate for second-look arthroscopy.

Our lab has extensive experience on pig models
for tissue engineering strategies both for in vitro
and in vivo studies (73-80). In our last paper, we
implanted a novel biphasic composite (with or
without autologous cells) in the trochlea of skeletally
mature pigs. This study proved that the novel
scaffold was biocompatible and that it could integrate
with the surrounding cartilage and bone with the
formation of a cartilaginous tissue. Other labs have
also used the swine model (81-83) especially for
osteochondral defects, but some features of this
animal are detrimental for experimental purposes.
First, the size of the animal: pigs are characterized
by a rapid skeletal growth and they gain weight
rapidly; this leads to an increase in housing costs.
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Secondly, pigs are extremely noisy and they may
easily become aggressive, thus affecting the housing
conditions and the handling of the animals (84).
Finally, anesthesiologic procedures for two-step
surgeries might be difficult.

For all these reasons, smaller swine models
(minipig) are preferred and they are indeed largely
used (36, 85-87). Minipigs are also easier to handle
and they possess a sufficient cartilage thickness.
Different minipig strains are available (i.e. Yucatan
or Gottingen) (84, 88, 89) and they are all suitable
for cartilage repair studies.

More recently, transgenic minipigs have been
developed with the aim to reduce the immunogenicity
of porcine chondrocytes and therefore to allow
xenotransplantation of porcine chondrocytes in
primates (90, 91). However, the costs of these
novel techniques are extremely high and there are
concerns on the possible effects of the transgene in
humans; thus, these approaches are still exclusively
experimental.

Horse

Horses are the largest animal models available
for cartilage repair studies; the size represents a
remarkable benefit as more defects can be generated
and treated in the same joint. Cartilage thickness is
also comparable to the human tissue (65). Moreover,
horses are subjected to intense and aggressive
loading conditions that can be useful to investigate
the response of a cartilage-engineered scaffold to
extreme biomechanical stresses. (92-94)

The first studies on horses have been performed
in the carpus (95); however, the anatomy of this joint
lead to a great variability in the results (96) and as a
consequence, later studies focused on the knee joint,
which possesses a thicker cartilage layer and weight
loading conditions similar to the human joint. For
tissue engineering purposes, both the patellofemoral
and the tibiofemoral joints are used: Several studies
have demonstrated that the critical defect size is 9
mm. They have indeed shown that smaller defects
have a self-healing potential, which interferes with
the evaluation of the results (97). Horses represent a
powerful model for cartilage repair studies because
they allow the analysis of big and multiple lesions
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with load bearing conditions comparable to humans.
Moreover, arthroscopic treatments and second-look
surgeries can be performed. Specific rehabilitation
protocols mimicking the human ones have been
developed. On the other hand, these animals require
specific facilities and diagnostic tools, i.e. a CT scan
for large animals; thus, handling of the experiments
is difficult and very expensive. Besides, horses are
considered companion pets and this arouses serious
ethical concerns in many countries such as Europe.

DISCUSSION

In this paper, we have reviewed the most
important animal models for cartilage repair studies.
The specific biomechanics of articular cartilage and
its poor self-healing properties indeed require in vivo
models to test novel engineered constructs. First,
animal models are essential to test biocompatibility
and toxicity of a new material; second, in vivo studies
allow the assessment of the chondrogenic potential
of different cell sources combined with different
scaffolds. Last, the in vivo environment is crucial to
evaluate the biomechanical properties of a cartilage-
engineered substitute.

Several animal models are available and have
been extensively used in the last decades, from small-
to medium- and large-size animals (Table I). Which
is the most appropriate animal model for cartilage
repair then? The perfect animal model does not exist
and the correct choice depends on the aim of the
study: small animals, such as mice or rats, are useful
to test different cell sources both in heterotopic and
orthotopic models. Moreover, genetically modified
mice are also essential to deepen the knowledge on
the molecular mechanisms of cartilage degeneration
and repair. Rabbits are better models for orthotopic
studies due to the bigger joints; moreover, housing
and handling of these medium-size animals does
not involve specific facilities. However, self-healing
potential of cartilage has been reported in the
rabbit model (53), also, cartilage thickness is not
comparable with the human one. Thus, large animals
(such as pigs, goats, horses) are more suitable
for orthotopic implants as their size allows the
generation of critical and multiple defects; besides,
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cartilage biomechanical behavior and thickness
between human and these animals is similar.

Housing and handling of big animals is however
challenging, as it requires appropriate facilities and
equipment. Moreover, any of the above-mentioned
large-size models has its peculiarities, such as joint
anatomy or cartilage thickness, that need to be
considered in the experimental planning.

The efficacy of a novel cartilage engineered
strategy should be proven in more than one animal
model, thus, new materials should be first tested in
small animals and subsequently, preliminary and
short-term proof of concept experiments should be
performed in rabbits and then confirmed in a large
animal. Ideally, the efficacy of every novel cartilage
substitute should be tested in horses, as their knee
more closely resembles the human anatomy both
in the tissue thickness and in the biomechanical
behavior. However, none of the above described
animals possesses the same molecular, anatomical
or biomechanical characteristics of the human knee
hence, the efficacy of tissue engineering strategies
can be ultimately confirmed only in controlled
clinical trials.

REFERENCES

1. Lories RJ and Luyten FP. The bone-cartilage unit
in osteoarthritis. Nat Rev Rheumatol 2011; 7(1):43-
49. Makris EA, Gomoll AH, Malizos KN, Hu JC
and Athanasiou KA. Repair and tissue engineering
techniques for articular cartilage. Nat Rev Rheumatol
2015; 11(1):21-34.

2. Farr ], Cole B, Dhawan A, Kercher J and Sherman S.
Clinical cartilage restoration: evolution and overview.
Clin Orthop Relat Res 2011; 469(10):2696-705.

3.  MadryH,KonE, Condello V, etal. Early osteoarthritis
of the knee. Knee Surg Sports Traumatol Arthrosc
2016; 24(6):1753-62.

4.  Moskowitz RW. Osteoarthritis
histopathology: grading and staging. Osteoarthritis
Cartilage 2006; 14(1):1-2.

5. Hunziker EB. The eclusive path to cartilage
regeneration. Adv Mater 2009; 21(32-33):3419-24.

6. Madry H, van Dijk CN and Mueller-Gerbl M. The
basic science of the subchondral bone. Knee Surg

cartilage



112 (S1)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sports Traumatol Arthrosc 2010; 18(4):419-33.
Shapiro F, Koide S and Glimcher MJ. Cell origin and
differentiation in the repair of full-thickness defects
of articular cartilage. J Bone Joint Surg Am 1993;
75(4):532-53.

Gomoll AH, Madry H, Knutsen G, van Dijk N, Seil
R, Brittberg M and Kon E. The subchondral bone
in articular cartilage repair: current problems in the
surgical management. Knee Surg Sports Traumatol
Arthrosc 2010; 18(4):434-47.

BediA, Feeley BT and Williams RJ, 3rd. Management
of articular cartilage defects of the knee. J Bone Joint
Surg Am 2010; 92(4):994-1009.

Gomoll AH, Farr J, Gillogly SD, Kercher J and
Minas T. Surgical management of articular cartilage
defects of the knee. J Bone Joint Surg Am 2010;
92(14):2470-90.

Huang BJ, Hu JC and Athanasiou KA. Cell-based
tissue engineering strategies used in the clinical repair
of articular cartilage. Biomaterials 2016; 98:1-22.
Temenoff JS and Mikos AG. Review:
engineering for regeneration of articular cartilage.
Biomaterials 2000; 21(5):431-40.

Redman SN, Oldfield SF and Archer CW. Current
strategies for articular cartilage repair. Eur Cell
Mater 2005; 9:23-32; discussion 23-32.

Brittberg M, Lindahl A, Nilsson A, Ohlsson C,
Isaksson O and Peterson L. Treatment of deep

tissue

cartilage defects in the knee with autologous
chondrocyte transplantation. N Engl J Med 1994;
331(14):889-95.

Seo SJ, Mahapatra C, Singh RK, Knowles JC and Kim
HW. Strategies for osteochondral repair: Focus on
scaffolds. J Tissue Eng 2014; 5:2041731414541850.
Boushell MK, Hung CT, Hunziker EB, Strauss
EJ and Lu HH. Current strategies for integrative
cartilage repair. Connect Tissue Res 2016:1-14.
Ahmed TA and Hincke MT. Strategies for articular
cartilage lesion repair and functional restoration.
Tissue Eng Part B Rev 2010; 16(3):305-29.

Chiang H and Jiang CC. Repair of articular cartilage
defects: review and perspectives. J Formos Med
Assoc 2009; 108(2):87-101.

Ahern BJ, Parvizi J, Boston R and Schaer TP.
Preclinical animal models in single site cartilage
defect testing: a systematic review. Osteoarthritis

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

I. TESSARO ET AL.

Cartilage 2009; 17(6):705-13.

Chu CR, Szczodry M and Bruno S. Animal models
for cartilage regeneration and repair. Tissue Eng Part
B Rev 2010; 16(1):105-15.

Vonk LA, de Windt TS, Slaper-Cortenbach IC
and Saris DB. Autologous, allogeneic, induced
pluripotent stem cell or a combination stem cell
therapy? Where are we headed in cartilage repair
and why: a concise review. Stem Cell Res Ther 2015;
6:94.

Grassel S and Lorenz J. Tissue-engineering strategies
to repair chondral and osteochondral tissue in
osteoarthritis: use of mesenchymal stem cells. Curr
Rheumatol Rep 2014; 16(10):452.

Tsumaki N, Okada M and Yamashita A. iPS cell
technologies and cartilage regeneration. Bone 2015;
70:48-54.

Mumme M, Steinitz A, Nuss KM, et al. Regenerative
Potential of Tissue-Engineered Nasal Chondrocytes
in Goat Articular Cartilage Defects. Tissue Eng Part
A2016; 22(21-22):1286-95.

Pelttari K, Pippenger B, Mumme M, et al. Adult
human neural crest-derived cells for articular cartilage
repair. Sci Transl Med 2014; 6(251):251ral19.

Zuk PA, Zhu M, Mizuno H, et al. Multilineage cells
from human adipose tissue: implications for cell-
based therapies. Tissue Eng 2001; 7(2):211-28.

De Girolamo L, Sartori MF, Arrigoni E, Rimondini
L, Albisetti W, Weinstein RL and Brini AT. Human
adipose-derived stem cells as future tools in tissue
regeneration: osteogenic differentiation and cell-
scaffold interaction. Int J Artif Organs 2008;
31(6):467-79.

De Bari C, Dell’Accio F, Tylzanowski P and Luyten
FP. Multipotent mesenchymal stem cells from adult
human synovial membrane. Arthritis Rheum 2001;
44(8):1928-42.

Loken S, Ludvigsen TC, Hoysveen T, Holm
I, Engebretsen L and Reinholt FP. Autologous
chondrocyte implantation to repair knee cartilage
injury: ultrastructural evaluation at 2 years and
long-term follow-up including muscle strength
measurements. Knee Surg Sports Traumatol Arthrosc
2009; 17(11):1278-88.

Brittberg M, Peterson L, Sjogren-Jansson E, Tallheden
T and Lindahl A. Articular cartilage engineering with



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Journal of Biological Regulators & Homeostatic Agents

autologous chondrocyte transplantation. A review of
recent developments. J Bone Joint Surg Am 2003;
85(A Suppl 3):109-115.

Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz
MA, Swiergiel JJ, Marshall VS and Jones JM.
Embryonic stem cell lines derived from human
blastocysts. Science 1998; 282(5391):1145-7.
Pittenger MF, Mackay AM, Beck SC, et al
Multilineage potential of adult human mesenchymal
stem cells. Science 1999; 284(5411):143-7.

Bielli A, Scioli MG, Gentile P, Cervelli V and
Orlandi A. Adipose-derived stem cells in cartilage
regeneration: current perspectives. Regen Med 2016;
11(7):693-703.

Erices A, Conget P and Minguell JJ. Mesenchymal
progenitor cells in human umbilical cord blood. Br J
Haematol 2000; 109(1):235-42.

Ha CW, Park YB, Chung JY and Park YG. Cartilage
Repair Using Composites of Human Umbilical
Cord Blood-Derived Mesenchymal Stem Cells and
Hyaluronic Acid Hydrogel in a Minipig Model. Stem
Cells Transl Med 2015; 4(9):1044-51.

Marmotti A, Peretti GM, Mattia S, et al. A future in
our past: the umbilical cord for orthopaedic tissue
engineering. Joints 2014; 2(1):20-5.

Vacanti CA, Langer R, Schloo B and Vacanti JP.
seeded with
provide a template for new cartilage formation. Plast
Reconstr Surg 1991; 88(5):753-9.

Deponti D, Di Giancamillo A, Mangiavini L, et al.

Synthetic  polymers chondrocytes

Fibrin-based model for cartilage regeneration: tissue
maturation from in vitro to in vivo. Tissue Eng Part A
2012; 18(11-12):1109-22.

Wei JP, Nawata M, Wakitani S, et al. Human amniotic
mesenchymal cells differentiate into chondrocytes.
Cloning Stem Cells 2009; 11(1):19-26.

Reinholz GG, Lu L, Saris DB, Yaszemski MJ
and O’Driscoll SW. Animal models for cartilage
reconstruction. Biomaterials 2004; 25(9):1511-21.
Ohta Y, Okabe T, Larmour C, et al. Articular cartilage
endurance and resistance to osteoarthritic changes
require transcription factor Erg. Arthritis Rheumatol
2015; 67(10):2679-90.

Zhang Y, Sheu TJ, Hoak D, et al. CCN1 Regulates
Chondrocyte Maturation and Cartilage Development.
J Bone Miner Res 2016; 31(3):549-59.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

(S1) 113

Bendele A, McComb J, Gould T, McAbee T,
Sennello G, Chlipala E and Guy M. Animal models
of arthritis: relevance to human disease. Toxicol
Pathol 1999; 27(1):134-42.

Glasson SS, Blanchet TJ and Morris EA. The
surgical destabilization of the medial meniscus
(DMM) model of osteoarthritis in the 129/SvEv
mouse. Osteoarthritis Cartilage 2007; 15(9):1061-9.
Moodie JP, Stok KS, Muller R, Vincent TL and
Shefelbine SJ. Multimodal imaging demonstrates
concomitant changes in bone and cartilage
after destabilisation of the medial meniscus and
increased joint laxity. Osteoarthritis Cartilage 2011;
19(2):163-70.

Christiansen BA, Anderson MJ, Lee CA, Williams
JC, Yik JH and Haudenschild DR. Musculoskeletal
changes following non-invasive knee injury using a
novel mouse model of post-traumatic osteoarthritis.
Osteoarthritis Cartilage 2012; 20(7):773-82.
Khorasani MS, Diko S, Hsia AW, Anderson MJ,
Genetos DC, Haudenschild DR and Christiansen BA.
Effect of alendronate on post-traumatic osteoarthritis
induced by anterior cruciate ligament rupture in
mice. Arthritis Res Ther 2015; 17:30.

Trippel SB, Ghivizzani SC and Nixon AJ. Gene-
based approaches for the repair of articular cartilage.
Gene Ther 2004; 11(4):351-9.

Cucchiarini M, Henrionnet C, Mainard D, Pinzano
A and Madry H. New trends in articular cartilage
repair. J Exp Orthop 2015; 2(1):8.

Rey-Rico A, Frisch J, Venkatesan JK, Schmitt G,
Madry H and Cucchiarini M. Determination of
effective rAAV-mediated gene transfer conditions
to support chondrogenic differentiation processes in
human primary bone marrow aspirates. Gene Ther
2015;22(1):50-7.

Marmotti A, Bruzzone M, Bonasia DE, et al. One-
step osteochondral repair with cartilage fragments in
a composite scaffold. Knee Surg Sports Traumatol
Arthrosc 2012; 20(12):2590-601.

Hunziker EB. Biologic repair of articular cartilage.
Defect models in experimental animals and matrix
requirements. Clin Orthop Relat Res 1999; (367
Suppl):S135-46.

Li Y, Zhang Y, Chen C, Zhang H, Ma C and Xia
Y. Establishment of a rabbit model to study the



114 (S1)

54.

55

56.

57.

58.

59.

60.

61.

62.

63.

64.

influence of advanced glycation end products
accumulation on osteoarthritis and the protective
effect of pioglitazone. Osteoarthritis Cartilage 2016;
24(2):307-14.

Zhou Q, Wei B, Liu S, et al. Cartilage matrix changes
in contralateral mobile knees in a rabbit model of
osteoarthritis induced by immobilization. BMC
Musculoskelet Disord 2015; 16:224.

.Liu Z, Hu X, Man Z, Zhang J, Jiang Y and Ao Y. A

novel rabbit model of early osteoarthritis exhibits
gradual cartilage degeneration after medial collateral
ligament transection outside the joint capsule. Sci
Rep 2016; 6:34423.

Hermeto LC, DeRossi R, Oliveira RJ, et al. Effects of
intra-articular injection of mesenchymal stem cells
associated with platelet-rich plasma in a rabbit model
of osteoarthritis. Genet Mol Res 2016; 15:3.

Madry H, Kaul G, Zurakowski D, Vunjak-Novakovic
G and Cucchiarini M. Cartilage constructs engineered
from chondrocytes overexpressing IGF-I improve
the repair of osteochondral defects in a rabbit model.
Eur Cell Mater 2013; 25:229-47.

Pond MJ and Nuki G. Experimentally-induced
osteoarthritis in the dog. Ann Rheum Dis 1973;
32(4):387-8.

Pozzi A, Kim SE, Conrad BP, Horodyski M and
Banks SA. Ex vivo pathomechanics of the canine
Pond-Nuki model. PLoS One 2013; 8(12):e81383.
Stoker AM, Cook JL, Kuroki K and Fox DB.
Site-specific analysis of gene expression in early
osteoarthritis using the Pond-Nuki model in dogs. J
Orthop Surg Res 2006; 1:8.

Goranov NV. Serum markers of lipid peroxidation,
antioxidant enzymatic defense, and collagen degradation
in an experimental (Pond-Nuki) canine model of
osteoarthritis. Vet Clin Pathol 2007; 36(2):192-5.
Kazemi D, Shams Asenjan K, Dehdilani N and Parsa
H. Canine articular cartilage regeneration using
mesenchymal stem cells seeded on platelet rich
fibrin: Macroscopic and histological assessments.
Bone Joint Res 2017; 6(2):98-107.

Lv YM and Yu QS. Repair of articular osteochondral
defects of the knee joint using a composite lamellar
scaffold. Bone Joint Res 2015; 4(4):56-64.

Frisbie DD, Cross MW and Mcllwraith CW. A
comparative study of articular cartilage thickness in

65.

66.

67.

68.

69.

70.

71.

72.

73.

I. TESSARO ET AL.

the stifle of animal species used in human pre-clinical
studies compared to articular cartilage thickness in
the human knee. Vet Comp Orthop Traumatol 2006;
19(3):142-6.

Mumme M, Barbero A, Miot S, et al. Nasal
chondrocyte-based engineered autologous cartilage
tissue for repair of articular cartilage defects: an
observational first-in-human trial. Lancet 2016;
388(10055):1985-94.

Beck A, Murphy DJ, Carey-Smith R, Wood DJ and
Zheng MH. Treatment of Articular Cartilage Defects
With Microfracture and Autologous Matrix-Induced
Chondrogenesis Leads to Extensive Subchondral
Bone Cyst Formation in a Sheep Model. Am J Sports
Med 2016; 44(10):2629-43.

Hindle P, Baily J, Khan N, Biant LC, Simpson AH
and Peault B. Perivascular Mesenchymal Stem
Cells in Sheep: Characterization and Autologous
Transplantation in a Model of Articular Cartilage
Repair. Stem Cells Dev 2016; 25(21):1659-69.
Kitamura N, Yokota M, Kurokawa T, Gong JP and
Yasuda K. In vivo cartilage regeneration induced by
a double-network hydrogel: Evaluation of a novel
therapeutic strategy for femoral articular cartilage
defects in a sheep model. J] Biomed Mater Res A
2016; 104(9):2159-65.

Mrosek EH, Chung HW, Fitzsimmons JS, O’Driscoll
SW, Reinholz GG and Schagemann JC. Porous
tantalum biocomposites for osteochondral defect
repair: A follow-up study in a sheep model. Bone
Joint Res 2016; 5(9):403-11.

Gervaso F, Mangiavini L, Di Giancamillo A, et al.
Comparison of three novel biphasic scaffolds for
one-stage treatment of osteochondral defects in a
sheep model. J Biol Regul Homeost Agents 2016;
30(4 Suppl 1):24-31.

Swindle MM, Smith AC and Hepburn BJ. Swine as
models in experimental surgery. J Invest Surg 1988;
1(1):65-79.

Peretti GM, Gill TJ, Xu JW, Randolph MA, Morse
KR and Zaleske DJ. Cell-based therapy for meniscal
repair: a large animal study. Am J Sports Med 2004;
32(1):146-58.

Peretti GM, Xu JW, Bonassar LJ, Kirchhoff CH,
Yaremchuk MJ and Randolph MA. Review of
injectable cartilage engineering using fibrin gel



74

75.

76.

7.

78.

79.

80.

81.

82.

3.

84.

Journal of Biological Regulators & Homeostatic Agents

in mice and swine models. Tissue Eng 2006;
12(5):1151-68.
.Scotti C, Buragas MS, Mangiavini L, et al. A
tissue engineered osteochondral plug: an in vitro
morphological evaluation. Knee Surg Sports
Traumatol Arthrosc 2007; 15(11):1363-69.
Scotti C, Mangiavini L, Boschetti F, Vitari F,
Domeneghini C, Fraschini G and Peretti GM.
Effect of in vitro culture on a chondrocyte-fibrin
glue hydrogel for cartilage repair. Knee Surg Sports
Traumatol Arthrosc 2010; 18(10):1400-6.

meniscal tissue by cellular fibrin glue: an in vivo
study. Knee Surg Sports Traumatol Arthrosc 2009;
17(6):645-51.

Sosio C, Boschetti F, Bevilacqua C, et al. Effect
of blood on the morphological, biochemical and
biomechanical properties of engineered cartilage.
Knee Surg Sports Traumatol Arthrosc 2007;
15(10):1251-7.

Sosio C, Boschetti F, Mangiavini L, et al. Blood
exposure has a negative effect on engineered
cartilage. Knee Surg Sports Traumatol Arthrosc
2011; 19(6):1035-42.

Sosio C, Di Giancamillo A, Deponti D, et al.
Osteochondral repair by a novel interconnecting
collagen-hydroxyapatite substitute: a large-animal
study. Tissue Eng Part A 2015; 21(3-4):704-15.

He A, Liu L, Luo X, et al. Repair of osteochondral
defects with in vitro engineered cartilage based on
autologous bone marrow stromal cells in a swine
model. Sci Rep 2017; 7:40489.

Meppelink AM, Zhao X, Griffin DJ, et al. Hyaline
Articular Self-
Regenerating Cartilage and Hydrogels. Tissue Eng
Part A 2016; 22(13-14): 962-70.

Chiang H, Kuo TF, Tsai CC, et al. Repair of porcine

Matrix Formed by Dynamic

articular cartilage defect with autologous chondrocyte
transplantation. J Orthop Res 2005; 23(3):584-93.
Muller C, Marzahn U, Kohl B, et al. Hybrid pig
versus Gottingen minipig-derived cartilage and
chondrocytes show pig line-dependent differences.
Exp Biol Med (Maywood) 2013; 238(11):1210-22.
Fisher MB, Belkin NS, Milby AH, et al. Cartilage
repair and subchondral bone remodeling in response
to focal lesions in a mini-pig model: implications for

Scotti C, Pozzi A, Mangiavini L, et al. Healing of

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

(S1) 115

tissue engineering. Tissue Eng Part A 2015; 21(3-
4):850-60.

Kim IL, Pfeifer CG, Fisher MB, et al. Fibrous
Scaffolds with Varied Fiber Chemistry and Growth
Factor Delivery Promote Repair in a Porcine
Cartilage Defect Model. Tissue Eng Part A 2015;
21(21-22):2680-90.

de Girolamo L, Niada S, Arrigoni E, et al. Repair of
osteochondral defects in the minipig model by OPF
hydrogel loaded with adipose-derived mesenchymal
stem cells. Regen Med 2015; 10(2):135-51.

Ebihara G, Sato M, Yamato M, et al. Cartilage
repair in transplanted scaffold-free chondrocyte
sheets using a minipig model. Biomaterials 2012;
33(15):3846-51.

Chang CH, Kuo TF, Lin FH, et al. Tissue engineering-
based cartilage repair with mesenchymal stem cells in
a porcine model. J Orthop Res 2011; 29(12):1874-80.
Costa C, Brokaw JL and Fodor WL. Characterization
of cartilage from H-transferase transgenic pigs.
Transplant Proc 2008; 40(2):554-6.

Sommaggio R, Bello-Gil D, Perez-Cruz M, Brokaw
JL, Manez R and Costa C. Genetic engineering
strategies to prevent the effects of antibody and
complement on xenogeneic chondrocytes. Eur Cell
Mater 2015; 30:258-70.

Goodrich LR, Chen AC, Werpy NM, et al. Addition
of Mesenchymal Stem Cells to Autologous Platelet-
Enhanced Fibrin Scaffolds in Chondral Defects:
Does It Enhance Repair? J Bone Joint Surg Am
2016; 98(1):23-34.

Vindas Bolanos RA, Cokelaere SM, Estrada
McDermott JM, et al. The use of a cartilage
decellularized matrix scaffold for the repair of
osteochondral defects: the importance of long-
term studies in a large animal model. Osteoarthritis
Cartilage 2017; 25(3):413-20.

Griffin DJ, Bonnevie ED, Lachowsky DIJ, et al.
Mechanical characterization of matrix-induced
autologous chondrocyte implantation (MACI(R))
grafts in an equine model at 53 weeks. J Biomech
2015; 48(10):1944-9.

Riddle WE, Jr. Healing of articular cartilage in the
horse. ] Am Vet Med Assoc 1970; 157(11):1471-9.
Mcllwraith CW, Fortier LA, Frisbie DD and Nixon
Al. Equine Models of Articular Cartilage Repair.



116 (S1) L. TESSARO ET AL.

Cartillage 20115 2(4):3 17_2?' Effects of lesion size and location on equine articular
96. Hurtig MB, Fretz PB, Doige CE and Schnurr DL. cartilage repair. Can J Vet Res 1988; 52(1):137-46.



JOURNAL OF BIOLOGICAL REGULATORS & HOMEOSTATIC AGENTS Vol. 32, no. 6 (S1), 117-120 (2018)

EXTERNAL FIXATION VERSUS TITANIUM ENDOMEDULLARY NAIL IN THE
TREATMENT OF DIAPHYSEAL FRACTURES OF THE LOWER LIMB
IN PEDIATRIC AGE: OUR EXPERIENCE

F. VERDONI', D. CURCI!, F. GRASSO? M. AGNOLETTO', R. SCURATP,
G.M. PERETTI"? and L. MANGIAVINI'

"IRCCS Istituto Ortopedico Galeazzi, Milan, Italy, *Residency Program in Orthopaedics and
Traumatology, University of Milan, Milan, Italy, *Department of Biomedical Sciences for Health,
University of Milan, Italy

In the past, the use of external fixation technique (FE) in children was limited, as the patient’s
compliance to the treatment was scarce due to an important visual impact for the little patient. With
the evolution of the surgical approach and the technology of fixators, we have been able to considerably
implement the treatment possibilities, thus allowing for an immediate load bearing of the operated limb
and for the early mobilization of the joints. The FE technique does not represent an overcoming of
classical synthesis techniques by internal fixation with elastic intramedullary nails, but it simply offers
a valid treatment alternative to selected cases. In this work, we radiologically and clinically evaluated
pediatric patients treated with FE for diaphyseal fractures of the lower limb and we compared them with
patients treated with standard Titanium Endomedullary Nail (TEN) techniques. Our results confirmed

that FE is a valid alternative treatment for these types of fractures.

Fractures of the lower limb in children are common
(30-40% of all fractures) and in most cases they are
treated conservatively (1).

Different treatments are available: temporary traction
(2), conservative treatment with a plaster cast (3),
external fixation (4), open reduction and internal fixation
(5) or intramedullary stabilization by TEN (Titanium
Endomedullary Nail) (6). The treatment choice is
determined by factors such as patient age, location
and type of fracture (7, 8). Furthermore, some surgical
approaches require a prolonged hospital stay, an extended
period of inactivity and aesthetically unsatisfactory scars.

Stabilization and synthesis with TEN have gained
popularity and it is now a well-recognized method for
the treatment of pediatric fractures of long bones as
it achieves excellent results by a minimally invasive
surgical technique.

However, the synthesis by external fixation offers
an alternative and valid treatment opportunity and it
allows for some undoubtable advantages such as the
early postoperative mobilization, a shorter hospital
stay, an early recovery of joint movement and a
prompt return to physical activity (9, 10). Thus,
in the last years, surgeons showed an increasing
interest in this technique because of its advantageous
characteristics especially in children with outcomes
that are comparable to those obtained with the
treatment with TEN. The Monolateral Micrometric
Fixator (MMF) consists of two units: the reduction
unit, which is used in the first phase; and the fixation
unit, which is used in the final part of the surgery.
The surgical technique is intuitive and indications
for treatment by external fixator are the standard
ones: exposed fractures, comminuted fractures,
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fractures previously treated by internal synthesis and
not adequately reduced (11).

The aim of the study is to compare the clinical
results of pediatric diaphyseal fractures treated with
TEN with similar fractures synthetized with FE.
The radiological parameters, the bone callus time
formation, the pain control, the incidence of vascular-
nervous complications and the time to return to sport
activities were considered.

MATERIALS AND METHODS

Twenty-eight patients affected by diaphyseal lower
limb fractures were retrospectively evaluated from 2016
to 2017. Seventeen patients were males, 11 patients were
females with an average age of 8 years (range 6-10 years).
All fractures were localized at the lower limbs, of which 15
affecting the tibia and 13 the femur. Eleven tibial fractures
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were treated by means of TEN and 4 by MMF external
fixator. Eight patients with fractures of the femur were
treated by means of TEN and 5 by FE. All treated fractures
were closed, presenting different types of displacement.

In the TEN group, the surgical procedure was
performed under intraoperative radiographic control; in the
first phase, the reduction was obtained, while in the second
phase, the nails were inserted into the intramedullary site.
Exposure to X-rays was prolonged in this case compared
to treatment with FE, where the insertion of the distal
and proximal fiche was radiographically guided and
undoubtedly faster.

Patients were evaluated clinically and radiologically.
In detail, the Visual Analogic Scale (VAS) was used in
order to quantify pain while X-rays assessed the time of
callus formation. Radiographic controls were planned 1-2
months after surgery with the last check at 3 months before

the device removal.

Fig. 1. a): Anterior and lateral view of a diaphyseal tibial fracture at time 0; b): Conservative treatment attempt with
cast. Bony segments displacement is evident in the anterior view, c): Anterior and lateral view of the above-described
fracture immediately after FE application, d): Anterior and lateral view 3 months after surgery.
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RESULTS

All patients were clinically evaluated and checked,
up to 6 months after surgery. No intraoperative
complications have been observed. The average time
to perform the TEN reduction and surgery was 45 min
in case of femoral fractures (range 43 to 59 min) and
37 minutes (range of 34 to 45 min) in case of tibial
fractures. The timing for the FE group was slightly
lower: average time for tibial fractures was 33 minutes
(range from 28 to 40) and for femoral fractures was
43 minutes (range from 40 to 50). However, these
parameters are surgeon-dependent, thus they may
present considerable variability.

In 15 patients treated for tibia fracture, the same
results were obtained in both groups, satisfying bone
healing with bone callus formation and remodeling
after 3 months in the FE group (Fig. 1) and in the
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TEN group (Fig. 2). Moreover, we recorded good pain
control in both treatments with average VAS values of
3 (range 2-5). In both series, an initial attempt of closed
reduction with cast was made; however, the failure
of conservative treatment and the persistence of bone
fragments displacement imposed a surgical treatment.

In the group of patients with diaphyseal femoral
fracture, a complete bone healing after 6 months from
surgery was obtained both in the TEN and in the FE
group. Postoperative pain control was satisfactory in
both treatments with mean VAS values of 2 (range 1-4).
On the other hand, we noticed a difference in the time
to return to sport: patients treated with FE were able
to return to their usual sport activity earlier, probably
because of their earlier weight bearing. In 2 patients, a
superficial infection occurred around the fiches, treated
and resolved by antibiotic therapy. No revision surgery
was required.

Fig. 2. a): Anterior and lateral view of a diaphyseal tibial fracture at time 0; b): Conservative treatment attempt with cast.
Bony segments displacement is evident in the lateral view; ¢): Anterior and lateral view of the above-described fracture
immediately TEN application, d): Anterior and lateral view 3 months after surgery.
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DISCUSSION

In our study, no significant differences were
found between FE and TEN treatment. Indeed, we
have achieved an excellent radiological results, with
formation of a consistent bone callus at 1 month from
the beginning of the treatment. Moreover, we obtained
good pain control in both groups. We observed an
earlier return to sports activity, probably linked to the
immediate weight-bearing allowed by the FE.

The two surgical techniques have advantages and
disadvantages; thus, the choice should be evaluated on
a case-by-case basis (1, 4, 6). In particular, FE treatment
has some unquestionable disadvantages and limitations:
a long learning curve of the surgical technique, the
patient’s compliance, which is not optimal in patients
under the age of 5 and the psychological impact linked
to the external fixator (9, 10).

On the other hand, FE advantages are numerous
and among these, we should consider the early load
bearing and the easy removal of the device, which
requires a much shorter second surgical time than the
TENs. Generally, we can state that the use of FE is not
destined only to adolescent patients, as it was in the
past, but also to younger patients.

These are tested and safe surgical techniques that
have led to constant healing of the fracture. Given the
overlap of the two techniques in terms of effectiveness,
the choice is mainly based on the patient’s compliance
level and on the surgeon’s experience.
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Within the developed countries, low back pain and related ailments represent one of the most
relevant conditions, affecting both health and socio-economic systems. Non-specific acute low back
pain (nsALBP) could represent either an isolated event or the presenting symptom of an underlying
condition. Its management is usually medical and radiological investigations should be avoided. However,
a general agreement on the best pharmacological treatment is still missing. In the present study, we
retrospectively collected patients’ data from the institutional database. Two different medical treatments
were recognized and groups consequently set. Qutcomes were the clinical status, measured using the
visual analogue scale (VAS) score for back pain, the use rate of rescue drugs, side effects related to medical
treatment, compliance to the treatment, and global satisfaction. The pharma blending of Tramadol 75
mg and Dexketoprofen 25 mg (available blended in a single tablet), resulted effective in the nsALBP
management, with less side effects and rescue-drug use along with a higher compliance. Furthermore,
patient satisfaction in this treatment group was significatively higher. Many different medical treatments
have been investigated and reported in nSALBP management during the last decades. Associations of
different drugs are the most common protocols, even though there is no general agreement. Tramadol
and Dexketoprofen provide a good clinical result, fewer side effects and a long-lasting and more effective
painkiller action, reducing the use of rescue drugs. Moreover, our results suggest that a single tab may
provide a higher compliance rate.

Non-specific acute low back pain (ALBP) is
a painful condition, which usually lasts 4 weeks,
resulting in spontaneous regression, and its lifetime
prevalence ranges from 50% to 80% (1). Daily-
life activities, quality of life (QoL) and social
interactions may result compromised in those
patients (2). Furthermore, sick leave days and

patient care represent an important social cost (1, 7).
The diagnosis is based on the clinical and anamnestic
evaluation, thus radiological examinations should be
at first avoided (4-26). However, recurrent episodes
can figure out underlying conditions (24).
Etiological diagnosis is often challenging,
especially when a non-specific or concerning
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background is reported. Although acute low
back pain can be sustained by multiple factors,
both inflammation and mechanics disorders are
widely accepted as the main effectors, which may
also support each other (3). However, there is no
agreement on a gold standard medical treatment; thus,
symptomatic therapy is administered, according to
scientific evidence (5). Many drug classes have been
investigated for this purpose, such as nonsteroidal
anti-inflammatory drugs (NSAIDs), skeletal muscle
relaxants (SMR), oral opioid analgesics (OOA),
benzodiazepines (BDZ), systemic corticosteroids
(SCS), antidepressant tricyclic (TCA), and
antiepileptic drugs (AED) (3,5).

The association between NSAIDs and SMR
usually provide an effective pain control, especially in
association with a rescue drug as acetaminophen, so
administering three different drugs (5,15). However,
a single drug administration could improve patients’
compliance if similar clinical outcomes are reported.

The aim of the present study was to retrospective
investigate the role a pharma blending, consisting in
Dexketoprofen and Tramadol, in non-specific ALBP.

MATERIALS AND METHODS

Setting and institutional database

As the standard of care at our Emergency Department,
Fondazione Policlinico Universitario A. Gemelli IRCCS in
Rome, patients trialed for non-specific ALBP are managed
using a standardized data collection system. From these
patients, we systematically collect demographic data (age, sex,
BMI, anamnestic record, medical history, chronic therapies,
smoke addiction, and alcoholic status), measurement of back
pain intensity using a ten itemized point visual analogue
scale (VAS), clinical, radiological, and laboratory hospital-
reports, treatments received and prescriptions. Every patient
is provided by a pain diary where to daily collect VAS rate,
drug assumption, side effects. Standard follow-up visits
are scheduled at 7 and 15 days after discharge. During the
last follow-up visit, patients are asked to express an overall
satisfaction rate of our management, in a range from 0 to 10,
which is attached to their report.

Study design and its aim
The present investigation consists of a retrospective
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database analysis with a set time range was from April
2017 to April 2018. The aim of the present study is to
evaluate and compare the effectiveness of two different
medical conservative treatments in non-specific ALBP
management. The study matches institutional review
board (IRB), national ethics criteria, and is in accordance
to the Helsinki agreement.

Inclusion and exclusion criteria

According to the diagnosis-related group (DRG),
the admitted patient reports for ALBP during the set
time range were selected and considered eligible for our
review. Study inclusion criteria were age between 18 to 40
years, back pain level from moderate to severe intensity
(VAS >4), first reported admission for non-specific ALBP.
We set as exclusion criteria for pregnancy or women
breastfeeding, neoplastic pathologies, story of chronic
low back pain (LBP), past lumbar surgery, metabolic bone
disease, neuromuscular disease, drugs allergies, moderate
to severe renal dysfunction (creatinine clearance <90 ml/
min), hepatopathy (MELD Score >9) asthma, epilepsy
and history of drugs or alcohol abuse.

Data collection and measurements

From enrolled patients’ records, we collected the VAS
score at the admission (t0); medical treatment administered
at emergency department, and the prescription for the
domiciliary medical therapy; daily VAS score, drugs
assumption rate, use of the prescribed rescue drugs and
side effects from the pain diaries during the 5 following
days; VAS score during scheduled (7-15 days) follow-
up visits. Data were reported as the mean +/- standard
deviation (SD). During the last follow-up check, patients
expressed their satisfaction with the treatment, in a range
from 1 to 10, and such evaluation was collected.

Groups’ definition and patients’ assignment
Patients were stratified by medical treatment and two
groups were set:
- GroupA: Diclofenac 75 mg and Thiocolchicoside
4 mg at the emergency department, thereafter
twice a day for 5 days.
- Group B: Tramadol 75 mg and Dexketoprofen
25 mg (available as blended in a single tablet)
at the emergency department, thereafter twice a
day for 5 days.
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Acetaminophen 1000 mg for 2/die was the suggested
rescue drug in each study groups. Concomitant use
different drugs or variations in dose administration
were restricted at discharge. Any report of drug self-
administration other than the rescue prescribed one
determined patient’ exclusion from the present study.

Outcomes

The primary outcome was identified in pain reduction
rate, measured by VAS score. Secondary outcomes were
side effects, rescue drug use, and patient satisfaction.

Statistical analysis
Data were statistically analyzed using the 7-Student

Table 1. Table showing the major patient characteristics
of the two groups.

Characteristics Patient data

GROUP A
Age (yr) 35.8 years (DS 6.33)
Sex (M: F) 26F. 19M
BMI 24.8 (DS 3.34)
Comorbidities
Arterial hypertension 3 patients
Gastric reflux 11 patients
Smoker 17 patients
Obesity 6 patients
Depression 3 patients
GROUP B
Age (yr) 36.1 years (DS 6.19)
Sex (M: F) 22F.20M
BMI 25.2 (DS 2.87)
Comorbidities
Arterial hypertension 2 patients
Gastric reflux 13 patients
Smoker 14 patients
Obesity 7 patients
Depression 2 patients
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test to compare quantitative variables. The significance
was established for a value of p<0.05. Dedicated SPPS
statistical calculation software (SOSS Inc, Chicago, IL)
was employed.

RESULTS

One-hundred-and-seventy-four patient reports
were collected in our retrospective analysis. Only 87 of
those [46 female (F), 41 male (M)] matched inclusion
and exclusion criteria and were finally included in the
present investigation. Forty-five patients (26 F, 19 M)
were treated with Diclofenac and Thiocolchicoside
(Group A - 51.7%), 42 (22 F, 20 M) with tramadol
and dexketoprofen (Group B-48.3%). The two groups
were homogeneous for demographic characteristics,
as reported in Table I. Fifteen (17.2%) patients did not
comply with the treatment protocol due to side effects
and were excluded from the study. Among those, 9
patients (5 F, 4 M) were into group A, and 4 reported
stomach ache, 2 nausea, 3 diarrhea; 6 patients (4 F, 2
M) were in group B, 4 reported nausea and 2 severe
constipation. In Group A the mean VAS score was 7.2
(SD 1.29) at t0, 2.8 (DS 1.43) at 7 days, and 1.3 (DS
1.12) at 15 days.

In Group B the mean VAS score was 7.3 (DS 1.33)
att0, 2.2 (DS 1.12) at 7 days, and 1.1 (DS 0.97) at 15
days (Table II).

In Group A, 35 (77.7%) patients reported the used
of the rescue drug in the first day, 31 (68.8%) in the
second day, 27 (60%) in the third day, 21 (46.6%)
in the fourth day and 15 (33.3%) in the last day. In
Group B, 11 (26.2%) patients used the rescue drug on
the first day, 10 on the second day (23.8%), 7 (17.3%)
on the third day, 5 (11.9%) on the fourth day and 4
(10.2%) on the last day (Table III).

In Group A, 12 patients (5.4%) reported they
forgot to take one of the two drugs at least once during
the duration of the protocol. In group B, no patient
missed any administration. We collected and reported
side effects in the two groups in Fig. 1.

DISCUSSION

Background
Acute low back pain is one of the most relevant
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Table I1. Table showing main results.

VAS t0 VAS 7 days VAS 15 days
GROUP A
7.2 (SD 1.29) 2.8 (DS 1.43) (P =0.01) 1.3 (DS 1.12) (p=0.02)
GROUP B
7.3 (DS 1.33) 2.2 (DS 1.12) (P=0.001) 1.1 (DS 0.97) (p=0.01)

Table II1. Table showing the use of rescue drug.

GROUP A GROUP B
DAY 1 35 pt (77.7%) 11 pt (26.2%)
DAY 2 31 pt (68.8%) 10 pt (23.8%)
DAY 3 27 pt (60%) 7 pt (17.3%)
DAY 4 21 pt (46.6%) 5pt (11.9%)
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Fig. 1. Most common side effects in the two groups (on the left group A, on the right group B); Day 1.
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Fig. 2. Most common side effects in the two groups (on the left group A, on the right group B); Day 2.
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Fig. 3. Most common side effects in the two groups (on the left group A, on the right group B); Day 3.
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Fig. 4. Most common side effects in the two groups (on the left group A, on the right group B); Day 4.
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Fig. 5. Most common side effects in the two groups (on the left group A, on the right group B); Day 5.
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health problems in industrialized countries, resulting
in a non-negligible cost to society (19). Pain
relief, QoL and functional restoration and social
cost reduction represent the main goals in ALBP
management (15). When not sustained by underlying
conditions, ALBP finds its etiology in mechanical
and/or inflammatory causes (3). Although a wide
array of drugs and medical protocols are available,
there is no consensus on a gold standard (16).
However, NSAIDs’ role in inflammation and pain
control has been widely demonstrated, thus they
are commonly administered in ALBP management
(11). A recent systematic review conducted by
Van Tulder MW et al (20) suggests that NSAIDs
are poorly effective for short-term improvement
in patients with ALBP. Furthermore, no specific
NSAID was identified as the most effective, and
oral administration demonstrated to be as effective
as either intravenous or intramuscular. Moreover,
they did not find that the combination with muscles
relaxant (MR) improve clinical outcomes.

Muscle spasms represent the main mechanical
cause sustaining painful conditions in non-specific
ALBP; furthermore, they determine a derived
inflammation that sustains them and increases
related-pain, determining a self-sustaining condition.
Accordingly, MR has been widely administered in
ALBP management. However, many related side
effects, such as headache, blurred vision, drowsiness,
nausea and vomiting, provide concerns about their
use (17, 18). Van Tulder MW et al (18) systematically
reviewed the literature and found that MR other than
BDZ result effective in the reduction of short-term
pain in patients with ALBP; however, they should be
used with caution having many reported side effects.
Recent clinical guidelines restrict the use of MR in
those patients NSAIDs non-responders. TCA and
SSRIs are effective in controlling neuropathic pain.
However, in their meta-analysis Staiger et al (23)
have found no evidence supporting TCA usefulness
in non-specific ALBP management. OOA result
extremely effective in pain relief in many medical
conditions. They are commonly administered in non-
specific ALBP, but their long-term effects are very
limited (21). Furthermore, there is no evidence of
better clinical outcomes using OOA when compared
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to NSAIDs, which result safer having a lower side-
effects rate.

Several studies have shown that the combination
of two or more analgesics allow the increase in
efficacy and reduce the doses of the individual
drugs, consequently the side effects. (9, 10, 21).
Accordingly, a combination of Dexketoprofen and
Tramadol has been designed to provide central and
peripheral analgesia administering lower doses than
those used in single drug protocols.

Present investigation

In our series, we observed that VAS and ODI
scores significantly decreased within the first week
and at the last follow-up measurement in both study
groups, without significant differences in their
trends. However, pain diaries showed that pain
relief following the first drug administration was
higher in group B. Furthermore, we found a higher
self-administration rate of the rescue drug during
the domiciliary treatment in Group A, due to the
drug combination features in group B, which have
dexketoprofen as quick-acting agent and tramadol
which provides long-term effects (25).

In group A, both higher side effects and non-
compliant patient rates reported while
those reported in group B were more tolerant and
compliant. The most influencing side effect was
found to be heartburn, reported in 17 cases in group
A and 3 in group B.

Compliance is higher when a single drug is
administered rather than two or more. A single tablet
administered once per day containing a blending of
Tramadol and Dexketoprofen could be more effective
in terms of patient compliance. In agreement with
this hypothesis, in Group B there was no missed dose
administration, whereas in group A, 12 patients forgot,
at least once, to take either the SMR or the NSAID.

Moreover, patient satisfaction is often not
investigated. As the standard of care, at our
department we administer five points itemized scale
to patients during their last follow-up check, to
estimate the overall satisfaction about the treatment
they received. Thus, this retrospective investigation
allowed us to collect a patient-oriented satisfaction
score and to compare the two groups. This analysis

WCEre
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showed that those patients included in group B
reported a higher mean satisfaction rate compared to
group A (mean 2.9 SD 1.2 vs 4.2 SD 0.9, p=0.02).
Accordingly, the single tablet blending of tramadol
and dexketoprofen once per day may also provide a
higher satisfaction rate.

Country-restricted cost analysis

We also conducted a cost analysis comparing
the two groups. In Italy (26) the cost of the entire
treatment (including 10 administrations), was €7.11
($8.24) in Group A and €6.45 ($7.84) in Group B.
Furthermore, the rescue drug had a cost of €7.40
($8.47) for 16 tabs and, having its mean usage data
in investigated treatments groups, the cost estimation
is €2.65 ($3.03) and €0.65 ($0.74) in two weeks.
Therefore, the whole treatment cost is estimated to
be higher in Group A.

Limitations

Among the limitations of the present investigation,
we report as most relevant: the study design as
retrospective investigation, small patients sample,
only two treatments compared. Further and better-
designed studies are mandatory to better investigate
this topic.

DISCUSSION

Even though many treatments have been
investigated, there is no agreement on a gold standard
treatment in non-specific ALBP management.
According to ourresults, dexketoprofen and tramadol,
blended in a single tablet, may provide good clinical
outcomes and increase patient satisfaction and

compliance. Furthermore, the cost of this treatment
is significantly lower.
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REINFUSION-DRAINS REDUCE BLOOD TRANSFUSIONS IN TOTAL JOINT
ARTHROPLASTY
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This study aims to evaluate the effect of postoperative blood recovery with reinfusion drains on
hematologic parameters and blood transfusion rate in patients undergoing total joint arthroplasty. Three-
hundred-and-forty-four patient records were reviewed and 271 patients were included in the study; 56.8%
of patients were treated with postoperative cell salvage procedure using reinfusion drains (PCS) and 43.2%
had closed-suction drain (CSD) postoperatively. In comparison to the CSD group, the PCS group showed
higher hemoglobin (Hb) levels on the first and second days postoperatively but no statistical differences
were noted at the day of discharge. 75.2% and 37.7% of patients required blood transfusions in the CSD
and PCS groups, respectively. The PCS group had a lower number of blood transfusions than the CSD
group. At multivariate analysis, Hb loss rate was related to preoperative Hb values, total amount of drained
blood and chronic antiplatelet therapy. The number of blood transfusions was related to preoperative Hb
values, closed-suction drains, preoperative platelet count, TKA surgery and BMI. This study supports the

use of PCS with reinfusion drains after THA and TKA at least for the short-term.

Total hip and knee arthroplasties (THAs
and TKAs) have proven to be effective surgical
treatments for degenerative conditions of the joints.
These procedures are becoming more frequently
used and approximately 7 million Americans are
living with a hip or knee replacement (1). Important
cost elements in total joint arthroplasty (TJA) are
blood management and the transfusion strategy (2).

Blood loss strongly influences the time of recovery
after surgery and the quality of the convalescence.
Higher pre- and postoperative hemoglobin (Hb)
levels are correlated with early functional recovery,
higher patient satisfaction and a shorter hospital
stay with a reduced red cell transfusion rate (3).
Bleeding during surgical procedures depends on the

technique and the duration of the surgical procedure,
hemostatic accuracy, the patient’s comorbidities and
the use of some drugs (2). Many strategies to reduce
blood loss, such as diathermy coagulation, the use
of tourniquets, patient positioning, hypotensive
anesthesia, clamping drains, norepinephrine (4), and
saline and tranexamic acid infiltrations have been
used (2).

In recent decades, a variety of approaches have
been developed to reduce the use of allogenic blood
transfusions. Preoperative autologous blood donation
(PABD) and postoperative cell salvage (PCS) were
proposed in TJAs but the real effect is unclear. Some
studies (5, 6) have reported that PABD and PCS can
reduce allogenic blood usage and restore basal Hb
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concentrations; Cushner et al. (7) criticized PABD
for being associated with a higher risk of anemia
in the postoperative period while Horstmann et al.
(8) showed the opposite effect of PCS restoring
Hb concentrations. Despite these inconsistent data,
many surgeons continue to use drains combined
with a collection and reinfusion system after TJAs.
The aim of this study was to evaluate the effect of
postoperative blood recovery with reinfusion drains
on hematologic parameters and blood transfusion
rates in patients undergoing THA or TKA.

MATERIALS AND METHODS

Data collection

We reviewed the surgery reports of 344 patients who
underwent primary and elective THA or TKA at our
institution between January 2009 and May 2016. The
exclusion criteria were as follows: coagulation disorders;
deep venous thrombosis; pulmonary embolisms;
malignancy; ongoing or previous infections; HIV;
myocardial infarctions within the past 12 months; intake
of anticoagulant therapy. THA was performed using either
amodified posterolateral or an anterolateral approach with
a non-cemented implant. In TKA, a high tourniquet was
applied with a midline skin incision, a medial parapatellar
approach, and all components were cemented (9).

Two-hundred-and-seventy-one patients were included
in the study: 154 underwent PCS with a reinfusion drain
(ATS Bulb set Redax SpA, Poggio Rusco, MN, Italy) and
117 had a closed-suction drain (CSD) and served as a
control. For both groups of patients, the drain was placed
intra-articularly before closure and was removed 24h
postoperatively. All the patients were treated with 4,000
IU low-molecular-weight enoxaparin sodium (Clexane®,
Sanofi-Aventis, Milan, Italy) for venous thromboembolism
prophylaxis 12h prior to surgery, which was continued for
30 or 35 days (TKA or THA, respectively) after surgery.

Preoperative variables included the patient’s age, body
mass index (BMI), and the presence of diabetes mellitus,
kidney and cardiovascular disease. Hb, hematocrit,
platelets, sodium, potassium and sideremia were analyzed
preoperatively and at 6, 24, 48, 72 and 96 h after surgery
and at the day of discharge. INR and aPTT were evaluated
preoperatively, at 6h after surgery and at the day of
discharge. The type of anesthesia, total drainage volume,
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amount of retransfused blood and units of allogenic red
cells transfused were also analyzed. The Hb loss rate
(HbLR) was computed using the following formula to
evaluate the blood loss of patients at hospital discharge:
HbLR=(preoperative Hb—Hb at discharge)/preoperative
Hbx100.

Reinfusion and transfusion criteria

Both drain systems were activated 30 min after surgery.
Blood collected was reinfused within 6h postoperatively
in PCS group and, successively, the device functioned as a
closed-suction drain. A minimum drainage volume of 150
ml was required to reinfuse, and reinfusion of more than
1,500 ml was not allowed. Postoperatively, the indication
for an allogenic packed red cell transfusion was influenced
by the clinical signs of anemia, a history of cardiovascular
disease and an Hb level below 8.0 g/dL.

Statistical analysis

All data were collected, measured and reported
within one-decimal accuracy. Mean and standard
deviation comparison of the PCS and CSD groups
was performed using an unpaired #-test or the Mann-
Whitney U test when appropriate; a 2x2 contingency
table was used to compare categorical variables. Uni-
and multi-variate linear regressions were performed
on the whole population to test possible predictors of
outcomes as previously done (10). Explanatory and
confounding variables included in the analysis were
as follows: gender (categorical), age (continuous),
BMI (continuous), hypertension (categorical), diabetes
(categorical), kidney disease (categorical), cardiovascular
disease (categorical), preoperative Hb (continuous),
preoperative  hematocrit (continuous), preoperative
platelet (continuous), preoperative natremia (continuous),
preoperative  kalemia  (continuous),  preoperative
sideremia (continuous), preoperative aPTT (continuous),
preoperative INR (continuous), preoperative antiplatelet
therapy (categorical), preoperative iron supplementation
folate

(categorical), preoperative autologous blood donation

(categorical), preoperative supplementation

(categorical), reinfusion (categorical), number of
transfusion (continuous), anesthesia (categorical), surgery
(categorical), drained blood (continuous), and reinfused
blood (continuous). Hb loss rate (continuous) and number

of transfusions (continuous) were treated as outcomes,



Journal of Biological Regulators & Homeostatic Agents

and the effect of possible predictors was checked for their
value. Only explanatory and confounding variables that
showed a trend toward an association with the outcome
of interest (e.g., P<0.10) in the univariate analysis were
inserted in multiple regression analysis (11). A p value
of less than 0.05 was considered significant. IBM SPSS
Statistics (version 21.0.0.1, IBM Corp., Amonk, NY,
USA) and PRISMA GraphPad software were used for
database construction and statistical analysis.

RESULTS

Two-hundred-and-seventy-one patients were
evaluated and demographics are reported in Table
I. The PCS and CSD groups consisted of 154
(56.8%) and 117 (43.2%) patients, respectively. As
shown in Table II, there was a similar distribution
between groups considering the number of patients,
gender, the type of surgery (i.e., THA and TKA),
comorbidities and preoperative levels of Hb and
platelets. The PCS group showed a significantly
higher preoperative hematocrit and BMI (P=0.0001
and P=0.001, respectively) in comparison to the
CSD group.

The PCS group showed higher Hb levels on the
first and second days postoperatively in comparison
to CSD (P=0.001 and P<0.0001, respectively) but
no significant differences were noted at the day
of discharge (P=0.240). The PCS group showed
a higher HbLR than the CSD group (P=0.001);
however, 37.7% and 75.2% of the patients required
blood transfusions in the PCS and CSD groups,
respectively. The PCS group had a lower number of
blood transfusions than the CSD group (P<0.0001).
Tables III and IV show the relationship found with the
univariate analysis between the pre- or postoperative
variables and HbLR or the number of transfusions,
respectively.

Using the multivariate analysis, HbLR was related
to preoperative Hb values ($=0.533; P<0.0001),
total amount of drained blood (B=0.163; P=0.035)
and chronic antiplatelet therapy (f=0.169; P=0.028).
This model accounted for 25.6% of the total
variance of HbLR. Using the multivariate analysis,
the number of blood transfusions was related to
preoperative Hb values (p=-0.307; P=0.002), closed-
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suction drains ($=0.254; P<0.0001), preoperative

platelet values (B=- 0.204; P=0.001), TKA surgery
(B=0.138; P=0.028) and BMI (=-0.307; P=0.002).

Table 1. Demographics of the study population.

N. of patients (%) 271 (100)
Age (years) 66+9
Male- n. (%) 94 (34.7)
Female - n. (%) 177 (65.3)
BMI 302+5.3
Cardiovascular disease - n. (%) 170 (62.7)
Diabetes - n. (%) 52(19.2)
Kidney disease - n. (%) 22 (8.1)
THA - n. (%) 123 (45.4)
TKA -n. (%) 148 (54.6)
Preop. Hb (g/dl) 13.5+1.5
Preop. Ht (%) 404+54
Preop. Plt (x 10%/ul) 268.6 £72.6
Preop. sideremia (pg/dl) 71.5+£22.8
Preop. natremia (mEq/l) 141.6 +2.9
Preop. kalemia (mEq/1) 45+04
Preop. aPTT (sec.) 27.5+39
Preop. INR 1.0+0.2
Preop. antiplatelet therapy - n. (%) 65 (24)
Preop. iron supplementation - n. (%) |12 (4.4)
Preop. folate supplementation - n. (%) | 10 (3.7)
PABD - n. (%) 105 (38.7)
Blood transfusions 1+1
General anesthesia - n. (%) 195 (72)
Spinal anesthesia - n. (%) 76 (28)
Amount of drained blood 492.7+311.2
Amount of reinfused blood 270.8 + 146.4

Plus-minus values are mean + standard deviation. BMI:
body mass index; THA: total hip arthroplasty; TKA: to-
tal knee arthroplasty; Preop: preoperative; Hb; hemoglo-
bin; Ht: hematocrit;, Plt; platelets; Aptt; activated partial
thromboplastin time; INR, international normalized ratio;
PABD: Preoperative autologous blood donation.
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This model accounted for 29.1% of the total variance
of the number of blood transfusions.

DISCUSSION

Inconsistent data have been reported previously
for the use of PCS or CSD in TJA. In the current
study, PCS had higher Hb levels at 24 and 48 h
postoperatively than in the CSD group. Similarly,
a recent meta-analysis (12) demonstrated higher
Hb levels at 24 hours after THA in the PCS group
than in the CSD group. There were no statistically
significant differences in Hb levels from the third
postoperative day to discharge, confirming previous
data for TKA (13) and THA (12). Jones et al. (14)
found no difference between the two groups, while
Kirkos et al. (15) showed an opposite result with
higher Hb levels at discharge in the PCS group.

Table I1. Characteristics of the PCS and CSD group.
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Al-Zahid et al. (16) compared PCS, CSD and a no-
drain group and failed to find statistically significant
differences between the three groups.

In the current study, the PCS group had lower
units of allogenic blood transfusions in comparison
to the CSD group. Fewer units of allogenic blood
transfusions allow reduction of the risk involved
in this procedure: transmission of blood borne
infections, transfusion-related reactions, blood
group transfusion errors and high related costs. In
agreement with these data, we next demonstrated
a statistically significant association between a
higher number of transfusions and the use of CSD.
There are many studies with controversial results
on the use of drainage with closed aspiration after
TKA (17). In a recent study, Huang et al. evaluated
patient- and surgery-related factors associated with
risk of allogenic blood transfusion and showed that

PCS group | CSD group P
N. of patients (%) 154 (56.8) | 117 (43.2) | 0.074
Age (years) 65.6+10.1 | 67.4+79 | 0.253
Male - n. (%) 63 (40.9) 31 (26.5) 0.089
Female - n. (%) 91 (59.1) 86 (73.5) 0.286
BMI 31.1+£5.7 | 288+4.4 | 0.001
Cardiovascular disease - n. (%) | 142 (92.2) | 78 (66.7) 0.095
Diabetes - n. (%) 37 (24) 15 (12.8) 0.065
Kidney disease - n. (%) 15(9.7) 7 (6) 0.372
THA - n. (%) 71 (46.1) 52 (44.4) 0.913
TKA - n. (%) 83 (53.9) 65 (55.6) 0.918
Preop. Hb (g/dl) 13715 | 133+1.5 | 0.068
Preop. Ht (%) 41.7+4.7 | 38.7+£5.8 |<0.0001
Preop. Plt (x 10°/ul) 265.5+74.7|272.6 £69.9| 0.333

PCS: post-operative cell salvage; CSD: closed-suction drain; Plus-minus values are
mean + standard deviation; BMI: body mass index; THA: total hip arthroplasty; TKA:
total knee arthroplasty; Preop.: preoperative; Hb: hemoglobin, Ht: hematocrit; Plt:
platelets; bold indicates statistically significant parameters.
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Table IIL. Univariate linear regression analysis of predic-
tors of hemoglobin loss rate (HbLR).
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Table IV. Univariate linear regression analysis of predic-
tors of the number of transfusions.

B P p P
Gender (F/M) 0.197 | 0.004 Gender (F/M) -0.256 | < 0.0001
Age 0.011 | 0.870 Age 0.206 | 0.001
BMI 0.778 | 0.437 BMI -0.156| 0.020
Diabetes mellitus 0.035| 0.620 Diabetes mellitus -0.007| 0.910
Kidney disease 0.048 | 0.491 Kidney disease -0.047| 0.442
Cardiovascular disease 0.039 | 0.576 Cardiovascular disease -0.390| 0.517
Preoperative Hb 0.473 | <0.0001 Preoperative Hb -0.355/<0.0001
Preoperative Ht 0.353 {<0.0001 Preoperative Ht -0.342 < 0.0001
Preoperative Plt -0.078 1 0.264 Preoperative Plt -0.143| 0.019
Preoperative natremia -0.227| 0.019 Preoperative natremia 0.264 | 0.001
Preoperative kalemia 0.040 | 0.685 Preoperative kalemia 0.033 | 0.680
Preoperative sideremia 0.275 1 0.001 Preoperative sideremia -0.156| 0.029
Preoperative aPTT 0.128 | 0.120 Preoperative aPTT -0.006| 0.937
Preoperative INR -0.005| 0.950 Preoperative INR 0017 | 0792
Chronic antiplatelet therapy 0.185 ) 0.018 Chronic antiplatelet therapy -0.095| 0.171
P ive i 1 i .032 701 — .
reoperative iron supplementation | 0.03 0.70 Preoperative iron supplementation | 0.165 | 0.044
P tive folat 1 tation | -0.009 | 0.915
reoperative fofafe supprementation Preoperative folate supplementation | 0.060 | 0.465
PABD -0.740| 0.289
PABD 0.048 | 0.432
Number of transfusions -0.029| 0.678
HbLR -0.290| 0.678
General/spinal anesthesia 0.014 | 0.848 . .
General/spinal anesthesia -0.073| 0.252
Hip/knee replacement -0.730| 0.294
Hip/knee replacement 0.154 | 0.011
Amount of drained blood 0.109 | 0.117
i Amount of drained blood 0.061 | 0.320
Amount of reinfused blood 0.208 | 0.031
Amount of reinfused blood 0.069 | 0.371
CSD/PCS 0.222 | 0.001
CSD/PCS -0.342<0.0001

F: female; M: male; PCS.: post-operative cell salvage;
CSD: closed-suction drain; BMI: body mass index;
Hb: hemoglobin, Ht: haematocrit; Plt: platelets; aPTT:
activated partial thromboplastin time; INR: international
normalized ratio; PABD: Preoperative autologous blood
donation; bold indicates statistically significant parameters.

F: female; M: male; PCS: post-operative cell salvage;
CSD: closed-suction drain;, BMI: body mass index;, Hb:
haemoglobin;, Ht: haematocrit; Plt: platelets; aPTT:
activated partial thromboplastin time; INR: international
normalized ratio; PABD. Preoperative autologous blood
donation; HbLR: Hb loss rate; bold indicates statistically
significant parameters
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drain use was associated with a higher number of
transfusions (18). In a prospective study, Simpson
et al. compared the reinfusion discharges with CSD
discharges and reported a significantly lower rate of
transfusion increases in TK A-treated patients treated
with reinfusion (19). Recent meta-analyses showed
that an autologous blood transfusion drainage
system was more efficacious than CSD in reducing
the blood transfusion rate after TKA (13, 20) and
THA (12). In contrast, Martin et al. demonstrated
that the use of a reinfusion system did not reduce the
homologous transfusion requirements and blood loss
was significantly higher in patients who underwent
CSD compared to those who were reinfused (21).
Perazzo et al. (2) found that the PCS group had
much greater blood loss than the CSD group, but no
differences were observed in terms of decreases in
the Hb levels and transfusion rate.

The current study showed that BMI is inversely
correlated with the number of blood transfusions.
However, this finding should be interpreted with
caution because the PCS group showed a statistically
significant higher BMI than the CSD group. Pola et
al. demonstrated that the risk of perioperative blood
transfusion in patients undergoing elective THA was
associated with a synergistic effect of factors such as
age, sex, hypertension and BMI (22). A systematic
examination (23) on the relationship between BMI
and perioperative blood transfusion during THA
and TKA found that patients with increased BMIs
had lower transfusion rates and lost a significantly
smaller percentage of estimated blood volume.

We next demonstrated that the preoperative
Hb levels were inversely related to the number
of blood transfusions and directly related to the
HbLR. A recent analysis of a large dataset of 15.187
patients undergoing primary THA or TKA showed
that higher preoperative Hb was associated with
decreased risk for allogenic blood transfusion
(18). Similarly, Gordon et al. (17) determined that
in patients treated with PCS, lower preoperative
Hb levels carried a significant risk for transfusion
after TKA. Considering THA, Aderinto et al
demonstrated that only preoperative Hb and BMI
were significantly independent factors increasing the
need for transfusion (24).
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In the current study, a lower preoperative platelet
count value was related to a higher number of
transfusions, and as expected, HbLR was related
to chronic preoperative antiplatelet therapy. In a
multivariate analysis of blood loss during primary
THA or TKA the preoperative platelet count was
one of the characteristics that affected the amount of
blood loss in TKA but not in THA (25).

Interestingly, we noted that TK As were associated
with a higher number of blood transfusions than
THAs. Jones et al. (14) found that the type of surgery
(THA or TKA) and the use of a tourniquet (in TKA)
did not alter the requirements for allogenic blood
transfusions. In contrast, Perazzo et al. (2) found that
the transfusion rate was higher in the THA patients
in comparison to the TKA group.

The limits of this study are the retrospective
nature, the non-randomized design and the relatively
small number of patients involved. The evaluation
of patients up to their discharge from the hospital
represents a further weakness of the study. Indeed,
we could not report the effect of the PCS on a longer
follow-up time. Despite the limitations mentioned
above, this study supports the use of PCS with
reinfusion drains after THA and TKA at least for the
short-term. A larger, randomized and prospective
study is needed to draw firm conclusions for the
routine use of PCS in patients undergoing TJA.
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AGGRESSIVE HEMANGIOMA STARTING FROM LS BODY, TREATED WITH MASS
EMBOLIZATION AND RADIATION THERAPY WITH PROTONS: A CASE REPORT
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A hemangioma is a benign tumor of endothelial cells, multiplying into the medullary spaces of the
cancellous bone. This tumor is in most cases not symptomatic, and in this case, they do not require any
specific treatment. Pain and neurological symptoms derived from hemangiomas as shown in 2-11% of
the cases. The 55% of these cases presents low back pain, while the 45% presents neurological deficit
from compression of the spinal cord, peripheral nerves or both. We present a clinical case report of a
young woman, affected by aggressive L5 hemangioma causing a spinal canal stenosis with associated
sciatalgic symptoms. We performed a review of the current literature on the treatment options, giving

the rationale of our treatment choice (mass embolization and radiation therapy with protons).

A hemangioma is a benign tumor of endothelial
cells, multiplying into the medullary spaces of the
cancellous bone. Virchow (1), in 1864, was the first
to describe it, while Perman in 1926 described its
radiological features. It is the most common benign
tumor of the vertebral column, with an incidence of
10-12% in the general population (2), more common
in the fourth and fifth decade of life (3) and more
frequent in the thoracic and lumbar traits of the
vertebral column.

This tumor in most cases is not symptomatic.
They are stage 1 benign tumors according to
Enneking’s classification (4) and do not require any
specific treatment. Pain and neurological symptoms
derived from hemangiomas as shown in 2-11% of the
cases (5) and 55% of these cases present low back
pain, while 45% present neurological deficit from
compression of the spinal cord, peripheral nerves or
both (6). These symptoms, varying from a neuropathy
to a complete peripheral palsy of the affected side or

limb, are due to an epidermal expansion of the mass
that can cause medullary compression (spinal canal
stenosis or epidural haemorragies) or, more rarely,
stress fractures.

Imaging in this kind of tumor is peculiar. The
MRI shows a signal of hyperintensity in T1 and
T2 sequences. CT-scan shows a reduction of
bone trabeculae that gives greater radiopacity.
Angiograph allows the differential diagnosis of a
non-evolutive hemangioma from a more aggressive
histological type, based on the evaluation of the
hypervascularization. These aspects are related
to the histological composition of the neoplasia,
characterized by adipocytes, vessels and interstitial
edema (7).

The differential diagnosis
pathologies with similar clinical and imaging features,
such as vertebral metastasis, vascular-originated
malignant tumors (angiosarcoma and epithelioid
hemangioendotheliomas) and multiple myeloma

derives  from
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(2). The clinical and radiological features that lead
to a certain diagnosis are still debated, because
there is a very small percentage of aggressive and
symptomatic hemangiomas. The standard treatment
protocol is also still debated.

We present a clinical case report of a young
woman in fertile age, affected by aggressive L5
hemangioma causing a spinal canal stenosis with
associated sciatalgic symptoms. The discussion will
be completed with a review of the current literature
on the treatment options, giving the rationale of our
treatment choice.

Case report

A 43-year-old woman with no
pathologies in the anamnesis came to our attention
in April 2016. She presented gluteal right pain
with sciatalgic irradiation, associated to a 20 mt
conditioned claudication. In May 2016, she took a
lumbo-sacral 1.5 T MRI, reporting an L4-L5 space
right paramedian herniation, with intraforaminal
expansion and conflicts with the L5 nerve.

The patient had a cycle of rehabilitation therapy
and pharmacological treatment with NSAIDs and

relevant
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steroids, without any clinical benefit. After 10 months,
the symptoms became chronic and the patient was
accepted in our division for further investigation.
At clinical examination, the patient presented low
back pain with right sciatalgic irradiation, a positive
Laségue maneuver, hypoesthesia in the dermatomes
corresponding to the irradiation of L5 and S1
nerves, without any sign of muscular weakness and
symmetrical osteotendinous reflexes.

A new 1.5 T MRI and a CT-scan with contrast
medium were performed. The MRI showed
suggestive findings of an aggressive hemangioma
starting from the body of L5 associated with an
expansion in the epidural space and a mass effect
in the lateral processes, especially in the right
foramen. There was not any deformity of the body
of L5. (Fig. 1).

The CT-scan performed with the contrast medium
confirmed the diagnosis of L5 hemangioma with an
increment of the antero-posterior diameter of the
vertebral body at that level.

Based on the clinical and radiological findings,
a surgical biopsy was planned. The results of the
biopsy confirmed the diagnosis of aggressive

FIG. 1. The first MRI (sagittal view and axial view) showed findings suggestive for an aggressive hemangioma starting
from the body of L5, with associated expansion in the epidural space and a mass effect in the lateral processes, especially
in the right foramen.
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hemangioma. According to the literature (8), a
preventive angiographic embolization of the mass
was performed. (Fig. 2). During the angiography,
there was hypervascularization of the body of L5,
in the site of the mass, with arterial afference from
the sacral median artery. A microcatheter Progreat®
(produced by Terumo) was inserted into the arterial
afference, from the more distal trait near the body
of L5, with a Transend 0.014” guide (Stryker).
PVA embospheres of 500-700um was then injected
until complete devascularization of the lesion was
reached.

Further clinical controls and a new MRI after 6
and 12 months were programmed. After 5 weeks from
the procedure the patient reported a net improvement
of the symptoms, the Laségue maneuver was
negative and the myeloradicular deficits were almost
resolved. There was also a net improvement of the
claudication. After 2 months, the patient reported
recurrence of the low back pain and initial presence
of sciatalgic irradiation to the right lower limb,
poorly improved with steroid therapy. The MRI
was anticipated and it showed a progression of the
lesion in L5, with extracompartimental expansion
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in the epidural space and bilateral mass effect with
foraminal conflict.

The absence of deformity in the vertebral body
and the absence of neat myeloradicular deficits
contraindicated a surgical procedure as a first
therapeutic approach. After collegial discussion
with the oncologists, in light of the young age and
the intention of the patient to procreate, the radiation
therapy in September 2017 with protons started. An
active scanning system with a total dose of 50 Gy
(RBE)/fraction, 25 fractions, 5 fractions per week
in an interval of 39 days was used. IMPT technique
was used (Intensity Modulated Particle Therapy). A
new clinical evaluation and a new control MRI after
3 months from the last radiation dose (November
2017) was then programmed.

Before starting the radiation protocol, the patient
took the “Oswestry Low Back Pain Disability
Questionnaire” (9) to evaluate the clinical and
functional state at the beginning and the progresses
obtained after the procedure. The questionnaire
presented a value of 70% (crippled) with clinical
features that were limiting the basic life activities.
During the clinical control in February 2018, the

FIG. 2. Arteriography: pre and post embolizations images.
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patient reported a state of relative well-being, with
the disappearance of sciatalgic symptoms. She
had no myeloradicular deficits. Although the low
back pain was still present, but with a progressive
improvement, appearing as an early and transient
complication after the procedure. The “Oswestry
Low Back Pain Disability” score was 30%, with a
moderate disability and a net profit of the 40%. After
3 months the MRI showed radiological stability
of the lesion, with the presence of an edema in the
paravertebral tissues (due to the radiant therapy) and
a persistency of the extracompartimental component
into the anterior epidural space. During the clinical
control in September 2018, the “Oswestry Low
Back Pain Disability” score was 10% with minimal
disability and a net profit of 60% compared to the
first questionnaire. The patient reported that the pain
prevented her from walking more than a mile. The
clinical examination was negative. In September
2018, a new MRI was performed showing a
reduction of the extracompartimental component
and a reduction of the post-radiation edema in the
paravertebral tissues (Fig. 3). Other findings were
the same as that one obtained before.

R. VANELLI ET AL.

DISCUSSION

In mild forms, an annual radiological follow up
with associated symptomatic therapy is the most
effective protocol (10). There are several therapeutic
options described in literature to treat aggressive
hemangiomas. It is well known that the most
appropriate treatment depends on the severity of
the symptoms and on the general conditions of the
patient.

The treatment is based on the dimensions of the
mass and on the possible presence of the mass in
the medullary space. Surgery is indicated if there is
a fast and progressive worsening of the neurologic
symptoms (11). Major surgery, varying from
laminectomy and stabilization to an en bloc resection
of the tumor, it is still the gold standard today. More
attention is now payed to isolated or combined
percutaneous techniques e.g. the introduction of
PMMA into the vertebral body. This procedure
induces sclerosis of the venous vessels of the
hemangioma and consolidation of the micro fractures
into the vertebral body (caused by the hemangioma
itself). This technique has a lower complication rate

FIG. 3. The last MRI (sagittal view and axial view) showed a reduction of the extracompartimental component and a
reduction of the post-radiation edema in the paravertebral tissues.
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and an immediate pain-relief effect, allowing early
revalidation and results that are comparable to the
ones obtained with a surgical vertebral stabilization
or arthrodesis (12).

Embolization of the vessels was used for many
years with discording results, often transient in the
long period. Today it is considered the gold standard
as a preoperative procedure to diminish the risk of
bleeding -in 1951 Manning found a mortality rate of
20-25% correlated to intraoperative blood loss-. Less
bleeding permits a better view in the operatory field
if there is need of major surgery (13).

Endoarterial embolization has also been proposed
as definitive treatment. Raco et al. (14) reported an
improvement of the clinical state and the absence
of recurrence at 18 and 36 months in 2 patients
treated only with embolization of the mass. The
contraindications of this procedure are artero-venous
malformations that can lead to the migration of the
embolization material into arterial collaterals like the
intercostal arteries (15).

Isolated radiant therapy on the lesion was the
gold standard for a long period of time (16). It was
especially recommended if there are few symptoms
and if they develop over a long period. However,
the therapeutic effective dose to administer was not
defined (17-18).

The role of radiant therapy has been revaluated as
adjuvant treatment after surgery in the case reported
by Bremmes et al (19). In this case report, the authors
performed a decompressive laminectomy associated
with a biopsy of the lesion, confirming the diagnostic
suspect of hemangioma. They report successful
clinical and imaging results due to the use of radiant
therapy post-surgery, with complete remission of
the clinical symptoms associated with radiological
stability of the lesion. Intensity modulated proton
therapy (IMPT) uses the electromagnetic spatial
control of circumscribed “pencil beams” of protons.
These particles have variable energy and intensity.
The beams take advantage of the Bragg peak that is
the peak of dose at the end of range. The Bragg
peak is combined with the modulation of the pencil
beam’s variables, resulting in a target-localized
modulation in the dose. IMPT improves on X-ray
intensity modulated beams with dose modulation
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along the beam axis, as well as lateral, in-field, dose
modulation (20). Using the IMPT causes a difference
in the dose, resulting in a higher dose in target tissue
and a lower dose in healthy ones, in comparison with
normal X-rays. In addition, IMT causes a modulation
of biological effects that is in an interesting way
associated with the tissue targeting. The clinical use
of IMPT is becoming of crescent interest.

However, there are some technical, physical and
clinical questions not yet solved. Technical questions
consist in the control of the process to manipulate
the pencil beams from the creation of the proton
beam to delivery within the patient with the required
accuracy. The physical question remains about the
variability in the planned proton penetration and the
patient’s anatomical features that lead to intrinsic
uncertainty in tissue stopping powers (the measure
of energy loss per unit distance). The clinical
question concerns the impact and management of
the possible risks associated with the procedure, the
actual clinical benefit of IMPT and the differential
biological response compared with X-rays. In any
case, IMPT will probably replace other models of
proton field delivery.

There are multiple risks associated with this
procedure, as Obana et al. described in their clinical
case. They reported the case of a hemangiosarcoma
developed from a hemangioma subjected to multiple
cycles of radiant therapy (21).

A hemangioma is a benign tumor of endothelial
cells, multiplying into the medullary spaces of the
cancellous bone. It is the most common benign tumor
of the vertebral column. In this paper, an alternative
treatment method with IMPT 1is proposed and it
showed a clinical improvement and radiological
reduction of the lesion. This treatment method can
be used in young patients in fertile age.

REFERENCE

1. Baker ND, Klein MJ, Greenspan A, Neuwirth M.
Symptomatic vertebral hemangiomas: a report of
four cases. Skeletal Radiol 1986; 15(6):458-63.

2. Jiang L, Liu XG, et al. Diagnosis and treatment of
vertebral hemangiomas with neurologic deficit:
a report of 29 cases and literature review. Spine J



144 (S1)

10.

2014; 14(6):944-54.

Bartels RH, Grotenhuis JA, Van der Spek JA.
Symptomatic vertebral hemangiomas. J Neurosurg Sci
1991; 35(4):187-92.

Enneking WEF, Spanier SS, Goodman MA. A system for
the surgical staging of musculoskeletal sarcoma. Clin
Orthop Relat Res 1980; (153):106-20.

Pastushyn Al Slin’ko EI, Mirzoyeva GM. Vertebral
hemangiomas: diagnosis, management, natural history
and clinicopathological correlates in 86 patients. Surg
Neurol 1998; 50(6):535-47.

Gaudino S, Martucci M, Colantonio R, Lozupone
E, Visconti E, Leone A, Colosimo C. A systematic
approach to vertebral hemangioma. Skeletal Radiol
2015; 44(1):25-36. Baudrez V, Galant C, Vande Berg
BC. Benign vertebral hemangioma: MR-histological
correlation. Skeletal Radiol 2001; 30(8):442-6.
Kawahara N, Tomita K, Murakami H, Demura S,
Yoshioka K, Kato S. Total en bloc spondylectomy of the
lower lumbar spine: a surgical techniques of combined
posterior-anterior approach. Spine (Phila Pa 1976) 2011;
36(1):74-82. Fairbank JC. Oswestry disability index. J
Neurosurg Spine 2014; 20(2):239-41.

Bandiera S, Gasbarrini A, De Ture F, Cappuccio M, Picci
P, Boriani S. Symptomatic vertebral hemangioma: the
treatment of 23 cases and a review of the literature. Chir
Organi Mov 2002; 87(1):1-15.

Kato S, Kawahara N, Murakami H, Demura S, Yoshioka
K, Okayama T, Fujita T, Tomita K. Surgical management
of aggressive vertebral hemangiomas causing spinal cord
compression: long-term clinical follow-up of five cases. J
Orthop Sci 2010; 15(3):350-6.

Guarnieri G, Ambrosanio G, Vassallo P, Pezzullo MG,
Galasso R, Lavanga A, Izzo R, Muto M. Vertebroplasty
as treatment of aggressive and symptomatic vertebral

11.

12.

13.

14.

15.

16.

17.

18.

19.

R. VANELLI ET AL.

hemangiomas: up to4 years of follow-up. Neuroradiology
2009; 51(7):471-6.

Cotten A, Deramond H, Cortet B, Lejeune JP, Leclerc
X, Chastanet P, Clarisse J. Preoperative percutaneous
and N-butyl
cyanoacrylate in vertebral hemangiomas. AJNR Am J
Neuroradiol 1996; 17(1):137-42.

Raco A, Ciappetta P, Artico M, Salvati M, Guidetti
G, Guglielmi G. Vertebral hemangiomas with cord

injection of methyl methacrylate

compression: the role of embolization in five cases. Surg
Neurol 1990; 34(3):164-8.

Goyal M, Mishra NK, Sharma A, Gaikwad SB, Mohanty
BK, Sharma S. Alcohol ablation of symptomatic
vertebral hemangiomas. AJNR Am J Neuroradiol 1999;
20(6):1091-6.

Nattrass FJ, Ramage D. Hemangioma of vertebra: a
cause of compression of the cord. J Neurol Psychopathol
1932; 12(47):231-7.

Rades D, Bajrovic A, Alberti W, Rudat V. Is there a
dose-effect relationship for the treatment of symptomatic
vertebral hemangioma? Int J Radiat Oncol Biol Phys
2003; 55(1):178-81.

Miszezyk L, Ficek K, Trela K, Spindel J. The efficacy
of radiotherapy for vertebral hemangiomas. Neoplasma
2001; 48(1):82-4.

Bremnes RM, Hauge HN, Sagsveen R. Radiotherapy in
the treatment of symptomatic vertebral hemangiomas:
technical case report. Neurosurgery 1996; 39(5):1054-8.
Kooy HM, Grassberger C. Intensity modulated proton
therapy. Br J Radiol 2015; 88(1051):20150195.

Obana Y, Tanji K, Furuta I, Yamazumi T, Hashimoto
S, Kikuchi H, Tanaka S, Ohba Y. A case of malignant
transformation in thoracic vertebral hemangioma
following repetitive irradiation and extraction. Pathol Int
1996; 46(1):71-8.



JOURNAL OF BIOLOGICAL REGULATORS & HOMEOSTATIC AGENTS Vol. 32, no. 6 (S1), 145-150 (2018)

PRIMARY TOTAL KNEE REPLACEMENT IN HEMOPHILIACS: EXPERIENCE OF A
SINGLE INSTITUTION OVER FOURTEEN YEARS OF SURGICAL PROCEDURES
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This retrospective study reports clinical and functional orthopedic outcomes and complications after 14
primary total knee replacement (TKR) performed between 2000 and 2014. The mean age at surgery was 42
years (range 26-59), with a removal-free survival of 100% at the end of follow-up (months 109.85). The KSS score
was 49.64 pre-operatively (range 31-63) and 78.14 at final follow-up (range 45-90), the KSS function score was
64.64 pre-operatively (range 35-80) and 84.57 at final follow-up (range 45-100). According to this study, there are
three main factors that can influence long-term and early surgical outcomes: post-operative fibrosis, a previous
synovectomy and presence of inhibitors. Even if our results are slightly suboptimal compared to those obtained

in non-hemophilic patients, this study shows that TKR is an effective surgical procedure in hemophiliacs.

Hemophilia is a congenital X-linked disorder
characterized by a defective function or sinthesis
of clotting factors VIII (Hemophilia A) or IX
(Hemophilia B).  Arthropathy is an important
complication of hemophilia and the knee is the most
frequently affected joint (1). This disease evolves
into three stages: the early stage is characterized
by recurrent hemarthroses, the second by a chronic
synovitis and the end-stage by a degenerative
arthritis with various deformities, including axial
deviation, stiffness and chronic pain. Deformities
are similar to those observed in the inflammatory
and degenerative arthropaties, but the development
and evolution are earlier than those observed in
non-hemophilic patients (1). Furthermore, clinical
symptoms do not always correlate with the severity
of radiological signs (2). Although synovectomy is
effective in order to reduce the number of bleeding,

it is not able to stop the progression of articular
damages (3) and primary total knee replacement
represents the gold standard of treatment in patients
with end-stage arthropathy, unresponsive to non-
surgical therapies.

MATERIALS AND METHODS

Between2000and2014, 14total kneereplacements
(TKRs) were performed in 10 patients affected by
moderate (F VIII<5U/dl) and by severe Hemophilia
A (FVIII<1U/dl) with end-stage arthropathy. The
subjects had been regularly followed at “Hemophilia
Treatment Centre” and at Orthopedic Division of
IRCCS Foundation Policlinico San Matteo, Pavia,
Italy. We collected data on age at surgery, side of
primary TKR, presence of inhibitors against FVIII,
previous synovectomy, type of clotting factor
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concentrate used and positivity to some viral agents
(HIV, HBV, HCV). (Table I).

Patients have been followed by means of a
periodic outpatient check-up (at 1, 3, 6 and every
12 months after surgery) to accurately monitor
the TKR’s clinical and functional results, until the
recovery of normal walking. The KSS score and
KSS function (4) are used for pre-operative and post-
operative evaluation for each patient. We performed
moreover a radiographic examination (at 3, 6 and
every 12 months after surgery), which consisted in
standard X-rays (AP and lateral view).

During the post-operative hospitalization (first,
third e fifth post-operative days) we evaluated
the blood loss in all patients. All subjects without

Table 1. Pre-operative clinical details.
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inhibitors were infused with the clotting factor
concentrate every day of hospitalization.

We used 4 different types of cemented implant:
Zimmer Persona® Posterior stabilized (3 implants),
Zimmer NexGen LPS-Flex® (4 implants), Zimmer
NexGen Legacy Constrained Condylar Knee ® (4
implants) and LINK Endo-Model® (3 implants). The
degree of prosthetic constraint was chosen according
to pre-operative joint assessment. Particular attention
was paid to joint instability degree, evaluated in
clinical examination, and to bone loss, evaluated in
pre-operative radiological study.

All TKRs were performed by a single primary
surgeon at our Orthopaedic Division, in a standard
operating room. Patients were placed in the supine

(=T PN N N O C N O 2N O CO O OO
34 26 34 44 39 31 24 a9 30 43 34

Age at surgery 53 42 39

Positivity o) hey hoy hov - hcw-  Hov-

HCV, HBV, HIV hiv hiv-
hbv

Inhibitors & = & g b _

Previous no yes yes no no no

synoviectomy

hcy  hov How- How- Hecv- Hcw- Heov- hew

hiv- hbwv hbwv hbw hbwv
hbw

yes yes - - - - - -

yes no no no yes no yes no

Fig. 1. a): Twenty-six-year-old patient, right knee arthropathy before TKR; b): Twenty-six-year-old patient, right knee

after TKR (Zimmer Persona® Posterior stabilized).
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decubitus, with general anesthesia and all underwent Whenever possible, patients underwent a
antibiotic prophylaxis to reduce the risk of infection minitrivector surgical approach (5). In 3 cases it
and a custom amount of clotting factor concentrate was necessary to perform TTA osteotomy because
was infused (range: 3000-8000 U) depending on of an anchilotic joint, one of which was caused by a
body weight. previous diaphyseal fracture. In 9 cases, we used an

Table II. XS5 score and KSS function score pre-operative and post-aperative evaluation for each patient.

Patients KSS score K55 score (post- K55 function score | K55S function score

(pre-operative) operative) (pre-operative) (post-operative)

88338 3 3
8

A 8
2 &

a3
83
83

g a3 38 8

100

Fig. 2. a): peri-prosthesis fracture, type C (UCS), in a 31-year-old patient; b): the fracture synthesized with plaque and
screws in the same patient. The TKR did not mobilize even after re-intervention.
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hemorrhagic loop, located at the root of the limb, to
limit bleeding; prior to placement of the prosthesis,
the tourniquet was released and a second infusion of
clotting factor concentrate was performed (range:
1000-2000 U). The TKRs were cemented up in 100%
of the cases and a careful hemostasis were performed
prior to suture. (Fig. 1a, b).

During the post-operative hospitalization, a red
blood cell concentrate transfusion was required in
64.3% of cases (6 patients). The mean amount of
replacement therapy used was 6000 U (2000 U every
eight h) for the first three days, while in the last two
days the dosage was reduced to 4000 U (2000 U every
twelve h); in only one case the dose was unchanged
for the entire duration of the hospitalization.

Discharge recommendations were similar to
those usually given to patients who are not affected
by hemophilia. A load compatible with the degree of
pain and the use of crutches in the first month was
imposed. No particular indication was given from
the point of view of physiotherapy and rehabilitation.
Attention was paid to early mobilization of the joint
IN ORDER to recover the maximum degree of
range of motion as early as possible (ROM) and to
minimize the risk of fibrosis. In five cases with high
risk of thrombosis (for a positive family history or
presence of major risk factor), enoxaparin 2000 U
aXa subcutaneously was administered every 24 h
until the recovery of walk without crutches.

RESULTS

The mean follow-up was 109, 85 months and
approximately 9 years (range 2.5-16.9 years). The
mean age at surgery was 42 (range 26-59). Four
patients underwent to two stage bilateral TKR. The
TKRs had a survival of 100%, with no additional
surgery in 10 cases, while in 21% of cases post-
operative complications occurred. In two cases, it
was necessary to evacuate the hemarthrosis, which
appeared on the fourth day after surgery and treated
with two different techniques. In case 6, on the
left side by arthroscopy, while on the right side by
arthrototomic approach because of the occurrence of
hemorrhagic shock. An adhesion lysis was practiced
one month after the procedure in patients 4 and 7
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due to a reduced ROM. In case 9, a peri-prosthetic
fracture (UCS: type C) (fig. 2a) was highlighted,
synthesized with plate, screws and cables. Despite
the re-intervention, an aseptic loosening does not
occur (Fig. 2 b).

The KSS score and KSS function score are used
for pre-operative and post-operative evaluation
for each patient: the pre-operative mean score is,
respectively 49.64 (range 31-63) and 64.64 (range:
35-80), while the average score at the final follow-up
is, respectively 78.14 (range 45-90) and 84.57 (range
45-100). (Table II).

In one patient with previous history of inhibitors
and high responders, a sudden rise of inhibitors was
detected in post-surgical period associated with
appearance of prolonged bleeding. In 36% of cases
(four patients), a previous synovectomy had already
been performed. The average period between the
synovectomy and TKR was 31 years (range 25-35).

The patients were treated with different types of
clotting factor concentrates and in case of inhibitors,
with bypassing agents.

DISCUSSION

Total joint replacement is a mandatory choice
for patients who do not respond optimally to
conservative therapies. Our results are similar to
the one reported in previous studies about TKR
in hemophilic arthropathy (6). The removal-free
survival is 100% at the last years of follow-up. The
average results reported in literature are widely
variable, starting from 81% (7) up to 98% (8) [other
results: 90% (9, 10), 92% (11), 95% (12), 97% (1, 2,
3)].

The outcomes slightly suboptimal
compared to the TKR observed in non-hemophilic
patients who underwent the same type of surgery,
because the occurrence of complications is higher.
Due to the bleeding tendency and the consequent
damage of the musculoskeletal system, the
hemophilic patient is more exposed to post-operative
complications than the general population. Although
two cases of hemarthrosis, surgically evacuated, and
one case of peri-prosthetic fracture (type C) did not
influence the survival of the TKR.

remain
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These complications can be considered a frequent
post-surgical event of the hemophilic patient as
reported in many other studies (1, 13, 14, 15, 16). In
the third day after surgery, one patient presented high-
titer inhibitors, affecting the successful outcome of a
prosthesis intervention as already reported (1, 7, 17).
This case showed the worst results regarding to the
KSS/KSS function score, with an increase of only 15
points and 10 points respectively.

No patient developed infections during this study.
Although the infections are almost considered a
frequent complication after invasive interventions,
the rate generally reported in the hemophilic patient
ranges from 0 to 17% (6, 9, 18, 19, 20) but one
study shows a larger range from 0 to 25% with an
average of 9% (7). The three HIV positive patients
had outcomes similar to those of HIV negative ones,
confirming the data that HIV infection well controlled
by antiviral drugs, is not to be held responsible for a
possible unfavorable outcome of prosthesis (21) or
for the onset of subsequent infections (22).

The aim of the total joint replacement surgery
in the hemophilic patients is to recover, as much as
possible, the joint function removing pain. In our
study, we obtained an increase in the KSS score of
32 points and a improvement of 20 points in the KSS
function score. These results are inferior to those in
literature (23), which has an increase interval ranging
from 37 to 64 points (2) regarding the KSS score,
and from 21 to 35 points (2, 13) for the KSS function
score.

The best results were found in patients with
younger age at surgery, where the anatomical
alterations were still contained and in which a good
ligament balance was present. Furthermore, previous
studies show that the pre-operative correction of
flexion contracture and pain control before TKR
surgical procedure (14), may improve the post-
surgical functional level. Synovectomy could play a
role on postponing TKR procedure (9). In our study,
the four patients with a previous synovectomy had
a mean age higher than the others at the time of the
total joint replacement.

The indication of total knee replacement in patients
with an end-stage hemophilic arthropathy develops
earlier and can be considered as a compulsory choice

(S1) 149

when articular disease is unresponsive to others
surgical and non-surgical therapies.

The average survival of the implants was 100%
at the end of the follow-up, despite the important
articular degeneration before surgery. Three were
the main factors that influenced the outcomes:
post-operative fibrosis that led to the need of a re-
intervention, the presence of inhibitors that has
resulted in an higher rate of complications and a
previous synovectomy. The HIV infection controlled
by antiretroviral therapy does not affect the clinical
and functional outcomes of a total joint replacement
surgery. Even if our results are slightly suboptimal
compared to those of a non-haemophilic patients,
this study shows that TKR is an effective surgical
procedure in hemophiliacs.
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SECONDARY FEMUR FRACTURE FOLLOWING TREATMENT WITH
ANTEROGRADE NAILING: THE STATE OF THE ART

G. CAZZATO, G. MASCIL, F. LIUZZA, L. CAPASSO, M. FLORIO, C. PERISANO, R.
VITIELLO, G. CIOLLI and G. MACCAURO

Ortopedia e Traumatologia, Istituto di Clinica Ortopedica, Dipartimento di Geriatria, Neuroscienze
ed Ortopedia, Fondazione Policlinico Universitario A. Gemelli IRRCCS, Universita Cattolica del
Sacro Cuore, Roma, Italy

Cephalomedullary nailing (CMN) currently represents the best surgical technique for the treatment of
intertrochanteric hip fractures. Although the success of CMN in terms of functional recovery and fracture
healing, in clinical practice there are many complications. Later femur fracture following treatment of
trochanteric fracture with CMN is not a very frequent complication but, when it occurs, its treatment is
the most complex, because of the increase of peri-operative mortality. There are studies in literature, which
have demonstrated that the incidence of this complication is about 0.5-3%. Diagnosis and classification are
made with standard radiographs, using the AO classification and the modified Vancouver classification. In
the actual literature, to determinate the predisposing factor to the secondary fractures, the authors focused
their attention on patient-related and surgical related risk factors. The treatment is variable and it depends
on the type and characteristics of fracture and device. Qutcomes analyzed in literature were mortality and
bone healing. The aim of this manuscript is to provide an overview of this topic and to describe the state of

the art of the secondary fracture after surgical treatment with intramedullary nailing.

Cephalomedullary nailing (CMN) currently
represents the best surgical technique for the treatment
of intertrochanteric hip fracture. Simplicity of this
surgical method and the increase in performance
in basicervical and subtrocantheric fractures, made
this technique increasingly widespread. Although
the success of CMN in terms of functional recovery
and fracture healing, in clinical practice there are
many complications such as: superficial and deep
infection, malalignment, non-unions of the fracture,
intra operative fractures and breaking of fixation
devices. Later femur fracture following treatment of
trochanteric fracture with CMN is not a very frequent
complication but, when it occurs, its treatment is
the most complex, because of the increase of peri-

operative mortality (1-4) Even if many of these
complications have been extensively described,
there are very few studies about secondary fracture
around intramedullary nails.

Because of the continuous rise of the average age
and the almost immediate stabilization of the fracture,
consequentially increasing the average survival rate
after surgery, the number of patients that undergo
secondary fracture around CMN is increasing.

The aim of this manuscript is to provide an
overview of this topic and to describe the state of the
art of the secondary fracture after surgical treatment
with intramedullary nailing.

All the studies present in the literature regarding
this argument were analyzed until June 2018. Studies

Key words: secundary femur fracture, femur nailing, antegrad nailing, peri-implant femur fracture
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regarding secondary fracture around intramedullary
retrograde nailing and intra operative fractures were
excluded, focusing only on secondary fractures
around intramedullary anterograde nailing after
surgery.

There are studies in the actual literature that have
demonstrated that the incidence of this complication
is about 0.5-3% (1). In particular, in a recent
retrospective study the rate is 1.2% (1). In another
study, made on an Asian population of 931 patients
treated with cephalomedullary anterograde nail, the
secondary fracture rate was 1.7% (2). In a review
of 89 studies, for 13568 patients, the incidence was
approximately 1.7 % (4).

The risk of a second femur fracture after any
fixation is 40 times in the general population (5).
Similar to intertrochanteric fracture, even in this kind
of injury, there is a bimodal age of occurrence: in
younger patients, they are the result of high-energy
trauma, in the elderly patients they are instead caused
by a lower energy trauma.

Generally, the average time to peri-implant
fracture described in literature is around 7.5-9 months
after the index procedure, often when the primary
fracture is already healed (5). Lang et al demonstrate
that the average time to secondary fracture following
initial surgery for trochanteric fracture was 122.7
days+-32 weeks (1).

Diagnosis

Diagnosis is typically made through the clinical
history of falls and/or pain and radiographs. The
patient complains of pain and at the physical
examination, presents functional limitation and limb
rotational defect.

Conventional radiographs are the gold standard
for diagnosis of peri-implant fractures (Fig 1). High-
quality radiographs are essential to find radiolucent
lines in the femur shaft or around the nail. A
comparison to older radiographs is essential to detect
any changes. In some cases, to avoid unrecognized or
underestimated lesion, computed tomography with 3D
reconstruction or MRI may allow further visualization
and classification of fracture lines and they supply a
better view of the line, which represents the extension
of the fracture around and behind the nail.

G.CAZZATO ET AL.

Classification

Peri-implant fracture classification is simpler
than the peri-prostethic fracture classification,
also because of the choice of surgical treatment.
Classification is made with standard radiographs,
using the AO classification and the modified
Vancouver classification (1). In regards to the AO
classification, a femoral shaft fracture can be spiral
(A1-3), oblique (B1-3) or complex (C1-3); While in
the modified Vancouver classification, the fracture is
categorized to assess the location of the fracture.

- A: for the trochanteric region;
- B1: just below the distal end of the fixed nail;
- B2: just below the distal end of the loose nail
- B3: just below the distal end of the loose nail and
poor bone quality or severely
comminuted bone;
- D: inter prosthetic fracture.

This modified system is also used to assess the
loosening of the nail, as a loss of distal fixation due
to a secondary femur fracture and non-union of the
trochanteric fracture.

The most common typeS of fractureS were AO
32.A1 (53.5%) and AO 32.B1 (23.3%), as well as
Vancouver C and B1 (1).

Risk Factor

In the actual literature, to determinate the
predisposing factor to the secondary fractures,
the authors focused their attention on risk factor
and surgical-related risk factor patients. When
considering patient-related risk factors, the results
were the same as those predisposed to any kind of
accidental fall.

In regards to risk factors related to the patient,
we have to consider anticoagulation therapy for
atrial fibrillation, previous myocardial infarction
or previous pulmonary embolism (1). Other
risk factors are diabetes mellitus, chronic renal
insufficiency and old cerebral infarcts, which can
be the cause of weakness or accidental fall (2).
Lang et al proved that 45% of the patients which
sustained a secondary femur fracture had DEXA
(Dual Energy X Ray Absorptiometry), proven
osteoporosis or osteopenia (1).

Much more debated and complex is the study of
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the surgical related risk factor, including the technical
procedure and the choice of the device. Many
mechanisms can be responsible of a secondary femur
fracture after CMN. First of all, an inappropriate
entry point, fracture malreduction, over reaming
(>1.5 mm) of the shaft, the use of an awl instead of
a center drill, multiple drilling to correct insertion of
screws (2, 6, 7).

Thanks to the continuous improvement of
surgical procedure and characteristic of device, the
rates of secondary fracture has decreased in the last
year. Norris et al in fact, described the decreasing of
secondary fracture in the third generation of gamma
nail when compared to the older one (1.7% vs 2.6%)
(4). In the Asian population, for example, as the
result of an anthropometric study of Chinese femur,
a particular nail has been developed to fit in to the
anatomy of the Asian proximal femur with the aim
to reduce secondary femur fractures. This is shorter
and it has less curvature than the other short nail (2,
4,8,9).

For a long time in the clinical practice, the gold
standard for the intertrochanteric fracture was long
intramedullary nail. This surgical approach has been
supported by biomechanical evidence stating that

Fig 1. X-Ray of secondary femur fracture after CMN.
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long nails help to distribute axial loads along the
entire length of the diaphysis. A study demonstrated
that load transferred at the tip of long intramedullary
implant was not significantly different from that of
an intact femur (5-10).

In the last years instead, short intramedullary
nailing were preferred because short nails required
less operative time, lower estimated blood loss,
fewer blood transfusion and lower risk to damage
anterior cortex of the femur shaft, which, in older
patients, is thinner because of the low bone quality
(11-12). Many recent studies demonstrate that the
incidence of secondary fracture around short nail
is about 0-2.7%, with no statistically significant
difference from long nails (4, 12- 15).

Daner et al, in a cadaveric study with 10 pairs
of cadaveric femur, studied the axially and torsional
stress to failure. They implanted CMN in intact
femur, a short nail in the left femur and a long one
in the right femur. The femur were postoperatively
tested in internal rotation and axial stress. The short
nail failed typically with a spiral fracture at the tip
of the nail, in the mid shaft, around the interlocking
screw. The long nail failed with distal spiral fracture
involving the distal interlocking screws. The chance
of failure for the short nail was significantly higher
than for the long one; the tolerance of rotation was
also significantly higher for the group of short nails,
when compared to the group of long nails (5).

Norris et al compared the incidence of
postoperative secondary femoral shaft fracture in
biaxial and uniaxial nail. They demonstrate that
there is a significant difference. Uniaxial nail is a
fixation system with a single screw, pin or blade that
goes across the femoral fracture; a biaxial nail has
two screws pins or blades, instead. The incidence in
biaxial nail was lower that uniaxial nail (4).

Treatment

In the current literature and in our clinical
practice, the treatment of choice is based on type of
device, on the characteristic of the fracture and on
the clinical state and functional require of patient. In
the cases of short nails, the fracture is often localized
at femur mid shaft. In this cases the best treatment is
removing the short nail and replacing it with a longer
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one and eventually adding circles wires, to sustain
the bone continuity because of the line fracture is
often spiral (2).

In the cases of a secondary femur fracture around
long nail, that are usually localized more distally, the
pre-operative planning is based on the presence or
not of bone healing. If the fracture is consolidated
the treatment of choice is removing the long nail
and fixing the new fracture with plate, screws and
eventually circles wires. If there isn’t bone healing
instead, it’s not possible to remove the nail and
the new distal spiroid fracture can be fixed, after
removing the distal interlocking screws, with a
condylar plate, monocortical proximal screws or
eventually circles wires or a lap plate and bicortical
distal screws. The same surgical treatment could
be used for fracture that occurs in distal shaft after
CMN with short nail (Fig. 2).

Moreover, in the literature the attention is focused
on the cases of device failure. It occurs often in
non-union of the fracture, where the load brings
a mechanical stress that determines the break of

Fig 2. Surgical treatment with plate, screws and wires in
Vancouver C
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Fig. 3. Device failure in nonunion fracture after 7 months
of surgery.

device with multiple micro-motion at the site of the
fracture. (Fig. 3) In this case, the surgical technique
of choice is removing the nail and replacing it with a
longer one, if there is a good bone stock, which make
it possible. If there is an important compromising of
coxo-femoral articulation and bone reabsorption, it
can be necessary to implant a mega-prosthesis.

Outcome

There is no significant influence on mortality
complication, duration of surgery or postoperative
mobility if the secondary fracture occurs less than
or longer than 6 months after initial surgery for
trochanteric fracture (1).
Lang et al described that early mortality, within
30 day after surgery, was observed in 7.1% of
patient; intermediate mortality, within 90 days,
was 14.3% generally for cardiopulmonary failure;
late mortality was 9.5% (1). Griffiths et al reported
a 10% mortality rate in patients within 30 days
(16-18). The bone healing of the secondary femur
fracture was observed within 8-27 weeks in 95.3%
of patients (1).
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MUELLER-WEISS DISEASE: REVIEW OF THE LITERATURE
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Miiller-Weiss (MW) disease is a spontaneous osteonecrosis of the tarsal navicular bone in adults. It
is a rare cause of chronic medial midfoot pain and deformity characterized by the collapse of the dorso-
lateral part of the navicular, progressive navicular fragmentation and talonavicular joint destruction.
This study provides a review of the literature about the epidemiology, etio-pathogenesis, clinical,

radiological findings and therapeutic alternatives.

Historical background and epidemiology

In 1927, for the first time, Walther Mueller
described the condition, attributing it to the
compression exerted by the adjacent bones on the
navicular (1). A year later, he published another
study proposing that this alteration was due to a
congenital defect without trauma. In 1929 Konrad
Weiss, a radiologist, described a similar condition,
but suggested osteonecrosis as a triggering cause (2).

Osteochondrosis of the navicular, Koehler’s
disease (KD), is a distinct entity from (MW), for
both the age group of the population involved and
the prevalence and clinical course; in fact, KD
has a higher prevalence in male sex, is often less
symptomatic, leaves no deformity and is self-limiting
with spontaneous resolution.

There are not definite data on the incidence and
prevalence of MW disease, but in its most common
presentation it occurs in females, in the fourth to sixth
decade of life, it is usually bilateral and results in
deformity with various degrees of flatfoot typically
associated with a varus hindfoot (3).

Anatomy and etio-pathogenesis

The tarsal navicular is a keystone of the medial
column of the foot, contributing to the integrity of
both the medial longitudinal and transverse arches.
The plantar face of the navicular is supplied by
the medial plantar artery, while dorsal and lateral
face are supplied by the Dorsalis pedis. As a result
of these circumferential and centripetal blood
vascularization, there is a paucity of vascular
perfusion in the central zone of the navicular and it is
also the area of maximum shear stress. This feature
increases with age and is the reason for the greatest
incidence of stress fractures and osteonecrosis in this
navicular zone (4).

The etiology remains controversial and unclear.
Several theories have been proposed including
congenital malformation, primary osteonecrosis,
traumatic or biomechanical stress, navicular
osteoarthritis, abnormal evolution of Kohler’s
disease. The role of systemic diseases such as diabetes
mellitus and lupus, drugs (steroids, antineoplastic)
and excessive alcohol consumption has also been
discussed (5). It should be noted that patients often
have a high BMI and the highest incidence in Europe
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indicating a possible environmental and nutritional
influence.

Maceira et al, in the largest series of patients,

proposed a combination of delayed ossification of
the tarsal navicular and abnormal plantar pressure
distribution as a cause.
The delay in ossification, due to local or generalized
disorders (extrinsic - as nutritional deficiencies - or
intrinsic — e.g. endocrinopathies), make the bone
more vulnerable to deformation and ossification
under strong compression causes an abnormal shaped
navicular bone.

The delay in ossification is necessary for the
disease to occur, along with an abnormal distribution
of force that exerts a compressive force on the lateral
half of the navicular and leads to deformity and

S
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fragmentation.

Hrestoni et al studied the distribution of plantar
pressure in patients diagnosed with MW disease,
comparing it with healthy patients, showing an
increased plantar pressure in the midfoot and a
reduction in finger pressure. This different pattern
could be responsible for pain and discomfort of
patients (6) and can help in the choice of possible
corrections and non-surgical treatments (insoles, arch
support, hard platform shoes).

Conditions leading to an uneven distribution of
compressive stress on the navicular with an increase
on its lateral half [including primary subtalar joint
varus, first ray brachymetatarsia (congenital or
acquired), and compound conditions such as mild
or misdiagnosed forms of clubfoot and pathological

Fig 1. Oblique (4), anteroposterior (B) and lateral (C) radiographs of both feet showing: subchondral sclerosis,
irregularity, narrowing of the talonavicular joint, apparent osteophyte formation, positive “cuboid-sign” and comma-like
shaped navicular bone (arrow) due to decreased coverage of the navicula. (C) Lateral weight bearing radiograph shows
dorsal protrusion of navicular.
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metatarsal formula], may cause the failure of the lateral
half of the bone. Shearing forces may appear between
the talar head and the lateral cuneiforms that lead to
increased deformity and eventual fragmentation of
the cartilaginous navicular. The lateral displacement
of the talar head implies a fixed hindfoot varus, which
is a constant feature in MW disease.

Clinical Presentation

Most patients referred chronic and progressive
pain in the mid-foot and hind foot, without prior
trauma that increases and worsens with weight
bearing and walking (7, 8).

Clinical examination can show swelling and
tenderness over dorsomedial aspect of the midfoot,
a hindfoot varus, with a normal or alterated medial
longitudinal plantar arch depending on the stage of
disease (9). The prominence at the medial side of
the midfoot of the navicular tuberosity can give a
false clinical impression of valgus hind foot (pseudo
hindfoot valgus) (10). A hallmark of advanced
disease is a paradoxical pes planus varus, due to a
varus hindfoot and a pes planus deformity (11).

Other clinical findings are external rotation of the
tibia, secondary to varus hindfoot and a consequent
retroposition of the external malleolus compared
to the internal malleolus. This situation results in a
patellar maltracking and often the patients complain
of anterior knee pain. Suspecting the diagnosis, a
careful anamnesis should be performed to search for
possible environmental (socioeconomic) or personal
factors (systemic diseases, endocrinopathies) that
can compromise normal development and normal
growth during infancy.

Diagnosis
Clinical examination and weight-bearing
radiographs in the frontal and lateral projections are

usually sufficient to make a diagnosis (12).

Radiological features are (Fig. 1):

e (Comma (or hourglass) shaped of the navicular
bone, instead of its normal “boat-shaped”
configuration: this is the result of internal
rotation of the medial half and compression
with collapse of the lateral half between the talar
head and lateral cuneiform.
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e The navicular shows decreased size, increased
radiodensity, fragmentation, and medial or
dorsomedial protrusion (13).

e Medial shift of the cuboid relative to the
calcaneus (“cuboid sign”).

e Large open sinus tarsi (due to hindfoot
supination).

e Hypertrophic second metatarsal (due to lateral
shift of compressive forces from the first to the
second metatarsal) (14).

e Degenerative changes on perinavicular joint.
Absence of index plus metatarsal (a relative
short first metatarsal — index minus).

Based on plain weight bearing lateral
radiographs, Maceira classified patients into
five stages basing on sagittal plane deformity of
navicular bone measured through the angle formed
by the intersection of the axis of the talus and the
axis of the first metatarsal on weight-bearing lateral
view (Meary-Tomeno’s angle/axis):

e stage 1. Radiographically, navicular is normal
or with minimal changes, MRI can show
intraosseous edema and there may be a subtle
subtalar varus deformity.

e stage 2. Lateral displacement and dorsal
subluxation of the talar head with subtalar
varus; initial dorsal angulation of M-T line.

e stage 3. Compression or splitting of navicular,
flattening of longitudinal arch, reduction of the
space between the talar head and the cuneiforms.
M-T line alignment is neutral.

e stage 4. Further navicular compression with
rearfoot equinization. Paradoxical pes planus
varus; M-T lines intersect on the plantar side
and reveal marked longitudinal arch flattening.

e stage 5. Defined by complete extrusion of the
navicular with formation of talocuneiform
articulation.

This is aradiological classification and often there
is no correlation between radiological deformity/
fragmentation of navicular bone and severity of
symptoms (15). The other imaging procedures play
arole for completing the diagnostic procedure and in
preoperative planning.

MRI helps in the differential diagnosis with
stress fractures, osteonecrosis and infections; it has a
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high sensibility in detecting intraosseous edema and
early perinavicular arthritic changes and of course
for the study of the surrounding soft tissues. CT scan
with 3D reconstruction is useful for pre-operative
planning and asessing bone destruction.
Histological examination via bone biopsy allows
to exclude osteonecrosis, but it is very controversial
and the histological characteristics depend a lot on
the age of the patient and on the stage of the disease.

Treatment

At present, there is no gold standard for surgery,
although many surgical options have been described.

It is important to make a diagnosis in the
early stages to allow a conservative treatment,
which includes anti-inflammatory, supportive or
accommodative orthotics (with a lateral wedge
below the heel to correct the varus deformity of the
hindfoot), short-leg casts and activity restriction
(15). These conservative treatments may effectively
decrease pain and improve function.
Pain can be tolerated for years (16) and surgery
is reserved only for cases that do not respond to
non-specific, conservative and supportive therapy
(17). The surgical indication is based more on the
severity of the symptoms rather than on the severity
of the deformation, though in most of the studies the
cases that undergo surgical treatment are the most
advanced stages of the classification of Maceira
(stage 3 and above) (14, 15, 16). The objectives of
all the surgical options proposed are fusion with
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arthrodesis of symptomatic degenerative joints to

relieve pain and restoration of the plantar vault and

medial longitudinal arch (through the correction of
the Meary-Tomeno line). Various kinds of operative
interventions have been propose including:

e Percutaneous core decompression of the
navicular only in the early stages (in advanced
stages patients have already developed
advanced deformity and this decompression is
not enough) (16);

e internal fixation of the navicular (often it is
not possible for bone deficiency in the more
advanced stages);

e® debridement and complete excision of diseased
navicular bone and reconstruction of medial
tarsal column with bone graft (18);

e various kinds of arthrodesis of the involved
joints;

e isolated talonavicular arthrodesis, may be an
effective treatment option in patients who have
relatively healthy subtalar and calcaneocuboidal
joints but has an high risk of pseudoarthrosis
because the altered navicolocuneiform joint is
not repaired (19, 20, 21);

e talonavicular-cuneiform
(perinavicular arthrodesis) (TNC);

e open or arthroscopic triple arthrodesis (does not
address the symptoms due to naviculocuneiform
arthrosis) (22);

e triple plus the naviculocuneiform joints (23,
24);

arthrodesis

Fig 2. 40-year-old woman with chronic foot pain and advanced Mueller-Weiss syndrome. Preoperative CT scan imaging
confirms fragmented navicular (arrow) and perinavicular osteoarthrosis.
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; Fig 3. Postoperative images of the female in
Fig. 2. Frontal (A) radiograph and lateral CT
scan image (B) of foot. Talonaviculocuneiform
arthrodesis was performed using medial and
dorsal side plates with associated screws.
Navicular and perinavicular joints have been
reduced into adequate alignment.

Fig 3. Postoperative images of the female in Fig. 2. Frontal (A) radiograph and lateral CT scan image (B) of foot.
Talonaviculocuneiform arthrodesis was performed using medial and dorsal side plates with associated screws. Navicular
and perinavicular joints have been reduced into adequate alignment.

The arthrodesis can restore the length of the
medial column and relieve the pain caused by
removal between the fragments or osteoarthritis.
(Fig. 2, 3). Talo-navicular-cuneiform arthrodesis,
with bone grafting, satisfies the 2 main objectives of
surgery and provided the best results in most of the
published papers.

The 2 most important studies on surgical option
are from Retana et al (25) and Cao et al (20). The
surgical approaches most used are the dorsal
approach between the anterior tibial tendon and
extensor hallucis longus or medial approach, with
use of bone graft, autograft or allograft. For the
stabilization of the graft and for arthrodesis, some
studies suggest the use of screws or plate instead
Retana et al showed as the internal fixation of the
graft is not necessary if the graft is correctly applied,
as it is usually quite stable and self-locking.

Others possible corrective surgical procedures
must be value and can be added, such as calcaneal
osteotomy and Achilles tendon lengthening.
Postoperative rehabilitation requires at first an initial
cast immobilization from 8 to 12 weeks following by
a progressive weight bearing.

CONCLUSION

MW disease is a tarsal navicular osteonecrosis
related to an abnormal plantar pressure on a bone
with suboptimal ossification and must be suspected
especially if bilateral and in female. In patients
who do not respond to conservative treatments,
radiology is crucial to evaluate the joints involved
preoperatively. TN or TNC arthrodesis for advanced
stage of disease have good clinical outcomes in
terms of solid fusion rate and improvement of the
quality of life. A large sample size and long-term
clinical follow-up studies are required to evaluate the
efficacy and safety of the various surgical options.

REFERENCES

1. Mueller W. Ueber eine eigenartige doppelseitige
Veraenderung des os naviculare pedis beim
Erwachsenen. Dtsch Z Chir 1927; 1-2:84-9.

2. Weiss K. Uber die “malazie” des os naviculare pedis.
Fortschritte auf dem Gebiete der Rontgenstrahlen
1927; 45:63.

3. Goedhart LM, Somford MP, Kempink DR, Zeegers



162 (S1)

10.

I1.

12.

13.

14.

AV Miiller-Weiss disease:
necrosis of the navicular bone Ned Tijdschr Geneeskd
2015; 159:A9036.

Bartolotta RJ, McCullion JC, Belfi LM, Hentel KD
Mueller-Weiss syndrome: imaging and implications.
Clin Imaging 2014; 38(6):895-8.

Aktas E, Ayanoglu T, Hatipoglu Y, Kanatlhh U
Spontaneous and bilateral avascular necrosis of the
navicula: Miiller-Weiss disease. Eklem Hastalik
Cerrahisi 2016; 27(3):179-82.

Hetsroni I, Nyska M, Ayalon M. Plantar pressure

idiopathic avascular

distribution in patients with Miiller-Weiss disease.
Foot Ankle Int 2007; 28(2):237-41.

Goedhart LM, Somford MP, Kempink DR, Zeegers
AV. (Miiller-Weiss disease: idiopathic avascular
necrosis of the navicular bone. Ned Tijdschr
Geneeskd 2015; 159:A9036.

Kani KK, Mulcahy H, Chew FS. Case 228: Mueller-
Weiss Disease. Radiology. 2016; 279(1):317-21.
Nguyen AS, Tagoylo GH, Mote GA. Diagnostic
imaging of the mueller-weiss Syndrome: findings of
a rare condition of the foot. J Am Podiatr Med Assoc
2014; 104(1):110-4.

Maceira E, Rochera R. Miiller-Weiss disease: clinical
and biomechanical features. Foot Ankle Clin N Am
2004; 9:105-25.

Maceira E. The paradoxical pes planus varus in
Muller-Weiss disease. Presented at the Second
Combined Meeting of Foot and Ankle Surgeons
(CoMFAS) Congress, Venice, Italy, September 16-
18, 1998.

Mohiuddin T, Jennison T, Damany D. Miiller-Weiss
disease: review of current knowledge. Foot Ankle
Surg 2014; 20:79-84.

Haller J, Sartoris DJ, Resnick D, Pathria MN,
Berthoty D, Howard B, Nordstrom D. Spontaneous
osteonecrosis of the tarsal navicular in adults:
imaging findings. AJR Am J Roentgenol 1988;
151:355-8.

Samim M, Moukaddam HA, Smitaman E. Imaging
of Mueller-Weiss Syndrome: A Review of Clinical
Presentations and Imaging Spectrum. AJR Am J

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

C. PERISANO ET AL.

Roentgenol 2016; 207(2):W8-W18.

Levinson H, Miller KJ, Adams SB, Parekh SG.
Treatment of spontaneous osteonecrosis of the
tarsal navicular with a free medial femoral condyle
vascularized bone graft: a new approach to managing
a difficult problem. Foot Ankle Spec 2013; 7:332-7.
Janositz G, Sisak K, Toéth K. Percutaneous
decompression for the treatment of Mueller-Weiss
syndrome. Knee Surg Sports Traumatol Arthrosc
2011; 19:688-90.

Miltner O, Niedhart C, Piroth W, Weber M, Siebert
CH. Transient osteoporosis of the navicular bone in a
runner. Arch Orthop Trauma Surg 2003; 123:505-8.
Tan A, Smulders YC, Zpo™ hel OT. Use of remodeled
femoral head allograft for tarsal reconstruction in the
treatment of Mu” ller—Weiss disease. J Foot Ankle
Surg 2011; 50(4):721-6.

Cao HH, Tang KL, Xu JZ. Peri-navicular arthrodesis
for the stage 11 Miiller-Weiss disease. Foot Ankle Int
2012; 33(6):475-8.

Hu D, Zhang Y, Liang X, Li Y, Zhao H. Effectiveness
of talonavicular arthrodesis for Miiller-Weiss disease
2017; Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi
2017; 31(12):1434-7.

Harnroongroj T, Chuckpaiwong B. Miiller-Weiss
Disease: Three- to Eight-Year Follow-Up Outcomes
of Isolated Talonavicular Arthrodesis. J Foot Ankle
Surg 2018; 57(5):1014-9.

Lui TH. New technique of arthroscopic triple
arthrodesis. Arthroscopy 2006; 22:464.¢1-464.e5
Fornaciari P, Gilgen A, Zwicky L, Horn Lang T,
Hintermann B. Isolated talonavicular fusion with
tension band for Miiller-Weiss syndrome. Foot Ankle
Int 2014; 35(12):1316-22.

Yu G, Zhao Y, Zhou J, Zhang M. Fusion of
talonavicular and naviculocuneiform joints for the
treatment of Miiller-Weiss disease. J Foot Ankle
Surg 2012; 51(4):415-9.

Fernandez de Retana P, Maceira E, Fernandez-
Valencia JA, Suso S. Arthrodesis of the talonavicular-
cuneiform joints in Miiller-Weiss disease. Foot Ankle
Clin 2004; 9(1):65-72.



JOURNAL OF BIOLOGICAL REGULATORS & HOMEOSTATIC AGENTS Vol. 32, no. 6 (S1), 163-171 (2018)

TRANSILIOSACRAL FIXATION USING THE O-ARM2® AND
STEALTHSTATION® NAVIGATION SYSTEM
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Pelvic tractures are quite uncommon, they represent only 2-3% ot all tfractures. Usteosynthesis with
percutaneous trans-Iliosacral screw is recognized as one of the standard procedures for the treatment of
unstable posterior pelvic ring lesions. Because of the high number of complications associated with the
conservative treatment of these kind of lesions such as pain, limb heterometry, difficulty in walking and
sexual disability, percutaneous fixation with trans-iliosacral screw has found wide use and has become
very popular among orthopedic surgeons. This technique is indicated for the treatment of dislocations of

the sacro-iliac joint, some types of sacral and iliac fractures or combinations of these lesions.

Pelvic  fractures are quite uncommon,
they represent only 2-8% of all fractures (1).
Osteosynthesis with percutaneous trans-lliosacral
screw is recognized as one of the standard procedures
for the treatment of unstable posterior pelvic ring
lesions (2-4).

Because of the high rate of complications
associated with the conservative treatment of this
kind of lesions such as pain, limb heterometry,
difficulty in walking and sexual disability,
percutaneous fixation with trans-iliosacral screw has
found wide use and has become very common among
orthopedic surgeons. This technique is indicated
for the treatment of dislocations of the sacro-iliac
joint, some types of sacral and iliac fractures or
combinations of these lesions. Previously, an open
reduction with internal fixation was performed, but
it was seen to be associated with complications
such as perioperative hemorrhage, postoperative
infection and neurological deficits. Although the
percutaneous insertion of iliosacral screws has the

advantage of being minimally invasive, resulting in
less intra-operative blood loss and a low percentage
of postoperative infections, unfortunately it has the
risk of an incorrect placement of the screw due to
the complex anatomy and the high inter-individual
variability of the upper sacral tract. Furthermore, the
presence of pathological obesity, intra-abdominal
contrast or excessive intestinal meteorism can alter
the quality of the fluoroscopic image, especially
during the outlet view.

High precision is required to prevent screws
misalignment that can cause neurovascular damages.
In order to avoid these complications during surgery,
surgical times are lengthened as well as radiological
exposure time for the medical team and for the
patient (5, 6). In literature, a wide range of incorrect
positioning rates has been reported during ileosacral
fixation (7).

In order to minimize the incidence of an incorrect
screw  positioning, imaging techniques
have been used as a guide during surgery over

several
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the years, i.e., traditional fluoroscopy and 3D,
guided TC techniques, intraoperative neurological
monitoring and fluoro-assisted navigation from
computer (8), but despite the more precise imaging
of the bone structures provided by the CT scan (9,
10), conventional fluoroscopy remains the most
widespread technique because there is a greater
availability of the image intensifier in operating
theaters. In this technique, pelvic radiographs are
used in antero-posterior view (AP), inlet, outlet
and lateral in order to determine the screw insertion
point and its trajectory (11, 12). Moreover, in
order to obtain these radiographs, the surgeon only
needs a radiolucent operating table and an intra-
operative fluoroscopy machine. Zwingmann et al.,
in a systematic review, reported a low percentage of
incorrect screws placement and, consequently, a low
revision rate (1.3% in 445 positioned screws) due to
the use of computer assisted navigation (13).

A standardized system is required to compare
different studies. The aim of this study is to show
the benefits that navigation system can bring in terms
of surgical time, learning curve, incorrect screws
placement and radiation exposure.

MATERIALS AND METHODS

All fractures of the posterior pelvic ring that arrived
at the Orthopedic First Aid Unit of the A. Gemelli
University Hospital IRCCS, Rome, Italy from June
2018 to September 2018 were included in the study. We
performed a preliminary study on 9 patients (4 males and
5 females) with an average age of 46 years, a maximum
age of 58 and a minimum of 21. All cases of fractures or
traumatic dislocations of the sacrum and of the sacro-iliac
joint treated in percutaneous with trans-ileosacral screws
by means of the O-ARM 2 / STEALTH STATION S8
Navigation System were included. All the conservatively
treated cases were consequently excluded.

They were sacral fractures or sacroiliac lesions
associated with anterior pelvic ring fractures classified as
B1 (four cases), C1-2 (four cases) and C1-3 (one case)
according to TILE / AO 14.

All patients underwent a graphical RX examination
in 3 pelvic views (antero-posterior, inlet and outlet), a
preoperative CT study and a postoperative CT study
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to evaluate possible incorrect screws positioning. In
addition to age and gender, the type of fracture, possible
malpositioning of the screws, the time of surgery and the
time of exposure to radiation were also recorded. The
score described by Smithl5 to highlight any perforation
and the angle of the screws was used. The sum of both
values corresponds to the “screw score” that goes from a
minimum of 0 points (perfect positioning) to a maximum
of 6 points (positioning needs revision).

All the CTs, pre- and post-operative were performed
by radiologists skilled in musculoskeletal who were not
aware of our study. A systematic review of the literature
was also carried out using the common dedicated
search engines (PUBMED, GOOGLE SCHOOLAR,
COCHRANE) in order to compare our methodology with
the results published in the literature regarding the various
techniques. Fisher’s exact probability test was used. A 5%
significance level was applied for all tests (P <0.05)

Surgical procedure

The procedure was performed on a radiolucent
carbon bed where the patient assumed a supine
position. All the patients in the study were operated
by the same surgical team; the navigation system
O-ARM 2 / STEALTHSTATION S8 (Medtronic
Sofamor Danek) was used.

All patients had a monolateral ligament injury or
a fracture of the anterior and posterior pelvic ring
(Fig. 1). They were operated in supine decubitus
on a radiolucent board in carbon, positioned on
the lateral edge of the board and lifted from it by
about 20 cm by means of sheets positioned below
the column to facilitate the introduction of the guide
wire and subsequently of the trans-iliosacral screw
which, in the supine position, requires a postero-
anterior inclination of about 25°.

First of all the reduction and synthesis of the
anterior open pelvic ring was performed and then,
always in the supine position and with a single
operative field, the trans-iliosacral screw was
positioned. In particular, the navigator detector was
first applied on the iliac crest of the healthy hemi-
pelvis with 4 mm fiches (Fig. 2).

Soon after, a CT scan of the pelvis (Fig. 3) with
O-Arm 2 (Medtronic Sofamor Danek) and the
acquisition with the Navigator (Stealth Station S8
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Fig. 1. O-Arm 2 positioning in operating room with carbon
operating table.

Navigation System) were performed. Subsequently
the recognition by the navigator of the cannulated
trocar that allows the introduction of the 2.8 mm
guide wire was performed. Using this navigated
trocar it is possible to identify the correct entry point
of the guide wire and its direction on the three plans
ofthe space. It was also possible to insert the diameter
of the definitive screw (7.3 mm) in the navigator and
to measure the length of it.
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Once verified that the screw had a correct
position on the axial, coronal and sagittal plane, the
guide wire was inserted, the reaming was performed
and finally the definitive screw was put in. In the
first three cases, intermediate CT acquisitions were
performed after positioning the guide wire and the
cannulated screw to verify the actual accuracy of
the positioning. In the following cases, only one CT
scan was performed to avoid exposing the patient to
further unnecessary radiation. In fact, it is possible
to state that it is sufficient to perform a single CT
scan to do it properly. In all patients there were no
complications due to a malposition of the screws,
the bleeding was about 10 cc and the average time
of placement of the trans-iliosacral screw was 50
minutes.

RESULTS

In all the cases treated by the O-ARM 2/
STEALTHSTATION S8 Navigation System an
execution time superimposable to non-navigational
techniques was observed: 51 min on average (£20.5)
of the navigated technique against the 58.8 (£19.4) of
the conventional technique, although the difference
did not appear statistically significant (p value 0.65).
During the surgery, exposure to radiation was almost

Fig. 2. Real-time intra-operative multiplanar 2D images.
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zero for the medical team and it was minimal for
the patient: 163.9 seconds on average (+166.2) for
each screw using the conventional technique against
96.6 (£81.6) for each screw with the navigated
technique with a p value of 0.03 which is statistically
significant.

Radiation rate for the medical team was zero
because during the CT acquisitions the medical staff
came out of the operating room. Two CT acquisitions
were made: the initial one detected the pelvic volume
and the second after positioning the guide wire to
check the correct positioning; only in the first case,
a third acquisition was performed to verify the final
positioning of the screw.

From the post-operative CT study, there were no
cases of poor positioning in any of the 18 implanted
SCrews.

DISCUSSION

Preliminary studies reported in the literature
were performed on saw bone, on corpses with intact
basins or in patients with compound or minimally
decomposed sacral wing fractures. In fact, foraprecise
navigated positioning of ilio-sacral screws, stability
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of the sacral fracture is essential because either
composed or made stable by a temporary synthesis
with wires or with an external fixator. The goal of
operative treatment for unstable pelvic ring fractures
and sacroiliac dislocations is an anatomic reduction
to restore the biomechanical axis and a rigid fixation
to facilitate an early mobilization. Early operative
treatment decreases immobilization-associated risks
like thrombo-embolic events, pneumonia, decubital
ulcer and psychological decompensation (16). It is
essential, in fact, that there is no movement of the
fracture and that the patient’s pelvis is fixed on
the operating bed in order not to alter the spatial
references acquired by the navigator. For this reason,
some surgeons connect the patients to the operating
bed by means of external fixation fishes positioned
in the posterior iliac crest or in the anterior iliac
crests connected to a Matta type frame. In this way,
the patient is fixed to the operating table, preventing
movements of the patient and therefore of the pelvis
during the reduction maneuvers. In case of unstable
Tile’s type B or C lesions, it is therefore necessary
to carry out the surgical time of open reduction of
the fracture first or, if possible, percutaneously. In
the less displaced type B lesions, it is sufficient to

Fig. 3. Postoperative X-Ray of open book lesion.
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make a reduction and synthesis of the anterior pelvic
ring with a plaque on the pubic symphysis. In type
C, it is necessary to reduce the posterior fracture in
advance or, in some cases, to reduce and synthesize
the sacroiliac anteriorly and simultaneously the
symphysis and only after obtaining stability, the ileo-
sacral screws can be positioned.

Lehmann etal. (1934) (17) was the first report to of
an open screw fixation of a sacroiliac dislocation, but
the technique of percutaneous fixation with iliosacral
screw to treat the sacro-iliac dislocations and sacral
fractures was developed above all by Letournel (18).
Since then, the technique has undergone several
modifications, based on Matta’s widely established
and standardized fluoroscopic projections (inlet
and outlet) to evaluate the pelvic ring lesion and
control the screw placement intraoperatively (19).
An additional true lateral view further increased the
accuracy of transiliacal screw placements, especially
for the screw placement in S2 (20). Even the most
experienced surgeons reported mean fluoroscopy
times of 126 seconds to place iliosacral and 200
seconds for placing retrograde superior pubic ramus
screws (21). In some cases, a mean fluoroscopy
time of up to 18 min was needed for iliosacral and
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transiliacal screw positioning (22). To avoid
time-consuming changes of the c-arm position, the
simultaneous use of two fluoroscopes was reported.
It significantly reduces the fluoroscopy time (320 vs
270 seconds/screw), as well as operating time (23).
Disadvantages of this procedure are the need for
two fluoroscopic units and limited space around the
operating-table.

Using a 2D based navigation system, three
fluoroscopic images have to be acquired once
and then the movement of the guide wire CAN
be visualized and virtually controlled on these
images simultaneously. This technique reduces the
fluoroscopy time and enables “first pass” guide wire
placement reported in experimental settings so far
(24).

The use of recently introduced 3D fluoroscopy
for navigation seems to further increase the accuracy
of iliosacral screw placement compared to 2D
fluoroscopy, as reported in two cadaver studies
(25). The CT like visualization of osseous structures
and additional reformations, displaying orthogonal
planes in front of the driller tip and offering a “view
ahead”, seems to be an advantage, but randomized
clinical studies are warranted. Advantages of

11 4
63,6 (25-90) 46 (21-58) 0,284
9 4 0,498
77 5
SCORE DI SMITH < 3 22 9 0,095
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1639 6.6 003

CONVENTIONAL MAVIGATION “
TREATMERMNT TREATMENT
25 3 0.558
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computed tomography (CT)-guided sacral fixation
are the direct visualization of the course of the screws
and the absence of significant wound complications.
This technique provides superior visualization of the
nerve roots and sacral canal compared to fluoroscopic
methods.

Finally, = the  Robot-assisted = Navigation
Procedures were introduced (26), a system which
collects two fluoroscopic images using C-arm in
different directions during the surgery for screw
trajectory planning and spatial positioning. The
imaging principle of C-arm conforms to the imaging
principle of a pinhole camera and acquires the
spatial location of the surgical trajectory through
a biplane localization algorithm. In contrast to
navigation, robots not only allow the surgeon to
know the alignment of the guide wire in real time
corresponding to intraoperative fluoroscopy, but also
guide or assist the surgeon to perform the operation.

Medical robotic systems for orthopedic surgery
have been developed, but most studies about robot-
assisted iliosacral surgery are based on studies
using cadavers (27) or saw bone. That is a different
scenario from real life, with no soft-tissue tethers.
The safety and accuracy of robot-assisted orthopedic
surgery, measured through the number of drilling
attempts, screw positioning, and radiation time,
have been shown to be better than the conventional
techniques. However, there are some disadvantages
with the robot-assisted navigation system:

1) The surgeon must be constantly aware of the
position of the navigation machine and should
avoid the path between the trackers and the detector.
Blocking the field of view of these cameras will cause
loss of tool reference, which might be frustrating, but
not critical for the operation;

2) Inserting trackers in the iliac spine for registration
is an extra step that must be undertaken. It carries
minimal risk but definitely discomfort for the
patient. It has to be undertaken so as not to be on
the placement site of the implant and it has to be
placed so that the navigation machine to detect it at
all times;

3) Using a robot-assisted navigation system adds
to the cost of the surgery, including the cost of the
machine, the cost of staff responsible for operating
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the machine, and the cost of replacing trackers
when they have decreased sensitivity. However,
technology could be implemented in other hospital
service lines, such as neurosurgery or arthroplasty,
and a transfer to orthopedic use is likely to be less
demanding in that case.

In order to improve the positioning of the screws,
several anatomical studies have been published
which the aim to clarify the dimensions of the so-
called “safe zone” or the “corridor” with the lowest
risk of causing a nerve injury (28, 29). This area has
been shown to have an oval shape, with a maximum
diameter of 22 mm, a minimum diameter of 11 mm
and an average angle for the screw of 20.5° in outlet
projection (30, 31).

In a very recent study, Berger Groch et al.
demonstrated a precision of the screw positioning
equal to 79.03% for the conventional method
using conventional fluoroscopy and 86.47% for
the navigated method (32). The ideal method to
determinate the perfect placement of the screw in
a standardized manner is a controversial question.
Another study with a similar design showed a great
advantage of the navigated method compared to
the traditional method, with an accuracy of 81%
(54 patients) in the first case compared to 42% (87
patients) of the second 33. One of the largest studies
comparing the conventional method to computer-
based methods was published in the German pelvic
trauma record in 2013 supported by a series of 597
patients and showed that no significant difference
was found in the intra-operative and post-operative
complication rate (34), but without specific reference
to the malposition of the screws. Another thorny
topic concerns radiation exposure.

It has been shown that computer-assisted screw
placement involves less radiation exposure (35,
36). For example, in the previously mentioned
study by Berger Groch, it has been shown that there
is a significant reduction in the time of radiation
exposure in the navigated group (p=0.023) and that
the same time is reduced inversely proportional to the
experience that the surgeon acquires over the years
of using this surgical technique. This is an important
factor to minimize long-term radiation damage for
operating room staff.
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To properly specify misplacement and compare
different studies, a standardized system is needed.
One reasonable suggestion is the one made by Smith
et al., which was applied in this study. One limitation
of this study was that we did not have our own
control group treated with a conventional method.
Another important point is that our record of cases is
still very small to be able to compare it with a control
group as wide as that one reported in the literature.

The percutaneous positioning of the iliosacral
screw is an effective, minimally invasive and safe
method with a low complication rates. The literature
has shown a much better precision of the group
with a navigated procedure in the placement of the
screws, but it is useful especially in cases where
there are anatomical variants or other risk factors for
misplacement. 2D-fluoroscopic navigation is a safe
tool providing a high accuracy of screw placement,
but in the case of a bilateral iliosacral screw fixation
an increased risk for screw misplacement was
observed. For this fixation, an intraoperative 3D
fluoroscopic evaluation should be considered, if
available. Additional retrograde ramus pubic screw
fixation requires the pass of the iliopubic eminence
by inserted screws to prevent an axial screw
loosening. At the same time, navigation has shown
to significantly reduce radiation exposure rates that
are beneficial for both staff and patients.

From this preliminary experience, the CT
navigated technique for the positioning of the trans-
iliosacral screws presents some advantages, i.e.,
the absence of radiation for the medical team, the
absolute accuracy in positioning of the cannulated
screw, the minimal bleeding and the slight reduction
of the overall surgical times of the intervention
compared to the traditional fluoroscopy technique;
thanks to the fact that, in the treated cases, only one
position and only one surgical field was performed.
In regards to the dose of radiation to which the patient
is exposed, it results to be equal to half of a normal
CT and overall is slightly higher than the dose of
radiation taken with the traditional technique.
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THE BIOMOLECULAR INTERACTIONS BETWEEN ENDOTHELIUM AND BONE
CELLS: AN OVERVIEW
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Bone turnover is a complex set of different molecules pathways and it is strictly connected with
bone vasculature. It includes every bone process concerning bone modelling and remodelling such us
skeletal growth and healing process. A fundamental component of this bone architecture is played by the
endothelium, that acts in a paracrine fashion on other bone stromal cells via humoral factors, growth
factors and chemokines/cytokines. The alteration of those biochemical interactions between endothelium,
vasculature and bone tissue may cause various pathological manifestations. Understanding the bases of
the interaction between those different pathways could provide novel therapeutic strategies for bone
disease. The Authors present an updated overview of the most common communication biomolecules
between bone cells and endothelium and their interactions both in healthy and pathological conditions.
Furthermore, focusing on gene and related therapies, possible future therapeutic strategies for bone

vasculature/metabolic diseases are presented.

The microscopic structure of the bone is
characterized by a high vascularization and an
intense bone turnover. This bone turnover is strictly
connected with bone vasculature and
every bone process concerning bone modelling and
remodelling such as skeletal growth and healing
process. These processes are made possible by a
unique interaction between the bone matrix, the
growth factors, the chemokines and the cells as
described according to the “diamond concept” (1).
Endothelium, a fundamental component of this bone
architecture, plays an important role in the local
bone metabolism both anabolic or catabolic, acting
in a paracrine fashion on other bone stromal cells
via humoral factors, growth factors and chemokines/
cytokines (2, 3).

Several hypotheses of this “cross-talk” have
been suggested during the past decades but the exact

includes

molecular mechanisms are not completely clear
yet (4, 5). We know that, under normal conditions,
this complex bone homeostasis is realized by
the balance between bone formation and bone
resorption, processes regulated by osteoblasts and
osteoclasts, respectively (6) (Fig. 1). Conditions like
trauma, metabolic or genetic disorders that causes
alteration of biochemical paracrine interactions
between endothelium, vasculature and bone tissue
could cause bone pathologies such as osteonecrosis
(idiopathic or secondary), Gorham-Stout disease,
Klippel-Trénaunay syndrome. In those conditions,
the metabolism is often inhibited causing bone
resorption or reduced bone deposition.

We wondered if a vascular alteration or tissue
damage occurred in a bone segment could modify
the paracrine function resulting in metabolic
dysfunctions at bone level. We overviewed the
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literature about the most common biomolecules for
communication between bone cells and endothelium
and their interaction both in healthy and pathological
conditions, we also analysed the possible future
therapeutic.

The biomolecular base of the interactions between
endothelial and bone cells

The communication between endothelium and
bone cells is complexly based on the release and
interaction of humoral factors, growth factors
and chemokines/cytokines. For instance, in case
of fracture healing, to ensure the correct bone
healing process the osteoinduction is build upon
the neovascularization that is allowed by the
expression of a signature profile of VEGF on the
mesenchimal stromal cells (MSCs). Indeed it has
been demonstrated that in patients affected by
Osteonecrosis (ON) of the hip, the pattern of VEGF
expression is different than the one in healthy
population. For instance, some studies assessed that
in human and animal models of late stage ON the
VEGF expression in MSCs is elevated, probably to
induce a reparative blood supply in the osteonecrotic
bone (7, 8). Moreover a study in Chinese population
affected by ON of the femoral head demonstrated
the presence of polymorphism in the VEGF genotipe
(634G/C) (9). However VEGF alone is not able to
promote effective osteogenesis and angiogenesis or
bone regeneration, indeed it may have synergistic
actions with other biomolecules like prostaglandins
(PGE2) or BMPs (BMP-2, BMP-4) (10, 11). In fact,
prostaglandins plays a role in bone metabolism as it
is demonstrated by their elevated expression during
mechanical load, injury or inflammation. Furthermore
the expression of VEGF mRNA in osteoblasts rat’s
model demonstrated its over expression concomitant
with an increased production of PGE2 (in a dose-
dependent fashion) (12). Moreover, once the
osteogenesis and angiogenesis process has begun, a
high level of Hypoxia-Inducible Factor (HIF-1) and
RANK-L expressed by chondrocytes (13, 14) both
express VEGF. The induction of bone formation
is also linked to other factors, such endothelin-1
and angiotensin-II (15, 16), after which the action
of the endothelium can coordinate all these cross-
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talks during bone growth, bone development, bone
remodelling, and bone repair (17). To complicate
this delicate system the activity of growth factors
is also modulated by the endocrine system. Indeed
ACTH, TSH and FSH modulate angiogenesis and
osteogenesis through the control of the synthesis
of VEGF and RANK/RANK-L, the release of the
VEGF and the bone resorption through the TNF-a
pathway (FSH induced). Moreover, parathyroid
hormone (PTH) has shown a vasodilating effect on
bone vasculature (18). As a demonstration of those
endocrine-modulated actions, some pathologic
bone condition or the chronic corticosteroids use
(as in ON of the hip) are strictly associated with
an uncontrolled VEGF release ACTH mediated.
It seems to create hyperpermeability of the
endothelial and so insufficient bone repair due to
vasculature insufficiency (19, 20). A central role in
osteoclastogenesis/bone homeostasis is played by
cytokines both for osteoclasts up-regulation (IL-1,
IL-6, 1L-7, IL-8, IL-11, IL-15, IL-17, 1L-23, 1L-34,
TNF-a) and osteoclast down-regulation (IFN-a,
IFN-B, IFN-y, IL-3, IL-4, IL-10, IL-12, IL-27, IL-
33) (21). Disregulation of interleukins levels plays
a role in the development of bone diseases (22).
Other cytokines act to promote the differentiation
of osteoclasts from the monocyte/macrophage
lineage, the macrophage colony-stimulating factor
(M-CSF) and receptor activator of nuclear factor-
kappa B (NF-kB) ligand (RANKL) that activate
NF-kB signalling by recruiting TRAF6 (TFN
receptor-associated factor 6) to its receptor. From
this interaction numerous signalling pathways start
to induce bone formation and activation as well
as autophagosomal degradation of TFN receptor-
associated factor 3 (TRAF3) that finally have a
positive regulatory differentiation role of MSCs into
osteoblastic precursors. Instead the role of IFN-y in
osteoclastogenesis is more conflicted resulting in a
balance of direct or indirect effect. Indeed, IFN-y
could both target RANK-RANKL and inhibits
osteoclasts differentiation as well as it activates
the immune response determining an increase
of osteoclastic factors. Nevertheless, there is no
possibility to maintain the normal bone mass in case
of loss of IFN-y signal. Moreover many transcription
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regulators [microphthalmia transcription factor
(MITF), c-Fos, NF-kB, and nuclear factor-activated T
cells c1 (NFATc1)] control osteoclast differentiation.

Understanding the base of the interaction between
those different pathways with future studies could
provide novel therapeutic strategies for bone disease
as it could be for the control of NFATc1 (23) or for
the inhibition of TRAF3 degradation that interrupts
bone resorption through osteoclast inhibition
and stimulates bone formation through MSCs
differentiation into osteoblasts (24). More debating
is the direct administration of IFN-y that could cause
bone loss or resorption at the same time depending
on the dose, usage and frequency (25).

The altered bone/vasculature complex and related
clinical conditions

The altered relationship between endothelium and
bone cells causes many different bone pathologies
such as idiopathic or secondary osteonecrosis,
bisphosphonate-related  osteonecrosis  of  the
jaws, Gorham-Stout disease, Klippel-Trénaunay
syndrome and vertebral hemangioma (26).
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The idiopathic osteonecrosis is the most common
disease related to a defect of bone vasculature.
It is probably linked to an ischemic injury that
causes an over-expression of TRAP (tartrate-
resistant acid phosphatase) protein on osteoclasts.
In this pathological condition, there’s a collapse of
bone architecture, mostly localized on long bone
epiphysis. The main symptom is a localized pain
on the interested bone and it is extremely helpful
for diagnosis using x-ray or MRI. Nitric oxide has
possible protective role in the pathogenesis of the
idiopathic osteonecrosis. Indeed, in Korean patient
with idiopatic avascular necrosis of femoral head a
polymorphism in intron 4 of Endothelial nitric oxide
synthase was significantly found.

On the other hand, osteonecrosis could be
linked to several congenital disorders (secondary
osteonecrosis). This condition is common in
patients affected by sickle cell anemia, primary
thrombophilia and hyperfibrinolysis, mainly in
thrombophilic Leiden mutation of the factor V gene
and prothrombin 20210A gene mutation. Probably
the main reason of this relationship concerns the
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Fig. 1. A summary of the biomolecular pathways between the endothelium and the bone cells. Ang II: angiotensin-1I;
BMPs: bone morphogenetic proteins, c-FOS: Fos proto-oncogene AP-1 transcription factor subunit; EC: endothelial
cell; ET-1: endothelin-1; HIF-1: Hypoxia-Inducible Factor; HSC: hematopoietic cell; IFNa-f-y: Interferon alpha-beta-
gamma, IL-: interleukin; MITF: microphthalmia transcription factor;, MSC: mesenchymal stem cell; NFATcl: nuclear
Jactor-activated T cells cl; Nf-kB: nuclear factor-kappa B; OB: osteoblast; OC: osteoclast; PGE2: prostaglandin E2;
RANK-L: Receptor activator of nuclear factor kappa-B ligand; TRAF3-6: TFN receptor-associated factor 3-6; VEGF:

vascular endothelial growth factor.
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increase in intravascular coagulation.

The bisphosphonate-related osteonecrosis of the
jaws is a condition largely documented in literature
caused by a relationship between the using of
high doses of oral or endovenous bisphosphonate
therapy and the incidence of ON, mainly concerning
mandible or maxillar bone. The knowledge of the
action mechanism, demonstrated in vitro or animal
experiment, probably concerns the intracortical bone
remodeling suppression induced by bisphosphonates,
the reduction of the angiogenic processes and
the inhibition of T-lymphocyte activation and
proliferation that increases the infection risk.

Known as “phantom bone”, Gorham—Stout
disease (GSD) is a pathological
characterized by disseminated multifocal vascular
lesions of the skeleton with possible visceral aspect.
It is characterized by a hyperemia with subsequent
excess of bone destruction and osteoclastic activity
respect to bone formation. The pathogenetic

condition

C.CARULLIET AL.

mechanism is linked to the over-expression of
OPG (osteoprotegerin), able to capture RANK-L
and OPN (osteopontin) that modify the apoptotic
and regenerative balance of bone methabolism. It
is important to underline that the osteolytic process
usually is painless and the patients discover to be
affected by this disease after a pathological fracture.

Klippel-Trénaunay syndrome (KTS) is a
congenital malformation probably related to
mutation of genes encoding for angiogenic factor,
such as VG5Q and RASAT located in chromosome 5.
It is characterized by mixed vascular malformations
associated with abnormal growth in the extremities,
muscle hypoplasia and intramuscular lymphatic
lesions. There is a simple form, with a segmental
port-wine stain and good prognosis, and a complex
form that includes deep venous system aplasia or
hypoplasia with geographic PWS and higher risk of
lymphatic involvement.

Vertebral hemangioma is a hamartomatous mass
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Fig. 2. The complex mRNA network. Various mRNAs play a selective role in bone homeostasis but a single mRNA has
multiple ascertanined effects in more than one type of cells at the same time: such numerous simultaneous effects make

hard a specific therapy.
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composed of thin-walled vessels lined by flat, usually
unknown and discovered as “incidentaloma” at MRI.
It’s a disease age-related that mostly concerns thoracic
and lumbar spine. Usually confined to the vertebral
body, VH may extend towards the posterior elements
and compress the spinal cord and nerve roots.

The presence and future prospectives of ‘“bone-
methabolism drugs”

The study of the different pathways involved
in the regulation of bone metabolism and bone
vascularization both in normal and pathological
conditions helps in the production of specific drugs
acting in the altered typical processes of some bone
diseases. Nevertheless antiresorptive drugs like
biphosphonates still remain the elective treatment to
any type of vasculature/metabolic bone disease (27-
30). The biphosphonates’s mechanism of action is
wide and it spreads from a strong antiangiogenetic
activity to an inhibition of osteoclast activity resulting
in the reduction of bone loss, bone resorption and
bone hypervascularization. These molecules have
been one of the pivot treatments in the early stage of
ON of the femoral head along with other treatment
as the limitation of weight bearing, the daily life
activity modification and the instrumental physical
activity (31). Because of their mechanism against
the bone vascular proliferation, biphosphonates are
also the main treatment in those pathologies related
to a redundant bone vasculature as it is in GSD
(32). Indeed the intravenous Pamidronate induce a
tangible reduction of serum OPN and IL-6 levels.
Another possible pharmacologic treatment in this
pathological condition is the use of the monoclonal
antibody called Denosumab that has already been
registered as a treatment for fragility fractures in
GSD (33, 34).

More recently, the scientific research of
therapeutic strategies to act against bone metabolic/
vasculature diseases have been focused in therapies
related to genes and their expression (35). One
strategy is to create and deliver a so called “suicide
gene” to selectively eliminates the expression of a
gene targeted as the cause of the disease. This could
act in the altered endothelium cells to specifically
inhibit the angiogenesis without systemic toxicity
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(36). Another future perspective for the treatment of
bone pathologies is the use of miRNAs, molecules
involved in the process of RNA-silencing and
post-trascriptional regulation of gene expression.
Focusing in bone metabolism miRNAs can determine
the commitment of progenitor cells to the osteoclast
lineage as well as controlling their differentiation
and bone resorbing function.

One of the main problems about the use of
miRNAs is their immunogenicity even if in the last
few years some excellent advances have been made to
increase their stability and efficacy while decreasing
immunogenicity. Moreover, another problem is that a
single miRNA can target many different mRNAs and
a single mRNA can have multiple miRNA binding
sites Furthermore miRNAs have documented effects
on more than one cell type (37). In bone repair, this
concept is further complicated because the repair
process progresses through a series of overlapping
stages, involving at least four distinct cell types (Fig.
2). Therefore, the most important challenge is to try
to reduce the side effects due to exposure of non-
target cell types to therapeutic miRNA. It means that
there is much work to be done in this field.

Moreover, because bone repair is a dynamic
process, it is possible that modulation of one miRNA
may facilitate repair if given early in the process, but
impede it if given later. Therefore, it is important to
study both miRNAs and validated miRNA targets
in different tissues, in order to predict the safety
and efficacy of miRNA-based therapeutics and
their mechanisms of action. So the future of bone
disease therapy will be probably based on miRNAs
and it certainly include to overcome the problems
related with miRNA-based therapeutics in bone
repair that include to target the correct cells, to
understand the correct timing of delivery, and to
deepen the knowledge of their potential side effects
and mechanisms of action (38).

What has emerged from this overview of
possible treatments for bone vasculature/metabolism
diseases is that gene and miRNA therapies represent
a promising intervention but the scientific word
needs much more studies to create a molecule that
can selectively act in one target sparing the other
physiological normal cellular pathways.
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HOW TO OBTAIN BETTER RESULTS, CHOICE OF IMPLANT OR SURGICAL
TECHNIQUE? ANEW SURGICAL TECHNIQUE WITH AN EXTRAMEDULLARY
REFERENCED CUTTING GUIDE AND A BLENDED ALIGNMENT METHOD

S.M.P ROSSI', M. GHIARA', A. CASTELLI', A. IVONE!?, E. JANNELLI'? and F. BENAZZQ'?
!Clinica Ortopedica, Fondazione IRCCS Policlinico San Matteo, *Universita degli Studi di Pavia, Pavia Italy

Measured resection and ligament balancing techniques are the most used in TKA; both require, in
the majority of knee arthroplasty systems, a femoral intramedullary canal referencing for the distal
femoral cut. Fat embolism, activation of coagulation and bleeding may occur from the reamed canal;
this can be avoided with different solutions such as navigation, patient specific instruments or the use of
an extramedullary device. The FuZion™ tensor was created as a blended method with the purpose to
overcome the downsides of both techniques by fusing them. The aim of our study is to present the technique
and the preliminary results of a cohort of patients where this instrument was customized and used as an
extramedullary cutting guide for the distal femur, matching the distal femoral cut with the proximal tibial
cut in order to obtain a guided, kinematically adjusted, alignment and a reduction of post-op blood loss.

In most surgical techniques, the distal femur
resection is commonly made using a fixed angle (pre-
operatively planned) relative to an intramedullary
rod (1-12, 13-16, 17-20, 21-23).

Intramedullary  instruments are the most
widely accepted way to ensure proper component
positioning, but the rates of outliers (more than 3°
off the neutral mechanical axis), both in the sagittal
and coronal planes, reportedly range from 10% to
20% (23).

In addition, the distal femoral cut is performed
independently from the tibial cut, and the rotational
alignment determined wupon fixed landmarks
(measured resection) or ligament driven (gap
balancing) (5, 19, 21). The alignment obtained is
standardized and imposed to the patients and not
guided by their functional anatomy.

Two important topics of discussion are on the
table at the present time. The first deals with neutral

alignment as the best option for having satisfied
patients or if a more “kinematically aligned” implant
would be suitable for better outcomes (2-4). The
concept of an individual alignment of the implants
is of growing interest in recent years (7, 11, 18, 26,
27). The second is whether a ligament balancing
or a measured resection technique can give better
outcomes or if a hybrid technique is preferable in
order to achieve a personalization of the surgery (5,
19, 21).

Our hypothesis is that matching the distal
femoral cut with the proximal tibial cut, adopting
an extramedullary driven device (with customized
instruments added to “Fuzion”[] tensor-blending
the measured resection and the ligament balancing
techniques), we can achieve a customized alignment
for each patient with clinical outcomes at least
comparable or better than a standard technique and a
reduced, postoperative blood loss.

Key words: total knee arthroplasty, blood loss, extramedullary
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MATERIALS AND METHODS

We prospectively evaluated 45 patients (28 females,
17 males), who underwent total knee arthroplasty surgery
from September 2016 to July 2017. Mean age was 70
years (range 47-85).

All patients were operated with the Persona PS
(Posterior Stabilized) prosthesis (Zimmer, Warsaw, IN)
through a medial parapatellar approach without everting
the patella, using the customized version of FuZion[]
tensor, with an extramedullary referenced distal femoral
cutting guide.

All the patients signed for informed consent before
the surgery. All the procedures were performed by 2
experienced surgeons in the field of total knee arthroplasty
(senior authors). No tourniquet was used, nor was a drain
inserted after surgery. The rehabilitation protocol consisted
in assisted full weight bearing from the first postoperative
day and early free mobilization. After 7 to 15 days, we
allowed free walking without crutches but the patients
were authorized to leave the aids at their compliance.

The mean follow-up was 12 months (range 8-18
months). Weight bearing long leg films were administered
to all patients (standard AP view and lateral view),
preoperatively and at 3 months post-op. We evaluated
the preoperative and postoperative mechanical axis using
HKA (hip-knee-ankle).

Patients were evaluated clinically, wusing the
international Oxford Knee Score preoperatively, at 6
months and one year after the surgery.

We evaluated the

preoperatively and in the first, third and fifth postoperative

blood haemoglobin levels
days. The values were compared to those obtained
by a matched group of 45 patients in which we used
intramedullary referenced distal femoral cutting guide.

Baseline characteristics were expressed as the mean
(standard deviation). We examined the distribution of
continuous variables through the Kolmorov-Smirnov test.
The t-test was used for normally distributed continuous
variables, and the Mann-Whitney test was used for
continuous variables not normally distributed. A value
of P <0.05 was considered statistically significant. Data
were statistically analyzed using IBM SPSS Statistics for
Windows (Version 22.0; IBM, Armonk, NY, USA).

We used GraphPad Prism 5.0 for the statistical analysis.
We studied the variations between the preoperative and
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postoperative scores and the variations of the preoperative
and postoperative hemoglobin between the two groups
(extramedullary alignment and control group). This
study was approved by the Ethical Committee (No.
2015001968).

Surgical technique

The tensor device named FuZion[] has been conceived
to enable the surgeons to blend the measured resection and
the ligament balancing techniques, optimizing the femoral
rotation at 90° of flexion without the need of defining less
then precise bony landmarks (the epicondyles), and the
flexion/extension spaces (8). Originally, the use of this
sort of “mechanical” navigation could be started after
the distal femoral cut (with the traditional endomedullary
technique) while the proximal tibial cut was made
independently. Assuming that the proximal tibial cut
should be done at 90°, with the appropriate slope, we
thought that the distal femoral cut could be bound to
the tibial cut with a minimal modification of the tensor
device, achieving a rectangular extension space driven by
the purposely tensioned ligaments and removing the need
of an intramedullary violation of the femur. In order to do
that we customized the tensor and the surgical technique
as follows:
- The proximal tibial cut must be at 90° precisely, with
the proper slope according to the design of the implant
- Ligaments tension in extension must be equal medial
and lateral, and the required adjustments can be performed
to achieve it (mandatory removal of the osteophytes,
needle crusting if necessary)
- The alignment rods will prove that the leg is properly
aligned in extension: the distal rod has to be parallel to
the tibia
- Distal femoral cutting jig is placed according to the
balanced and properly tensioned ligaments (it can be
also displaced in steps of two mm in order to achieve the
perfect amount of bone resection required)
- Sizing and rotational alignment of the femoral
component can be done at this point according to the
original FuZion technique, and the following steps done
subsequently (Fig. 1-3).

RESULTS

No patients were lost at follow up and no major
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complications were found in the follow up of this
series of patients. At preoperative long leg standing
X-rays of all patients, we had 7 valgus knees (15%)
with a mean HKA alignment of -7.6° (SD=£3.2) and
30 varus knees (67%) with a mean HKA alignment
of 7.8° (SD+3.7); 8 (18%) knees could be classified
as with a neutral pre-op alignment (£2°).

At 3 months postoperatively all patients had a
long leg standing X-ray control and we measured 6
valgus knees (mean HKA angle -3.7°+1.5°) within
the pre-op valgus group and 25 varus knees (mean
HKA angle 3.9°+1.8°) within the pre-op varus group.
Fourteen knees were classified neutral in the postop
x-rays with a HKA angle of £2°.

Fig 1. Two magnetic paddles tapered at 5°, necessary to
compensate the tibial slope and to reach the full extension
of the knee.

Fig. 3. The distal cutting jig is positioned, the amount of bone
to reset can be checked, and the jig displaced accordingly.
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Fig 2. The alignment rods will prove that the leg is properly
aligned: rod is placed parallel to the tibia, in order to
guarantee the proper flexion of the distal femoral cutting
Jjig, with the position of the two pins on the distal femur.

Preoperatively the mean OKS was 21.1 (£8.1)
while at 6 months and at 1 year after surgery it was
respectively 41.5 (£6.5) and 44.8 (£3.5), statistically
significant if compared with preoperative values (p
<0.001) and less if compared to each other (p <0.05).

We analyzed blood loss comparing hemoglobin
values in study group and in a control group of
the same number and age and found that in the
preoperative phase there was no difference of hgb
levels in the two groups (p=0.07); while on day 5
postoperatively, the mean hgb level in the control
group was 9.75 g/dL and in the study group it was
10.35 g/dL (p<0.05). There was a different number
of blood transfusions in the two groups studied
although without significant difference.

DISCUSSION

With the customization of the tensor device
FuZion[], the distal femoral cut with extramedullary
alignment is possible and feasible. Compared to
previous studies that present results on EM alignment
technique (3), our aim was not to achieve a neutral
alignment on the coronal plane, but to give the knee
a “ligament driven” alignment based on a 90° tibial
cut.

Our hypothesis was sustained by previous papers
presenting the so called “kinematic alignment”,
demonstrating that a residual deformity (especially
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in varus) is not only well tolerated but can lead to
better clinical outcomes as patients experience
the feeling of a more normal knee (9, 10, 14, 17).
Compared to a Kinematic alignment technique (2,
4, 11, 25-27), our technique for the distal femoral
cut is driven by the ligament tension adjusted on a
90° tibial resection and it is not carried out for the
purpose of replacing the worn cartilage and bone
with the thickness of the implant. The results of
our series in terms of coronal alignment show the
tendency in the majority of the patients to leave a
residual deformity, confined within 5° of a neutral
alignment. This deviation from a neutral alignment
did not correlate with worse clinical outcomes. Our
hypothesis was that, as demonstrated in previous
studies presenting results on kinematically aligned
implants (2, 4, 11, 24-27), patients would benefit
from a more physiological knee and therefore gain
better results on PROMS. Our study showed a
significant reduction of Haemoglobin loss at 5 days
post-op, compared to a previous group of comparable
patients treated with an IM alignment technique, but
no significant difference was found in terms of blood
transfusion.

Blood loss after TKA is multifactorial, and this
study was not exactly powered for that purpose.
We believe that, to expect a consistent and evident
reduction in blood loss by changing only one
intraoperative variable, a study with a larger
cohort and strict patient selection criteria would
be required. Our study have several limitations.
The surgical technique is applicable only with this
customized tensor system, but in order to perform
the distal femoral cut with a balanced extension
space, the same instrumentation set could be used
independently with any kind of implant. With the
due modifications, the technique can be applied to
all prosthetic designs. At the moment we only have
short term follow up results and further follow up and
investigations are necessary to confirm the results
and to evaluate survival at mid-term and long-term
follow-up.
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HYDATID CYST IN THE SPINE. THE ALLIANCE BETWEEN SURGEON AND
INFECTIVOLOGIST IS WINNING: A CASE REPORT.
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Hydatid Cyst is a protozoal disease, whose spinal localization may be cause of pain and severe
inability due to neurological symptoms and instability. Treatment combines the difficulties to eradicate
the cyst with the spine regional constraints. The case of a 45-year-old woman is reported, affected by
hydatid cyst in the spine, submitted to combination of medical treatment and surgery (double approach
gross total excision and reconstruction) and followed up for 6 years. The treatment strategy allowed
an excellent quality of life without pain and neurological symptoms at the latest follow-up. This case
supports the validity to combine anthelmintic medical treatment and excisional surgery in the treatment
of hydatid cyst of the spine. The medical treatment makes surgery more effective maintaining the result
over long term. Subtotal or total excision of the cysts can be performed, including decompression of
neural structures and adequate spine reconstruction.

Cystic echinococcosis has a cosmopolitan
distribution and represents a major public health
problem in some regions. It is considered endemic
in areas such as Peru, Chile, Argentina, Uruguay,
southern Brazil, the Mediterranean region, central
Asia, western China, and East Africa. Cystic
echinococcosis is not found in Antarctica and has
been eliminated through comprehensive control
programs in Iceland, New Zealand, Tasmania,
Falkland Islands, and Cyprus.

The G1 genotype of Echinococcus granulosus
sensu stricto isresponsible for the vast majority (88%)
of human cases worldwide. It has a cosmopolitan
distribution and is associated with transmission from
sheep as an intermediate host. E. canadensis G6 and
G7 are responsible for 7.3% and 3.7% of infections

worldwide, respectively. There have been no human
cases of E. equinus described in the literature.

The human incidence can exceed 50 per 100,000
person-years in areas of endemicity, and prevalence
rates as high as 5% to 10% can be found in parts of
Peru, Argentina, east Africa, and China. Every year,
echinococcosis is responsible for the loss of at least 1
million Disability-Adjusted Life Years (DALY's) and
of 3 billion dollars in expenses, including treatment
and livestock losses.

Cystic echinococcosis typically occurs in poor
pastoral regions in which sheep or other livestock
are raised and in which dogs are kept, for herding or
property guarding, in close proximity to households.
Dogs in such regions are frequently fed offal, and
for religious and other reasons, their populations
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might not be curtailed. The prevalence of cystic
echinococcosis increases with age and women are
affected more frequently than men; this might be
related to domestic activities that bring them in
closer contact with dogs through feeding, herding, or
milking livestock (1).

Case Report

A 45-year-old woman, complaining back pain
for many years, was submitted to a CT scan of the
thoracic spine in December 2011.

A huge psoas abscess and an invasion of the
spinal canal with compression and dislocation of the
spinal cord was found, originating from an erosive
radiolucent image in the vertebral bodies of T12 and
L1. A CT scan of the brain and the abdomen were
negative. Imaging was consistent with hydatid cyst
disease, confirmed also by the echographic findings.

She was hospitalized for haematological tests,
including ELISA, IHA and immunoblotting.
Serology for hydatid disease reported positivity
with THA antibodies 1/65536 (pos>1/64), ELISA
4.980 (pos=>1.1) and the detection of antibodies with
immunoblotting showed specific bands.

The MRI study showed a large paravertebral
mass infiltrating and enveloping the left iliopsoas,
lapping the diaphragm, embracing the left renal
artery, displacing the aorta and touching the right
iliopsoas (Fig. 1). The study of the spinal cord
vascularization did not show a feeding artery to
anterior spinal artery (the so-called Adamkiewicz
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artery). The patient complained of persistent back
pain, reduced autonomy gait and the occurrence of
paresthesia in the lower limbs. The neurological
examination showed reduction of walking autonomy,
claudication, bilateral hyperreflexia and right lower
limb weakness, although electrophysiological
examinations were negative.

The patient underwent medical therapy with
albendazole (Zentel 400mg day) for about 8 months.
Blood tests suddenly showed thrombocytopenia
(45000/ul). The patient was not in treatment with
heparin and no apparent cause, that may have
triggered the reduction of platelets, was found and
the values normalized after 25 days without any
treatment.

Surgical Treatment

In October 2012, a surgical procedure was
planned after evaluation of several surgical options.
Considering the kyphosis deformity, the destruction
of the anterior column, the symptomatic spinal
cord compression, a first posterior procedure for
decompression, fixation and postero-lateral grafting
for fusion and a second anterior procedure for mass
removal and reconstruction of the anterior column
were scheduled.

First procedure: Fixation T10-L3. With the
patient in prone position with monitoring of MEP
and SSEP, the decompression, the removal of the
posterior elements of T12 and L1 (bilateral T12 and
L1 laminartrectomy) and removal of the affected

Fig. 1. Preoperative MRI T1. a): Sagittal plane; b): Coronal plane, c): Transverse plane.
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pedicles were performed. The posterior longitudinal
ligament was intact without solution of continuity
with the lesion, nor presence of cysts inside the
canal. It was decided not to remove the anterior
compression, caused by the pressure of the cyst on
the ligament and the kyphosis, to avoid the spreading
of the disease inside the spinal canal. (Fig. 2a).
Second procedure: Three weeks after complete
healing of the surgical scar the anterior procedure
was performed (Fig. 2b). The patient was in right
lateral decubitus with monitoring of SSEP and
MEP. The Zielke access was performed (trans-
diaphragmatic-retroperitoneal-lombotomic).
Because of the involvement of the renal artery and
the aorta, the vascular surgeon performed the release
of the vessels: the mass had completely incorporated
the left renal artery and a cleavage plane with the
vessel was not present because of the impressive
inflammatory reaction between the cysts and the
vessel walls. Therefore, the cysts’ walls were not
isolated from the artery’s wall, but had acceptable
margins. Within the left psoas, there was fluid that
had collected. The vertebral bodies of T12 and L1
were eroded by the cyst and the left foramina of T12
was partially infiltrated. A substantial part of the mass
was removed, by removing the T11-T12 disc, the
vertebral body of T12, the D12-L1 disc, the body of
L1 and the L1-L2 disc and then an expandable cage
was implanted and filled with bone chips from bone

Fig. 2. Intraoperatory pictures. a): Posterior instrumentation;
b): Anterior expandable cage.
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bank. In the end, repeated washings with hypertonic
NacCl solution were performed (5).

RESULTS

The postoperative CT scan and Rx controls
showed the correct placement of the implants and
the removal of 80% of the mass (Fig. 3). Histological
examination and bacteriological tests performed
on intraoperative samples confirmed the diagnosis
of hydatid disease. The neurological symptoms
resolved completely after the first procedure with
complete recovery of walking autonomy. Patient was
evaluated at six months after surgery and every year
using standardized clinical questionnaires (Oswestry
Disability Index - ODI, Visual-Analogue-Scale for
low back pain — VAS LBP) (7).

At six months, follow up ODI was 32%, with
moderate disability and the VAS LBP was 5. At
one year, follow-up ODI was 18% and VAS LBP
was 2; finally, at four year follow-up, no recurrence
of disease was found with consolidation of the
arthrodesis and stabilization of the clinical status,
with ODI 10% and VAS LBP 1.

DISCUSSION

The location of spinal hydatid disease, although

considered rare, is frequently encountered in clinical
practice (2, 3). The palliative treatment and the
wide laminectomy without removal of the mass
have a very high percentage of implant failure and
as a result the progression of the disease.
The surgical revision interventions are extremely
complicated for the numerous adhesions and the
presence of pathological tissue. Early diagnosis and
treatment can dramatically prevent the mass growth,
which can complicate its removal.

The preoperative therapy is intended to inactivate
the cysts turning them into inactive tissue and
reduce the risk of relapse. A decompression of the
neurological structures (in the case of spinal cord
compression), the reconstruction of anterior column
with bone (possibly from bank) to ensure a biological
support are mandatory. Intraoperative washing with
hypertonic saline is favoring sclerosis of the cyst (5).
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Fig. 3. Postoperatory control. a): Trasverse T2 MRI; b): Coronal T2 MRI; ¢): Preop lateral view X-ray; d): 70 months follow
up lateral view X-ray; e): Preop AP view X-ray; f): 70 months follow up AP view X-ray.

Treatment should be as aggressive as large as the
volume of the mass, providing two or three accesses.
The risk of anaphylactic shock, widely described in
the literature is actually very low, comparable to a
drug-related anaphylactic side effect (6).

Almost two centuries after Reydellet performed
the first surgical intervention on a patient with spinal
CE (1819), surgery remains the treatment of choice
(8). Despite significant advances in diagnostic
imaging techniques and surgical treatment, spinal
echinococcosis remains associated with a high
degree of morbidity, disability and mortality.

Surgery is the treatment of choice
with decompression of a compromised spinal cord
and stabilization of a compromised spinal column
being the two primary tasks. The long-term outcome
depends on complete resection of all parasitic lesions,

which is frequently hampered by the infiltrative
nature of the disease. Recurrence rates of spinal
CE are high, especially in cases with vertebral bone
involvement. The currently existing data on follow-
up of spinal CE cases is largely insufficient to judge
the long-term outcome of surgery.

Besides surgery, the intraoperative use of
scolicidals and the pre-, peri-, and post-operative use
of albendazole is currently considered the treatment
standard of spinal CE. Therapy with benzimidazole
derivatives has shown to be effective in visceral CE
(9) although a recent systematic review concluded
that treatment response depends on cyst stage and
size, and that efficacy of medical treatment may
have been overstated in the past (10, 11). The role of
combination drug therapy, percutaneous treatment
and radiotherapy in spinal CE remains to be defined.
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EVALUATION OF THE USE OF AUTOLOGOUS MICRO-FRAGMENTED ADIPOSE
TISSUE IN THE TREATMENT OF KNEE OSTEOARTHRITIS: PRELIMINARY
RESULTS OF A RANDOMIZED CONTROLLED TRIAL
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Articular cartilage injuries are still unsolved due to the limited intrinsic healing potential of this tissue.
Unlike other tissues, inflammation in the synovial joint causes perpetual damage and progressively leads
to the development of osteoarthritis. Previous in vitro and in vivo studies have demonstrated the efficacy of
mesenchymal stem cells isolated from adipose tissue in modulating inflammation. In this study, we analyzed
the role of these cells in modifying the pathological microenvironment present in knee osteoarthritis. This
is an interventional, prospective, randomized, controlled study. Starting from June 2017, 39 patients with
grade III and IV knee osteoarthritis of Kellgren-Lawrence were enrolled, aged between 45 and 75 years,
with pain greater than or equal to 6 according to the VAS scale, without ligament instability, with an
axial deviation not greater than 10° and with a BMI between 18 and 30. The control group underwent an
arthroscopic debridement, while the experimental group underwent an arthroscopic debridement and a
subsequent intra-articular injection of autologous micro-fragmented adipose tissue. Patients were evaluated
before surgery and at 6 months after the procedure, by radiological analysis (MRI) and functional outcome
measures. The main purpose of the study is to evaluate the symptomatic improvement by comparing the
functional outcome scores between the two groups. At 6 months after treatment, preliminary results on
39 patients showed pain reduction and functional improvements in the experimental group without a
significant difference due to the low number of patients. The radiological and biochemical analyses are
still ongoing. To date, the study has not revealed any side effects. These preliminary results demonstrate
an encouraging positive trend in the experimental group. Patient recruitment is still ongoing to finalize the
statistical analyses and to confirm our hypothesis.

Knee osteoarthritis is the most common cause of
knee pain and its social impact is steadily increasing
due to the continuing increase in the average age
and active population (1). Joint cartilage injuries,
due to the limited intrinsic healing potential, are
difficult to treat and they remain a difficult problem

for orthopaedic surgeons and physiatrists. Cartilage
regeneration capacity is limited due to its isolation
from systemic homeostasis and the absence of vessels
and nerve endings (2). Unlike other tissues, none
of the inflammatory processes is useful for healing
the cartilage and the chondrocytes cannot migrate
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from an intact site to the injury (3). Biomechanical,
metabolic and biological changes, as well as traumas
and focal cartilaginous defects, can lead to the loss
of homeostasis in the tissue, resulting in accelerated
degeneration of the articular surface, leading to
severe forms of osteoarthritis. Knee osteoarthritis has
a major impact on the quality of life and it is ranked
among the top 10 causes of disability in the world.
Therefore, one of the objectives of modern medicine
is to improve the quality of life and increase the
years of athletic activity in the population affected
by cartilage and osteoarthritis injuries.

A variety of non-invasive solutions have been
proposed, with the aim to decrease pain, to improve
joint function and to modify the course of joint
degeneration. Drug treatment usually involves
analgesia and the use of anti-inflammatory agents
(3); the large variability of patient drug response,
the absence of clear clinical data regarding the
therapeutic potential and the possible presence of
side effects limit the use of these drugs. The use of
topical agents has shown only short-term usefulness
for the management of minor pain. Intra-articular
injection of corticosteroids leads to only short-term
benefits on pain and joint function (4, 5). Moreover,
various evidences show that corticosteroids do not
alter the degenerative course in the slightest, but
rather worsen it.

Among the different therapeutic choices,
injections of hyaluronic acid is extremely widespread
in clinical practice, with good results reported in
several studies in spite of apparent contradictions
and controversies regarding the effectiveness of its
use (6). Current clinical solutions, however, suffer
from some significant limitations and do not allow
for a complete recovery of patient mobility and for a
good quality of life.

Given the current limitations of minimally
invasive procedures, surgical procedures such as
cleaning arthroscopy, cartilage repair, osteotomies
(HTO) and major joint replacement interventions are
used.

With recent interest in regenerative medicine,
many studies have focused on regenerating
articular cartilage with stem cells (7). The first
methods involved the use of cell cultures, with
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proliferation and consequent differentiation of
mesenchymal cells (MSC), but in reality, there are
numerous disadvantages related to the costs and
complexity in the management of these procedures,
today considered advanced cellular therapies.
Consequently, the possibility of using MSCs in an
autologous way, through minimal manipulation, is
extremely interesting. Several studies have revealed
that injections of MSC, from bone marrow or
adipose tissue, leads to improvement of symptoms
and joint function. Among the various tissue sources,
adipose tissue is of great interest because it is richer
in frequency in MSC than in bone marrow and it is
easier to harvest (8).

MSC from adipose tissue (ADSC) can be used at
least through three routes. The first is the culture and
possible in vitro expansion. By selecting cells that
adhere to the plastic, cells with mesenchymal cell
markers are obtained (CD105+, CD73+, CD90+,
CD45-, CD34-, CD11b-, CD14-, CD79-, HLA-DR-)
that are able to differentiate into the three mesodermal
lines (bone, cartilage and fat). This option, however,
is scarcely applicable to clinical practice except
through Good Manufacturing Practice procedures.
Moreover, the same concentrated bone marrow
MSC (BM-MSC) compared to those grown in
the laboratory are more effective as well as more
practical in terms of risks, costs and time (9).

The second alternative is the enzymatic digestion
of adipose tissue that delivers a heterogeneous
population of cells that contain endothelial cells,
leukocytes and pre-adipocytes in addition to MSC.
This sub-product of enzymatic digestion is called
vascular-stromal fraction (SVF). Finally, the
autologous use of ADSC can be performed by micro-
fragmented adipose tissue (LFAT, microfat). While
SVF is a heterogeneous population of cells separated
from each other and falling under the concept of dose
efficacy, uFAT is a true transplantation of minimally
manipulated tissue, which relies more on cellular
quality rather than cellular quantity. The Lipogems®
system, working through minimal mechanical
forces, allows to obtain pPFAT by reducing the
adipose tissue in clusters up to a size of 200 to 500
um in diameter. In these clusters, there are the cells
that also make up the SVF wedged in an adipocyte



Journal of Biological Regulators & Homeostatic Agents

scaffold that protects the cells from death due to lack
of adhesion or other possible stresses. The MSCs
contained in the clusters have great vitality and can
differentiate in the three mesodermal lines to prove
their multipotency (10).

Because cellular quality is more important than
cellular quantity, it has been demonstrated in an
animal model of chronic peripheral ischemia that an
injection of 500ul of Lipogems® (containing about
2x104 ADSC) recovers the perfusion of the paw
better than the sole 1x106 injection of ADSC (11).
Lipogems® has demonstrated in vitro its potential
benefit in orthopedic practice for the regeneration
of musculoskeletal system tissues. In particular, as
far as tendon regeneration is concerned, it has been
demonstrated that Lipogems® is able to stimulate
the tendon stem cells in vitro, increasing their
proliferation and inducing the transcription of VEGF
(12). As far as cartilage is concerned, Lipogems® is
able to catch selectively on the damaged cartilage in
vitro and subsequently differentiate into chondrocytes
through the cells that compose it (13).

Moreover, Lipogems® in soil enriched with
chondrogenic factors forms a compact structure with
increased elastic properties compared to the original
state (75% increase in compression force necessary
to cause tissue breakage and with 70% increase in
Young’s modulus) (13).

The intra-articular use of micro-fragmented
adipose tissue has proved to be safe in animal
models and it is effective from a regenerative point
of view for cartilage (14). In clinical practice, the
same procedure showed a significant reduction in
pain at rest and in movement, a decrease in stiffness
and an increase in mobility, without experiencing
any side effects in patients with severe osteoarthritis
(15). Other studies confirm that therapy with MSC
from adipose tissue (both infiltrative and intra-
articular deposition) is effective in reducing arthritic
pain and in cartilage regeneration (16). In the world,
over 7000 patients have already been treated with
Lipogems, in cosmetic, orthopaedic and general
surgery, with promising results and without obvious
contraindications.

Knee arthroscopy of “debridement” with the
regularization of degenerative meniscal lesions is
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one of the first steps in the treatment of the knee
affected by degenerative osteoarthritis. Recently,
it has been shown that the cells contained in the
stromal fraction of the adipose tissue exert a trophic
and immunomodulatory role on the cartilage, thus
making the use of this biological product very useful
in the treatment of patients suffering from isolated
or diffuse lesions affecting the articular cartilage.
Lipogems®, a CE marked medical device class
IIa, allows to obtain easily and quickly a micro-
fragmented adipose tissue, starting from a minimal
amount of lipoaspirate isolated from the patient. Our
hypothesis is therefore that Lipogems® can lead to
a significant improvement in the treatment of knee
osteoarthritis.

Theaim ofthe study is to evaluate the improvement
in clinical and radiological terms of patients
undergoing arthroscopic surgery and injection of
micro-fragmented adipose tissue (Lipogems®, case
group) compared to the group of patients undergoing
only arthroscopy (control group).

MATERIALS AND METODS

The study is amonocentric, interventional, prospective,
randomized and controlled. Patients, homogeneous by
gender, age and physical activity, were randomly divided
into two treatment groups (Arthroscopy or Arthroscopy +
Lipogems®) by a computer generated 1:1 table. The total
number of participants is 78:

-Group 1: Composed of 39 patients with knee osteoarthritis
(OA) undergoing arthroscopic debridement (Control
Group);

- Group 2: composed of patients affected by knee
osteoarthritis undergoing arthroscopic debridement
and injection of autologous micro-fragmented adipose
tissue (Lipogems®) (Case Group).

The inclusion criteria are:

- Patients affected by knee OA (Kellgren-Lawrence 3-4)

- Age between 45 and 75 years included

- Joint pain >6 with VAS (Visual Analog Scale) at the
time of study enrolment

- Ligament instability <Grade II

- Mechanical axis with axial deviation in load no higher
than 10°

- Availability to active participation in the rehabilitation
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protocol and to the follow-up foreseen by the study
- Coagulation parameters in the standard: PT (INR) <1.5
- BMI between 18 and 30 kg / m? included

The exclusion criteria are:

- Patients previously treated for traumatic lesions (tibial
osteotomies, tibial plateau fractures) of the knee

- Previous visco-supplementation or steroid infiltrations
within 3 months from the procedure

- Vascular necrosis / osteonecrosis

- Meniscal surgery within 3 months prior to enrolment

- Systemic or local autoimmune or inflammatory
pathology such as rheumatoid arthritis

- Previous infection in the 6 weeks before

- Surgical intervention, radiation therapy, chemotherapy,
immunosuppression or steroid therapy in the previous
8 weeks

- Severe concomitant diseases that could influence

experimentation

- Diabetes

- Pregnant or lactating women

- Patients suffering from malignant neoplasms
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- Patients suffering from metabolic diseases

- Patients with cardiac, pulmonary, neurological or other
conditions that may increase the operative risk

- Drug addicts, alcoholics, large smokers or psychiatric
disorders

- Patients unable to sign an informed consent

- Patients enrolled in another clinical study within 4
weeks prior

- Patients with coagulation disorders

Patients were evaluated before and after 6 months
by radiological clinical and biochemical evaluations.
Clinically, several scores were administered: VAS (17),
KOOS (18), KSS (19), WOMAC (20) and SF12.

The radiological evaluations took into consideration
the femorotibial angle, the WBL (Weight-bearing line)
and Kellgren-Lawrence classification (21). Biochemical
analyzes were aimed at identifying the serum levels of the
following parameters: collagen type II C-telopeptide (CTX-
II) (22) and collagen type III N-propeptide (PIIINP) (22).
A magnetic resonance of the knee was performed before
enrolment and after 6 months from the surgical procedure.
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Fig. 1. Functional outcome scores in control and case groups before surgery (PRE) and afier 6 months (POST) from the treatment.
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RESULTS

On 01/11/2018, 39 surgical procedures were
performed, 20 patients (11 cases and 9 controls) also
completed the follow-up period. Unfortunately, there
were 4 drop-outs (1 in the control group and 3 in the
case group) due to non-adherence to the inclusion
criteria (1 patient), detection of major disease not
related to the study (1 patient) and failure to follow-
up within the deadline (2 patients).

The control group was composed of 75% males
and 25% females, the average age was 60.375 with
standard deviation of 8.365. The case Group included
70% males and 30% females and the average age
was 56.25 with standard deviation of 8.396.

Regarding the surgical procedure, the average
surgical duration was 20.625 minutes in the control
group with a standard deviation of 6.781. The
average in the case group was 41.25 minutes with
standard deviation of 11.572. Therefore, between
the two groups we record an average difference of
10.47 minutes with a standard deviation of 5.73. The
increased surgical time in the cases was due to the
additional procedure of adipose tissue harvesting.

For the case group, we estimated that for
Lipogems® procedure, the average volume of
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processed adipose tissue was 77.5 ml with a standard
deviation of 19.086 and the volume of injected tissue
was 8.125 with a standard deviation of 0.64.

Our preliminary data showed a decrease in the
VAS scores in both groups, especially in the case
group. However, no significant difference was
found. Moreover, we also observed an improvement
in the functional score KSS and an amelioration of
the quality of life (SF12 score) in both samples (Fig.
1). We noted the main difference in the KOOS and
WOMAC scores, where there is a positive trend
in the case group, though no significant difference
was measured, probably due to the low number of
patients analysed. At the radiological evaluation,
we often noted a decrease in synovial fluid and a
decrease in bone oedema (Fig. 2). The complete
clinical, radiological and biochemical analyses are
still ongoing.

DISCUSSION

Osteoarthritis is a degenerative disease of the
joint that leads to disability. Due to its high frequency
it is crucial to find a therapy able to decelerate and
stop the process. This disease is based on a cartilage
injury, which advances due to its scarce healing

Fig. 2. Representative MRI images of a CASE patient before (a) and after 6 months (b) from surgery.
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potential.

Nowadays, several therapies are available for
knee OA: physiotherapy, anti-inflammatory drugs
or several surgical procedures. Moreover, different
regenerative procedures involving multipotent
cells have been introduced in the clinical practice.
Currently, several clinical trials are studying the
use of autologous expanded mesenchymal cells
from bone marrow (BM-MSCs) or adipose tissue
(ADSCs) followed by an intra-articular injection
without the use of scaffolds or major surgery.

Several studies show that the intra-articular
injection of ADSCs in association with their Stromal
Vascular Fraction is a safe and potentially effective
therapy for knee osteoarthritis and the results are
comparable with the intra-articular injection of
hyaluronic acid or Platelet Rich Plasma (PRP). The
results of the studies with a single injection showed
that there was a temporary improvement in the first
6-8 months from the treatment. Multiple or regular
MSC intra-articular injections may be necessary
although, the definitive solution may be represented
by a single injection of MSC in combination with
growth factors, which could regenerate the damage
of the articular cartilage and lead to a lasting tissue
that eliminates the pain.

Our study aims to evaluate the effectiveness of a
single intra-articular injection of autologous micro-
fragmented adipose tissue following an arthroscopic
joint debridement.

Currently, data are available only for the first
20 patients. We observed improvements at 6
months follow-up in all the functional scores (VAS,
WOMAC, KSS, KOOS, SF-12) in both groups,
but especially in the case study. These preliminary
results are not statistically significant, although the
trends are positive, probably due to the small number
of patients analyzed and to the fact that the selected
patients had a very advanced degree of osteoarthritis.
However, our preliminary results are promising
as they show that the intra-articular injection of
autologous micro-fragmented adipose tissue may
decrease the pain and therefore may increase the
functional outcomes by acting on inflammation
patterns (23).

A future study to evaluate the benefits of micro-
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fragmented adipose tissue should involve patients
with less severe osteoarthritis and should compare
the results with the outcomes of hyaluronic acid
injections.
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TOTAL HIP ARTHROPLASTY IN RAPIDLY PROGRESSIVE OSTEOARTHRITIS OF
THE HIP: CLINICAL AND RADIOLOGICAL OUTCOME OF A CONSECUTIVE SERIES
OF PATIENTS

T. CHOMPOOSANG, R. D’APOLITO, C. LACAGNINA, G. PERETTTIAND L. ZAGRA

Hip Department, IRCCS Istituto Ortopedico Galeazzi, Milan, Italy

Rapidly progressive osteoarthritis (RPOA) is an uncommon subset of osteoarthritis (OA) characterized
by rapid joint degeneration and destruction. The treatment of choice for these patients has traditionally
been total hip arthroplasty (THA) because nonoperative treatments modalities are not effective. RPOA
can lead to acetabular bone loss and consequently intraoperative technical difficulties making joint
reconstruction in such patients a challenge for the surgeon. The purpose of this study was to determine the
clinical and radiological results of patients suffering from RPOA and treated with hybrid or cementless
THA at a single institution. We retrospectively review of all patients who underwent THA for RPOA from
January 2011 to December 2016. Twenty-three hips in twenty-one patients were included in this study, with
a mean age at surgery of 74 years (range, 41-82) and a mean follow-up of 30 months (range, 24-60). In all
patients an uncemented cup, either plasma-spray or trabecular titanium, was implanted. In eighteen cases
a cemented femoral stem was used. In eight cases autologous bone graft was used to replace the acetabular
defect. Radiographic and clinical follow-up was performed at six months postoperatively, twelve months
and yearly thereafter. At radiographic follow-up, no signs of prosthetic loosening or migration were seen.
Harris Hip Score improved from 65.3 preoperatively to 89.2 at latest follow-up. The use of both hybrid
and uncemented THA in the treatment of RPOA was found to be successful in our patients with a mean 30
months follow-up. Hemispherical cementless cups with both plasma spray and high porosity outer surface

(used in the worse cases) were effective in getting primary stability and bone ingrowth.

Rapidly progressive osteoarthritis (RPOA) is an
uncommon subsetofosteoarthritis (OA)characterized
by rapid joint degeneration and destruction. It was
described for the first time in the late fifties by
Forestier (7), who reported a rapidly progressive hip
disease resulting in destruction of both the femoral
and the acetabular aspects of the hip joint, with
almost complete disappearing of the femoral head
within a few months. During the seventies Lequesne
(17) and Postel and Kerboull (20) firstly coin the
term “rapid destructive hip osteoarthritis”. The
original definition described RPOA as a radiographic
joint space narrowing (>2 mm in 1 year or 50% joint-
space narrowing in 1 year) in the setting of pain and
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disability (16, 17). The incidence of RPOA has not
been clearly determined, but in some studies the
prevalence is reported to range from 4.25% to 14%
(12) amongst patients referred to specialist centers.
The etiology is still unclear, despite drug toxicity,
cytokine-mediated immunological mechanisms,
autoimmune reactions, or subchondral insufficiency
fractures have been hypothesized in the pathological
mechanisms. Total hip arthroplasty (THA) has
traditionally been the treatment of choice for these
patients as non-operative treatments modalities are
not effective. For such patients a long waiting list
is a matter of concern because RPOA can lead to
acetabular bone loss and consequently intraoperative
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technical difficulties along with increased operating
time and increased intraoperative blood loss. As a
consequence of bone damage, joint effusion, poor
soft tissues and synovitis, a higher complications rate
could be expected in these patients including post-
operative infection, dislocation, implant loosening.
On the other hand, septic or neurologic arthritis
should be excluded as causes of such articular
damages. Nevertheless, few papers reported about
THA outcomes in these patients, with results similar
to those of patients treated for common OA (3,19,20).
The purpose of this study is to determine the clinical
and radiological results of patients suffering from
RPOA and treated with hybrid or cementless THA at
a single institution.

MATERIALS AND METHODS

A retrospective study was carried out on all patients
who underwent a primary total hip replacement in
our department from January 2011 to December 2016
(five-year period). Patients were identified from our
institutional database, and all revisions and acute trauma
cases were excluded. Among 1388 primary THAs, 23
were performed for RPOA. The diagnosis of RPOA was
based on a recent history of worsening pain (from 1 to 6
months), radiographic appearance of rapidly progressive
atrophic bone destruction of the hip, absence of clinical or
laboratory evidence of infectious, neurologic, metabolic,
endocrine or inflammatory disorders. Post-traumatic hip
arthritis, as well as septic hip arthritis were excluded
from this study. Superior bony destruction occurred in
thirteen hips (eleven patients). These patients underwent
preoperative computed tomography (CT) to better define
the defect before reconstruction. The diagnosis was
confirmed intraoperatively by the operating surgeon (LZ).
Two patients had minor previous bilateral developmental
hip dysplasia, a condition that is not associated with
RPOA in its natural history.

All surgeries were performed via a posterolateral
approach, the piriformis and conjoined tendons and the
posterior capsule were repaired in separate layers using a
trans-osseous technique. The choice of the fixation for the
femoral component was based on patient’s age and Dorr’s
classification (5). Patients aged over 70 years or with a
Dorr type C femur or poor femoral bone were treated using
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cemented stems. In all cases, a Biolox Delta ceramic head
was used, coupled with a Biolox Delta ceramic, a highly
cross-linked polyethylene insert, or as part of a dual
mobility construct in those patients presenting a higher
risk of dislocation (eight cases). Eighteen hips in sixteen
patients were treated with total hip arthroplasty with a
hybrid configuration. The acetabular component consisted
of either a non-cemented titanium (Ti) plasma-sprayed
hemispherical cup or a high porosity hemispherical cup
(trabecular Ti) outer surface, which was used in eleven
cases with poor acetabular bone quality. A cemented
Charnley-type femoral component was used. Second
generation cementing technique and antibiotic loaded
cement were used. Five hips in five patients were treated
with uncemented total hip arthroplasty. Type 3C (13) grit-
blasted stems were used in these patients. In the group of
all cementless implant, plasma-sprayed Ti cups were used
in two patients, whereas high porosity Ti cups in three
patients.

All patients were assessed by means of Harris hip
score (HHS) and hip range of motion pre-operatively, at
six months, twelve months and yearly thereafter. Clinical
data were collect by an independent investigator. With
regard to the radiological evaluation, anteroposterior and
lateral views of the hips were appraised for position of the
implants, implant migration, bone ingrowth, osteolysis
and periprosthetic radiolucencies lines using De Lee and
Charnley’s classification (8) on the acetabular aspect and
Gruen’s classification (9) on the femoral side. All X-rays
were reviewed by an arthroplasty fellow.

RESULTS

Twenty-one patients (23 hips), six males and
fifteen females, were included in this study with
a mean follow up of 30 months (range, 24 to 60
months). The mean age at surgery was 74 years
(range, 41 to 84), whereas the mean BMI was 28.3
(range, 27.6 to 36.1). The average operative time
was 1.5 hours. No intra-operative complications
were reported.

Clinical outcomes as assessed by the HHS were
rated from good to excellent. Seventeen hips in
fifteen patients had excellent results. Five hips in
five patients had good result. Only one patient had
fair results due the onset of spine disease. Mean
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preoperative HHS improved from 65.3 preoperatively
to 89.2 postoperatively. Mean functional score
increased from a mean value of 27.5 preoperatively
to 36.6 at the latest follow-up. The range of motion
(ROM) raised from a mean of 42° of flexion, 4° of
extension, 16° of abduction, 5° of adduction, 12° of
internal rotation, 10° of external rotation to a mean
of 89° of flexion, 12° of extension, 41° of abduction,
15° of adduction, 22° of internal rotation, 27° of
external rotation at 12 months follow up.

Radiological assessment on the acetabular side at
six months follow up showed bone ingrowth in De
Lee and Charnley zones 1, 2, 3 in nine cases, whereas
thirteen cases revealed ingrowth in zones 1, 2; in one
case ingrowth was detectable just in zone 1. At 12
months follow up, all but one cases showed bone
ingrowth in zones 1, 2, 3. The only case of limited
bone ingrowth did not display signs of loosening,
despite non-progressive radiolucencies were seen in
zone 2 an 3. In eight cases in which autograft was
used to replace the defect, bone healing was noticed
on the x-rays at 6 months for seven patients and 12
months in one patient.

With regard to the femoral side, all hips had
complete filling of the medullary canal, without
radiolucent lines between the cement and the bone
at initial post-operative x-ray. One uncemented stem
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showed radiolucency lines at zone 1 and 7 since
the first 6 months follow-up, unchanged at final
follow up. No signs of subsidence or malposition of
components were reported in the uncemented stem
group. Bone ingrowth was seen in zone 2-6 at 6
months in four cases, in one case at 12 months.

Despite a slower and more difficult post-operative
recovery due to the very poor preoperative capability
of some of these patients compared to cases of
common OA, no major complications occurred in
this cohort of patients: no dislocations, no surgical
site infections, no loosening of the prosthesis.

DISCUSSION

RPOA is a radiological and clinical condition
of the hip joint that can pose a challenge for the
orthopaedic surgeon. Diagnosis can be misleading
as a septic arthritis must be always excluded. The
rapid worsening of the clinical condition can
seriously affect the walking capability of the patient.
Symptoms can include shortening of the lower limb
and a very painful hip. Bone loss, especially on the
acetabular side and poor bone quality, joint effusion
and synovitis can be problematic.

The purpose of this paper was to determine the
outcome of THA in the setting of RPOA. Both

Fig. 1. This (A) is the preoperative X-rays of a 78-year-old patient suffering from RPOA on the left hip and scheduled
for THA. The same patient presented a rapid worsening of symptoms on the contralateral side and four months later (B)
showed a full-blown RPOA on the right hip.
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hybrid and full uncemented reconstructions showed
good clinical and radiological results at a short-term
follow-up. Our results are in line with those of the
other published series. The first paper reporting on
patients suffering of RPOA and treated with THA
(McKee—Farrar or Charnley prostheses) by Postel
and Kerboull, with a maximum 3-year follow-
up, concluded that the clinical results were similar
to THA performed for ordinary OA. However,
the Authors mentioned the technical difficulties
encountered due to bone loss, along with four cases
of cup loosening at the X-rays. Kuo et al., reported
on ten patients with an average follow-up of 6 years
confirming that, despite the rapid progression of
disease and preoperative bony destruction in this
set of patients, hybrid and non-cemented total hip
arthroplasty were effective and safe treatments for
RPOA (15). Similarly, Thompson and colleagues
(23) reported the outcomes of 35 patients founding
no significant difference in the Oxford Hip Score
between the normally progressive and rapidly
progressive groups. Charrois and colleagues (3)
showed good functional results in a series of 100
patients treated with cemented Charnley-Kerboull
prostheses at 7 years of follow-up, with loosening
of the cup in six cases and of femoral component in
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three cases.

In this scenario, acetabular bone loss can make
these procedures technically challenging and
determine the need for bone graft or special implants
for adequate reconstruction. These patients may lose
up to 15 mm of bone stock annually. In our series,
eight cases required autologous bone grafting on
the acetabular aspect. At twelve months of follow-
up, bone healing was detectable on the X-rays for
all cases. High porosity Ti cups were used in 14
cases with major bone loss and worse bone quality.
This type of surface finishing is not for routine use
in our practice which considers Ti plasma sprayed
cups for standard cases. However, in such cases a
surface with high grip and with high bone ingrowth
capability can lead to a significant improvement
and can be able to overcome technical difficulties
of the past and possible failures of cemented cups
as previously reported (3). Several authors (1,12,23)
highlighted the need for priority treatment for these
patients due to the potentially rapid and extensive
loss of bone stock that can occur.

Despite RPOA has been known for more than
fifty years, the pathogenesis is still unclear. It
could result from the interaction of three factors:
mechanical stress, cartilage degeneration, and bone

Fig. 2. The same patient at one-year of follow-up after the second THA.
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response. If cartilage degeneration is rapid and bone
response is poor, then atrophic RPOA can occur;
otherwise, if the degenerative process is slow and
bone response is good, reparative sclerosis and
osteophyte formation are the result (10). Subchondral
insufficiency fracture, subchondral bone ischemia
and cell necrosis have been considered major
factors in the development of RPOA (2,4,18). Some
authors postulated a possible role of non-steroidal
inflammatory drugs in the etiology of RPOA, but
it is difficult to establish a causal relationship (21).
More recently, Hess et al. reported a 21% incidence
of RPOA of the hip in patients receiving intra-
articular steroid injection for OA, despite a true
relationship is not well defined (11). Compared
with hips with conventional osteoarthritis, a marked
increase in the osteoclast count was reported at the
histology (18). Several biological factors can play a
role in the genesis of RPOA: elevated intra-articular
levels of interleukin 6, interleukin 1B, and matrix
metalloproteinases have been reported (14,22).

The differential diagnosis is of paramount
importance in this instance because multiple
conditions can mimic rapid destructive hip
diseases, such as infection, malignancy, neuropathic
arthropathy, inflammatory arthritis, osteonecrosis,
hemophilia, and ochronosis. When the joint
destruction is so rapid, other possible causes must
be ruled out, bearing in mind that septic arthritis
is usually associated with leukocytosis and local
and systemic signs of infections, patients with
neuropathic arthritis do not present with pain
and have a history of syphilis, diabetes mellitus,
syringomyelia, or spinal cord injury, inflammatory
arthritis will present with multiple joint pain and
morning stiffness and the characteristic serologic
abnormalities (24). Recently, Hart and Fehring
described three patients with preoperative or
intraoperative findings consistent with infection, and
one of these underwent an unnecessary two-stage
procedure due to the appearance of the joint fluid
(10). They advocate to perform an infection workup
preoperatively when patients present with rapid
degenerative changes of their hip joint to diminish
the uncertainty of proceeding with arthroplasty.

Radiographic manifestations can help distinguish
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RPOA from other conditions. In the early
(chondrolysis) stage a joint space narrowing, usually
superolateral, and variable subchondral cysts can
be seen on the x-ray. Osteophytes, if present, are
small and subchondral sclerosis is scant. An edema-
like pattern is detectable on the femoral side with
similar findings on the acetabular side on the MRI.
Focal subchondral fracture may be seen in up to
33% of patients. This band of low signal parallels
the overlying subchondral bone and is usually less
than 1 cm deep to it. These two characteristics help
distinguish a subchondral fracture from avascular
necrosis in which the linear band of low signal is
concave to the articular surface and serpentine
(6). In the late (subchondral destruction) stage,
the radiology is less informative, with joint space
narrowing (or widening on the non-weightbearing
X-rays in some cases) and various degrees of femoral
head/acetabulum remodeling(6) .

This study has several limitations. First, the
cohort was relatively small and lacked a control
group of patients suffering from conventional OA.
Second, there may be some selection bias in favor
of cemented stem due to the relatively high mean
age of the patients of this cohort, because we usually
choose cemented stem for patients older than 70
years. Third, conventional radiography was used
to detect and evaluate periprosthetic osteolysis and
may underestimate the true incidence of osteolysis
as computed tomographic scan is more sensitive
than conventional x-rays in detecting the presence
and extent of osteolytic lesions. Fourth, the length of
follow-up is relatively short, anyway able to exclude
early complications and implant failures related to
the poor bone quality. However, RPOA accounted
for only 1.66% of all patients undergoing THA in
the study period, representing an uncommon subset
or OA in our practice. This prevalence is lower than
those previously reported in literature, probably
due to our major diagnostic criterion for RPOA,
namely patients with a history of symptoms lasting
less than 6 months. Indeed, subjects suffering from
long-standing conventional OA with worsening of
symptoms are excluded from this cohort.

The use of both hybrid and uncemented THA in
the treatment of RPOA was found to be successful
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in our patients with a mean 2-year and half follow-
up. Hemispherical cementless Ti cups with both
plasma sprayed and high porosity outer surface
(used in the worse cases) were effective in getting
primary stability and bone ingrowth. Further studies
with longer follow-ups are needed to confirm the
durability of these reconstructions in this subset of
patients and strengthen the findings of the existing
literature.

10.
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TREATMENT OF VANCOUVER B1, C PERIPROSTHETIC HIP FRACTURES WITH
PERIPROSTHETIC POLYAXIAL LOCKING PLATE SYSTEM: A 3-YEAR FOLLOW-UP
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IClinica Ortopedica e Traumatologica, IRCCS Policlinico San Matteo, Universita degli studi
di Pavia, Italy; ’ASST ovest milanese, Ospedale di Magenta, UO Ortopedia e Traumatologia,
Magenta, Milano, Italy

The incidence of periprosthetic fractures after primary knee and hip arthroplasty is around 2.5%
and is increasing after revision surgery up to 4%. Management of these fractures is often particularly
demanding and expensive. The primary aim of the presented study is to describe our experience in
using a precontoured periarticular polyaxial standard plating system in a cohort of patients with
homogeneous fracture type (Vancouver B1, C), comparing our experience with other surgical solutions.
In stable implants, the primary strategies aim for fracture stabilization, leaving the original prosthesis
in place. The results of conventional non-locking implants have been mostly poor with complication
rates up to 53%. Therefore, today, monoaxial locking plates are strongly recommended. From May
2013 to December 2014, 30 “non-contact bridging plate” (NCB-PP®) were implanted. All fractures were
periprosthetic Vancouver Bl or C fractures. In 24 patients, NCB-PP® plating was performed after
periprosthetic femoral fracture as primary treatment, in 6 patients, it was performed as secondary
fracture treatment after primary plating failure. All surgeons performed lateral femoral approach with
ORIF. Average follow up was 36 months. Bony consolidation was confirmed in all patients, bar one,
in an average time of 4 months; none of the patients bar one developed mechanical failure or implant
breakage. The GOS at 52 weeks was back to the preoperative level in 18 patients and it did not improve
at 24 months. The Harris Hip Score at 52 weeks showed a mean score of 80.14 points. Full weight
bearing was allowed at mean time of 100 days. None of the patients developed complications that needed
subsequent surgery. The use of NCBPP plates has given excellent results in our clinical practice, allowing
early postoperative mobilization and recovery.

The incidence of periprosthetic fractures after
primary knee and hip arthroplasty is around 2.5%
and increasing after revision surgery up to 4% (1-3).
Management of these fractures is often particularly
demanding, complex and expensive. In many cases,
the surgeon has simultaneously to deal with the
problems of implant loosening, bone loss and fracture.

The Vancouver classification (4, 5) has become

the universally accepted classification and is used
as a tool that guides the surgeon pre- and intra-
operatively. According to most of the established
treatment algorithms, the different Vancouver types
of PFF (periprosthetic femoral fracture) require
certain methods of intra- or extra-medullary fixation,
grafting, implant revision, or combinations of the
above (6, 7, 8, 9).

Key words: periprosthetic hip fracture, Vancouver classification, polyaxial locking fixation, locked bicortical
screw, implant failure
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Non-operative treatment has been advocated in the
past, (10, 11, 12) but because of its high morbidity,
more aggressive rationales have been established (13).
On the other hand, even in recent literature, important
complication rates up to 41% and revision rates up
to 29% have been reported for surgical treatment of
PPFs (14-19).

The stability of the original implant and the
configuration of the fracture itself are the basic factors
that influence the decision-making process. In a
loose prosthesis, exchange for a revision prosthesis is
commonly the treatment of choice (20, 21). In these
situations, the fixation of the revision implant has to
be secured by long stems that are well fixed in the
diaphysis of the femur. In stable implants, the primary
strategies aim for fracture stabilization, leaving the
original prosthesis in place. To date, a variety of
strategies for fracture fixation has been described. The
results of conventional non-locking implants have
been mostly poor with complication rates up to 53%
(22).

Therefore, today monoaxial locking plates are
strongly recommended in complicated osteoporotic
fractures. Although this offers a more stable fixation,
the complication rates remain high with up to 29%
failure (23-28).

As monoaxial plating systems are sometimes
difficult to fix in regions with an intramedullary
implant, additional devices such as cerclages are
recommended to provide stable fixation.

The primary aim of the presented study is to
describe our experience in using a precontoured
periarticular polyaxial plating system in patient with
PFF B1, C Vancouver comparing our experience with
other surgical solutions.

As there is a high inhomogeneity in patients treated
for this fracture type with respect to the local (e.g.,
type of prosthesis) and to the general (e.g., mobility of
the patient) conditions, we tried to structure the paper
based on the following sub items:

- S1: impact of a new PPF plate with “open approach”;
- S2: application of polyaxial locking screws in
PPF fixation with cement and cementless implants
compared with other surgical solutions;

- S3: radiological healing, outcome and mobility after
12, 24, 36 months.

A.CASTELLI ET AL.

MATERIALS AND METHODS

From May 2013 to December 2014, 30 NCB-
PP® plates were implanted. All fractures were
periprosthetic fractures that did not disturb the
stability of the arthroplasty. In all cases, the stability
of the prosthesis was evaluated by preoperative
X-ray, clinical evaluation (e.g., history of pain
before the fracture) and finally, surgical evaluation.
The classification of the PPFs was based on the
Vancouver classification (28).

Informed consent was obtained from all the
patients or their relatives. Patients were excluded
from the study in cases of:

- Loose hip prosthesis (Vancouver type B2
and B3);

- Pathological fracture caused by local
malignant destruction of the bone.

Follow-up time of the study was 36 months in
21 patients: mean follow up 35 months. Twenty-
one fractures were left-sided and 9 was right-sided.
Mechanism of fracture was more likely a low-energy
trauma. Average patients’ age was 78 years (66-86
years), 27 females, 3 males. ASA-Score was 1.7
(1-3). Twelve patients had three and more relevant
comorbidities, 12 patients had two or less relevant
comorbidities and 6 patients had none. Twenty-two
patients were admitted to hospital directly from
their homes, 7 after traffic accidents and 1 patient
was referred from another hospital. None of the
patients were bed-ridden prior to the trauma. Out
of 30 periprosthetic fractures, 6 patients (20%) had
a cemented stem, 24 (80%) cementless, 10 patients
(33%) had an endoprosthesis, 20 patients (67%) had
total hip prosthesis, 18 patients (60%) had a primary
implant and 12 patients (40%) had a revisioned
implant. According to Vancouver (28), they were
classified as 3xtype C and 27xtype B1.

In 24 patients (80%), NCB-PP® plating was
performed as primary fracture treatment, in 6 patients
(20%) NCB-PP® plating was performed as secondary
fracture treatment after primary plating failure.
Eighteen patients out of 24 (75%) primarily suffered
a long spiral diaphyseal fracture with interposition
of soft tissue, the other 6 patients (25%) a transverse
3 fragments fracture. All surgeons performed lateral
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femoral approach extended distally to the diaphysis
with open reduction and internal fixation (Fig. 1).
Preoperative mobility as well as intraoperative
parameters were recorded. Follow-up included
evaluation of wound healing, functional assessment,
bony consolidation (both cortices bridged, fracture
line no longer evident, no pain at loading), evaluation
of the GOS, HHS (Harris hip score) and general
complications. The Glasgow Outcome Scale (GOS)
was used to estimate participation in daily life (29)
(Table 1). It was used for its easy inter-observer
comparability pre- and postoperatively. For easier

Table 1. Modified Glasgow Outcome Scale.

GOS 1 Good recovery

GOS 2 daily life needed

GOS 3

GOS 4 Persistent vegetative state
GOS 5 Death
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comprehension, GOS was inverted (30) (1=good
recovery and 5=death) (Table I).

All fractures were reduced and fixed with the
periprosthetic polyaxial locking Non-Contact-
Bridging-plate (NCB-PP® Zimmer Inc., Winterthur,
Switzerland) (31). This implant offers the possibility
of locking screw fixation where the screws can be
directed in an angle of up to 30° in any direction to
the plate level to avoid an intramedullary implant.
Oversized drill bits and drill guides are useful to
reduce the risk of cracks in the cement mantle when
placing screws around a cemented prosthesis.

Moderate disability (disabled but independent), no assistance in

Severe disability (conscious but disabled), needing assistance in daily life

Fig.1. a): Vancouver Type C fracture on cemented stem; b): ORIF with NCB-PP.
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RESULTS

The duration from admission to operation was
in median 48 h (14+£90 h). Surgery lasted 150 m
(80£220 m) in median. The intraoperative blood
loss measured by intraoperative transfusion was 2
units of erythrocyte concentrate (0+4) on average
pro patient. The average stay in hospital was 9 days
(5422). The rehabilitation program was standardized
with no weight bearing of the affected extremity for

Table II. GOS-course.

A.CASTELLI ET AL.

4 weeks. Twenty-seven patients were transferred to
rehabilitation or geriatric centers and 3 patients were
discharged home. No patient died in hospital. Six
patients (20%) died at a mean age of 80.5 (75+86)
years during further follow-up that averaged
2.5 months after surgery. After 36 months,
21 patients (70%) attended the clinical follow-up.
Bony consolidation was confirmed in all patients bar
one (95.2%), in an average time of 4 months. Range
of motion of the knee was sufficient (0->90°) in all

GOS Pre trauma n=30  6weeks post OPn=10 24weeks post OPn=21 52weeks post
OPn=21

1 (good) 27 3 15 18

2 3 27 6 3

3 0 0 0 0

4 0 0 0 0

5 (death) 0 0 6 6

Fig. 2. Vancouver type C fracture on uncemented stem. ORIF with NCB-PP.
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cases. The GOS at 52 weeks showed a decrease of
one point in 3 (14%) patients and was back to the
preoperative level in 18 patients (86%). The Harris
Hip Score at 52 weeks showed a mean score of
80.14 points (71£89 points). Full weight bearing was
allowed at mean time of 100 days (50£160 days).
None of the patients developed complications that
needed subsequent surgery. None developed deep
infection. Complications without need for surgical
revision were seen in 6 patients (28%). A prolonged
wound healing in two patients healed conservatively
with antibiotics and repeated dressings. Four cases
of urinary tract infection were registered; no patients
developed a deep vein thrombosis (Table II).

DISCUSSION

Despite the shortcomings outlined above, the
study offers an array of relevant information for
the treatment of these complicated fractures. The
conception of the NCB-PP® polyaxial locking
system is a relatively new strategy (31-33).
Because of small cohort numbers and general lack
of controlled studies, an optimal treatment for PPFs
has not been described. The following discussion is
based on the 3 main questions of this study.
- S1: impact of a new PPF plate;
- S2: application and technical advantages
of polyaxial locking screws in PPF fixation
with cement and cementless implants;
- S3: radiological healing, outcomes and
mobility after 12 and 36 months.

S1: impact of a new PPF plate

The recent literature on the treatment of PPFs with
locking plates reports 7-41% local complications and
0-29% revisions (23-28, 31). In our analysis of open
approach polyaxial locking fixation, a relatively low
rate of 20% minor complications were found. These
results are the same or better than the outcomes
obtained with mini-open or mini-invasive approach.

Although some authors recommend ‘minimally
invasive’ strategies, in order to preserve the blood
supply of the bone and to diminish local soft-
tissue complications (25, 27, 28), other authors
still recommend an open approach (23, 24, 26,
31, 34, 35). The more likely reason of revision is
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the implant failure due to a mistake in the fracture
classification process. The heart of the problem
is distinguish between Bl and B2 fracture with
stem loosening. In our opinion, an open-approach
technique allows a better intraoperative evaluation
of the implant stability, in order to obtain a better
reduction, especially for 3 fragments fractures. It can
also provide a better fixation with relative stability,
with a bridging technique and a fracture periosteal
healing per secondam. Otherwise, in some cases you
can also obtain a complete stability, with bicortical
screws and free lag screws with a per primam fracture
healing, avoiding problems with axis and rotation of
the healed fracture. Although the revision rates in
the papers describing minimally invasive techniques
(0-12.5%) seem to be lower than in studies on open
approaches (7-29% revisions), a direct comparison
cannot be performed because of the varying fracture
types, strategies and implants.

While the mini-invasive technique showed
favourable results when applied in Al fractures,
we found important complications such as plate
fractures due to failed biological healing and
malrotation when this technique was used for B1 and
C fractures. Although a mini invasive technique is
a viable option in long spiral 2-fragment fractures,
this emphasizes the surgical difficulty and gives fair
results in transverse and 3-fragment fractures, due to
difficulty in close indirect reduction and achieving a
perfect rotation.

Itis unclear whether healing fracture complication
was related to the procedure. However, in these cases
we always found a periosteal flap or muscular flap
interposed between the fracture fragments. In other
studies with MI and MO technique, complications
such as malrotation, malreduction, nonunion and
plate breakage were documented.

Comparing the different techniques (open
approach, MI and MO) with respect to OR time,
packed red blood cell (PRBC) administration and
need for ICU (intensive care unit) treatment, we
did not find statistically significant differences
comparing our group with other studies.

Nevertheless, we appreciate the open approach
technique, because this approach offers higher
perioperative safety than the other approaches and
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great and unique possibility of testing the stability of
the femoral implant thereby avoiding an important
surgical indication mistake. In fact, only for 76%
of PPFs do we can have a correct diagnosis of the
implant stability before surgery. In an average of 24%
of cases, the instability of the implant is accessed
during surgery (36, 25, 27, 28).

S2: application and technical advantages of
polyaxial locking screws in PPF fixation with cement
and cementless implants

For fixation of PPFs, different techniques are
described. According to the literature, PPFs around
a THA are better fixed by locking screws than by
conventional screws (22). Nevertheless, when a
stable intramedullary stem is in place, a locking
plate is the actual treatment of choice in a PPF.
However, in monoaxial locking systems, the
bicortical fixation of a plate is difficult to achieve in
areas with an intramedullary implant and cemented
stem. Monocortical screws can be placed as an

A.CASTELLI ET AL.

alternative, whereas if only (or mainly) monoaxial
unicortical locking screws are set, a high risk of
pullout and implant failure exists in osteopenic bone
or uncemented implants (23, 26, 27); therefore, some
authors recommend additional cable or cerclage
fixation in these circumstances (23, 25, 28).

The NCB-PP® system, with polyaxial locking
mechanism, allows the positioning of a locked
bicortical screw around an intramedullary cemented
stem. The wide plate design in periprosthetic region
allows for bicortical screw fixation around the
prosthesis. Oversized drill bits and drill guides are
useful to reduce the risk of cracks in the cement
mantle when placing screws around a cemented
prosthesis. In our study, we were able to set a
minimum of 4 and a mean of 5-8 bicortical screws
around a femoral stem. In 12 cases (40%), an 8
bicortical screws fixation, 4 proximal (2 anterior and
2 posterior to the stem) and 4 distal were performed;
in 12 cases (40%), an additional cerclage wire was
necessary with 8-12 bicortical and monocortical

Fig. 3. Intraoperative Reduction and Fixation technique.
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screws and in 6 cases, (20%) of precedent plating
failure, an autologous-homologous bone graft was
performed (3 homologous cortical tibial shaft grafts
and 3 autologous iliac bone grafts).

S3: radiological healing, outcome and mobility after

12 months

Comparing the different approaches, we have
observed very similar bone healing results and
functional outcomes between open approach,
mini-invasive and mini-open technique. Bony
consolidation was confirmed in all patients in an
average time of 4 months. Postoperative mortality on
average 2.5 months after surgery, of average 20% of
patients, is very close to the values of other studies.
None of the patients developed complications
that needed subsequent surgery despite general
postoperative complications rate after PPF was high.
Complications without need for surgical revision
were seen in 2 patients (9%). No patients developed
deep infection or deep vein thrombosis. The Harris
Hip Score at 52 weeks showed a mean score of 80.14
points (71-89 points). This is an encouraging score
and is very close to the mean HHS obtained after
primary hip arthroplasty surgery.

The use of NCB-PP® plates has given excellent
results in our clinical practice, giving good
implant stability and allowing early postoperative
mobilisation and recovery for our patients. For a
successful implant and good functional recovery, the
following are essential:

1. A correct surgical indication (ostosynthesis in
cases of stable prosthesis only);

2. The choice of plate with the use of a diagonal
three hole pattern in the area of greatest
prosthesis fullness;

3. Trauma surgery experience.

Despite the small number of cases studied, the
results after 4 years from the first implant are certainly
encouraging. There are two major limitations of this
study:

1. Different types of PPFs of the femur were
included but we have a great homogeneity in
the femoral implants (only prosthetic stems, no
intramedullary nails);

2. Small cohort numbers.
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TARGETING VEGF-A IN CARTILAGE REPAIR AND REGENERATION: STATE OF
THE ART AND PERSPECTIVES

G. VADALA, F RUSSO, M. MUSUMECI, A GIACALONE, R. PAPALIA and V. DENARO

Department of Orthopaedic and Trauma Surgery, University Campus Bio-Medico of Rome, Rome, Italy

Osteoarthritis (OA) is the most common joint disorders in western populations, and is characterized
by a progressive degradation of articular cartilage (AC) leading to loss of joint function. Methods to cure,
delay or prevent the onset of OA and/or improve AC repair strategies have high clinical and socioeconomic
impact. Possible innovative strategies envisioned for early OA treatments or cartilage repair include the
implantation/injection of mesenchymal progenitors (MPs)-based constructs or cell-free bioactive scaffolds/
hydrogel coupled with the controlled recruitment and instruction of resident MPs or AC. However, these
tissue engineering-based strategies still suffer from unreliable outcomes with poor fibro-cartilaginous
repair and blood vessel invasion. In such conditions Vascular Endothelial Growth Factor (VEGF) family
has been shown to play a key role in controlling AC catabolism on one hand and angiogenesis on the other
as a crucial step for endochondral ossification of MPs, ultimately leading to progressive breakdown of the
neo-formed matrix. This review aims to provide a summary of relevant relationships between impaired
angiogenesis, OA and cartilage regeneration highlighting how VEGF might play a paramount role in the

pathophysiology of cartilage aging or degeneration as well as in cartilage repair.

Articular cartilage (AC) is a highly organized
network  of  extracellular proteins,
proteoglycans, collagen, and non-collagenous
proteins that maintain a high water content.
Chondrocytes are embedded within lacunae in this
structural and molecular labyrinth. AC, due to its
avascular nature, receives nutrients through synovial
fluid during normal compression load bearing
cycles. AC plays a key role in loadbearing, force
distribution and dissipation while chondrocytes
critically maintain its biomechanical properties (1).

Chronic AC pathologies such as osteoarthritis
(OA), are a major cause of pain and disability in
the elderly population causing a rising demand
for better treatment, considering that the surgical
treatment in the late stage of the disease still is joint
replacement. OA is driven by different degenerative
mechanisms  associated  with  chondropathy,

matrix

synovitis, osteochondral junction (OJ) remodeling,
and osteophyte formation.

Histological analysis and imaging studies have
shown marked synovitis in approximately one-third
of patients with symptomatic OA, or rather, increased
synovial angiogenesis and macrophage infiltration.
This increase probably results from an imbalance
between pro- and anti-angiogenic factors, such as the
enhanced production of VEGF family members and
the reduced expression of chondromodulin-1 (ChM-
1) and thrombospondin-1 (TSP-1) by the inflamed
synovium. In regard hypoxia inducible factor (HIF)-
lo and HIF-2a are important transcription factors in
hypoxia, inducing VEGFA gene responses (2).

OA is characterized by the loss of normal
avascular status and an increased tendency to
angiogenesis, as it is observed in the cartilage
epiphyses of growing bone. Indeed, both matrix

Key words: articular cartilage, cartilage lesion, osteoarthritis, angiogenesis, VEGE, tissue engineering, regenerative medicine
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and signals change toward angiogenesis resulting in
decreased essential extracellular matrix components
such as proteoglycans (which may reduce the normal
barrier to angiogenesis), high-molecular-weight
molecules such as hyaluronic acid, type II collagen,
N-propeptide suggesting their anti-angiogenic
properties (2). Moreover, it has been shown
the down-regulation of anti-angiogenic factors
such as ChM-1, endostatin, TSP-1, tenomodulin,
troponin I, angiostatin and inhibitors of matrix
degrading enzymes, including tissue inhibitors of
metalloproteinases (TIMPs), secretory leukocyte
proteinase inhibitor and plasminogen activator
inhibitor-1 (3).

VEGF family is a family of secreted polypeptides
and VEGF-A (VEGF), is the founding member of
the family. VEGF is also the most studied member
of this family and has important roles in mammalian
vascular development and in diseases involving
abnormal growth of blood vessels. It is one of the
most powerful angiogenic factor and it plays an
essential role in the endochondral ossification process
at the level of the growth plate, modulating cartilage
vascularization and cells signaling (4). A recent
study revealed that chondrocyte-derived VEGF
switches the normal chondrocyte phenotype toward
OA phenotype inducing catabolic pathways (5). In
addition, VEGF acts as a powerful chemo-attractant
for monocytes, leading to synovial hyperplasia in
OA (6).

In AC degeneration, increased osteoclast activity
causes extension of channels from the subchondral
bone into the AC, ultimately passing across the
tidemark into the normally avascular noncalcified
cartilage. Numerous studies have shown that blood
vessels in OA derive from the subchondral bone
through the channels and into the cartilage. This
leads to ossification of the cartilage and osteophyte
formation around the channel (3). Blood vessels
are accompanied by extensions of sympathetic and
sensory nerves. Therefore, angiogenesis also results
in innervation of the AC (7), which may cause pain
in OA patients.

These aspects demonstrate the importance in
controlling angiogenesis and in particular VEGF
in AC lesions and OA management. In this review,
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we investigate the physiological and pathological
role of VEGF family and its potential modulation
to improve both cartilage repair strategies and OA
prevention and treatment.

VEGF family

VEGF is an important mediator of angiogenesis.
The VEGF family is composed of seven secreted
glycoproteins: VEGF-A, VEGF-B, VEGF-C,
VEGF-D, VEGF-E, placental growth factor
(PIGF) and VEGF-F (8). They all perform their
biologic effect through interaction with different
transmembrane tyrosine kinases receptors such as
VEGFR-1, VEGFR-2, VEGFR-3 and the neuropilins
(NP-1 and NP-2). Within the VEGF family, VEGF-A
is the most specific and prominent angiogenic factor.
For this reason, VEGF-A is usually called VEGF.
VEGF-A has been shown to play an effective role
both in physiological and pathological angiogenesis.
Indeed, angiogenesis is an important biological
process in many pathologies such as cancer.
VEGF-VEGF receptor (VEGFR) system has been
discovered to induce angiogenesis, mitogenesis
and cell survival. Based on these findings, a variety
of anti-angiogenic drugs, including anti-VEGF
antibodies and VEGFR/multi-receptor kinase
inhibitors have been developed and approved
for clinical use. For these reasons, VEGF-A is
considered a key angiogenic growth factor and its
level of expression is a critical marker for detection
of diseases. Indeed, under physiological conditions,
a healthy adult organism does not demonstrate any
active angiogenic process, except for few cases, such
as in the female reproductive system and in lung,
kidney, liver and brain where VEGF expression may
also be detectable (8).

Physiological role of VEGF in endochondral bone
formation

VEGF-induced signaling and consequent
angiogenesis are fundamental processes during
endochondral bone development and tissue
repair, such as in fracture. Indeed, treatment with
exogenous VEGF promotes fracture repair as well as
angiogenesis while the use of a soluble neutralizing
VEGF receptor impairs the process of callus
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formation in a mice model (9).

Endochondral bone formation is a highly
organized process that leads to longitudinal bone
growth during vertebrate development where
chondrocytes undergo phases of proliferation,
maturation and apoptosis. During this process, blood
vessel invasion from the metaphysis coincides with
mineralization of the ECM, apoptosis of hypertrophic
chondrocytes, ECM degradation, and bone formation
(10). Gerber et al. (4) inactivated VEGF through
the systemic administration of a soluble receptor
chimeric protein to mice. Blood vessel invasion was
almost completely suppressed, concomitant with
impaired trabecular bone formation and expansion of
the hypertrophic chondrocyte zone. Interruption of
the anti-VEGF treatment was followed by capillary
invasion, restoration of bone growth, resorption of
the hypertrophic cartilage and normalization of the
growth plate architecture (4).

The crucial role of VEGF in cartilage
vascularization and bone development has been
supported by different studies. Zelzer et al. (11)
provided further in vivo evidence for the important
role of VEGF in blood vessel invasion into
hypertrophic cartilage during bone development.
They described for the first time a connection
between VEGF and chondrocyte survival during
skeletal development. Using VEGF knockout mice
they showed a delayed invasion of blood vessels into
primary ossification centers and delayed removal
of terminal hypertrophic chondrocytes (11). VEGF
may also play a role in bone development in humans
as its expression has been found in human neonatal
cartilage (12).

Pathological role of VEGF in articular cartilage
VEGF level of expression is crucial in neonatal
endochondral bone development. Contrary,
adult human AC does not express VEGF under
physiological conditions (13, 14). However, recent
analyses have shown expression of VEGF and its
receptors in OA cartilage and synovium (13-15). In
several studies, chondrocytes and cartilage tissue
obtained from OA patients had higher levels of VEGF
and its receptors compared to healthy individuals
(16, 17). Moreover, numerous studies showed the
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correlation between OA and an increased expression
of VEGF by chondrocytes (17, 18) in both traumatic
and inflammatory conditions. Recently, Tibesku et
al. (15) showed a significant correlation between
the percentage of VEGF positive chondrocytes and
histological and macroscopic grade of OA (15).

VEGF plays also a pivotal role also in
inflammatory joint condition such as rheumatoid
arthritis. Mouold et al. (19) showed the reduction of
inflammation associated with synovial angiogenesis
in VEGF knockout mice with induced inflammatory
arthritis (19).

Numerous pathological stimuli can increase

VEGF synthesis, such as hypoxia and mechanical
stress (compression or shear stress) (20). Several
other factors such as IL-1, IL-17, TNF, nitric oxide
(NO) and reactive oxygen species (ROS) are able to
induce VEGF expression in cultured chondrocytes
through catabolic factors induction, including MMPs
(21). Hypoxia can be considered the former stimulus
for angiogenesis.
More specifically, reduced oxygen tension induces
expression of VEGF through induction of a
transcription factor, HIF-1a (22). The target genes
of HIF-1 are related not only to angiogenesis but
also to cell proliferation/survival that could alter
the chondrocyte metabolism. HIFs are transcription
factors  regulated  post-transcriptionally by
oxygen levels in the cell through oxygen sensors
(hydroxylation on specific aminoacid residues by
prolyl-hydroxylases, PHD). When oxygen levels are
limited, HIF-1a expression activates transcription
of target genes such as VEGF (23). In OA, the
expression of VEGF and HIF-1 are increased (24).

In OA the structures most affected by the
progression of angiogenesis are mainly the sinovia
tissue and, afterwards, blood vessels grow from
the subchondral bone to occupy the osteochondral
channels accompanied by extensions of sympathetic
and sensory nerves. Giatromanolaki et al. (25)
proved a significant overexpression of HIFs related
to a high microvassel density and VEGF/KDR
receptor activation, suggesting HIF-a-dependent
synovial angiogenesis in OA (25).

Nevertheless, Ludin et al. (26) performed intra-
articular injections of exogenous VEGF in healthy
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mice demonstrating the possibility to induce the
typical OA progression sequence in VEGF-treated
animals. They noted progressive osteoarthritic
changes in VEGF treated knee joints such as
tidemark multiplication, marked subchondral
sclerosis, progressive cartilage degradation, synovial
membrane hyperplasia, and osteophyte formation
(26).

In summary, these data corroborate the crucial
role of VEGF by highlighting its importance
in physiological angiogenesis, growth plate
development and endochondral ossification as well
as pathological conditions.

VEGF signal modulation in OA

OA is the most common joint disease leading to
severe disability and pain with consequent decline
of quality of life. Growing evidence is showing that
the development of antiangiogenic treatments for
patients with OA could represent a novel powerful
therapy.

Chondroitin sulfate (CS) is a symptomatic slow-
acting drug for OA widely used in the clinic and
his properties are mainly due to an anti-angiogenic
effect on synovial membrane and chondrocytes.
Calamia et al. (27) showed its antiangiogenic,
antiinflammatory, and anticatabolic properties (27).
The observed antiangiogenic action of CS was due
to a strong increase of the angiogenesis inhibitor
TSP-1. Lambert et al. (28) confirmed these data
suggesting that the beneficial role of CS in OA
management could in part, derive from its anti-
angiogenic properties by counteracting the IL-1b-
dependent TSP-1 and Vascular Endothelial Growth
Inhibitor (VEGI) down-regulation at both gene and
protein levels (28).

Ashraf et al. (29) showed that angiogenesis
inhibitor PPI 2458, an antiangiogenic fumagillin
analog, reduced synovial and osteochondral
angiogenesis, synovial inflammation, osteophyte
formation, structural damage of AC and pain-
related behaviors in a rat animal model of OA. This
antiangiogenic factor arrest the growth of endothelial
cells (EC), thus inhibiting their proliferation and
angiogenesis (29).

Recently, Nagai et al. (30) evaluated the
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effects of both intravenous and intra-articular
administration of bevacizumab, a humanized anti-
VEGFA monoclonal antibody, in a rabbit model of
OA. These authors demonstrated that knees treated
with bevacizumab exhibited a reduction in articular
cartilage degeneration, osteophyte formation, and
synovitis. In AC, expression levels of aggrecan,
collagen type II and chondromodulin-1 were higher
in the treated group. Histological evaluation and
assessment of pain behavior showed a superior effect
in the intrarticular administration group compared to
the systemic administration of bevacizumab, even
though the total dosage given to the intrarticular
group was half that received by the systemic group
(30).

In the future, it may be possible to use a wide
range of angiogenesis inhibitors for the treatment of
OA. Inhibiting inflammation, delaying osteophyte
formation, reducing cartilage and meniscus
innervation and maintaining the integrity of the OJ
could provide direct pain relief for patients affected
by OA.

VEGF signal modulation in the repair of chondral
lesion

AC lesions represent a major concern in the field
of orthopedic surgery due to a limited regenerative
capacity of mature AC. Successful regeneration of
any tissue requires the presence of reparative cells
with the potential to differentiate into the phenotype
required to restore the damaged site, supported by
a microenvironment that guides their differentiation
(31). Creating an avascular environment, through
the inhibition of VEGF signaling, could be beneficial
for the healing of a cartilage lesion through one
of the clinically relevant repairing techniques
mentioned above. In this prospective, Nagai et al.
(32) demonstrated that a systemic administration
of bevacizumab, a humanized monoclonal antibody
anti-VEGF, in an osteochondral defect rabbit model
leads to a complete cartilaginous filling in the treated
group compared to a fibrous and bone tissue filling
in the control group. They showed that intravenous
administration of bevacizumab contributes to a
better repair of articular cartilage in an osteochondral
defect model (32).
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A variety of scaffolds and cell types have been
combined to optimize cartilage growth, maintaining
chondrocyte phenotype, preventing vascularization
of implanted tissues in order to maintain their
biomechanical properties and prevent endochondral
ossification. Centola et al. (33) developed and tested
a clinically relevant fibrin/hyaluronan scaffold
functionalized with bevacizumab for cartilage repair.
The scaffold seeded with human nasal chondrocytes
was implanted in the subcutaneous space of the
back in nude rats. They showed that the sustained
bevacizumab release from the scaffold efficiently
blocked host wvessels ingrowth and enhanced
choncrocytes, improving survival rate. Therefore,
this anti-angiogenic approach may support the
formation of long-term stable and high-quality
cartilaginous engineered tissue without any in vitro
preconditioning (33).

According to these studies, angiogenesis control
and in particular VEGF inhibition could actually
play a critical role in tissue engineering mediated
cartilage repair.
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Modulation of VEGF signaling in chondrogenic
differentiation of progenitor cells: applications in
cartilage repair.

The repair process of large cartilage defects
requires the presence of reparative cells with
the potential to proliferate and differentiate into
phenotypes that are required to restore the damaged
site. There must also be a proper microenvironment
that supports those cells. Progenitor cells, such
as mesenchymal stem cells (MSCs), are a more
attractive cell source than primary chondrocytes
(34, 35). Among MSCs, muscle-derived stem cells
(MDSCs) have been tested in experimental models
for cartilage repair modulating angiogenic signals
to mimic the proper microenvironment. Recently,
the effect of blocking VEGF in chondrogenic
differentiation of MDSCs has been investigated.
Kubo et al. (36) tested the direct effect of both VEGF
and sFlt-1 (Soluble Fms-like tyrosine kinase-1, a
VEGF antagonist) on chondrogenic differentiation
potential of mouse MDSCs in vitro and in vivo in arat
osteochondral defect model. Chondrogenic potential

Fig. 1. Schematic representation of the proposed angiogenesis modulation strategies for the treatment of AO and cartilage
lesion. On the left side an osteoarthritic knee treated with an intraarticular injection of antiangiogenic signals as proposed
by Nagai et al. (2014) (dots) or injecting cells transduced with antiangiogenic genes as proposed by Matsumoto et al.
(2009) (circles with dots inside). On the right side, a cartilage lesion treated with a scaffold releasing an antiangiogenic
drug as proposed by Centola et al. (2013) (dots) or a scaffold engineered with cells transduced with antiangiogenic genes
as proposed by Kubo et al. (2009) (circles with dots inside).
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of MDSCs was significantly improved by the
expression of the VEGF antagonist and decreased by
VEGF (36). Accordingly with these data, Matsumoto
et al. (5) investigated the effect of VEGF modulation
in a rat model of OA. They performed intra-articular
injections of murine MDSCs expressing BMP-
4, in combination with MDSCs expressing either
VEGF or sFlt-1. OA knees treated with MDSCs
expressing sFlt-1 demonstrated reduced OA changes
of cartilage matrix, less osteophyte formation, higher
differentiation and proliferation and lower levels of
chondrocyte apoptosis compared to the VEGF group
(5).

Therefore, incorporation of plasmid vectors
encoding endogenous angiogenesis inhibitor, into
MSCs and chondrocytes used to seed cartilaginous
constructs, is a potential strategy for maintaining the
engineered cartilage phenotype.

DISCUSSION

There is a strict relationship between impaired
angiogenesis and OA and VEGF might play a key
role in the pathophysiology of cartilage degeneration.

The modulation of these signals may be beneficial
in the treatment of OA. It may result in the reduction
of inflammation and cartilage matrix degradation
through setting up an appropriate environment that
prevents chondrocyte hypertrophy, apoptosis and
osteophyte formation. Moreover, cartilage repair
strategies would benefit of a bioactive scaffold which
is able to inhibit the angiogenic response mediated
by VEGF in the cartilage lesion site.

Although an anti-VEGF antibody, such
as Bevacizumab, is an attractive drug for the
treatment of neovascular disease as largely used
in the treatment of different oncological diseases,
several complications are associated with its
intravenous administration, such as haemorrhage,
thromboembolism, proteinuria, delayed wound
healing, and hypertension. However, scaffold
release systems and local administration strategies,
such as intrarticular administration, would be able
to reduce the administration doses thus avoiding
the reported side effects. Figure 1 schematically
shows the different therapeutic strategies based on
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angiogenesis modulation for either OA treatment or

cartilage repair.

Targeting VEGF may open up future prospectives
and horizons in the field of regenerative medicine,
although further studies are needed to evaluate
VEGF as a target for the treatment of OA and
cartilage lesions.
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