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by an authorized bonebank institution. 
In aseptic condition, the BMC was then combined 

with the autologous PRP (16 ml), cryoprecipitate (8 ml) 
and thrombin (4 ml). A gel-like tissue was obtained by 
adding calcium gluconate (2.8 g). The obtained gel was 
used to cover the bone allograft on the left side of the 
spinal instrumentation (Fig. 1).

Clinical and radiographic analysis
The patients were followed clinically and 

radiographically for a minimum of 1 year.  Posteroanterior 
and lateral radiographs of lumbosacral spine were obtained 
immediately after surgery and at 6 and 12 months. 
Because the sensitivity of X-ray interpretation for lumbar 
spine arthrodesis is up to 70%, the status of the fusion was 
additionally evaluated using computed tomography (CT) 
scans at 12 months after the surgery.  

For this study, radiographic fusion rate was the 
primary outcome measure. An independent radiologist 
evaluated 6- and 12-month x-rays and 12-month CT scans 
of the patients. 

Fusion success was defined at the presence of 
continuous trabecular bone connecting the transverse 
processes. In this case, fusion mass was considered 
“good”. No intersegmental bony bridging fusion was 
considered “poor”.

(Vivolution, Birkeroed, Denmark) medical device. The 
entire process generates approximately 6 mL of PRF 
from 120 mL of the patient’s own blood in about 30 min. 
Autologous thrombin was generated by 8 mL of venous 
blood according to Regenlab™ ATS tubes.

During surgery in aseptic conditions, autologous PRP 
(7mL) was mixed with autologous BMC (7 mL), 4 mL of 
autologous Thrombin and 4 mL of calcium gluconate to 
obtain a composite gel of autologous cells. The composite 
gel was placed inside a scaffold of corticocancellous bone.  
Autologous PRF (6 mL) was then sprayed locally all over 
the graft to promote tissues adhesion. Samples of BMC 
were collected to perform cells count and characterization. 

Surgical technique
All surgery was performed by the senior author (VD). 

At surgery, a standard midline approach was used and 
decompression performed. Instrumentation consisted 
of two titanium bars with lateral mass polyaxial screw 
fixation. On the left posterolateral side of the spine, 
allograft plus autologous BMC and PRP was used, while 
on the right side allograft alone was used. 

All the graft beds were decorticated. A freshly 
frozen iliac crest bone allograft was cut into long bars 
of corticocancellous bone and placed alongside the 
instrumentation of both sides. Allografts were delivered 
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Fig. 1. BMC and PRP blended with thrombin ready to be implanted on allograft. 
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adverse effects due to the bone marrow aspiration.  
One patient developed an aseptic abscess one 
month after surgery and required revision surgery 
and prophylactic removal of the graft on both sides 
which was sent for histology analysis. One patient 
was lost at follow up.

The remaining 10 patients were followed up 
to one year and underwent X-rays at 6 and 12 
months and CT scan at 12 months. The number of 
levels fused per patient was as follows: L4-L5: 1 
patient; L5-S1: 3 patients; L4-S1: 2 patients; L3-
S1: 2 patients and L3-L5: 2 patients. All patients 
underwent posterolateral fusion. Lateral X-rays 
showed good positioning and no mobilization of 
spinal instrumentation over time. CT scans showed 
good fusion on right masses (allograft alone) in 4 
patients and poor in 6 patients; good left masses 
(allograft + BMC + PRP) in 9 patients and poor in 1 
patient (Table I). Representative coronal and sagittal 
images of L5-S1 fusion at left side (allograft + BMC 
+ PRP) and no fusion on the right side (allograft) are 
shown in Fig. 2. 

After the concentration procedure (Table II), the 
number of BM white blood cells (WBC) was 3.4-
fold higher than the cell number detected in non-
manipulated BMA. The number of CD34+ cells 
was significantly increased (p=0.005) in BMC 

Histological staining 
Bone biopsies of a patient who underwent revision surgery 
one month after postero-lateral fusion of the spine were 
obtained from both sides at the time of removal of the 
instrumentation. 	 Histological samples were fixed 10% 
in neutral buffered formalin for 1 week, decalcified in 
ethylenediaminetetraacetic acid and processed for paraffin 
sectioning (5 μm in thickness). The sections were stained 
with both hematoxylin and eosin (H&E), using standard 
techniques and analyzed qualitatively under a light 
microscope (Nikon Eclipse E800, Nikon, Melville, NY), 
at 4 X magnification.

Statistical analysis
Statistical analysis was carried out comparing fusion rates 
for the 2 sides (Allograft vs Allograft + BMC + PRP) and 
for the immunophenotype data (BMC vs BMA) using 
Student T-test. All statistical analyses were made using 
commercially available software at the nominal 0.05 level 
of significance.

RESULTS

The study population consisted of 7 males 
and 5 females; the mean age was 59 years, with a 
range of 43 to 65 years. There were no significant 
intraoperative or postoperative complications or 

Le#	side	Le#	Right	

A	 B	

Figure	2	

Fig. 2. Representative CT images of patient who underwent posterolateral fusion showing instrumentation. Bone bridging 
along the instrumentation can be appreciated on the left side (Allograft + autologous BMC + PRP).
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cytokines) that stimulate osteoblastic differentiation 
of MSCs; (iii) osteoconductive scaffold that supports 
bone ingrowth and facilitates neovascularization (1). 
Even though it has several disadvantages, the use of 
the autologous bone graft still represents the gold 
standard to achieve a solid fusion because it encloses 
all these factors (12, 13). Allograft may represent a 
valid alternative only when its limits are overcome, 
i.e., no osteoinductive potential or osteogenic cells 
(14). Many methods have been used to enhance 
allograft bone formation in spinal fusion, including 
magnetic fields (15, 16), direct current stimulation 
(17), bone morphogenetic protein and the addition 
of BMCs (10, 18, 19). Osteogenic, osteoinductive 
and osteoconductive elements have been used in 
our study to induce posterolateral lumbar fusion: the 
BMC as a source of osteoprogenitor cells, PRP to 

compared to BMA. The mesenchymal progenitor 
cells (CD45-90+, CD73+, CD105+, CD146+) were 
respectively 13.5-, 8.8-, 3.1- and 11.5-fold higher 
than in the BMC compared to BMA. In agreement 
with the immunophenotype results, the mesenchymal 
progenitors (CFU-F) were significantly increased in 
BMC compared to BMA (p=0.044).

Histological analysis of the explanted graft 
from one patient 1 month after surgery showed 
fibrovascular tissue at the allograft with BMC + PRP 
interface, absent in the control graft (Fig. 3).

DISCUSSION

Bone regeneration involves many elements: 
(i) osteogenic cells capable to form new bone; 
(ii) osteoinductive factors (ie, growth factors and 

Table I. Numbers of patients and percentage of fusion success regarding results of CT imaging.

Allograft Allograft +BMC +PRP

Good Fusion (n) 4 9

Poor Fusion (n) 6 1

Fusion Percentage (%) 40% 90%

Table II. Characterization of bone marrow cells before and after Smart PReP2 concentration.
 BMA BMC p FI
WBC x 106/ml 33.0±25.8 83.9±46.4 0.01 3.4±1.7

CD34+ x 103/ml 186.6±166.7 694.6±401.0 0.007 6.7±5.1

HeCFU x 103/ml 76.2±60.3 202.8±253.0 ns 3.3±2.8

CD45-90+ 15.9±13.4 54.6±45.4 0,039 13.5±30.1

CD73+ x 103/ml 489.6±589.6 1416.5±1072.2 ns 8.8±9.8

CD105+ x 103/ml 450.5±581.6 1050.4±1991.3 ns 3.1±3.3

CD146+ x 103/ml 88.6±162.2 169.0±49.2 ns 11.5±11.9

CFU-F x 103/ml 750.3±1239.6 2187.9±2603.1 0.044 4.9±2.5
Data are reported as mean±SD. BMA: Bone Marrow Aspirate; BMC: Bone Marrow Concentrate; FI: fold increase 
calculated as number of cells in BMC/number of cells in BMA; WBC: white blood cells; HeCFU: Hematopoietic Colony-
forming units; CFU-F: Colony-forming unit-Fibroblasts.
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which is readily available for use in the surgical field.
Further advantages in the use of BMCs in 

orthopaedic procedures can be achieved by 
forming fibrin clots that encapsulate the progenitor 
cells, therefore avoiding the diffusion from the 
grafting site. Moreover, BMCs may be enriched 
with autologous growth factors form PRP, such 
as Platelet-derived Growth Factor, Transforming 
Growth Factor, Vascular Endothelial Growth Factor 
and Insulin-like Growth Factor (23). PRP itself 
has shown to drive osteoblast-like cells in-vitro 
and to boost bone formation mediated by grafting 
procedures in maxillofacial surgery in-vivo (9, 24). 
PRP promotes early maturation of bony fusion and is 
a good adjuvant in lumbar spine fusion (11). 

Other studies have shown the effectiveness of 
the use of BMC and PRP with bone allograft to 
induce bone formation (11). We previously reported 
the effectiveness of this method in generating 
posterolateral cervical fusion in a difficult clinical 
setting where age and co-morbidities could 
compromise spinal fusion achievement (6).

The side-by-side human model to study 
effectiveness of bone grafts to induce posterolateral 
spine fusion has been used previously. Boden et al. 
compared an extract-containing bone morphogenetic 
proteins to an autologous bone graft form iliac crest 
on the other (25), proving the feasibility of the 
growth factors mixture in inducing spinal fusion. 

add osteoinductive factors, and the corticocancellous 
bone allograft represents an osteoconductive 
scaffold. 

Our study clearly shows how BMC and PRP 
increase the bone regenerative potential of the 
allograft. Using the posterolateral fusion model, we 
were able to test the effects of BMC and PRP on bone 
allograft in a side-by-side human model. The ectopic 
bone formation has been assessed by both CT scan 
and histological analysis. Moreover, the use of the 
device SmartPReP allowed a selective concentration 
of the mesenchymal progenitors, as assessed in 8/10 
patients by the immunophenotype profile and the 
clonogenic potential. 

BMA has been used as adjuvant for bone grafting 
procedures in traumatology (20) and spine surgery 
(21). Hernigou et al. demonstrated that the potential 
of BMA grafting in enhancing bone formation is 
related to the number of progenitor cells available at 
the graft site, which are capable of colony forming 
units (CFU-F) when placed in culture plates. 

Progenitor cell numbers appear to be insufficient 
in the absence of the correct concentration (22). This 
evidence have been confirmed by our study where the 
process of concentration induced MSCs (CD146+ 
cells) increased 11-fold and the CFU-F increased 
5-fold. The bone marrow concentration system 
used in the study allows to obtain intraoperatively 
a mononuclear cell concentrate from whole BMA, 

Figure	3	

A	 B	

Fig. 3. Representative images of histological sections of bone biopsies stained with H&E obtained from a patient who 
underwent elective removal of instrumentation. Allograft + BMC + PRP (A) show new vessels (arrows) formation while 
Allograft alone (B) is mainly necrotic tissue. 
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There are several limitations to this study. First, 
the side-by-side model does not allow for any clinical 
evaluation based on the treatment. However, this 
model allows the evaluation of the spinal fusion by 
using CT scan to overcome the systemic variability 
among different patients that can affect outcomes. 
Secondly, the relatively small sample size still needs 
to be addressed. Indeed, randomized clinical trials 
comparing bone allograft + BMC + PRP to bone 
autograft (gold standard) may be helpful to confirm 
the effectiveness of the method. Thirdly, no cost 
analysis was performed in this study.

In conclusion, this simple and effective compound 
may improve the outcome of fusion rate of bone 
allograft in posterolateral spine fusion. 
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Low back pain (LBP) is one of the most common disabling symptoms affecting the adult population 
throughout the industrialized world.  The main cause underlying this condition is intervertebral disc 
degeneration (IDD), which is characterized by progressive decrease of the proteoglycan content within the 
nucleus pulposus (NP), leading to disc dehydration and loss of its morpho-functional and biomechanical 
properties. To date, LBP treatment is based upon conservative and invasive procedures which are not 
capable of restoring the degenerative alterations of the disc, as they only help relieve the symptoms 
and/or slow down disc degeneration and are, nonetheless, characterized by significant comorbidities, 
costs and secondary risks. The potential use of different mesenchymal stem/stromal cells (MSCs) for 
treating IDD has been promisingly tested in vitro and in vivo.  The combination of different cell types, 
preconditioning culture conditions, engineered scaffolds and delivery systems have yielded proof of disc 
matrix reconstitution, increased cell viability and tissue regeneration in several experimental settings. 
This article reviews the current literature on stem cell-based therapy for IDD and the outcomes that 
diverse approaches have achieved.

MESENCHYMAL STEM CELLS FOR INTERVERTEBRAL DISC REGENERATION

G. VADALÀ, F. RUSSO, L. AMBROSIO, R. PAPALIA and V. DENARO

Department of Orthopaedic and Trauma Surgery, Campus Bio-Medico University of Rome, Rome, Italy

Key words: stem cells, intervertebral disc degeneration, mesenchymal stromal cells, disc regeneration, spine surgery

Aggrecan is a large-aggregating proteoglycan which 
is capable of interacting with hyaluronan and is 
provided with several negatively charged sulfated 
glycosaminoglycans (namely chondroitin sulfate 
and keratan sulfate) that are able to bind water. The 
high level of hydration produces a swelling pressure 
which is responsible for maintaining the disc height 
and contributes to provide the disc with mechanical 
resistance to twisting, bending and compression. Small 
chondrocyte-like cells can be found within the NP and 
are responsible for synthesizing the proteoglycans 
thus maintaining the matrix environment (2).

Intervertebral disc degeneration (IDD) in an 
age- and disease-related chronic process which 
is characterized by a progressive decrease of the 
proteoglycan (and consequently water) content in 
the NP, with the subsequent loss of the disc ability 
to resist compressive forces, leading to instability (3).

IDD may evolve to several spinal disorders such 

Low back pain (LBP) is a musculoskeletal symptom 
affecting more than 80% of the general population 
throughout their life, leading to high morbidity with 
great psychological, social and economic burdens. 
LBP attests itself as the first cause of disability in 
people under 45 years of age, especially among 
female individuals, hence resulting in huge national 
economic losses in developed countries (1). 

LBP is mainly caused by degeneration of the 
intervertebral disc (IVD).  The IVD consists of three 
highly specialized tissues: the inner nucleus pulposus 
(NP), the outer annulus fibrosus (AF) and the 
cartilaginous end-plate, which connects the disc with 
the adjacent vertebrae. The AF is a fibrocartilaginous 
ring, composed of concentric, dense lamellae of highly 
orientated type I collagen fibers which constitute 
an organized matrix hosting fibroblast-like cells. 
The NP is an amorphous, gelatinous matrix rich in 
proteoglycans (mainly aggrecan) and type II collagen. 
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which decreases disc height and alters its load-
bearing capacity (7).  Anomalous distribution 
of forces across the disc results in cracking and 
tearing of the AF, disc herniation and vertebral 
body pathological changes including subchondral 
sclerosis, end-plate ossification and osteophyte 
formation.  The relatively isolated anatomical 
location, the inherent avascularity and low metabolic 
activity of the IVD may be the key reasons for the 
apparent disc inability for self-repair after injury and 
degeneration (1).
 
Stem cell-based therapy

Recovering the disc potential to restore the matrix 
and re-establish the original proteoglycan content 
may therapeutically lead to increased disc hydration, 
thus improving its biomechanical properties (1). 
The progressive cell loss seen in IVD aging and 
degeneration may be treated by injecting exogenous 
cells in order to supplement and restore the original 
disc cell population.  This cell therapy approach has 
been investigated using different type of cells, such as 
disc cells (8) and progenitor cells (9). 

Autologous disc chondrocyte transplantation 
is currently under clinical evaluation as a possible 
approach for preventing degenerative sequelae after 
lumbar disc surgery.  To date, this method has been 
shown to be safe and to decrease LBP, to reduce disc 
narrowing and partially restore the physiological NP 
environment (10). However, this approach is only 
feasible after performing discectomy and is limited 
by low expansion rates and the loss of phenotypic 
characteristics when expanded in a monolayer cell 
culture. A recent study has demonstrated that this 
latter limitation could be overcome by coculturing 
autologous NP cells with bone marrow mesenchymal 
stem cells. This process allows to obtain activated NP 
cells that have shown the ability to improve type II 
collagen and proteoglycan synthesis and restore the 
disc height (11).

On the other hand, stem cell therapy is characterized 
by low harvest site morbidity (which is a major 
concern in spine surgery), ease of ex vivo expansion 
and favourable phenotype modulation before or after 
transplantation.  

Stem cells are defined as undifferentiated and 

as disc herniation, degenerative spondylolisthesis and 
spinal stenosis associated with neurological symptoms 
including radiculopathy and myelopathy. Current 
treatment options for LBP and IDD range from 
conservative approaches such as rest, analgesic and 
anti-inflammatory medication and physical therapy, 
to invasive procedures, including epidural steroid 
injections and ablation techniques as well as surgical 
solutions, e.g. discectomy, total disc replacement, 
laminectomy and spinal fusion (4).  However, these 
options have provided limited efficacy and do not 
produce preventable and reliable outcomes.  Indeed, 
they act in order to relieve clinical symptoms instead 
of targeting the pathophysiology that underlies the 
degenerative process.  For this reason, there is an 
emerging need to find an early treatment for LBP 
that may prevent, slow down, halt or even reverse the 
degenerative alterations of the IVD.

Significant advances in the fields of stem cell 
therapies have helped spine to develop innovative 
regenerative therapeutic approaches aiming to alter 
the natural course of IDD and possibly leading to 
disc repair/regeneration and recovery of function. 
The aim of this review is to discuss the potential use 
of mesenchymal stem/stromal cells (MSCs) from 
bone marrow for disc regeneration.

Pathophysiology of intervertebral disc degeneration
The detailed aetiology and pathophysiology of 

IDD still remains poorly understood. However, the 
progressive loss of aggrecan and free water content 
in the NP is known to be the major structural change 
in the IVD involved with the degenerative process 
(2).  This seems to alter the normal balance between 
anabolic and catabolic functions of the NP cells, 
resulting in decreased synthesis, increased turnover 
or a combination of these two processes within the 
NP matrix (5).

In addition, the progressive decrease of cell 
number and density in the NP has been proven to 
be associated with both aging and IDD.  This has 
been hypothesised to compromise the disc ability 
to compensate for these changes by producing and 
maintaining a functional extracellular matrix (6).

The direct consequence of the reduction in 
proteoglycan content within the NP is dehydration, 
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Therapeutic effect of stem cells for disc regeneration
In the past ten years numerous in vitro studies 

have raised the possibility to evaluate the use of 
adult stem cells for the treatment of IDD.  This 
has been postulated after adult human MSCs were 
acknowledged to be able to differentiate towards NP 
chondrocyte-like cells if cultured under discogenic 
conditions (i.e. providing cultures with chondrogenic 
growth factors and/or coculturing MSCs with NP 
cells) (15). Coculture studies have demonstrated a 
synergistic effect and a cross-talk between MSCs and 
NP cells that may enhance NP extracellular matrix 
protein synthesis and induce MSC differentiation 
toward NP cells (15, 16).

Our group studied the mechanism of interaction 
between MSCs and NP cells harvested from 
a degenerating disc by coculturing them in a 
3-dimensional culture system characterized by such 
a short distance that allowed paracrine interactions 
between cells, which is typical of the NP.  Gene 
expression profiles were analysed on both cell types 
and showed that MSCs acquired a chondrocyte-like 
phenotype and influenced mRNA levels in human 
NP cells, which resulted in an increase of type II 
collagen expression by NP cells, while aggrecan 
synthesis was downregulated (15).

A recent study confirmed our previous data (15) 
that NP cells alone and MSCs cocultured with NP 
cells showed higher expression of type II collagen 
and aggrecan, as well as increased GAG content, 
if compared to MSCs-only cultures. However, 
the presence of degenerative media conditions 
dramatically upregulated the expression of catabolic 
genes in NP cells-only groups, while this detrimental 
effect had only a slight influence on coculture groups, 
which proved to be more resistant to inflammation 
and hypoxia. Configuring a coculture micropellet 
instead of culturing individual cells showed to 
decrease the expression of catabolic genes despite 
hypoxic and inflammatory media conditions (17).

Shim et al. further investigated this paracrine 
interaction by isolating MSCs, AF and NP cells from 
the same donor’s vertebrae and then culturing them 
together.  Cocultures were characterized by increased 
mRNA levels of matrix components (including 
type II collagen, aggrecan and versican), growth 

uncommitted cells characterized by high proliferation 
rate, self-renewal ability and multilineage 
differentiation (1). Adult stem cells can be harvested 
from completely differentiated tissues, including bone 
marrow, adipose tissue, muscle, skin, periosteum, 
blood, pericytes, synovial membrane and trabecular 
bone (12). Their main function is to replace existing 
senescent and/or damaged cells following a lineage-
committed differentiation pathway, in order to 
guarantee and maintain the physiological homeostasis 
of the tissues in which they reside. As they can be 
isolated from the patient’s tissues, the application of 
adult stem cells in regenerative medicine does not 
raise any ethical concern.

The potential use of adult stem cells, such as bone 
marrow-derived MSCs, muscle-derived stem cells 
(MdSCs), adipose tissue-derived stem cells (ASCs), 
hematopoietic stem cells (HSCs), olfactory membrane 
stem cells (OFs), synovial stem cells and disc stem 
cells has been taken into account for IVD regeneration 
(12). All these cell types have demonstrated 
differentiation towards mesenchyme-like tissues 
lineages, including fat, cartilage, bone and muscle. In 
addition, the aforementioned cytotypes have all been 
shown to originate from the cells residing within the 
perivascular wall, such as pericytes and bone marrow 
sinusoidal adventitial reticular cells (12). 

There are several methods to utilize adult stem 
cells for IVD regeneration: (i) they can be harvested, 
minimally manipulated in the operating room 
and injected; they can be isolated and expanded 
ex vivo and then transplanted into the IVD as (ii) 
undifferentiated cells or (iii) pre-differentiated using 
growth factors or co-culture methods; (iv) they can 
be engineered and combined with a visco-elastic 
hydrogels; (v) they can be transfected with genes 
of interest and then injected into the IVD. (Fig. 1).  
Stem cells can be also transplanted allogenically as a 
product off-the self (13).

Systemic delivery of bone marrow-derived MSCs 
has also been tested in an animal model: although no 
significant changes were reported in the extracellular 
matrix composition, this approach resulted in 
diminished hypoxic response, risk of herniation and 
increased synthesis of cytokines, that may help disc 
degeneration treatment (14).
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after transplantation (16).
In order to evaluate the role of stem cell therapy 

for driving IVD regeneration, it is crucial to test 
regenerative approaches on animal models that may 
realistically resemble the human condition. Sakai et 
al. were the first ones to report that bone marrow-
derived MSCs embedded in a type II collagen-based 
carrier and injected in a rabbit model of IDD led to 
increased proteoglycan content, disc hydration and 
height, which were maintained at 6 months after 
MRI evaluation (9). 

Since then, significant advances in animal 
controlled trials based on stem cell therapy have 
been made. A systematic review and meta-analysis 
showed that 22 studies reported statistically 

factors (EGF, IGF-1, TGF-a etc.) and decreased 
expression of pro-inflammatory cytokines (namely 
IL-1a, IL-1b, TNF-a and IL-6) when compared with 
monocultures (18).

Efficacy evidences in preclinical models
The IVD is characterized by avascularity, hypoxia, 

low pH, hyperosmolarity and low glucose content. 
All these features make it a harsh environment that 
may exhaust its intrinsic potential for self-repair and 
antagonize the engraftment of exogenously delivered 
stem cells. MSCs long term survival after disc 
injection was reported by several studies. Among 
those studies, our group assessed MSCs presence in 
the lumbar IVD of a healthy rabbit until 6 months 

FIG. 1. Different approaches adopted in the stem cell-based therapy of IDD. Once isolated, MSCs can be either directly 
intraoperatively injected into the injured disc, expanded ex vivo as undifferentiated cells or in coculture with other cytotypes or 
growth factors, combined with engineered biocompatible hydrogel scaffolds or transfected with target genes (from top to bottom).
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improvement at 4-6 years after surgery (25).
In a randomized controlled trial using allogeneic 

MSC, Noriega et al. treated 24 patients with LBP 
diagnosed with IDD divided into 2 groups. The 
test group received an intradiscal injection of 
25×106 MSCs per segment. The control group 
received a sham infiltration of paravertebral 
musculature with the anesthetic. This preliminary 
phase II study showed clinical efficacy in terms of 
significant pain reduction in the treatment group 
compared to control. Moreover, IDD, quantified 
by Pfirrmann grading, improved in the MSC-
treated patients and worsened in the controls 
(13). Although encouraging, these studies were 
including a small number of patients.

CONCLUSION

Significant advances towards the knowledge 
and the comprehension of the IVD biology 
and biochemistry, as well as regarding IDD 
pathophysiology, have been made so far.  The 
progressive cell loss that characterizes disc aging 
and degeneration, together with the apparent 
inability of NP residing cells to self-repair intrinsic 
damage, have raised the possibility to replenish the 
native tissue with adult stem cells transplantation. 
This approach has repeatedly shown to help restore 
the disc microenvironment, thus leading to tissue 
regeneration. However, more effort is needed in 
order to assess efficacy of adult stem cell therapy 
for treating IDD in large controlled clinical studies. 
MSCs transplantation has been recognized to be 
promising and safe in both animal studies and clinical 
trials, which may make this approach a powerful tool 
for treating IDD in the near future.
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significant enhancements in disc height, MRI T2 
signal intensity, type II collagen synthesis and 
decreased degenerative alterations by histological 
evaluation (19).  These results are characterized by 
statistical heterogeneity due to different animal types 
(small versus large ones), cell types (NP cells, MSCs 
etc.) and injectable carrier (aqueous solution versus 
biocompatible scaffolds) (20).

A recent study from Maidhof et al. showed that not 
only cell type and delivery should be considered, but 
also planning a suitable timing for transplantation may 
influence the clinical outcomes.  They administrated 
MSCs at 3, 14 or 30 days post injury and then 
assessed the effect of timing on the biochemistry and 
biomechanics of the disc; cells delivered at 3 days 
led to a significantly improvement on cell retention, 
compressive biomechanical properties and matrix 
reconstitution, while cells administered later did 
not yield comparable result, thus showing that cell 
therapy may be decisive if delivered at an early stage 
of degeneration (21). 

A preclinical study performed by our group 
showed a potential side effect of stem cell-based 
therapy. MSC transplanted in a stab model of IDD 
in rabbit led to osteophytes formation due to MSC 
leakage from the injection side (22). In order to 
overcome the problem of AF damage and cell leakage, 
our group introduced a new method to deliver cells 
and hydrogels into the NP via the endplate with a 
small tunnel that can be repaired after delivery. This 
could be a promising regenerative approach to treat 
latest stages of IDD (23).

Clinical translation
The first phase I clinical study has been 

published by Orozco et al. who studied the 
transplantation of expanded autologous bone 
barrow MSCs in the NP of ten patients suffering 
from lumbar disc degeneration with intact AF. At 
1 year after surgery, safety has been shown and 
improvement of pain and disability index was 
observed (24).

Elabd et al. reported that autologous bone 
marrow-derived MSCs cultured in hypoxic 
conditions and then injected in the discs of 
five patients led to an overall quality of life 
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of their three-dimensional deformity correction 
capacity (5, 6). Pedicle screws are the only available 
instrumentation able to transmit forces onto the 
entire vertebra so as to allow direct vertebral rotation 
(6).

Based on implant density, pedicle screw constructs 
are considered segmental if more than 60% of the 
available anchor sites are fixated. Non-segmental 
pedicle screw fixation showed to be equivalent 
to segmental fixation in case of mild and flexible 
curves but for rigid and severe curve, segmental 
fixation is preferred to avoid excessive concentration 
of mechanical forces around the screws (1, 6, 7).

The direct vertebral rotation technique (DVR) was 
first introduced by Lee in 2004 aiming to restore the 
axial plane deformity by applying direct rotational 
forces on apical vertebrae (AV) (1). Both segmental 
and en-bloc DVR have been described based on 

Adolescent idiopathic scoliosis (AIS) is a triplanar 
deformity on coronal, sagittal and axial plane. In 
the majority of cases this leads to a hypokyphosis 
associated with a rib hump especially for severe 
Lenke type 1 curve or main thoracic form (1, 2).

Harrington first introduced deformity correction 
in 1962 using only concave distraction and convex 
compression forces. Although this technique 
achieved considerable coronal correction, it did not 
affect neither the sagittal deformity nor the rotational 
components (3). Subsequently, in order to obtain a 
better deformity control, Cotrel et al. developed 
the Cotrel-Dubousset (CD) multihook segmental 
instrumentation which allowed a superior coronal 
plane Cobb angle correction but also a partial sagittal 
curvature improvement (4).

Today pedicle screw constructs are considered 
the mainstay for scoliosis correction surgery because 
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plumb line from the central sacral vertical line (CSVL) was 
measured.

Rib hump prominence measurements were obtained 
using an inclinometer during the Adam’s forward bending 
test and the largest values were recorded. Scoliosis 
Research Society outcome instrument score (SRS-22) was 
used for clinical evaluation. Aesthetic impact was assessed 
using Walter Reed visual assessment scale (WR-VAS).

All patients were subjected to posterior correction of 
the deformity by facetectomy, segmental uniplanar pedicle 
screw instrumentation, simultaneous double-rod derotation 
technique, en-bloc direct vertebral rotation and fusion.

Pre- and postoperative radiographic measurements 
and clinical outcome were compared using matched-pairs 
analysis. A p-value threshold <0.05 was chosen to define 
statistical significance.

Surgical technique
Intraoperative spinal cord monitoring by 

somatosensory evoked potentials (SEPs) and motor 
evoked potentials (MEPs) was provided in all 
patients throughout the operation.

A standard posterior midline incision was made 
from one level above and one below the uppermost- 
and the lowermost-instrumented vertebra. The 
transverse processes were then exposed bilaterally. 
The facets and their articular process included in 
the fusion area except the uppermost level were 
removed in order to facilitate the identification of 
entry points, promote arthrodesis and allow an easier 
deformity correction. Uniplanar pedicle screws 
were placed at each level on both sides of the curve 
using drill-assisted technique. Poliaxial pedicle 
screws were used in case of severe rigid deformity 
when the rod resulted too far to be engaged. Two 
precontoured rods were placed on both sides of the 
curve and then simultaneously and gently rotated in a 
counter clockwise direction by 90° by two surgeons 
transforming the deformity on the frontal plane into 
the desired kyphosis on the lateral plane (7, 12). 
When the most proximal and distal anchors were 
fixed, the screw derotators were placed at each level 
of the deformity on both sides of the curve and then 
rotated in a clockwise direction using the neutral 
vertebrae as anchor points (1). No compressive or 
distractive forces were applied because there are no 

the extension of the maneuver. The latter, acting on 
the whole deformed curve, is theoretically related 
with a decreased risk of lateral screw breakout or 
screw pullout due to the distribution of forces across 
multiple levels (8).

The sagittal plane alignment was closely related 
to clinical outcome and quality of life in patients 
with scoliosis (9). Vertebral rotation has been 
considered as predictor of deformity progression, 
long term decompensation and moreover, it is the 
primary cause of the thoracic rib hump and lumbar 
prominence that are the major cosmetic concerns of 
patients (9-11). 

In light of these facts, the purpose of the 
surgery in these patients should be to obtain a 
triplanar deformity correction with good self-image 
satisfaction in a stable balanced spine. 	 The aim of 
this study is to evaluate the results of AIS correction 
retrospectively using segmental uniaxial pedicle 
screws instrumentation and simultaneous double rod 
derotation manoeuvre technique followed by en-bloc 
direct vertebral rotation (DVR).

MATERIALS AND METHODS

Thirty-six patients recruited from a consecutive cohort 
of subjects affected by AIS and operated on between January 
2012 and July 2015 at our institution were retrospectively 
evaluated by review of the medical records and radiographs. 
Inclusion criteria were Type 1 AIS according to Lenke 
classification, main cobb angle less than 100 degrees, 
patients operated with described surgical technique in this 
article without any additional procedure. Exclusion criteria 
were congenital, syndromic or neuromuscular scoliosis 
and less than 1 year follow-up. Fourteen patients were 
considered eligible for this study and were retrospectively 
analysed. There were 11 females and 3 males with a mean 
age at the time of surgery of 14.6 years (range 11-19 years). 

Standing long-cassette radiographs on both antero-
posterior and lateral plane were evaluated for coronal Cobb 
angle and T5-T12 thoracic kyphosis angle. Passive bending 
radiographs were used to evaluate the rigidity of the curve, 
to assess the fusion area and eventually classify the patients 
according to Lenke. Sagittal balance was evaluated using 
the sagittal vertical axis (SVA) as the distance of the C7 
plumb line to S1. For global coronal balance the C7 coronal 
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(range 4.0°-10.2°) (p=0.03). Mean total SRS-22 
score showed a statistically significant improvement 
at the last available follow-up (pre- and post-
operative values respectively 2.8±0.6 and 4.2±0.5, 
p=0.01). The WR-VAS improved from 18.2±2.5 to 
14.2±3.0 (p=0.05).

No major perioperative complications occurred. 
One superficial wound infection was reported and 
resolved with debridement and antibiotic therapy. 
At the last available follow-up no deformity 
progression, nor screw pull-out or non-union were 
recorded (Table I).

DISCUSSION

To our knowledge, this is the first study to 
investigate clinical and radiological results after 
treatment of AIS with both simultaneous double rod 
rotation and direct vertebral rotation technique. This 
procedure improved radiographic parameters on 
coronal and sagittal planes. In addition, the rib-hump 
prominence on the inclinometer reduced and good 
clinical results on SRS-22 score and WR-VAS were 
achieved.

Pedicle screw constructs have been related to the 
best corrective results for AIS surgery (1, 5, 6, 13-15), 
despite some authors reported a decreased kyphosis of 

proven deforming forces acting in this direction in 
scoliosis (1). Screws heads were tightened followed 
by decortication. Finally, bone graft was applied.

RESULTS

Results were evaluated for a mean follow-up of 
2 years (range 1-4 years). Mean preoperative Cobb 
angle was 68.2° (range 50°-85°). Average post-
operative Cobb angle measured at the last available 
follow-up was 16.7° (range 10°-35°) with a deformity 
correction of 75.5% (p=0.01).

Mean preoperative thoracic kyphosis was 
14.1° (range 5°-19°). At the last follow-up average 
postoperative kyphosis value was 16.4° (range 10°-
26°) with a no statistically significant increase of 2.3° 
(p=0.18).

Nor the sagittal balance measured with SVA 
(mean preoperative value 3.1 ± 8.7 mm) or the global 
spine balance measured by the C7 translation from 
CSVL (mean preoperative value 16.4 ± 7.3 mm), 
showed statistically significant changes after surgery 
(postoperative value respectively 2.5±6.8 mm with 
p=0.21 and 9.8±4.3 mm with p=0.15).

Mean preoperative rib prominence measured 
by the inclinometer was 16.4° (range 7.2°-26.5°). 
Average postoperative rib prominence was 6.2° 

Table I. Bold values are staticaly significant.

Pre-operative Post-operative p-value

Cobb Frontal 68.2° (50°-85°) 16.7° (10°-35°) 0.01

Kyphosis 14.1 (5°-19°) 16.4° (10°-26°) 0.18

Sagittal balance 3.1±8.7 mm 2.5±6.8 mm 0.21

Global spine balance 16.4±7.3 mm 9.8±4.3 mm 0.15

Rib prominence 16.4° (7.2°-26.5°) 6.2° (4.0°-10.2°) 0.03

SRS-22 2.8±0.6 4.2±0.5 0.01

WR-VAS 18.2±2.5 14.2±3.0 0.05
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However, it is clear that for severe rigid scoliosis 
monoaxial pedicle, screws are difficult to engage with 
the rod. The uniplanar pedicle screws were recently 
introduced in order to allow easier engagement of the 
rod while maintaining enough strength to adequately 
rotate the vertebrae (19). Simultaneous double rod 
rotation were first described by Ito et al (7) to avoid 
forces pushing down the spine around the apex during 
corrective manoeuvres. Similarly to our results they 
investigate only Lenke type I scoliosis achieving a 
correction rate on the frontal plane of 72.7% (from 
67° preoperative to 17.8° mean postoperative Cobb 
angle) and an increase of kyphosis values in all 
patients. Similar results were later reported by Sudo 
et al (12) in a retrospective analysis of 32 patients with 
main thoracic AIS treated by simultaneous double rod 
rotation technique. The major presumed advantage of 
this procedure is the wider forces distribution during 
the corrective manoeuvres, that could reduce the risk 
of lateral screw breakout or screw pullout.

The rod rotation manoeuvres have been related to 
some rotational efficiency on the vertebrae since CD 
method (20-22). But, as later established, these results 
seemed more related to an overall correctional effect 
rather than a true derotation on each single vertebra 
(1, 22). Recently, Pankowski et al. showed that single 
concave rod manoeuvres do not reduce the deformity, 
but even worsen it (23). The recent literature reports 
very favourable results related to DVR on axial 
deformity correction. Lee et al. reported 42.5% of 
correction (1), Asghar et al. achieved correction rate 
values of 60% (24) and Kuklo et al. obtained up to 
77.9% of correction using DVR (18).

According to recent literature, we believe that 
DVR manoeuvres is the only available instrument 
able to modify the vertebral rotational deformity. 
This technique also offers the possibility to avoid 
thoracoplasty procedures and related complications 
such as prolonged surgical time, hemothorax and 
pleural effusion (1). One of the main limits of the 
present study is related to the absence of a validated 
and reproducible procedure to evaluate rotational 
deformity correction. We only used indirect parameters 
such as inclinometers values and results derived from 
SRS-22 score and WR-VAS. However, we are aware 
of the superiority of CT scan derived measurements 

the thoracic spine after corrective surgery for AIS with 
pedicle screws (13, 16, 17). In our study, we found a 
small increase of the thoracic kyphosis after corrective 
surgery but with no statistical significance.

Uniplanar pedicle screws were always used in the 
present study unless in vertebrae that were too far 
from the rod. In these rare cases, poliaxial pedicle 
screws were preferred in order to engage the rod easily 
on the screw heads. However, we believe that if the 
same technique is used for pedicle screws insertion 
and the curve is followed in a uniform manner, screw-
rod coupling, even in severe deformity, can be easily 
achieved also. Kuklo et al. compared monoaxial and 
poliaxial pedicle screws in AIS correction, finding that 
although excellent coronal plane correction obtained 
with both type of screws, the monoaxial types were 
able to achieve a better apical vertebral rotation (18). 

Fig. 1. Preoperative standing long cassette radiograph of 
Type 1 AIS.
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Further studies with greater statistical significance are 
required to better investigate indications and results for 
AIS corrective surgery, with all the available procedures.
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A femoral neck fracture in an elderly patient often represents a major challenge for the orthopaedic 
surgeon who has to face not only the fracture, but also all the multiple issues related to age.  Among 
others, malnutrition has been recognised as an important factor associated with severe aggravation 
in these patients.  One-hundred-and-forty-seven patients were enrolled to investigate the use of two 
markers of patient nutritional status, i.e. serum albumin level and total leukocyte count (TLC), as 
predictors of mortality in the elderly patient suffering from proximal femur fracture. We found that 
low preoperative values of serum albumin and TLC proved to be directly related to worse outcomes. 
Therefore, these exams can be useful to identify patients with a femoral neck fracture that have higher 
risk of malnutrition and consequent higher mortality and that can benefit from some measures, such as 
albumin or protein nutritional supplement.

THE CORRELATION BETWEEN PREOPERATIVE LEVELS OF ALBUMIN AND TLC 
AND MORTALITY IN PATIENTS WITH FEMORAL NECK FRACTURE

F. NICCOLAI1, P.D. PARCHI1, A. VIGORITO1, G. PASQUALETTI2, 
F. MONZANI2 and M. LISANTI1

11st Orthopedic Division, University of Pisa, Pisa, Italy; 2Geriatric Division, University of Pisa, 
Pisa, Italy
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studied with femoral fracture were in a protein-energy 
malnutrition state during the first week of hospitalization 
(5). Therefore, protein-energy malnutrition (PEM) 
is an extremely important condition that must not 
be underestimated because it directly correlates 
with a worsening of outcome, increasing the risk of 
complications and even death (6-9).

In this scenario, it is important to recognize the 
increased mortality risk factors, due to fracture of the 
proximal femur, in order to allow the orthopaedic 
surgeon an optimization of the management of 
these patients and a consequent improvement of the 
outcome. With this aim, different scoring systems such 
as E-PASS (Estimation of Physiologic Ability and 
Surgical Stress), the NHFS (Nottingham Hip Fracture 
Score) and POSSUM (Physiological and Operative 
Severity Score for Enumeration of Mortality and 
Morbidity) are frequently used in clinical practice, but 
they are not free from limitations, particularly in terms 
of validity, specificity and simplicity.

Proximal femur fractures are one of the most 
common causes of hospitalization for elderly patients 
over the age of 65, with a lifetime risk of 18% in 
women and 6% in men (1). Every year 4 to 5 million 
new cases are reported worldwide with a growing trend 
that will reach around 6.5 million in 2050. In Italy, in 
2008, we passed the 100,000 annual hospitalizations 
with an expenditure of about 1,000,000,000 Euros for 
our National Health System (2, 3). Femoral fracture 
is associated with a risk of death close to that of 
breast cancer and with an estimated mortality range 
of about 5% in the acute phase and 14-47% within a 
year (4). Some of the main risk factors associated with 
increased mortality after femoral neck fracture are age, 
sex, ASA (American Society of Anesthesiologists) 
score, nutritional status, the type of fracture and the 
delay in surgery.

Malnutrition is common in the elderly, particularly 
in hospitalized patients or patients in nursing homes. 
Patterson et al. reported that 60% of the patients he 
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• Group C: Albumin≥3.5 g/dL and TLC≤1500 cel/ml
• Group D: Albumin≥3.5 g/dL and TLC≥1500 cel/ml

Data analysis was performed by SPSS (Statistical Package 
for Social Science) to study the survival curve through to 
February 2016. The relationship between the characteristics 
of the patients and the survival time was studied by means 
of Kaplan-Meier estimator and Cox regression model. The 
comparison between the different Kaplan-Meier survival 
curves was performed using the log rank test (Mantel-Cox), 
the Breslow test (Generalized Wilcoxon) and Tarone-Ware 
test. According to the regulations of our institution, the 
retrospective nature of the current study did not require 
ethical approval from the local ethics committee. 

RESULTS

Following the inclusion and exclusion criteria, 
147 patients were enrolled. Thirty-six were male 
and 111 female, with a M:F ratio of about 1:3. 
The overall average age was 84.41 years. The 
average age was 84.16 among women and 83.83 
years among men. Surgical implants included 85 
intramedullary devices, 11 total hip arthroplasty and 
51 endoprosthesis.

The 147 patients enrolled were divided in four 
groups. Group A: Fifty-six patients presenting serum 
albumin and TLC below the standard; Group B: 
Nineteen patients presenting serum albumin below 
the normal values ​​and TLC above normal; Group C: 
Fifty-one patients presenting serum albumin higher 
than the normal range and a low TLC; Group D: 
Twenty-one patients with both albumin and TLC 
higher than the normal range. During follow-up, 
there were 24 deaths in Group A, 16 deaths in Group 
B, 8 deaths in Group C and only one died in Group 
D. The number of deaths on total patients entered 
into the study was 49 with a mean survival time of 
about 1 year and 7 months (626.59 days).

We plotted the survival curves using the Kaplan-
Meier estimator whose statistical validity was 
confirmed through the log rank test (Mantel-Cox) 
whose p-value was equal to 0.010, the Breslow test 
(Generalized Wilcoxon) whose p-value was equal 
to 0.014 and Tarone-Ware test whose p-value was 
equal to 0.013) (Fig. 1, Table I).

In addition to these clinical scoring systems we 
have simple biological markers readily available at 
admission like haemoglobin (Hb), albumin, total 
leukocyte count (TLC), creatinine, BUN (Blood Urea 
Nitrogen) and parathyroid hormone (PTH) (10, 11). In 
particular, albumin and TLC are two indicators of the 
patient’s nutritional status that, as we have pointed out, 
is a frequent condition in these patients, and directly 
related to a negative outcome.

The aim of this study was to investigate the role 
of serum albumin and total leukocyte count (TLC) 
measured at admission as predictors of mortality after 
proximal femoral fracture with the aim to validate the 
use in clinical practice since they represent two easily 
and cheaply available parameters, routinely detected at 
the entrance in the emergency room.

MATERIALS AND METHODS

Between January 2013 and August 2014, at the first 
Orthopaedics and Traumatology department of Pisa 
University Hospital, 233 patients were admitted with the 
diagnosis of proximal femoral fracture.

A retrospective study was therefore designed with the 
following inclusion and exclusion criteria. The inclusion 
criteria were:
• Age greater than 65 years;
• Diagnosis of proximal fracture of the femoral neck;
• Surgically treated patients with prosthetic replacement 
or endomedullary nail.

 The exclusion criteria were:
• Patients hospitalized for pathological fractures;
• Patients with polytrauma;
• Patients with lack of data.

Patient data were collected from medical records and 
they were organized in Microsoft excel files. Preoperative 
serum Albumin and Total Leukocyte Count (TLC) were 
detected upon entering the emergency room while data 
regarding mortality were obtained through the consultation 
of death records. We divided the patients into four groups 
with the following criteria:

• Group A: Albumin≤3.5 g/dl and TLC≤1500 cel/ml
• Group B: Albumin≤3.5 g/dl and TLC≥1500 cel/ml
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have an ASA score≥3) (12). Consequently, the need 
for an appropriate preoperative stabilization, the 
recognition and elimination of negative prognostic 
variables are crucial to optimize the clinical 
management of these patients.

Currently there is no universally accepted 
definition of protein-energy malnutrition (PEM). With 
reference to the orthopaedic branch, we believe that 

DISCUSSION

The treatment of proximal femur fractures always 
represents a major challenge for the orthopaedic 
surgeon because of the complexity of the patients 
suffering from this type of pathology. Generally 
patients are elderly with a considerable number of 
concomitant medical comorbidities (66% of patients 

Fig. 1. Survival curve of the four groups of patients (A-D).

Table I. Comparison of the Kaplan-Meier survival curves.

Chi-Square df Sig.

Log Rank (Mantel-Cox) 11,428 3 ,010

Breslow (Generalized 
Wilcoxon) 10,615 3 ,014

Tarone-Ware 10,806 3 ,013
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hospitalization time and were less likely to have a 
potential major complication (17, 18)

Despite the evidence of this study, we have 
to recognize some limitations. Firstly, the serum 
albumin and TLC were used as unique markers for the 
assessment of nutritional status; secondly, albumin 
values ​​can be lowered because of multiple acute events 
so that its use as a nutritional marker is not reliable 
when detected after admission (19, 20). Finally, in this 
study we have not included a comparison between the 
use of albumin as a nutritional marker and other tests 
more accepted and validated in this area, such as the 
SGA (Subjective global assessment) and the MNA 
(mini-nutritional assessment), due to complexity, 
high costs and subjectivity that these tools possess, 
preventing their use in clinical practice for this 
purpose (21).

CONCLUSION

Serum albumin and TLC are two fast and accurate 
PEM markers in patients with proximal femoral 
fracture. The value of protein-energy malnutrition 
(PEM) in the elderly is well known both as a causal 
factor of femoral fracture and as a negative prognostic 
factor for outcome (6, 22). In our study, serum 
albumin values ​​and TLC at the time of admission 
are recognized as clear and significant predictors of 
mortality at 6 and 12 months. These two markers 
have multiple clinical utilities, in fact, they provide 
valuable prognostic information and if combined 
with a complete clinical evaluation, they may help 
clinicians to identify patients with proximal femoral 
fracture that can benefit from some measures, such 
as albumin or protein nutritional supplement.

In conclusion, our results suggest that routine 
measurement of serum albumin and TLC at the time 
of admission provides prognostic information useful 
for the treatment of this fragile population. Therefore, 
it is recommended that the levels of serum albumin 
and TLC should be regularly checked before surgery 
in elderly patients with proximal femoral fractures.

Additional work is still required to identify the 
precise causal link between the reduction in serum 
albumin, TLC and mortality in this population and 
to understand how albumin and TLC at the time of 

early identification of elderly patients with femoral 
neck fracture and a concomitant status of PEM and/
or patients who are at increased risk of malnutrition 
at admission would allow a stratification of the risk of 
mortality and morbidity. 

In common with previous literature, we have 
used combinations of serum albumin and TLC at 
admission as surrogate markers of PEM (6, 13). 
These markers represent two inexpensive and quickly 
detectable parameters that every laboratory can easily 
provide. In this way, we used serum albumin and TLC 
as independent prognostic factors. In our study we 
specifically found that the lower the levels of serum 
albumin and TLC are at the time of admission, the 
lower the CSR (Cumulative Survival Rate) is. The 
survival curves for Groups A-D are shown in Fig. 1.

From the graph of Fig. 1, we note that the lowest 
survival time is found in patients in Group A, while the 
highest in Group D. The parameter associated with the 
worst postoperative outcome ​​is serum albumin level 
as shown by the fact that Group B CSR value is lower 
than that of Group C. An important point to emphasize 
is that Group A has a higher CSR than Group B during 
the first year but then collapses in the following 
months. Mortality rates observed in this study are 
comparable with those reported in literature. Koval 
reported that preoperative serum albumin levels lower 
than 3.5 g/dl correlate with an increased likelihood of 
extending the duration of hospitalization, an increased 
rate of hospital mortality and a delayed return to 
ordinary activities after proximal femoral fracture (6). 
Similarly other studies conducted by Pioli et al. and 
Incalzi et al., demonstrated the value of albumin as a 
strong independent predictor of hospital mortality and 
long-term survival in elderly patients with proximal 
femur fracture (14, 15).

Albumin is the only variable significantly associated 
with mortality that can be potentially modified with 
an appropriate intervention, but there is only limited 
evidence that nutritional supplements in patients 
with femoral neck fracture can improve the outcome 
(16). On the other hand, some studies experimented 
nutritional supplements based on protein preparations 
or the use of a nasogastric tube to reduce the onset of 
long-term complications. They showed that patients 
who received oral nutritional supplements reduced 
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Minimally invasive approach to the hip is a blood preserving surgery, with rapid rehabilitation, 
and low dislocation rate. Intuitively, these characteristics render this approach extremely suitable in 
the elderly patient. The aim of this study was to analyze the early clinical and radiographic results in 
the first 30 consecutive patients above 70 years of age undergoing THR through a minimally invasive 
anterior approach. Clinical evaluations showed an improvement of the Harris Hip Score and WOMAC 
score after surgery. Radiographic assessment  showed cup orientation averaging 47° (range 40°–59°) 
and no valgus stem aligned. Allogeneic blood transfusion was required in only 6 patients (19.8%). One 
patient experienced an intraoperative fracture of the greater trochanter. No early implant dislocation 
was observed in the study population. In conclusion we advise a minimally invasive anterior approach 
for THR in older patients when a careful patient selection has been done.

IS A MINIMALLY INVASIVE ANTERIOR APPROACH EFFECTIVE IN OLD PATIENTS?  
A PILOT STUDY

C. FALDINI, F. PERNA, F. PILLA, N. STEFANINI, C. PUNGETI, 
V. PERSIANI and F. TRAINA

Clinica II, Università di Bologna, Istituto Ortopedico Rizzoli, Bologna, Italy

Key words: total hip replacement, minimally invasive anterior approach, old age, complications

cardiac complications due to postoperative anemia 
and neurological or vascular complications for 
delayed weight bearing. Furthermore, implant 
dislocation rate is higher in elderly patients especially 
using a traditional postero-lateral approach (6). The 
theoretical advantages of minimally invasive anterior 
approaches are the reduced postoperative blood loss, 
the early weight bearing on first postoperative day 
and the very low dislocation rate (7, 8).

The higher complication rate and the longer 
learning curve compared to traditional approaches 
to the hip have been shown to counterbalance the 
advantages of the rapid rehabilitation using this 
approach (9, 10). In this context, because of the 
aging of the population, it can be hypothesized that 
an increasing number of elderly patients should be 
scheduled for THR in the future and take advantage 
of a minimally invasive approach to the hip (11, 12-
14) but at present very little has been published on 
the results of minimally invasive procedure in this 

Minimally invasive procedures for total hip 
replacement (THR) gained increasing popularity 
over recent years in an effort to reduce soft tissue 
damage and improve patients’ recovery. Focusing 
predominantly on early rehabilitation and quick 
recovery following THR, the majority of these 
techniques have been proposed for young and active 
patients (1-4). The direct anterior approach to the 
hip is a tissue sparing procedure that allows the 
surgeon to reach the joint using an intermuscular 
and internervous plane and reducing soft tissue 
traumatization (5).

However, minimally invasive approach to the hip 
is also characterized as a blood preserving surgery 
and is related to an early rehabilitation and recovery 
of ambulation. Intuitively, these characteristics 
render this approach extremely suitable for the fragile 
elderly patient, in which multiple comorbidities are 
associated to intra and postoperative complications. 
Elderly patients in fact are more likely to suffer 
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of surgery was 75 years (range 70 to 80 years) and the 
average body mass index (BMI) was 29.5 kg/m2 (range 
26.3-33,3 kg/m2).  

The senior Author performed all surgeries through 
an anterior minimally invasive (AMIS) approach using a 
dedicated mobile leg positioner (Fig. 1) and a dedicated 
surgical instrumentation (Medacta, Switzerland).

A cementless elliptical hydroxyapatite coated cup 
(Versafitcup®,  Medacta, Switzerland) and a cementless 
straight hydroxyapatite coated short stem (AMIS® stem, 
Medacta, Switzerland) with ceramic on ceramic couplings 
were used in all cases. The patient was placed supine on a 
standard surgical table. The leg was secured on a mobile 
leg positioner (AMIS mobile leg positioner, Medacta, 
Switzerland) that can be easily fixed to the surgical 
table. The leg positioner allows the mobilization of the 
operated leg in extension, traction, abduction, adduction 
and rotation. 

The anterior superior iliac spine (ASIS) and the lateral 
border of the patella are the landmarks for the surgical 
incision. A straight incision starting about 1 cm distal and 
1 cm lateral to the ASIS was prolonged for about 7 cm 
toward the lateral border of the patella.  The intermuscular 
plane between the tensor fasciae latae and the sartorious 
was developed and the lateral circumflex vessels were 
ligated. The rectus femoris and the iliopsoas tendon were 

population. 
The aim of this study was to analyze the early 

results in the first 30 elderly patients undergoing 
THR through a minimally invasive anterior approach 
(AMIS).  Particularly, we asked whether this 
minimally invasive anterior approach is effective 
in reducing postoperative blood loss, general 
complications related to anemia, and the incidence 
of early implant dislocation.

MATERIALS AND METHODS

Thirty-two patients aged 70 years or older, who 
underwent cementless THR in our department between 
April 2012 and July 2012 with an AMIS approach, were 
included in the study. Two patients did not complete the 
postoperative self-assessment questionnaire and though 
clinically well performing, were excluded from the study, 
leaving thirty patients under observation. All patients were 
aware that collected data could be used for publication 
and signed an informed consent.

The preoperative diagnosis was primary osteoarthritis 
(OA) in 25 hips and secondary OA in 5 hips. There were 
20 males (70%) and 10 females (30%). Surgery was 
performed on the right hip in 13 cases and on the left 
hip in 17 cases. The average age of patients at the time 

Fig. 1. The mobile leg positioner: the leg is secured on a traction shoe; the traction system and the rotation control allow 
a third operator to modify limb position during surgery. 
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standard anteroposterior and lateral views of the affected 
hip. Cup and stem orientation, and leg length discrepancy 
were evaluated.

Cup orientation was measured by one experienced 
surgeon not directly involved in the surgery on an 
anteroposterior radiographic view of the pelvis as the 
angle between the inter-teardrop line and the edge of the 
cup (Fig. 2) (17).

A stem was considered varus or valgus if the angle 
described by the intersection of the axis of the stem 
and the axis of the femoral shaft was greater than 5°. 
Subsidence of 2 mm or more and/or varus or valgus tilting 
was considered as a sign of stem failure.

Leg-length discrepancy was measured on an 
anteroposterior radiographic view of the pelvis, comparing 
the distance between the inter-teardrop line and the 
middle of the lesser trochanter on both sides; the major 
diameter of the prosthetic head was used as a reference to 
standardize radiographic magnification.

The level of haemoglobin during the first postoperative 
day and at discharge were recorded, as well as the total 
amount of perioperative blood loss, evaluated according to 
the total amount of postoperative drainage, intraoperative 
loss and transfusion need.

Descriptive statistics were performed on the study 
population. Data are reported as mean and standard 
deviation. When considered appropriate, full data ranges 
were reported. 

RESULTS

The average duration of follow-up was 5 months 
(range 3-8 months) and the only complication 
recorded (3.3%), was an intraoperative fracture 
of the greater trochanter, immediately treated with 
cerclage wire. 

At the latest follow-up, the Harris Hip Score 
averaged 89.2 (range 70-97) with a marked 
improvement in respect to preoperative score 
(average 43.3, range 24-73); the WOMAC score 
improved from 66.3 (range 55 to 85) preoperatively, 
to 26.7 (range 19 to 35) postoperatively. Cup 
orientation was on average 47° (range 40°-59°) 
and in seven hips the abduction angle was out of 
the optimal range of 40°±10° (18). Two stems were 
aligned in varus (6.6 %) and 28 were neutral (93.4%). 

released and an “H” shaped capsulotomy was performed. 
The head of the femur was resected in situ and then 

removed. The leg was placed under traction and a slight 
external rotation was performed to improve acetabular 
exposure before the cup was implanted. Femoral exposure 
was achieved by placing the leg in extension, adduction 
and external rotation. After the stem was implanted, the 
hip was reduced using the mobile leg positioner and the 
capsule was repaired. Standard fascial and skin closure 
were performed over a suction drainage. 

All patients received a short-term antibiotic prophylaxis 
with third-generation cephalosporin and low molecular 
weight heparin was used within the first post-operative 
day, up to full weight bearing according to institutional 
and international protocols. Patients achieved a standing 
position and began to ambulate the day after surgery. 
Partial weight bearing with two crutches was allowed for 
the first three weeks after surgery and then full weight 
bearing as tolerated.

Clinical evaluations were held preoperatively and 
postoperatively, at 30 days and 3 months using the 
Harris Hip Score (HHS) (15) and WOMAC score (16). 
Questionnaires were administrated by two authors 
that were not involved in the surgery who collected 
and gathered the data. Radiographic assessment was 
performed preoperatively and at the latest follow-up on 

Fig. 2. Cup abduction measurement.
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usually reserved for young and active patients in 
which these tissue sparing procedures allow a better 
functional recovery (1-3).

Nonetheless, these theoretical advantages could 
also be useful in old patients as in this subset of 
patients the control of post-operative anemia and 
the early weight bearing could reduce general 
cardiovascular complications. In fact, a higher 
incidence of deep vein thrombosis following THR 
has been reported in old patients (19), leading 
to a postoperative mortality rate ranging from 
1% to 1.3% within 90 days, even with the use of 
antithrombotic prophylaxis (19-21). Furthermore,  a 
readmission rate has been reported for symptomatic 
thromboembolic complications within 28 days of 
discharge after THR, ranging from 0.73% to 1.39% 
(10, 22) thus, consistently increasing the costs of the 
procedure.

The results on our cohort of patients aged at 
least 70 years, showed excellent short-term clinical 
outcomes using the AMIS approach for THR (Fig. 
3, 4).

The AMIS approach ensure less surgical 
trauma, reduces muscular trauma and allows for a 
straightforward rehabilitation protocol. With the 
AMIS approach, associated with an early weight 
bearing, we did not observe any deaths in the first 

There was no evidence of periprosthetic osteolysis 
or signs of migration in any of the cups. All the stems 
appeared to be stable without signs of subsidence or 
tilting. The mean preoperative leg length discrepancy 
was 12 mm (range 0-24 mm), with a difference 
greater than 1 cm in 8 hips. Postoperatively, the 
mean leg length discrepancy was 4 mm (range 0-12 
mm), with a difference greater than 1 cm in one hip.

The mean preoperative Hemoglobin was 12.3 g/
dL (range 8.6-15.4); on the first postoperative day 
the mean hemoglobin level was 9.1 g/dL (range 7.2- 
11.4), whereas the mean value at discharge was 9.8 
g/dL (range 9-13.5). 

The blood loss was on an average of 423.5 
mL (260 to 1200 mL), requiring allogeneic blood 
transfusion in only 6 patients (19.8%) and 2 of these 
patients were treated with anticoagulant agents 
before surgery for cardiovascular prophylaxis.

We did not record any early implant dislocation.  
On the first postoperative day, 19 patients were able 
to partially weight bear the operated hip, the average 
patients length of stay in our department was 5.6 
days (range 4 to 9 days).

DISCUSSION

Minimally invasive techniques for THR are 

Fig. 3. Preoperative radiographs of a 73-year-old female patient with severe osteoarthritis of the hip.
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usually requires a second admission and a reoperation 
in a third of them (27). 

The higher risk of intraoperative complications 
such as femoral fracture or acetabular protrusion 
counterbalances the advantages of AMIS approach 
to the hip and these complications could be 
theoretically higher in osteopenic patients. In this 
series, we recorded a greater trochanter fracture 
requiring cerclage wire fixation, probably both 
due to the low bone quality of the femur and the 
high BMI of the patient (39.6 kg/m2) that lead to a 
misprocedure broaching the femoral canal. Learning 
from this complication, we now perform and suggest 
a more careful patient selection in terms of BMI, 
and we usually prefer stem designs with a reduced 
shoulder.

The major limit of this study is the very short 
follow up and the reduced number of patients 
enrolled. However, the follow up was congruent to 
evaluate the effectiveness of the procedure in terms of 
post-operative blood loss and general complications 
related to anemia and incidence of early implant 
dislocation. To our knowledge, this study is the first 
to evaluate the effectiveness of a minimally invasive 
anterior approach in old patients.

In conclusion, we advise a minimally invasive 
anterior approach for THR in older patients when a 

90 days and through the use of low molecular weight 
heparin as antithrombotic prophylaxis, none of the 
30 patients required readmission to our department.

The mean length of hospital stay after THR in 
this series was 5.6 days and this is consistent with 
the data reported for younger populations in other 
series (23, 24), therefore these promising results 
seem to support the hypothesis that tissue sparing 
procedures can allow a faster rehabilitation protocol. 
An enhanced recovery program after THR also 
reduces the rate of 30-day myocardial infarction and 
stroke (25) and increases the cost-effectiveness of 
hip replacement surgery. 

Rates of blood transfusions between 20% and 
22.4% and a total blood loss between 1000 and 2000 
ml have been reported following THR (26) whereas 
a 19.8% rate of transfusion and an average 423.5 ml 
of total blood loss have been recorded in this study. 

In addition to the reduced incidence of important 
general complications, the AMIS approach allows to 
reduce considerably the use of blood transfusion in 
our patients, enhancing the patient’s compliance for 
the procedure and reducing the overall costs. Finally, 
we did not record any implant dislocations within 
the first 90 days after surgery, a very important 
achievement considering the usually higher rate of 
this ominous complication in old patients (6) that 

Fig. 4. Eight months follow-up films. 
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operated in our Department between 2012 and 2015 were 
performed through a DA approach. Sixteen cases were 
rated grade 1 or 2 according to Paprosky, 5 cases 3A, 1 
case 3B and 1 case 4. All cases underwent a preoperative 
protocol with bone scan, RCP and biopsy to exclude 
infection. Clinical and radiological 28-month follow up 
was performed in each case except one. 

Surgical technique
As DA is usually performed on a patient that has 

undergone primary surgery through another approach, a 
long incision for a good exposure is not usually required. 
Since the femoral component is not subject to revision, 
special leg positioners or dedicated devices are not required. 
In case of cup revisions with an acetabular Paprosky 1 and 
2 bone loss, we usually perform a simple tissue sparing 
Heuter approach as for primary surgery (Fig. 2). 

After the administration of general or spinal anaesthesia 
and third generation cephalosporins prophylactic, the 
patient is placed supine on a standard table with the 

The direct anterior (DA) approach through the 
Smith-Petersen or Heuter interval has been gaining 
popularity for primary hip arthroplasty and while 
some limitations are reported for femoral exposure, 
none are reported for the acetabulum (1). The DA 
allows a perfect exposure of the acetabulum and an 
easy proximal or medial extension that could be very 
useful in case of acetabular protrusio to isolate and 
protect the iliac vascular bundle (Fig. 1). Furthermore, 
the DA approach has the potential to decrease the 
postoperative dislocation rate since the dislocation 
rate with the same approach for primary hips is known 
to be low (2, 3). However, few papers have described 
acetabular revision through this approach. Thus, the 
aim of this paper is to describe our midterm experience 
of acetabular revisions through the DA approach.

MATERIALS AND METHODS

Twenty-three consecutive acetabular revisions 
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medially with the Sartorius, while the tensor fasciae 
latae muscle (without its fascia) is retracted laterally. 
This approach is more lateral than the classic Heuter 
approach in order to avoid injuring the femoral cutaneous 
nerve and its branches, but care should always be taken 
for anatomical variations. The fascia of the rectus femoris 
muscle is identified and gently dissected. When present, 
the lateral circumflex bundle is carefully isolated and 
tied or cauterized. A Beckmann retractor is positioned to 
retract the Sartorius and direct head of the rectus femoris 
muscles medially and tensor fascia latae muscle, laterally.

Using a Cobb elevator, the fatty tissue over the 
capsule, the reflected head of the rectus femoris muscle 
and the iliocapsularis muscle are gently detached from 
the capsule and finally visualized. A Hohmann retractor is 
placed under the reflected head of the rectus femoris, the 
second Hohmann retractor is placed over the supero-lateral 
border of the acetabulum and a third Hohmann retractor is 
placed inferiorly, surrounding the posteromedial aspect of 
the femoral neck and retracting downward and laterally to 
the gluteus medius. Once the capsulotomy is completed, 
the hip dislocation can be performed safely and easily by 
applying a slight traction and external rotation and using 
a hook. To expose the acetabulum 2, Hohmann retractors 
are placed on the acetabular rim at 10 and 2 o’clock and 
1 is placed on to the neck of the prosthesis at 7 o’clock.

When the acetabular bone loss is higher and ancillary 
procedures are required (such as for Paprosky 3A or 3B), in 
case of acetabular protrusio or when a pelvic discontinuity 
is present (Paprosky 4) we prefer to extend the described 
approach into a traditional Smith Petersen approach. In 
these cases the proximal insertion of the tensor fasciae 
late and of the rectus femoris can be released in order 
to have a complete and easy access to the acetabulum; 
sometimes for the protrusio we do extend the approach 
medially through the iliac muscle and the iliac wing in 
order to isolate the inner part of the cup with direct view 
of the iliac vessels. Occasionally, also in a very stiff hip 
the mini invasive DA Heuter approach is converted into 
a traditional Smith Petersen in order to provide an easier 
dislocation of the femoral component and an adequate 
exposure of the entire rim of the acetabulum retracting 
postero-superiorly the femoral component. After removal 
of the existing acetabular component and any residual 
scar tissue or bone cement, the acetabulum is carefully 
evaluated for pelvic discontinuity. If such discontinuity is 

affected hip in neutral rotation and extension. The anterior 
superior iliac spine (ASIS), umbilicus, greater trochanter 
and the patella are identified, taking care to include them 
in the operative field. The positioning of the patient and 
the surgical bed are placed so that the affected hip is fully 
accessible by the C-arm intensifier. 

A straight 7-8 cm incision is carried out, starting 1 
cm distal and 1 cm lateral with respect to the ASIS and 
prolonging toward the Gerdy’s tubercle. The interval 
between tensor fasciae latae and sartoriuos is identified, 
the fascia is incised over the medial border of the tensor 
fasciae latae and the plane is bluntly developed in between 
the muscle fibers and the muscle fascia. During this phase, 
the hip could be lightly flexed and abducted to reduce 
muscle tension but should be held with a neutral rotation.

The lateral femoral cutaneous nerve is protected by the 
tensor fascia latae muscular fascia that is gently retracted 

Fig. 1. a): Proximally extended DA approach in case of 
cup and ring intapelvi protrusion; b): The approach was 
extended medially in between the iliac wing and the iliac 
muscle. This approach allowed a direct explant of the 
implant dislocating medially the iliac vascular bundle 
with a low risk procedure.
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nerve in 2 cases. The Harris Hip Score revealed 82.5% 
of excellent and good results (mean preoperative 
score 39.9; mean postoperative score 82.2). Four 
patients were scored fair. Neither the preoperative nor 
the postoperative HHS had a significant correlation 
to the preoperative acetabular defect. In 21 cases 
the implants were related as absolutely stable and 
osseointegrated in the radiological evaluation. In two 
cases at the latest follow up a radiolucent line greater 
than 2 mm in 1 zone was visible but without signs of 
gross cup mobilization. No heterotopic ossifications 
were seen in all cases

DISCUSSION

The concept of approaching the acetabulum 
through a DA is based on the belief that the surgeon 
could solve any possible problem related with a 
cup revision in an easy and effortless manner and 
a simple proximal extension of the approach could 
allow to solve any possible acetabular problem (4). 
In fact, the only concern related to the DA approach 
is the intraoperative need of managing the femoral 
component also (5). It has been shown that a distal 
extension of the DA approach in a “lazy” s shape 
allows to access the femur and perform all necessary 
reconstructive procedures on it without damaging 
the surrounding nerve structures(6).

Manrique et al. reporting on the DA approach 
stated that there are no absolute contraindications for 
performing revision THA through the DA approach, 
as this approach can virtually be used in every case 
and that to their knowledge, there is no published 
data in regards to complications using the DA for 
revision arthroplasty (7). However, on their review 
of the surgical technique they do not present any 
personal results. Ziran et al. (8) stated that in most 
cases the revision of the acetabular cup through a 
DA approach is not as challenging as the femur and 
they propose an iliac crest osteotomy to expose the 
femur in case a revision of the femoral component 
in necessary through this approach. However, in the 
case of revision of the femoral component, we did 
not use the osteotomy technique but extended the 
approach proximally, more distally and laterally. We 
believe that a good femoral exposure is possible just 

present, through the same approach a pelvic ring (such as 
the Burch-Schneider ring) is usually used. 

RESULTS

At the last follow up, we did not record any failure. 
No septic or thromboembolic complications occurred. 
Early complications included prolonged wound healing 
in 4 cases and a transient palsy of the femoral cutaneous 

Fig. 2. a): Preoperative radiograph of a isolate cup 
mobilization in a Paprosky 3A acetabular bone loss; 
b): The surgery was performed through a standard DA 
approach; c): Cup explant was easily performed even 
through a small incision; d): Good implant stability was 
achieved with a standard porous hemispheric cup and 2 
cancellous bone screws. Good cup orientation is done 
with the same reference point of a direct lateral approach; 
e): postoperative radiographs showing the god implant 
osseointegration at 38-month follow up. The DA approach 
allowed an easy loosened cup explant and a good revision 
cup orientation.
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from its proximal insertion onto the anterior inferior 
iliac spine (AIIS), they accessed the true pelvis 
and as with our experience, they removed the cup 
through direct approach. Their experience supports 
the versatility of the DA approach for acetabula cup 
revision and their proposed surgical technique is in 
line with ours. Cogan et al. (2), reviewing 61 cases 
of isolated cup revision through a DA approach, 
showed that the rate of dislocation for revision 
THA by DA approach was higher than when the 
approach was used for primary THA but similar to 
the dislocation rate reported in published series. In 
their experience, the Hueter anterior approach was 
a viable option for isolated cup revisions as long as 
the presence of femoral loosening has been excluded 
and the orientation of the intact femoral component 
is known. In contrast with their experience, we did 
not have any dislocation following revision but our 
cohort of patients is smaller and this better result 
could be also related to different populations. York 
et al. (11) suggested the DA approach for acetabular 
cup revision, as they do not consider this approach 
as safe as a direct lateral approach to manage the 
femoral side. Their approach is very similar to 
ours; we think that if a femoral revision is for any 
reason necessary, with some shrewdness surgery 
is also safe. Mast et al. (12),  in a series of 51 
patients operated for acetabular loosening through 
a DA approach, reported low rate of complications 
(9.8%) and good functional outcomes at an average 
follow-up of 54.5 months. To have good access 
to acetabulum in case of isolated cup revision the 
Authors suggested the removal of the femoral head 
and a pocket in the superolateral capsule. By flexing 
the hip 30° and externally rotating the femur 45°, the 
femur can be subluxated into the previously prepared 
pocket. This technique is safe and effective and we 
usually do the same. Finally, Kennon et al. (13) 
have reported their experience on 119 isolated cup 
revisions with DA approach on 3 cases of dislocation 
(2.5%), 2 infections, zero femoral cutaneous nerve 
problems and 3 intra-operative acetabular fractures. 
They suggest using the DA approach for revision 
surgery because of the low blood loss and low 
complication rate reported in their series and they 
believe that these very good results were due to the 

releasing the soft tissues while ancillary techniques 
such as osteotomies are not necessary (9). Spanyer at 
al. proposed that the DA approach extend proximally 
to treat all cases with anterior column deficiency 
(10). The Authors, as with our experience, use the 
same approach also in cases of protrusio acetabuli 
and Paprosky 3B cases. Releasing the rectus femoris 

Fig. 3. a): Preoperative radiograph of an isolate cup 
mobilization in a Paprosky grade 3B acetabular bone 
loss; b): The surgery was performed through a proximally 
extended DA approach; c, d): Medial bone stock 
deficiency was repaired with omolougus bulk bone graft; 
e, f): Good implant stability was achieved with a standard 
porous hemispheric cup and 2 cancellous bone screws; 
g): postoperative radiographs showing the god implant 
osseointegration at 28-month follow up. The proximally 
extended DA approach allowed an easy acetabular bone 
stock reconstruction and a good implant positioning.
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muscle-sparing nature of this approach, which keeps 
soft-tissue trauma to a minimum and leads to faster 
postoperative mobilization and rehabilitation.

In all cases of our series, we preferred to use a 
hemispheric cementless cup with holes for additional 
cancellous screw fixation with a polyethylene liner 
in order to avoid possible ceramic fractures due to 
micro-instability (14-22). In case of acetabular bone 
loss Paprosky 2C-3A-3B, we used bulk bone graft to 
restore the bone stock through a previously described 
technique (23) (Fig. 3). 

As the previously implanted femoral stems were 
all monoblock and did not allow over-correcting of 
the femoral leg length and offset as modular stems 
(24-26), we tried to fix the acetabular component in 
the natural center of rotation and in some cases we 
used a dual mobility acetabular component.

All the studies published on DA approach for 
acetabular revision supported our short-term results. 
In our series, we had very few complications and 
very good clinical and radiological results. The 
anterior approach requires very good comprehension 
of surgical anatomy of the hip and is probably better 
suited for skilled surgeons that have some experience 
with the very same approach for primary cases.

In conclusion, we consider the DA approach the 
natural approach to the acetabulum and a safe and 
effective approach for isolated cup revisions. 
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The use of modular stems is still debated and controversial. Some authors have highlighted a number 
of disadvantages of modular prostheses including high costs, the tendency to fracture, the fretting and 
corrosion and the increased production of debris. Other authors have emphasized several advantages to 
adapt the prosthesis to the morphometric differences of patients, to allow better accuracy in restoring 
the anatomy and biomechanics of hip joint. The advantages of the modular devices appear to be more 
evident in patients with developmental dysplasia of the hip (DDH). In our study we compared 96 patients, 
operated for arthritis of the hip with 55 modular neck prostheses (PROFEMUR®, Wright® Arlington, 
Tennesse, USA) and 41 standard femoral stems (SYMAX®, Striker® Kalamazoo, Michigan, USA). The 
precision of restoring the natural offset during surgery was correlated with the clinical outcome and the 
radiological early migration of each stem measured using the computer-assisted EBRA-FCA method. 
The average preoperative HHS (Harris Hip Score) was 44 (23-66); the postoperative 86.56 in the 55 
patients operated with modular prostheses and 81.70 in the 41 patients with monoblock stem. The worst 
HH Scores were seen in patients in whom the offset was not restored properly. On the contrary, the 
best scores have been reached in patients in which that value is closer to the “target” value (offset value 
of the contralateral hip). Restoring the proper offset seems to determine an appropriate tension of the 
abductor muscles of the hip and implies a better functioning of the joint and a better primary stability 
of the implant, with less early migration. This has to be a primary objective of THA surgery.

RESTORING THE FEMORAL OFFSET PREVENT EARLY MIGRATION OF THE STEM 
IN TOTAL HIP ARTHROPLASTY: AN EBRA-FCA STUDY

G. VICENTI, G. SOLARINO, A. SPINARELLI, M. CARROZZO, G. PICCA,
R. MADDALENA, F. RIFINO and B. MORETTI

Department of Neuroscience and Organs of Sense, Orthopaedics Section, Faculty of Medicine and 
Surgery, University of Bari, Bari, Italy

Key words: total hip arthroplasty, femoral offset, primary stability, longevity of the implant, early migration, EBRA-FCA

is important to achieve a stable joint with the ideal 
range of motion for patients, in order to fulfil their 
daily activities (5).

The primary stability and early migration of the 
prosthesis components can be measured on plain 
radiographs, with Roentgen stereophotogrammetry 
(RSA) or Ein-Bild-Roentgen-femoral component 
analysis (EBRA-FCA) (6, 7). RSA is the most 
precise option with an accuracy of 0.1-0.4 mm but 
unfortunately needs tantalum markers and special 
instruments (8). The accuracy of EBRA-FCA to 
detect implant migration has been reported to be ±1 

The hip is one of the most replaced joints in the 
world. Total Hip arthroplasty (THA) is a worldwide 
recognized treatment in patients suffering from 
arthritic disease of the hip, reducing pain and 
improving function (1).

The first problem of a total hip arthroplasty 
(THA) is the longevity of the implant. Infection, 
polyethylene wear, aseptic loosening, design faults, 
material mismatch and poor surgical technique cause 
failures. Being able to control the orientation of the 
prosthetic components is of critical importance in 
normalising the biomechanics of the hip (2-4). It 
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Surgical procedure and implants
The same senior surgeon (B.M.) in our university 

hospital performed surgery. The direct lateral approach 
according to Hardinge (17) was performed with the 
patient in the lateral decubitus.

Standardized peri- and post-operative protocol was 
used in both groups, including short antibiotic therapy 
(Cefazoline 2g i.v. x 3), as tolerated and low molecular 
weight heparin LMWH for five weeks postoperatively, 
as well as prophylaxis for deep vein thrombosis. Two 
different type of cementless titanium implants were used 
with the following stem designs: 

The PROFEMUR Z is an evolution of the Zweymüller 
stem. Made in titanium alloy, it has a rectangular cross-
section with a particular rough surface. The neck is 
fabricated from titanium alloy and has two lengths (short 
and long), two options for neck-shaft angle (8 varus and 
8 valgus), and two options for femoral-neck version (8 
anteverted and 8 retroverted) (18).

The SYMAX-HA Femoral stem has a CCD angle of 
128°. Each implant size (8 sizes) has a unique built-in neck 
anteversion (from 9.29° to 13.34°), offset (from 33.3 mm 
to 45.2 mm) and neck length, increasing progressively 
with each size (19).

Tables I, II, III, and give details of the different sizes 
and prosthetic components used. The research of a secure 
press-fit fixation, equal leg length and restoring the FO 
were the ultimate goals of the surgeon in each operation.

Clinical and radiological evaluation
The patient demographics, comorbidities and patient 

reported outcome measures were recorded at the pre-
operative assessment clinic. 

Clinical evaluation includes apparent or clinical limb-
length discrepancy measurement, Harris Hip score. The 
evaluation was repeated postoperatively and at 6 months 
and 1-, 2- and 3-year follow-ups.

A standardized radiological protocol included an 
anteroposterior film of the pelvis and an anteroposterior 
and lateral film of the operated hip. The distance of the 
X-ray tube-film was 110 cm. All plain films were taken 
according to the method that Lindgren introduced (20). 
The femoral offset was measured as the distance from the 
centre of rotation of the femoral head to the long axis of 
the femoral shaft. Radiographs were taken postoperatively 
and at every clinical examination appointment at 6, 12, 24 

mm  with a specificity of 100 % and sensitivity of 78 
% to detect (9).

Restoration of the femoral offset (FO), limb 
lengths discrepancy (LLD) and rotation centres 
appear to be crucial to the patients function and to 
improve the long-term survival rates of THA (10-
12). Apparently, restoring the normal anatomy of 
the hip not only avoids weakness of the abductor 
muscles (13) but reduces the risk of limping and early 
dislocation (14). A precise and careful preoperative 
planning with intra operative verification tests are 
essential for restoration of the femoral head centre 
and correct hip biomechanics (15).

The main aim of this study was to compare the 
accuracy in primary THA surgeries in restoring the 
normal FO using modular femoral stems compared 
to monoblock prosthesis. The second aim was to 
evaluate the influence of correct restoration of the 
FO on the early migration pattern measured with 
EBRA-FCA software. 

MATERIALS AND METHODS

Study cohort
From 2011 to 2013, 124 THA in 148 patients were 

performed. Exclusion criteria was bilateral hip disease, 
previous contralateral hip surgeries, neck fractures, 
developmental hip dysplasia (DDH).

In total, 96 patients (mean age 68.7) were evaluated 
in our retrospective observational study. Thirty-one of 
148 patients were excluded due to previous contralateral 
hip arthroplasty, 15 for femur neck fracture preoperative 
diagnosis and 8 for bilateral developmental hip dysplasia. 
The age of the patients ranged from 32 to 88 years. Sixty-
one patients were female and 31 were male. According to 
the implants, patients were assigned to:

-	 Group A: 55 patients treated with modular neck 
prosthesis (PROFEMUR Z® Microport Inc);

-	 Group B: 41 patients received nonmodular neck 
implants (SYMAX Stryker®).

An accurate clinical examination and radiographic 
measurements were performed on pre and day 1 (T0), 6 
months (T1), 12 months (T2), 2 years (T3) and 3years (T4). 
Preoperative Harris Hip Score (16) was calculated for each 
patient. The minimum follow-up was 24 months (mean 32; 
range 24-48). Maximum follow-up occurred in 52 cases.
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  SHORT LONG 

8° Retroversion 14 9 

15° Retroversion  5 

STRAIGHT 6 4 

VARUS 4 8 

VALGUS  5 

Total 24 31 

 

Size Female Male 

1 4  

2 3 1 

3 13 3 

4 8 2 

5 4 8 

6 1 6 

7  2 

Total 33 22  

Size Female  Male 

1 5  

2 4 1 

3 5 1 

4 7 2 

5 4 2 

6 3 5 

7  1 

8  1 

Total 28 13 

Table I. Profemur-Neck types used.

Table II. Profemur Z Stem used.

Table III. Nonmodular neck implants used.

and 36 months. Three of us (GV, GS, AS) measured all 
radiographs for native and reconstructed femoral offset 
with the help of an informatics technician using MATLAB 
(The Math-Works Inc, Natick, MA) software. The cohort 
of study was divided in 3 subgroups according to the 
following FO restoration accuracy:

-	 SUBTYPE I:  within 5mm
-	 SUBTYPE II: 5 mm<∆<15mm
-	 SUBTYPE III: ∆>15 mm
	 Implant migration was determined using the 

EBRA-FCA software. One independent observer (senior 
ortho-radiologist) performed all measurements. Nineteen 
reference points were defined after the calibration of the 
images, with the diameter of the prosthetic head (Fig. 1):

-	 7 on the femoral head
-	 2 on the stem
-	 8 on the femoral cortex
-	 One at the minor and major trochanter 

respectively.
The statistical analysis for comparison was performed 

using R Project Software version 3.1.0 for macOS. 
Student’s t-test and Chi-squared test were performed.

Fig. 1. Scheme of the reference points of the EBRA-FCA 
software.
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DISCUSSION

The main aim of this study was to compare the 
accuracy in primary THA surgeries in restoring the 
normal FO using modular femoral stems compared 
to to monoblock prosthesis. 

As described in the Table IV, in group A, a greater 
proportion of patients had a more accurate restoration 
(within 5 mm) of the femoral offset (81.82%) 
compared to the nonmodular cohort (36.58%). A 
similar result was described by Duwelius  et al. (22). 
In their study, the authors highlight the accuracy of 
the modular neck in restoring the head centre and 
the femoral offset, although it did not translate 
into better short-term (1-2 years) outcome scores, 
revisions or complications.  They conclude that in 
their reported higher risks, there is no clear indication 
for modularity with a primary THA, unless the hip 
centre cannot be achieved with a nonmodular stem, 
which is rare.

The superiority of modular prosthesis in outcome 
scores, hip biomechanics and complications, 
compared to conventional implants, have not been 

RESULTS

Demographic data and preoperative radiological 
differences relative to FO, LLD with regard to the 
contralateral healthy hip were comparable between 
groups A and B. In the modular neck cohort, a greater 
proportion of patients had equal (within 5mm) or 
more accurate restoration of the femoral offset 
(81.82%), compared to the non-modular cohort 
(36.58%) (Table IV).

As described by other authors (21), we found a 
greater range of external rotation in patients with 
greater femoral offset. Three-hundred-and-fifty-
six digitized radiographs were analysed by one 
independent observer. The software automatically 
rejected 3.6% of the films.

Using EBRA-FCA software, the mean distal 
migration was: 

-	 Group A -0.23mm (±0.3 mm) at 6 months, 
-0.41mm (±0.3 mm) at 12 months, -0.56mm (±0.3 
mm) at 24 months and -0.71mm (±0.5 mm) at 36 
months;  

-	 Group B -0.27mm (±0.3 mm) at 6 months, 
-0.47mm (±0.3 mm) at 12 months, -0.68mm (±0.3 
mm) at 24 months and -0.82mm (±0.5 mm) at 36 
months; 

The higher migration rates were identified in 
the patients with less accuracy in FO restoration 
(Table V). In subtype I of both Group A and B, no 
differences were identified.

  Total 

Subtype  I II III  

Group A 45(81.82%) 9(16.37%) 1(1.81%) 55 

Group B 15(36.58%) 19(46.34%) 7(17.08%) 41 

Table IV. FO restoration accuracy.

 T1 T2 T3 T4 

GRUPPO A -0.23mm (±0.28mm) -0.41mm (±0.32mm) -0.56mm (±0.3mm) -0.71mm (±0.5mm) 

Subtype I -0.18mm (±0.23mm) -0.27 (±0.21mm) -0.40 mm (± 0.37mm) -0.58mm (±0.5mm) 

Subtype II -0.26mm (±0.31mm) -0.33mm (±0.35mm) -0.48mm (±0.19mm) -0.77mm (± 0.5 mm) 

Subtype III -0.29mm -0-38mm -0.56mm -0.83mm (± 0.5 mm) 

GRUPPO B -0.27mm (±0.3mm) -0.47 (±0.37mm) -0.68 mm (±0.39mm) -0.82mm (±0.5mm) 

Subtype I -0.19mm (±0.22mm) -0.27 (±0.20mm) -0.40 mm (± 0.34mm) -0.63mm (±0.5mm) 

Subtype II -0.26mm (±0.31mm) -0.43mm (±0.35mm) -0.48mm (±0.19mm) -0.78mm (± 0.5 mm) 

Subtype III -0.29mm (±0.28mm) -0-49mm (±0.31mm) -0.71mm (± 0.36mm) -0.83mm (± 0.5 mm) 

 

Table V. Correlation FO restoration - early migration using EBRA-FCA.
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         stability of the implant with less early migration; this 
has to be a primary objective of THA surgery.

The present study has several limitations. 
One limitation is the rather short retrospective 
observation period of 3 years. Moreover, the two 
different implants evaluated present different designs 
and technologies. The limited number of cases did 
not allow us to evaluate and analyse other different 
factors that could influence the early migration of 
the femoral stem, such as Bone Mass Density, Bone 
Mass Index and Vitamin D blood level.

New clinical retrospective investigation using 
EBRA-FCA and prospectively using RSA need to be 
performed in order to clarify the possible correlation 
between FO restoration accuracy and primary 
stability of the implants in primary THA surgeries.
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In the last decade, several examples have been produced by scientific literature about zebrafish as 
a model to study human bone diseases. In fish, bone turnover, reparation and remodeling of the adult 
bone tissue cannot be studied in embryonic or juvenile stages. In addition, fins and scales represent 
unique anatomical features useful to study adult bone metabolism and diseases. For these reasons, 
the adult zebrafish represents an innovative and readily available resource for studying the bone 
metabolism at cellular and molecular level. Although the adult fish is less used than the embryo, several 
applications have been found in the last years with the production of innovative pathological models in 
adult zebrafish, helpful to understand the mechanisms of bone physiopathology. The use of mutants, 
regenerating organs, transgenic fish and scales have increased the power of this model in the last years.
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static scaffold for the body but a dynamic organ 
that is constantly remodeled. Moreover, bone stores 
crucial nutrients, proteins, minerals, and lipids. In 
addition, in recent years has emerged the endocrine 
role of the skeletal tissue because of its implication 
in the hormonal network, energy metabolism and 
the physiological regulation of the several organs 
such as kidney, bone marrow, muscles etc. (2).

All these functions are common in the 
vertebrates, from human to fish. The similarity 
of the skeletal structure between Danio rerio and 
Homo sapiens has hired zebrafish as animal model 
to study different aspects of skeletal physiology: 
osteogenesis, bone metabolism, tissue turnover, 
resorbing activity etc. (3). In the last decade, several 
examples have been produced by the scientific 
literature about the introduction of zebrafish as 
model to study human bone diseases. Different and 
useful approaches can be used in zebrafish field, 
from embryo to adult.

The bone tissue from Danio rerio to Homo sapiens
Danio rerio (zebrafish) is an elective model 

organism for the study of vertebrate development. 
This is due to the unique characteristics of the 
embryo such as large clutches (up to 250 embryos/
week), small size, rapid external development 
and transparency of the larval body. Such 
advantages encourage the use of live imaging 
and powerful genetic tools based on mutagenesis. 
Moreover, automated systems have been coupled 
with zebrafish embryo to create one of the most 
important in vivo methods for drug screening, drug 
discovery and toxicity testing. The combination of 
these characteristics makes zebrafish an excellent 
animal model for basic biomedical research, drug 
development and translational medicine studies 
(1). Bone is a heterogeneous tissue composed by a 
mineral phase, hydroxyapatite, organic phase (type 
I collagen, other structural proteins, lipids) and 
water.  Bone tissue is not a simply protective and 
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motif, the same residue mutated in col1a1a gene 
in human OI patients (6). Thus, the adult zebrafish 
mutant chihuahua can be considered as model 
of human OI useful to elaborate new therapeutic 
strategies.

Moreover, the recessive non-lethal zebrafish 
leviathan/col8a1a mutant (see embryo section) lacks 
collagen type VIII alpha1a (COL8a1a) and shows 
defects in assembly of the embryonic notochord. 
Such alteration produces vertebral column 
malformations at the adult stage which resemble to 
human scoliosis (7).

An adult zebrafish mutant can be also generated 
by large scale mutagenesis programs such as 
Zebrafish Mutation Project (ZMP) of the Sanger 
Institute (8). One example is Bruck syndrome (BS), 
a human bone disease similar to OI and characterized 
by joint flexion contractures and skeletal defects. A 
double mutation in FKBP10 and PLOD2 genes is 
the primary genetic defect associated to the disease. 
PLOD2 encodes the lysyl-hydroxylase 2 (LH2) 
which is responsible for the cross-linking and the 
organization of collagen fibrils in the bone matrix. 
A zebrafish mutant plod2sa1768/sa1768 (TL) carrying 
homozygous plod2 nonsense mutation has been 
recently generated resulting in reduced stability of 
bone type I collagen (9). plod2 mutants show at the 
adult stage severe skeletal abnormalities associated 
with bone fragility and frequent fractures. In 
conclusion, plod2 mutant zebrafish show molecular 
and clinical characteristics of the human BS patient 

The adult zebrafish as model for skeletal studies
In fish, some characteristics such as bone turnover, 

reparation and remodeling of the adult bone tissue 
cannot be found in embryonic or juvenile stages. In 
addition, fins and scales represent unique anatomical 
features with undoubted advantages like transparency 
and the presence of mineralized tissue similar to 
human lamellar bone. The same dyes used for live 
embryo bone tissue staining can be used in adult fish, 
on both live fish and fixed sample to highlight scale 
mineral matrix (3) or caudal fin rays (4). For these 
reasons, the adult zebrafish represents an innovative 
and readily available resource for studying the 
bone metabolism at cellular and molecular level. 
Although the adult fish is less used than the embryo, 
several applications have been found in the last 
years with the production of innovative pathological 
models in adult zebrafish, helpful to understand the 
mechanisms of bone physiopathology. The use of 
mutants, regenerating organs, transgenic fish and 
scales have increased the power of this model in the 
last years.

Adult zebrafish mutants and human bone diseases 
The identification of adult zebrafish mutants 

that recapitulate human mineralized craniofacial, 
dental and skeletal system disorders can be used as 
models to study the pathogenesis of the human bone 
diseases. Recently, a large-scale forward-genetic 
chemical mutagenesis screen led to the identification 
of 7 adult homozygous recessive mutants with 
skeletal disorders including craniofacial defects, 
suture fusion, morphological or numerical alteration 
of skeletal elements, scoliosis (5).

Years ago, zebrafish mutant chihuahua was 
isolated in a forward-genetics screen of adult fish 
searching for skeletal abnormality using X-ray. 
Heterozygous fish was characterized by defective 
bone growth, altered vertebral shape, reduced 
mineralization and frequent rib fractures. The same 
clinical evidences can be found in human patients 
affected by heterozygous Osteogenesis Imperfecta 
(OI). It has been proved that chihuahua mutant 
carries the heterozygous missense mutation G390D 
in col1a1a gene. The Glycine residue changed in the 
mutated fish is located in the conserved Gly-X-Y Fig. 1. Calcein staining of zebrafish caudal fin.
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Skull 
Skull injury represents an alternative model to 

fin ray amputation. Frontal and parietal bones of the 
zebrafish cranial vault could be injured following the 
protocols already used for calvarial rodents (13). In 
particular, a circular piece of bone is explanted by using 
a microdrill generating a hole of 0.5 mm diameter. 
Interestingly, the drill injuries are almost completely 
filled in 7 days post injury (dpi) whereas in 14 dpi 
the regeneration process is complete. In conclusion, 
the skull model has contributed to demonstrate that 
mature osteoblasts dedifferentiate in response to 
traumatic bone injury in the zebrafish fin and skull.

Jawbone
In mammalian bone fractures, the periosteum 

also appears to contribute first to cartilage and then 
to bone during repair (14). The regeneration of 
zebrafish lower jawbone involves the formation of 
a cartilage intermediate, before to mineralize the 
final bone tissue. The studies have found that, upon 
injury, the resident stem cells are instructed by the 
expression of indian hedgehog a (ihha) to make 
cartilage instead of bone (15). A similar behavior is 
present in mice during the large-scale bone repair. 
The jawbone injury model could be helpful to 
understand the mechanisms and the role of cartilage 
deposition in human bone fractures repair.

Fin ray fracture 
A caudal fin ray crush injury has been used to 

therefore it may be considered a promising model to 
study the pathogenetic mechanisms leading to BS 
and new therapeutical approach against the disease. 

Several zebrafish mutants display skeletal defects 
starting from the end of the juvenile stage and show 
characteristics which, in humans, are evident in 
the adult bone only. These examples underline the 
importance to produce adult zebrafish mutants able 
to elucidate the mechanisms of the pathological 
alterations in the adult bone physiology.

Different resources for regenerative medicine: fin, 
skull and jaw

Regenerative medicine represents the more 
powerful approach to cure organ dysfunction, 
injury and trauma. The goal is to reconstitute organ 
structure and function after injury stimulating or 
re-establishing organ-specific repair processes. The 
de-differentiation process is unique to animals like 
zebrafish and drives the perfect restore of a lost or 
damaged tissue. The knowledge of the regeneration 
mechanisms could support the development of new 
instructive therapies directed toward human cells. 
Different anatomic parts of the zebrafish body can be 
informative for bone regeneration studies.

Caudal fin 
Since Zebrafish caudal fin possesses unique 

characteristics of accessibility and transparency, 
it has been introduced to investigate the reparative 
capacity of adult bone tissue (figure 1). Indeed, 
zebrafish fin ray, an example of intramembranous 
ossification, is able to regenerate together with the 
whole fin structure (10). The transparency of the 
caudal fin allows the use of live staining like calcein 
and alizarin red (11) to mark mineralized tissue in the 
regeneration process. 

The fin amputation model has been recently used 
to elucidate the behavior of osteoblasts during fin ray 
regeneration. After injury, they de-differentiate to 
form the “blastema”, proliferate and re-differentiate 
to produce new bone (12).

Although there are important variations in timing 
and anatomical organization between species, the 
main molecular regulators of the regenerative process 
are well conserved. Fig. 2. Calcein staining of an adult zebrafish scale. 
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to study in the adult fish the pathogenesis of human 
bone disease. 

A non-invasive read-out system: the scales 
Adult zebrafish scale has been recently introduced 

as read-out system for bone metabolism studies (19). 
The transparency and the size of the scale facilitates 
manipulation, treatment and observation of the 
results under a basic stereomicroscope (figure 2). 
In addition, several parameters such as biochemical 
and cellular markers, bone matrix architecture, bone 
deposition, bone resorption and behavior of bone 
cells (scleroblasts and osteoclasts) can be easily 
analyzed in the scale (20). These advantages make the 
scale an elective system to study mineralization and 
remodeling mechanisms in the pathological models. 

Recently, secondary osteoporosis has been 
reproduced in adult zebrafish after treatment with 
prednisolone (21), a glucocorticoid known to have 
the same effects in humans. The osteoclast-dependent 
resorbing activity has been observed in explanted 
scales from treated fish using the specific staining 
for mineralized matrix and histological staining 
to highlight osteoclast activity. The treatment 
with alendronate, an anti-osteoporotic drug,  has 
surprisingly resulted in a significant protective 
effects in prednisolone-treated fish (22). These data 
confirm the power of the scale as “read-out” system 
to study human bone metabolism and diseases.

Transparent adult fish and imaging resource
The fish mutant named casper has been generated 

from the breeding of two different mutants defective 
for pigment synthesis. The nacre mutant grows 
without melanocytes whereas the spontaneous 
mutant roy orbison (roy) shows translucent skin and 
absence of iridophores. Casper exhibits a ghost-like 
phenotype thus it appears entirely transparent at 
the adult stage (23). A live staining for mineralized 
tissue in casper can be used to visualize spontaneous 
or induced skeletal malformation in adult fish during 
screening experiments.

Several imaging resources may be used to facilitate 
the investigations on the adult zebrafish models of 
bone disease contributing for the knowledge of the 
pathogenic mechanisms of human counterpart. A lot 

develop a model of vertebrate long-bone fracture 
(16). The regeneration program, typical of the 
extensive fin injury, should not be activated for a 
single ray fracture but rather a tissue repair process, 
much more similar to a wound healing. This model 
will help to elucidate the mechanisms involved in 
zebrafish adult bone repair because the transparency 
of the adult caudal fin encourages the use of imaging 
techniques to easy visualize bone matrix, bone cells 
and specific molecules. The identification of the key 
processes that regulate bone fracture in zebrafish 
fin ray may contribute to improve the bone repair 
medical research in humans. 

Whole skeleton analysis
Several staining and radiographic techniques can 

be used to visualize the whole skeleton in the adult 
stage. Chemical, pharmacological or mechanical 
treatments may have effects on bone remodeling and 
integrity. The gravity, for example, is a mechanical 
force having severe effects on skeletal structures. 
Progressive bone-loss is a serious side-effect of the 
long-term permanence in absence of gravity. Clinical 
studies on astronauts revealed that an average of 1 
to 2 percent of bone mass can be lost each month 
(). Several data have been produced examining 
the effects of simulated microgravity on different 
animal models. In particular, the skeleton of adult 
fish exposed to simulated microgravity resulted in 
growth alteration, reduced ossification and distortion 
of some skeletal elements (17). The whole skeleton 
analysis may provide a precise examination of single 
bones of the fish body.

Transgenesis in adult fish
Genetic techniques such as conditional 

transgenesis can be used to produce specific skeletal 
defects in adult fish. Recently, an osteoporotic 
transgenic fish has been made using GFP under 
control of the cathepsin K promoter in osteoclasts 
and Rankl together with CFP under control of a heat-
shock promoter (18). After increase of temperature 
and Rankl induction, the in vivo formation and 
activation of osteoclasts has been reported with 
time-lapse fluorescent imaging. This is an example 
of how the genetic plasticity of zebrafish can be used 
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of imaging resources can be adapted for small animal 
models like rodents or fish. 

Recently, Time-Gated Optical Projection 
Tomography (TGOPT) has been used in adult 
zebrafish to visualize in 3D the anatomical body 
structure without chemical contrast (24). 

In addition, whole adult zebrafish can be 
scanned by Micro Computed Tomography (μCT), 
permitting the analysis of the skeleton and the 
determination of body mass index (BMI) for each 
bone scan section. Total-body μCT scans can be 
applied in pharmacological studies where the 3D 
reconstruction of the zebrafish bone system is used 
to detect alterations in bone structures after particular 
treatments like dietary supplementation (25). X-ray 
radiography have been already introduced in adult 
zebrafish mutant screening to detect abnormalities in 
skeletal morphology (4).
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We wanted to observe and compare the appearance of neurovascular tissue from tendon ex vivo, in 
patients with and without painful rotator cuff tendinopathy. Supraspinatus tendons were biopsied from 
5 participants with painful tendinopathy and normal tendon from a young male. Slides were stained with 
haematoxylin & eosin and toluidine blue for histological assessment.  Immunohistochemical markers for 
general nerves (protein gene-product 9.5 and synaptophysin), sensory nerves (calcitonin gene-related 
peptide; substance-P) and vascularisation (vascular endothelial growth factor) were used. PGP9.5 
and CGRP-immunoreactive fibres were associated with vessels in cases and control. Synaptophysin-
labelled fibres were observed in close relation to vessels in tendinopathy.  PGP9.5, CGRP, SP and 
VEGF-immunoreaction also labelled tenocyte-like cells in degenerative areas and fibres in regions of 
fat and collagen. Sensory innervation and vascularity are increased in tendinopathy.  The evidence 
for innervation and vascularity of symptomatic rotator cuff tendon may aid the development of novel 
investigations and therapies in the management of patients with this ailment.

TENDINOPATHIC SUPRASPINATUS TENOCYTES MAY HAVE A NEUROENDOCRINE-LIKE 
FUNCTION, SECRETING CGRP, SP AND VEGF: A PILOT IMMUNOHISTOCHEMISTRY STUDY
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demonstrated an increased immunoreactivity for 
sensory neuropeptides which can cause pain (3). The 
innervation patterns in the supraspinatus tendon are 
unclear.

Additionally, neovascularisation has been 
associated with Achilles tendinopathy (4). 
Vascularised tendons may maintain an inflammatory 
state by supplying cytokines to the injured area (5). 
Angiogenesis is also associated with proliferation of 
sympathetic nerve fibres, promoting neoinnervation 
(6).  The role of neovascularisation remains unclear.  
Some studies (7) reported hypovascularity in torn 
tendons, while others evidenced florid neovascularity 
(8).  At ultrasound, Lewis et al (9) demonstrated 
a greater degree of neovascularity in rotator cuff 
tendinopathy compared with asymptomatic tendons.  

Rotator cuff tendinopathy is a common cause of 
pain and disability (1).  Its pathogenesis of rotator 
cuff tendinopathy is unclear and the response to 
intervention is frequently slow and often incomplete 
(2), the result of a combination of extrinsic or 
intrinsic factors. 

Symptomatic and pain-free Achilles tendons, 
patellar tendons and the common extensor tendons 
of the wrist are supplied by general and sensory 
innervation, intimately associated with blood vessels 
(3).  Using immunohistochemical techniques (3), 
general nerves are revealed by staining tissue 
with the neuronal marker, protein gene-product 
9.5 (PGP9.5), and sensory fibres labelled with 
neuropeptides calcitonin gene-related peptide 
(CGRP) and substance-P (SP).  Pathological tendons 
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to participation. Ethics approval was obtained by the 
NHS Research Ethics Committees. The procedures 
followed were in accordance with the ethical standards 
of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki 
Declaration of 1975, as revised in 2000.  Full written 
informed consent was gained from patients involved in 
this study.

Selection criteria
Skeletally mature adults aged between 18 and 70 

were recruited if they fulfilled the following: 1): shoulder 
pain for at least three months; 2): scheduled for shoulder 
arthroscopy; 3): positive lag signs on examination; 4): MRI 
or 5): ultrasound evidence of a supraspinatus tendon lesion.  
Participants were excluded if they had: 1): a diagnosis 
of autoimmune disease (such as rheumatoid arthritis) or 
diabetes; 2): previous surgery on the affected shoulder; 3): 
corticosteroid injection in the affected shoulder less than 6 
months before surgery; 4): history of smoking; 5): taking 
medication for chronic conditions; 6) reproduction of 
shoulder pain with cervical spine region assessment; 7): 
restricted passive shoulder external rotation and elevation 
range of movement; 8): pain extending beyond the elbow, 
and 9): abnormal limb power, reflexes or sensations. 
Control patients were subject to similar selection criteria, 
except that patients had: 1): no shoulder pain and 2): were 
not undergoing rotator cuff surgery.

Lakemeier et al (10) found an upregulation of 
vascular endothelial growth factor (VEGF) in torn 
supraspinatus tendon using immunohistochemistry.  
However, the findings were limited due to a lack of 
controls.  Expression of VEGF has been described 
in the painful subacromial bursa (11), but there 
is limited evidence relating neovascularisation to 
painful rotator cuff tendinopathy.  A comprehensive 
understanding of the vascularity, innervation and 
biochemicals involved in pain could be used to 
guide effective treatment modalities in patients with 
painful rotator cuff tendinopathy.

This preliminary study compared the histological 
features of normal and symptomatic supraspinatus 
tendons, focusing on fibre arrangement and 
vascularity.  It also explored the angiogenic features 
and innervation patterns of suprasinatus tendons using 
immunohistochemical markers for angiogenesis 
(VEGF), general (PGP9.5 and synaptophysin) and 
sensory innervation (CGRP and SP).

MATERIALS AND METHODS

Participants
Five patients were included in the study and divided 

into case or control groups (subjects described in Table I). 
Patients underwent arthroscopy by the same orthopaedic 
surgeon.  Participants were provided with an information 
booklet and signed informed consent documents prior 

Table I  
 

Participant Gender Age 
(years) Diagnosis 

Pain 
duration 
(months) 

Pain 
severity 

(/10) 

Previous 
therapy 

1 M 20 Instability n/a n/a n/a 

2 M 53 Partial Tear/ 
Impingement 18 8 Exercise 

3 F 45 Partial Tear/ 
Impingement 36 5 Exercise 

Cortisone 

4 M 39 Partial Tear/ 
Impingement 18 7 Exercise 

5 F 42 Partial Tear/ 
Impingement 12 5 Exercise 

Cortisone 
M, male; F, female; n/a not applicable 

	

Table II  
 

Antigen Host Dilution Source 
Primary Antibodies 

CGRP Rabbit 1:2000 Biomol, Switzerland  

PGP9.5 Rabbit 1:4000 AbD Serotec, Oxford, UK 

Substance-P Rabbit 1:1000 Chemicon (Millipore), Billerica, MA 

Synaptophysin Mouse 1:200 DAKO, Denmark 

VEGF Mouse 1:200 Chemicon (Millipore), Billerica, MA 

Secondary Antibodies–Biotin-Conjugated 

Anti-rabbit  Donkey 1:400 Jackson ImmunoResearch, West 
Grove, PA 

Anti-mouse Donkey 1:800 Jackson ImmunoResearch, West 
Grove, PA 

Seconadary Antibodies–TRITC 

Anti-rabbit Donkey 1:400 Jackson ImmunoResearch, West 
Grove, PA 

Anti-mouse Donkey 1:400 Jackson ImmunoResearch, West 
Grove, PA 

	

Table I. Participant demographics and associated rotator cuff symptoms.



(S1) 221Journal of Biological Regulators & Homeostatic Agents

the same buffer for 48 h. Once flash-frozen in OCT 
Embedding Medium (CellPath, UK) and frozen at  
-80°C, sections were cut at 10 µm using a cryostat (Leica 
CM1900) and thaw-mounted onto Superfrost-Plus slides 
(VWR International, UK).

Histology
Slides were stained with haematoxylin & eosin (H&E) 

and toluidine blue (TB) following established protocols.  
The most pathological areas were assessed under a Nikon 
Eclipse 80i light microscope (Japan; with a CX9000 
camera, MBF Bioscience, Vermont) for fibre structure 
and arrangement, tenocyte rounding, cellularity and 
vascularity.

Indirect-immunohistochemical staining
Slides were immersed in 10% donkey serum 

(Chemicon, Billerica, MA) for 60 minutes to block non-
specific binding sites.  Sections for immunoperoxidase 
staining were pre-treated with 1% hydrogen peroxide for 
30 min before blocking to quench endogenous peroxidase 
activity.   Incubation in these procedures was conducted in 
a humidified box at room temperature.

Immunofluorescence technique
Sections were incubated in primary mouse and rabbit 

Tendinopathic tendons 
Four patients (2 males, mean age 46 years; 2 females, 

mean age 43.5 years) experienced painful rotator cuff 
tendinopathy for an average of 21 months prior to surgery, 
with clinically diagnosed supraspinatus tendinopathy 
(Table I).  Prior to surgery, participants reported a mean 
shoulder pain score of 6.3 (based on a VAS (pain) where 
0 represented no pain and 10 the worst imaginable pain). 
All participants experienced night pain.  Prior to surgery, 
all had failed exercise therapy and 2 patients received 
local corticosteroid injection more than 6 months prior to 
surgery.

   
Non-tendinopathic tendon 

A control supraspinatus tendon was biopsied from 
a male with 5-month history of atraumatic shoulder 
instability who underwent arthroscopic re-stabilisation.

Sampling & Preparation
During arthroscopy, a partial thickness biopsy of 

supraspinatus tendon was taken measuring 4x4 mm from 
within 1 cm of insertion into the humeral head (control) or 
from a 1 cm margin of the tear edge (cases).

Samples were immediately fixed in 4% 
paraformaldehyde in a 0.1 M phosphate buffer (pH 
7.4) for 48 h and then immersed in 20% sucrose in 

Table I  
 

Participant Gender Age 
(years) Diagnosis 

Pain 
duration 
(months) 

Pain 
severity 

(/10) 

Previous 
therapy 

1 M 20 Instability n/a n/a n/a 

2 M 53 Partial Tear/ 
Impingement 18 8 Exercise 

3 F 45 Partial Tear/ 
Impingement 36 5 Exercise 

Cortisone 

4 M 39 Partial Tear/ 
Impingement 18 7 Exercise 

5 F 42 Partial Tear/ 
Impingement 12 5 Exercise 

Cortisone 
M, male; F, female; n/a not applicable 

	

Table II  
 

Antigen Host Dilution Source 
Primary Antibodies 

CGRP Rabbit 1:2000 Biomol, Switzerland  

PGP9.5 Rabbit 1:4000 AbD Serotec, Oxford, UK 

Substance-P Rabbit 1:1000 Chemicon (Millipore), Billerica, MA 

Synaptophysin Mouse 1:200 DAKO, Denmark 

VEGF Mouse 1:200 Chemicon (Millipore), Billerica, MA 

Secondary Antibodies–Biotin-Conjugated 

Anti-rabbit  Donkey 1:400 Jackson ImmunoResearch, West 
Grove, PA 

Anti-mouse Donkey 1:800 Jackson ImmunoResearch, West 
Grove, PA 

Seconadary Antibodies–TRITC 

Anti-rabbit Donkey 1:400 Jackson ImmunoResearch, West 
Grove, PA 

Anti-mouse Donkey 1:400 Jackson ImmunoResearch, West 
Grove, PA 

	

Table II. Characteristics and preferred staining methods for all antibodies.



222 (S1) R. SAHEMEY ET AL.

Nerve bundles exhibiting PGP9.5-
immunoreactivity were seen both in adventitia and 
immediate regions around blood vessels (Fig. 1c).  
To a lesser extent, fibres were also observed in the 
presence of adipocytes.  CGRP-immunoreactive 
nerve fibres were only seen around vessels (Fig. 
1d).  VEGF labelling was evident in tenocytes 
surrounding vessels compared to avascular regions.

Tendinopathic tendons
All tendinopathic tendons exhibited collagen 

fibre fragmentation and disruption.  A loss of the 
normal parallel architecture, fibre separation and 
oedematous expansion of collagen bundles occurred 
in areas of greatest degeneration (Fig. 2a).  Tenocytes 
in hypercellular regions were more numerous 
and took on a more sinuous, larger and rounder 
appearance.  Abnormal tenocytes in specimens 2-4 
resembled chondrocytes, with substantial rounding 
and swelling (Fig.  2b).

Tendinopathic specimens expressed similar or 
fewer (specimens 3 and 5) blood vessels compared to 
healthy tendon.  However, their presence alongside 
fatty infiltration appeared to interrupt local collagen 
arrangement, disrupting tendon architecture.  Some 
vessels were considerably smaller in diameter, less 
demarcated and surrounded by a thinner intima 
(Fig. 2c). Immunoreaction was more delineated 
after immunoperoxidase staining than with TRITC.  
Therefore, most the following results were obtained 
following immunoperoxidase treatment.  Specimen 
4 displayed the greatest immunoreactivity.  No 
reactions were observed in negative controls.

PGP9.5-immunoreactivity was seen in most 
tendons, presenting as lighter, varicose nerve fibres 
and bundles which were not only associated with 
small blood vessels but also with fat (Fig. 3a) and 
collagenous tissue (Fig. 3b). 

Synaptophysin-labelled nerves (Fig. 3c), including 
abnormal fibre bundles (Fig. 3d) were detected near 
some vessels and fat.  Some SP-labelling occurred 
in fibres near vessels, fat and between collagen 
layers (Fig. 3e).  Thinner nerve fibres and bundles 
expressing CGRP-immunoreactivity were also 
detected near collagen layers (Fig. 3f).  Additionally, 
SP, CGRP and VEGF-immunoreaction was present 

antibodies overnight (at dilutions described in Table II).  
After washing in PBS (3 lots of 10 min washes), slides 
were incubated with tetramethylrhodamine-isothiocyanate 
(TRITC)-linked secondary antibodies (appropriate to 
species of primary) for 4 h before being washed and 
coverslipped using PBS-glycerol (1:8 mixture). Sections 
were examined with fluorescence under a Leica Leitz 
DMRB photomicroscope (Wetzlar, Germany) and a 
Hamamatsu C4742-95 camera (Japan).

Immunoperoxidase technique
Immunoperoxidase staining was employed because 

of its high sensitivity for localising antigens and for the 
stability of the reaction product. Sections were pre-treated, 
blocked and incubated in primary antibodies as described 
above.  These were then treated for 2 h with appropriate 
biotin-conjugated secondary antibodies (mouse or rabbit, 
as per Table II).  An avidin/biotinylated-enzyme reagent 
(VECTASTAIN® Elite ABC-Peroxidase kit, Vector 
Laboratories, CA), diluted 1:2 with PBS, was applied to 
sections for 1 h before developing in a fresh DAB solution 
(3.3’-diaminobenzidine; EnVision™ Peroxidase, DAKO, 
Denmark) for up to 5 min and then washed.  Finally, slides 
were dehydrated through graded alcohols, cleared in xylene 
and coverslipped with DPX medium.  Examination was 
performed using the same microscope under white light.

Negative controls of each tendon were also performed to 
demonstrate background staining.  This was done following 
similar methods but without incubating sections in primary 
antibodies.

Following initial assessment, the identifier on each 
slide was covered with a sticker and re-assigned a random 
number. Sections were re-assessed by the same investigator.  
Discrepancies between the findings were resolved by a 
senior histopathologist and a final outcome was decided.

RESULTS

Normal tendon 
Collagen fibres were organised in tightly 

cohesive, parallel bundles.  Spindle-shaped tenocytes 
were seen to course inconspicuously between fibres, 
which displayed some crimping (Fig. 1a).  Large, 
well-demarcated vessels were found in clusters (Fig. 
1b).  Infiltration of tissue was observed at the tendon-
bursa junction.  
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Fig. 1. Photomicrographs of supraspinatus tendon taken from a 20-year-old male without tendinopathy.  Haematoxylin 
and eosin stained sections showing collagen fibres are arranged in closely packed, parallel bundles interspersed with 
the flattened, darker nuclei of tenocytes (Fig. 1a arrow: x40 magnification).  Bundles of well-pronounced arterioles and 
surrounding interstitium were found in regions near the tendon-bursa junction (Fig. 1b star: x10 magnification). Sections 
stained using an immunoperoxidase technique demonstrate both CGRP (Fig. 1c: x62.5 magnification) and PGP9.5 (Fig. 
1d: x45 magnification) immunoreactive nerve fibres occurring in association with blood vessels (star in vessel lumen).

Fig. 2. 2a): Photomicrographs of a ruptured supraspinatus tendon taken from a 53-year-old male.  Note the gross 
disorganised distribution of collagen bundles and tissue separation caused by oedematous expansion (toluidine blue; x10 
magnification); 2b): Section of tendon taken from the torn edge of supraspinatus in a 45-year-old female (toluidine blue, 
x20 magnification), illustrating the flattened spindle shaped nuclei of tenocytes (white arrow) in contrast to the rounded 
nuclei of chondroid-like cells with enlarged cytoplasm and surrounding lacuna formation (black arrow).  Small, fragile 
and thin-walled blood vessels are a common feature of tendinopathic specimens (Fig. 2c, arrows: x40 magnification; 
haematoxylin and eosin). 
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consistent with existing literature (13).  
Normal and tendinopathic tendons displayed 

similar degrees of vascularity.  However, the 
much smaller, immature vessels in tendinopathy 
may suggest a reparative response by injured 
tissue.  Regeneration of damaged tissue relies on 
neovascularisation and fibroblast proliferation to 
promote collagen-rich granulation tissue (14).  The 
current study reported VEGF-labelling in endothelial 
cells and tenocyte-like cells near these vessels and 
in areas of degeneration, which suggests tenocytes 
may themselves express VEGF when stressed 
(15).  While VEGF-induced neovascularisation 
could be seen to instigate healing, it may also 
compromise the mechanical stability of tendon 
(16).  Hypercellularity surrounding vessels in the 
current study may indicate the presence of an active 
inflammatory process.  Furthermore, CGRP, PGP9.5 
(a neuroendocrine marker) and SP immunoreactions 
also occurred in abnormal chondrocyte-like cells.  
Labelling of this nature has not been previously 

in both normal and abnormal tenocyte nuclei near 
the bursa, tear margins (Fig. 3g) and degenerative 
zones (Fig. 3h).  There was further VEGF-labelling 
in cells surrounding vessels.

DISCUSSION

Sections from painful supraspinatus tendons 
revealed profound histopathological changes when 
compared to an asymptomatic control.  Additionally, 
pathological changes were not limited to the tear 
margin but widespread throughout the tendon 
biopsy.  This was characterised by degeneration and 
disorganisation of collagen fibres, a stark contrast to 
the polarized alignment of bundled fibres in healthy 
tendon.  

Abnormal cells resembling tenocytes in 
tendinopathy were seen to gradually round and swell, 
undergoing chondroid metaplasia, as observed in 
other tendinopathies (12).  Chondroid-like cells were 
seen along the torn, deteriorated edge of tendon, 

Fig. 3. Sections of tendinopathic supraspinatus tendons stained with TRITC exhibiting PGP9.5-immunoreactive nerve fibres 
(arrows) in association with small blood vessels (Fig. 3a, star in vessel lumen: x50 magnification) and also with fatty infiltrate 
(Fig. 3b: x20 magnification). 3c-e): Immunoperoxidase-treated sections of supraspinatus tendon taken from patients with 
symptomatic rotator cuff tendinopathy;  There is an intimate association between blood vessels (star in vessel lumens) and 
neural tissue (arrows). Whilst synaptophysin-immunoreactive nerve fibres are associated with smaller blood vessels (Fig.  
3c: x62.5 magnification), there is also the appearance of an abnormal and disorganised bundle of nerve fibres that are also 
present in serial sections (Fig. 3d: x25 magnification).  Nerve fibres, which are immunoreactive to substance-P also exhibited 
similar these characteristics (Fig. 3e: x25 magnification). 3f-h) Immunoperoxidase-treated sections of supraspinatus tendon 
taken from a 45-year-old female stained with rotator cuff tendinopathy showing a CGRP-immunoreactive nerve fascicle 
(Fig. 3f: x62.5 magnification).  Tenocyte nuclei (arrows) located within close proximity of the tear edge (star) exhibit 
significant CGRP (Fig. 3g: x25 magnification) and VEGF (Fig. 3h: x25 magnification) immunoreactivity.
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approach would be desired.  A sample size of 30 
subjects was proposed (15 healthy; 15 symptomatic), 
based on similar studies (3). However, the significance 
of differences in innervation arrangements between 
both groups cannot be determined due to limited 
sample sizes, particularly in control cases.  Also, 
the control was a male, 19 years younger than the 
tendinopathy group, so controls were unmatched for 
age or sex.

In our samples, there was no apparent association 
between age, pain score or symptom duration with 
histological and immunohistochemical features.  
Semi-quantitative scoring systems and modifications 
have been used in studies to classify tendinopathy 
(25).  While a gold standard does not exist, these can 
be employed in future study with larger sample sizes.

Additionally, the healthy tendon was not 
necessarily a true control as it was from an unstable 
shoulder.  It unknown whether instability causes 
pathology, as altered biomechanical loads may stress 
the rotator cuff (26).

There were difficulties with consistent sampling.  
Biopsies were excised from the superior aspect of 
tendon under the bursa.  In 3 specimens, adherent 
bursa remained on the tendon.  This could be 
overcome by sampling deeper within the tendon.   

To our knowledge, this is the first 
immunohistochemical study of human 
supraspinatus tendon to employ CGRP, PGP9.5, 
SP and synaptophysin antibodies, yet further 
experimentation is required in order to optimise 
dilutions.  Compared to PGP9.5, synaptophysin may 
not be a good general nerve marker.  Detection of 
mRNAs using in-situ hybridisation (ISH) or reverse-
transcriptase PCR using ISH for cellular localisation 
to confirm protein synthesis can be used to verify SP 
and CGRP production in tendon.  Western-blotting 
could be used to ensure correct proteins are detected 
and absorption controls to demonstrate antigen-
binding specificity.  Due to non-specific staining 
with SP and VEGF, better antibodies may need to 
be identified.  

From a clinical perspective, the observations 
of vascularity and innervation of the painful 
supraspinatus tendon is of interest, and its relevance 
need be determined in future research.

reported.  This may suggest that stressed tenocytes 
may become neuroendocrine-like cells, secreting 
factors including CGRP, SP and VEGF into tissue, 
which can encourage local inflammation.  Stressed 
tenocytes synthesising glutamate are involved in the 
development of painful Achilles tendinopathy (17).

Nerve fibres to the supraspinatus tendon are 
received from the suprascapular nerve (18).  In both 
groups, the supraspinatus tendon was innervated 
by general and sensory fibres near vessels.  In 
accordance with existing evidence, tighter varicose 
fibres and bundles were found closer to vessels, in 
fat, collagen and in the tendon-bursa junction of 
ruptured supraspinatus tendon, which were not seen 
in the control (3).  

SP-labelled fibres, more intimately associated with 
vessels, were only detected in some tendinopathic 
tendons, which may suggest an inflammatory role in 
the regulation of local blood supply.  This is more 
evident in an earlier study whereby intra-articular 
administration of SP in arthritic patients worsened 
inflammation and was then alleviated by infusion 
of an SP-antagonist (19).  Whether SP has a similar 
function in tendon is as yet unknown.  

There was a greater expression of SP in tendons 
that exhibited immature vessels.  This may relate to 
the angiogenic properties of the neuropeptides CGRP 
and SP that have been previously identified (20).  
During specific stages in tendinopathy, neuropeptides 
stimulate neovascularisation (21) whilst mediating 
the repair process (22).  The upregulation of CGRP 
and PGP9.5-labelled fibres in tendinopathy has been 
previously documented in experimental Achilles 
tendinopathy, yet associated hypervascularisation 
was not observed in that study (23).

Synaptophysin-immunoreactive nerves were 
closely related to vessels in tendinopathy. Despite 
being present in small concentrations in most 
presynaptic nerve endings as a neurotransmitter 
regulator, high concentrations of synaptophysin have 
been found in sensory nerves of tendon (24), in a 
similar fashion to the current study.

Limitations and directions for future research
Previous studies used qualitative methods for 

analysis, as performed here (3).  A more quantitative 



226 (S1) R. SAHEMEY ET AL.

JD. The prevalence of neovascularity in patients 
clinically diagnosed with rotator cuff tendinopathy. 
BMC Musculoskelet Disord 2009; 10:163.

10.	 Lakemeier S, Reichelt JJ, Patzer T, Fuchs-
Winkelmann S, Paletta JR, Schofer MD. The 
association between retraction of the torn rotator 
cuff and increasing expression of hypoxia inducible 
factor 1alpha and vascular endothelial growth factor 
expression: an immunohistological study. BMC 
Musculoskelet Disord 2010; 11:230.

11.	 Gotoh M, Hamada K, Yamakawa H, Inoue A, Fukuda 
H. Increased substance P in subacromial bursa and 
shoulder pain in rotator cuff diseases. J Orthop Res 
1998; 16:618-21.

12.	 Khan KM, Cook JL, Bonar F, Harcourt P, Astrom M. 
Histopathology of common tendinopathies. Update 
and implications for clinical management. Sports 
Med 1999; 27: 393-408.

13.	 Matthews TJ, Hand GC, Rees JL, Athanasou NA, 
Carr AJ. Pathology of the torn rotator cuff tendon. 
Reduction in potential for repair as tear size increases. 
J Bone Joint Surg Br 2006; 88: 489-95.

14.	 McGee JO, Isaacson PG, Wright NA (1992) Oxford 
Textbook of Pathology. Oxford: Oxford University Press.

15.	 Andersson G, Forsgren S, Scott A, Gaida JE, 
Stjernfeldt JE, Lorentzon R, Alfredson H, Backman C, 
Danielson P. Tenocyte hypercellularity and vascular 
proliferation in a rabbit model of tendinopathy: 
contralateral effects suggest the involvement of 
central neuronal mechanisms. Br J Sports Med 2011; 
45: 399-406.

16.	 Petersen W, Unterhauser F, Pufe T, Zantop T, 
Sudkamp NP, Weiler A. The angiogenic peptide 
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The current study has demonstrated new evidence 
of the general and sensory innervation patterns in 
the supraspinatus tendon using a reliable method of 
immunostaining with experimental antibodies.
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by polymethylmethacrylate (PMMA), in particular 
on the amount of released antibiotic, on how long 
it is released and on its efficacy. However, there are 
no studies in literature to describe how different 
preparations of the mixture ALABC could modify 
the elution of the antibiotic.

The aim of this study is to verify in vitro the 
different elution of antibiotic from three different 
preparations of the mixture (ALABC). 

MATERIALS AND METHODS

The antibiotic used was Vancomycin (Hospira, 

Periprosthetic joint Infections (PJI) are one of 
the most dangerous complications in orthopedics. 
Although over the years surgeons have tried to 
prevent them, these occurrences are still common. 
Nowadays the gold standard treatment is the “two-
stage surgery” using an antibiotic-loaded acrylic 
bone cement (ALABC) spacer.

The function is double: keeping the length of the 
limb ( while waiting for the definitive prosthesis) and 
resolving the infection, acting directly on the septic 
focus, keeping high local concentration of antibiotic 
and minimizing systemic side effects. Recently, 
attention was focused on the elution of the antibiotic 
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incubation period, tubes containing PBS were 
centrifuged to eliminate the remnants of cement. The 
concentrations of vancomycin were then determined 
using an Agilent 1100 chromatograph system 
(Agilent Technologies, Santa Clara, CA, USA) 
with a stainless-steel column (RP18 column, 100 
mm by 4.6 mm, 5 µm particle size) maintained at 
a temperature of 30°C. The mobile phase consisted 
of water-acetonitrile-100 mM ammonium formate 
(composite ratio, 78/12/10). The UV detector was 
set at a wavelength of 220 nm. The HPLC system 
had a sensitivity of 0.5 µg/ml for vancomycin. 

The concentrations of the antibiotic released in 
PBS from cement cylinders were determined using 
external standard curve that was prepared daily 
and the peak areas were correlated with antibiotic 
concentrations. The released antibiotic amounts have 
been expressed in percentage of the total amount of 
vancomycin in cement cylinders.

Microbiological part of the experiment
The biological activity of antibiotics released 

by the three cement specimens was studied with a 
standardized method of broth micro-dilution. We 
used two strains of S. Aureus: Staphylococcus aureus 
ATCC 25923 MSSA and ATCC 43300 MRSA and 
parts of the elution of the specimens for which 
we already knew the concentration of antibiotics. 
Moreover, we made bacterial suspensions with 0.5 
McFarland turbidity. This bacterial preparation was 
then diluted in order to obtain the final concentration 
of 105 CFU (colony forming unit) for each cockpit. 
In each specimen, 100 microliters of the elution 
liquid was mixed from each specimen; 100 
microliters of broth, 20 microliters of the bacterial 
suspensions (MSSA or MRSA) and the whole plate 
(formed by 96 cockpits) was incubated for 24 h at 
the temperature of 37°C. Every specimen was made 
twice in the plate. 

The bacterial growth in the wells was determined 
comparing the turbidity between the experimental 
and the control ones, in which we put only broth and 
bacteria. The organization of the plate reflected the 
entire trend of the study. In fact, in lines A and B we 
determined the action of the elution fluid from the 
specimen number 1 during the different times (T1, 

ABBOT), 1 g powder. The cement used was G1-
40 (G21 Srl), 40g, standard viscosity; within each 
individual pack of cement there is a phial consisting 
of methyl methacrylate (MMA) and N,N dimethyl-
P-toluidine (DMPT) and a bag of powder made from 
polymethyl-methacrylate (PMMA) and benzoyl 
peroxide (BPO). Sample preparation took place in 
the operating room in order to maintain maximum 
sterility of the compounds.

The various components were added to a bowl 
through 3 different mixing methods. Each sample 
was modelled using as 5 ml syringe mold cut into a 
cylindrical shape. All samples had equal shape and 
size. The three samples were mixed in this sequence:

1st sample: vancomycin (powder) 4gr + solvent 
(MMA+DMPT) + cement powder (PMMA+BPO) 
40 gr.
2nd sample: vancomycin (powder) 4gr. + saline 
(4ML) + cement powder (PMMA+BPO) 40gr. + 
solvent (MMA+DMPT).
3rd sample: vancomycin (powder) 4gr. + 
cement powder (PMMA+BPO) 40 gr. + solvent 
(MMA+DMPT).

Conduct of the experiment
At time T0 the 3 samples were placed in 3 

sterile test tubes (working under hood), adding 5 
ml of phosphate-buffered saline (PBS) in each and 
then placed in an oven at 37°C for 24 h to replicate 
physiological conditions.

We proceeded to withdrawal of the cement 
cylinder with antibiotic and transferred it to a new 
sterile tube to which 5 ml of PBS were added and 
repositioned in stove at 37°C for 24 h. A qualitative 
and quantitative assessment of the incubated liquid 
with cement in the previous 24 hours was carried out 
we proceeded with the withdrawal for biochemical 
analysis with HPLC (High Performance Liquid 
Chromatography)

Determination of Antibiotic concentrations
Quantitative analysis of vancomycin released 

in PBS was performed by high performance liquid 
chromatography (HPLC) as previously reported 
by Chang et al. (2011) (1). At the end of each 
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to specimens 2 and 3, which at the same time released 
only 1.7% and 1.3% of total amount, respectively. 

The release from specimen 1 rapidly decreased 
to 6% and 1.2% at day 2 and day 3, respectively. 
However, the elution rate in cement specimen 1 
was higher up to day 20 when compared to other 
specimens. Indeed, after the first day the elution rate 
in both specimens 2 and 3 was lower than 1%.

During time-course between day 30 and until 
day 60, the release of vancomycin from cement 
specimens 1 and 2 was similar and slightly higher 
than specimen 3, however, in all specimens the 
elution rate was lower than 0.05%.

When logarithmic scales were used on both 
the horizontal and vertical axes, linear regression 
for the values obtained from the three specimens 
were obtained (Fig. 2). Based on these results 
we observed that intercept on the Y-axis is at the 
highest value for specimen 1. In addition, the slope 
value correspondent to specimen 1 is significantly 
higher than those observed in specimens 2 and 3, 
respectively 1.83 vs 1.16 (p=0.005) and 1.83 vs 1.30 
(p=0.022). 

In regards to the microbiological part, it is 
possible to divide the results in two different groups: 
the results obtained on MSSA and the ones obtained 
on MRSA. In the first group, the amount of antibiotic 

T2, etc.) which are represented in the columns 1-10. 
In lines C and D, we evaluated the action of the elution 
fluid from specimen number 2 and finally, in lines E 
and F, we determined the action of specimen number 
3. We made controls in the H line. In particular, in the 
MSSA plate, from H1 to H4 we filled the wells with 
PBS and Bacterial suspension, from H5 to H8 with 
saline solution (used for the bacterial suspension) 
and bacteria and from H8 to H12 the cockpits were 
filled with broth and bacteria.

In the MRSA plate, although the organization of 
the whole plate was the same as the MSSA plate, 
we made a different H line. In fact, in this line only 
the first six wells were filled with broth and bacteria 
because, in our opinion it was not necessary making 
other controls wells.

RESULTS

The elution kinetic profiles of vancomycin in 
three different cement specimens are shown in Fig. 1. 
Overall, specimen 1 provided a better release efficacy 
during the 60-day study period in comparison to both 
specimens 2 and 3, which instead released a low 
amount of antibiotic.

In particular, specimen 1 showed a significant 
higher elution rate at day 1 (about 15%) in comparison 

		

	

Fig. 1. Elution Kinetic profiles of Vancomycin.
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concentration of local release of the antibiotic, 
keeping a good mechanic resistance. 

The porosity increase of ALABC, certainly 
determines a major elution of antibiotics. In order 
to increase the porosity, different strategies were 
tested in literature. McLaren (3), for example, made 
different studies using inert fillers such as glycine, 
sucrose and xylitol to enhance the porosity of the 
cement and make the antibiotic more bioavailable.

Another strategy proposed to increase the 
porosity, was to use liquid antibiotic such as 
gentamycin, although this method caused the 
decrease of biomechanic resistance. Chang et al. 
compared the elution of antibiotic in three different 
formulations: powder antibiotic, liquid antibiotic 
and mixed powder of antibiotic and xylitol (4).
All the specimens showed a peak of elution during 
the first day, with a rapid decrease during the next 
days (the specimen with liquid antibiotic and the 
specimen with xylitol showed a major elution of the 
antibiotic).

In our study we compare 3 different formulations, 
thinking that the formulation with saline solution 
would have released a major quantity of antibiotic, 
according to the idea that the heat released by the 

contained in all the elutions is more than the MIC 
of our bacteria so that every specimen is capable of 
inhibiting the bacterial growth until the day 60. Even 
in the second group (MRSA), all the elution fluid 
derived from the cement specimen was capable of 
inhibiting the bacterial growth until the day 60.

DISCUSSION

One of the first authors to report his experience 
on the ALABC as spacer during the treatment of PJI 
was Buchholz in 1981 (2). He treated 583 patients 
and, through the “two stage surgery”, the rate of 
success was 90% after the second operation. The 
reason why cement is loaded with antibiotic is that 
the antibiotic is gradually released only inside the 
articulation, reaching high local concentration and 
low systemic concentration of the drug: this is not 
possible with the intravenous therapy. Since 1981, 
the “two stage surgery” is considered the gold 
standard for the treatment of PJI.

Over the years, surgeons focused their attention 
on the features and the time of release of the 
antibiotic loaded cements and on biomechanic and 
microbiological features, in order to obtain higher 
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procedures, studying also the microbiological 
features and the achievement of the MIC.

There are also many studies about biomechanical 
features of the ALABC, showing conflicting 
opinions. Dunne et al. affirms that in chronic PJI, the 
use of antibiotic makes the cement weaker without 
acting on the bacterial biofilm (8). On the other hand, 
Raimondi et al. (9), confirming the increment of the 
weakness of the cements, affirms that both ALABC 
and normal acrylic cement reach the standard 
mechanical features and that this is due to the basic 
cement.

Paz et al. evaluated the release of Vancomycin 
in vitro, comparing the results to those of cefazolin 
(10). According to his results, the specimen 
containing both antibiotics has the major elution in 
28 days, highlighting the synergy between the two 
antibiotics. There are many differences between this 
study and ours. Paz uses different antibiotics and 
different composition of the antibiotic rate between 
cefazolin and vancomycin while we use only 
vancomycin in three different methods of cement 
mixing. Moreover, there are important differences 
in data recording: they made a table with the total 
release of antibiotic in 28 days while we recorded 
the exact quantity of antibiotic released at specified 
times (T1, T2, etc.) so that we could sum them up 
and obtain the total amount. Unlike them, we did 
not focus our attention on the mass gain of the 
specimens. In regards to the mechanical features, 
Paz evaluated not only the differences between the 
different specimens at compression and bending 
tests, but even after 1 month aging. Instead, we 
paid attention to mechanical differences between 
the three different mixing methods, compared to a 
control specimen not loaded with antibiotic.

In regards to the microbiological part, different 
authors in literature focused their attention on the 
antibacterial capacity of ALACB, proving in vitro 
the efficacy of elution liquid, obtained with a similar 
procedure to this study. For example, Sakoulas et 
al. in their study tested the antibacterial capacity of 
the cement on different strains of S. Aureus isolated 
from different infected patients (11). They divided 
the results in three different groups: group 1, 0% 
efficacy with Vancomycin; group 2, 23.1% efficacy; 

polymerization of the cement makes part of the water 
evaporate, giving more porosity to the cement and 
consequentially, more elution of the drug.

Moreover, lots of attention was paid to which 
antibiotic should be used. The most important 
features should be a broad-spectrum antibiotic, a good 
compatibility with cement, a good bioavailability and 
a good action into the bone in order to prevent side 
effects. The most used antibiotics are gentamycin, 
daptomycin and vancomycin (5, 6).

In our study, we used Vancomycin. It is an antibiotic 
with a linear glycopeptide structure of 7 aminoacids, 
5 of which are aromatic. It has a tricyclic structure 
with the presence of sugars and was isolated in 1956 
as a product of the fermentation of an actinomycete 
from Borneo (Streptomyces orientalis).

It is an antibiotic with bactericidal action that acts 
by inhibiting the synthesis of the bacterial wall of the 
gram-positive microorganisms, both cocci and bacilli, 
and aerobes and anaerobes. The most important 
action is on methicillin-resistant Staphylococcus 
aureus and Staphylococcus epidermidis, which are 
the most frequent bacteria involved in PJI, although 
many strains are often resistant to various classes of 
antibiotics.

Many studies were also made in regards to the 
release of antibiotic both in vitro and in vivo, such 
as one by Bunetel et al. who studied the elution 
of gentamycin  using specimens of blood, urine 
and post-surgery drainages (the concentration of 
gentamycin was 0.5g in 60 g of cement) (7). 

Analyzing the specimens immediately after 
drawing and after two weeks from drawing (keeping 
specimens at 4°C), Bunetel et al. did not observe 
significant differences except those related to the 
different specimens (5). For example, in the blood 
specimens, gentamycin was not quantifiable while 
in the drainages there was a biphasic release with 
a mean half-life of 2.97 h and 13.5. In the urine 
specimens, the half-life was of 7.16 and 47.12 hours. 
Our study varies to this in diverse points. Firstly, we 
studied the elution of Vancomycin (not gentamycin) 
in vitro, simulating the human physiological turnover 
through the replacement PBS; secondly, we focused 
our attention to the capacity of elution of three 
different specimens of cement made with different 
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MSSA, MRSA and another strain of SA obtained in 
our hospital, it is evident that specimen 1 has a better 
antibacterial activity and therefore should be the best 
mixing method to use for PJI treatment.

Nevertheless, it is important to highlight that this 
is an in vitro study, so it is necessary to examine 
some variables that could influence the prognosis, in 
vivo, of the patients with PJI. Firstly, it is important 
to remember that in the articulation, we could find 
focuses (bone necrosis) that, if not reached by 
antibiotic could make the infection active. Secondly, 
some bacteria, such as S. Aureus or P. Aeruginosa, 
are able to switch to SCV (small colonies variant) 
whose form has an important DNA mutation that 
makes their metabolism much slower and can have 
an intracellular life, so that they cannot be killed 
by antibiotic. These could be the two motivations, 
together with the formation of a bacterial biofilm 
on the prosthesis, which explain why, even with 
two-step surgery, some patients do not eradicate the 
infection.
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