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Periprosthetic joint infection (PJI) is one of the 
most important complications following total knee 
arthroplasty (TKA) and has an incidence rate of 
1-2% (1, 2). The preferred surgical treatment for 
PJI is two-stage exchange, consisting of removal of 
the components and insertion of an antibiotic spacer 
(static or articulated) in first stage and reimplantation 
of revision TKA in the second stage, assisted by 
targeted antibiotic therapy (3, 4). 

Although this procedure is most effective for 
eliminating infection, it typically results in an increased 
risk for blood loss and the need for blood transfusion 
at one or both surgeries in the two-stage procedure. 
Furthermore, blood management programs in these 
patients seems to be crucial to minimize allogenic 
transfusion (5). The use of tranexamic acid (TXA) 
represents nowadays a standard of care to reduce 
bleeding and the need of allogenic transfusion after 
total joint replacement without increasing the risk of 

thromboembolic events (6-9).  However, there is only 
minimal literature on the effect and complication rates 
of TXA in septic revisions (10). This study aimed to 
compare the blood loss and transfusion rates during 
two-stage exchange in patients who received local and 
systemic TXA administration.

MATERIALS AND METHODS

This prospective study evaluated all consecutive 
patients who underwent two-stage exchange for PJI 
of the knee from July 2018 to July 2019. The inclusion 
criteria were age >18 years and the need for resection 
arthroplasty with a spacer, either static or articulating, for 
chronic infection. Patients were excluded from the study 
if they had less than 35 days between the resection and 
reimplantation stages, had a revision arthroplasty for non-
infected TKA, or their clinical and laboratory data were 
unavailable for either stage. Preoperative hemoglobin 

Two-stage exchange in infected total knee arthroplasty is a reliable technique, but it has a high rate of 
blood loss. The study aims to compare the pre-operative and post-operative haemoglobin levels, the rate 
of transfusion, and the blood loss in two-stage exchange. From July 2018 to July 2019, eighteen patients 
underwent two-stage exchange of their infected total knee arthroplasty. Local and systemic tranexamic 
acid was administered in both surgical stages. Calculated blood loss was 2246 mL (range 1528 – 2850) 
in the first stage and 2388 mL (1873 – 2829) during reimplantation, respectively. The corresponding 
transfusion rate was 55 % and 67%, respectively. With the numbers available, these differences were 
not significant. In conclusion, this study shows that the blood loss and transfusion rate are similar during 
the two stages of exchange knee arthroplasty for infection. 
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solution (total of 80 ml of TXA solution) and applied to 
the wound for 5 minutes by the surgical team following 
component placement and was removed by suction. A 
suction drain was used in all the cases and was removed 
one day after the operation. 

Patient demographic data (age and sex), body 
mass index, body surface area, Charlson comorbidity 
index, and operation time (minutes) were collected. 
Hgb levels and hematocrit (Hct) values were obtained 
preoperatively and daily thereafter until postoperative 
day (POD) 3. A standardized postoperative transfusion 
protocol was used. Patients were transfused when the 
Hgb level was <7 g/dL in all cases and in cases of anemia 
that was believed to be symptomatic (e.g., chest pain, 
arrhythmia, shortness of breath, and syncope) by either 
the surgeon, anesthesiologist, or physician. Total blood 
loss was calculated using a previously validated formula 
recommended by the Orthopaedic Surgery Transfusion 
Hemoglobin European Overview study group (11, 12).

Statistical analysis
Continuous variables were expressed as median 

(interquartile range). Qualitative variables were presented 
as a number and percentage. The Mann–Whitney U test 
was used for continuous variables. Fisher’s exact test was 
used for categorical variables. P<0.05 was considered 
significant. SPSS software program (SPSS, Inc., Chicago, 
IL, USA) was used for all statistical analyses.

(Hgb) level of <8 g/dL was also considered an exclusion 
criterion. 

The two-stage exchange procedure was performed by 
the same orthopedic surgeon and consisted of infected 
implant removal and spacer placement, followed by an 
antibiotic treatment course lasting for 10 and 12 weeks 
prior to prosthetic implant replacement. The hospital 
blood management protocol consisting of local and 
systemic perioperative administration of tranexamic acid 
(TXA) was applied for either surgical procedure. 

One gram of TXA was diluted in 50 mL of 0.9% 
sodium chloride for intravenous administration before the 
incision; the second dose was administered after lowering 
the tourniquet. Local TXA was prepared using 3 g of TXA 
(500 mg/5 ml) dissolved in 50 ml of 0.9% sodium chloride 

Male  4 (22%) 

Age (years) 70 [61-74] 

BMI (Kg/m2) 31,1 [27,1-40,4] 

Body Surface Area (m2)  1.9 [1.7 – 1.9] 

Charlson Comorbidity Index 2,8 [0-5] 

Table I: Patient demographics 

 

 

Table II: Comparison between 1° and 2° stage during two-stage exchange 

*Mann–Whitney U; ** Fisher’s exact test 

 

 1° Stage 2° Stage P value 

Operative time (minutes) 180 [153.7 – 211.2] 210 [155 – 246.2] 0.54* 

Pre-operative Hemoglobin 

(g/dl) 

13.3 [10.4 – 14.3] 13 [11.8 – 14.1] 0.43* 

Pre-operative Hematocrit (%) 39.8 [33.3 – 43.7] 41.1 [37 – 42.2] 0.19* 

Transfusion Required n patient 

(%) 

10 (55%) 12 (67%) 0.36** 

Units transfused 1 [0 -2] 1 [0 -2] 0.41* 

Calculated Blood Loss (mL) 2246 [1528 – 2850] 2388 [1873 – 2829] 0.314* 

Table I: Patient demographics.

Table II: Comparison between 1° and 2° stage during two-stage exchange.
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risk of blood loss and require blood transfusions (5). 
In our study, the total blood loss during the stage 2 
was greater than in stage 1 (2388 mL vs 2246 mL), 
but this difference was not statistically significant. 

In previous literature, increased blood loss 
in stage 2 reimplantation procedures could be 
attributed to a longer operative time, greater surgical 
aggression in the preparation of joint surfaces and 
intramedullary canals of the femur and tibia, and 
the preoperative Hgb level and Hct value, which 
can increase the amount of total blood loss (20). In 
our series, no differences in terms of preoperative 
Hgb level and Hct value were observed; hence, the 
increase in operative time during the second stage 
could be considered the only factor responsible for 
this result. In addition, our results are lower than 
those reported in a series evaluating the blood loss in 
aseptic and septic revision (21). 

There was no difference in terms of transfusion 
rate; it could be attributed to no difference in the 
blood loss and no homogeneity of the population. 
The results in terms of transfusion rate, either the 
during the first and second stages, are inferior than 
those presented in a previous study (5). Pagnano et 
al. reported a transfusion rate of 80% and 82% in the 
first and second stages, respectively. 

In the present study, we reported a transfusion 
rate of 55% in the first stage and 67% in the second 
stage with the same unit transfused. One possible 
reason for these results is the application of a strict 
blood management protocol that included the use 
of systemic and local TXA in the perioperative 
period. The use of TXA conferred a significantly 
decreased risk for transfusion requirement after 
stage 2 procedure and decreased risk that approached 
significance in stage 1 (20). 

Our results are in line with those reported in 
the literature (21). Reichel et al. have suggested 
that the use of TXA reduces blood loss in revision 
TKA without increasing the risk of thromboembolic 
events. The present study has some limitations. 
First, small number of patients were enrolled in the 
study. Second, the lack of stratification based on 
patient’s comorbidity could influence the blood loss 
and the secondary transfusion rate. Furthermore, 
this prospective study has some points of strength. 

RESULTS

Eighteen patients (median age 70 (61–74) 
years, males 22%) with chronic periprosthetic knee 
infection were considered for the study. Demographic 
and clinical characteristics of the included cases are 
outlined in Table I. All patients underwent a two-
stage exchange with the implantation of a static 
and an articulating spacer in 4 and 14 patients, 
respectively. The median duration of time between 
revision and reimplantation arthroplasty procedures 
was 10 (8–12) weeks.

First stage
The median preoperative Hgb level was 13.3 

(10.4–4.3) mg/dL, and the median preoperative Hct 
value was 39.8% (33.3%–43.7%). The lowest Hgb 
level and Hct value were 8.3 (7.2–10) g/dL and 
25.70% (23.2%–30.7%) on POD 2, respectively. 
Transfusions were performed in 55% of the patients. 
The median operation time was 180 (153.7–211.2) 
minutes, and the median calculated blood loss was 
2246 (1528–2850) mL.

Second stage
The median preoperative Hgb level was 13 

(11.8–14.1) mg/dL, and the median preoperative 
Hct value was 41.1 (37–42.2). The lowest Hgb level 
and Hct value were 8.2 (7.4–10.3) g/dL and 25.70% 
(22%–31.8%) on POD 3, respectively. Transfusions 
were performed in 67% of the patients. The median 
operation time was 210 (155–246.2) minutes, and 
the median calculated blood loss was 2388 (1873–
2829) ml.

Table II shows the summary statistics for operative 
time, preoperative Hgb level (g/dL), preoperative Hct 
value, transfusion required, the number of allogenic 
blood units transfused, and the calculated blood loss 
between the two stages. No statistical differences 
were observed in all the variables analyzed. 

DISCUSSION

Two-stage exchange is the preferred treatment 
strategy for infected TKA (3-5, 13-19). Patients 
undergoing two-stage exchange are at an increased 
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First, this is a single-center study in which all the 
patients were treated by the same surgeon. Second, 
we adopted a strict blood management protocol for 
all the patients included in the study. 

In conclusion, the current study shows that 
the amount of blood loss is similar in the first and 
second surgical stage. The use of blood management 
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Hemophilia is an inherited recessive, sex-linked 
bleeding disorder. Lack of clotting factors VIII and 
IX causes hemophilia A and B, respectively (1). 
Arthropathy is the most common clinical manifestation 
in patients with hemophilia and the knee is the most 
frequently affected joint. Repeated bleedings may 
lead to chronic synovitis, resulting in chronic, painful 
arthropathy and disability. This disease evolves 
through three stages: the early stage is characterized 
by recurrent hemarthroses, the second by a chronic 
synovitis and the end-stage by a degenerative arthritis 
with various deformities, including axial deviation, 
stiffness and chronic pain (2). 
	 Biomarkers could be useful in the future to control 
the impact of hemarthrosis and evaluate its treatment: 
in fact, in patients with hemophilic arthropathy, 
biomarkers could detect a greater degradation of 
cartilage and bone and altered inflammatory activity 
(3). Therefore, biomarkers could be used in the future 

to identify patients with progressive joint disease. 
The aim of our review is to identify the role of six 
important biomarkers that could be helpful for:
•	 Differentiation Arthrofibrosis/Osteoarthritis 
•	 To explain the altered inflammatory process in 

hemophilic patients
•	 To explain the increased predisposition to 

bleeding
•	 Targeted treatment of hemophilic arthropathy

MATERIAL AND METHODS

	 Our study group searched the PubMed database 
and Web of Science using the terms “biomarker” 
“hemophilic arthropathy” “hemarthrosis” in the 
“all terms” field and this produced 127 results. The 
abstracts were then reviewed to determine suitability 
for inclusion in the review. The research question 
and inclusion/exclusion criteria were determined a 
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The aim of our narrative review of the literature is to identify the role of six important biomarkers: 
synovial fluid thrombomodulin, fibroblast-like synoviocytes, synovial tissue growth factor , vascular 
endothelial growth factor in synovium and peripheral blood, urinary C-terminal telopeptide of type II 
collagen, and synovial fluid tumor necrosis factor alpha. These urinary, serum and synovial biomarkers 
illustrated should be evaluated in patients with hemophilic arthropathy for early diagnosis of hemophilic 
arthropathy, because they have important implications in the development of arthrofibrosis, altered 
inflammatory response and bleeding. Moreover, better knowledge of their biological activity is important 
to identify possible new biological treatment options. 
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main conclusions drawn from the papers were then 
compared to produce the findings of this review. 
Unfortunately, a meta-analysis was not feasible 
because there were no intra-study comparison data 
as the studies showed variability in test measures.

RESULTS

	 We identified six biomarkers: synovial fluid 
thrombomodulin, fibroblast-like synoviocytes, 
connective tissue growth factor, vascular endothelial 

priori and included English language studies of all 
levels of evidence on humans. We excluded studies 
not reporting data concerning hemophilic disease, 
article prior to the year 2000 and instructional course 
lectures. We included in the study only studies 
reporting data of easily to find biomarkers (serum, 
urine and synovial fluid). The implications that the 
determination of biomarkers has in the pathogenesis 
and evolution of hemophilic arthropathy has 
measured with in vivo and in vitro tests. Finally, 
a total of 9 articles met the inclusion criteria. The 

BIOMARKERS BIOLOGICAL ACTIVITY CLINICAL IMPLICATIONS 
Thrombomodulin (TM) Natural anticoagulant, an essential cofactor for 

activation of protein C by thrombin. Patients 
with Hemophilic arthropathy (HA) had 
significantly higher synovial fluid TM levels 

The combined effect of low TF expression 
into joints associated with an inflammatory 
synovial fluid containing high-TFPI and 
TM levels may explain why hemophilic 
joints are more likely to develop 
haemorrhages. 

Fibroblast-like synoviocytes 
(FLS) 

Key mediators of inflammation and joint 
destruction through aggressive invasion of the 
extracellular matrix and production of 
cartilage-degrading proteases and inflammatory 
cytokines. Pro-apoptotic Fas receptor is highly 
expressed on HA-FLS and that its stimulation 
by agonistic anti-Fas IgM mAb is effective in 
inducing HA-FLS apoptosis 

Anti-Fas mAb could exert its potent in 
vitro pro-apoptotic effects also in the 
presence of the strong proliferative stimuli 
of TNF-α and bFGF, suggesting that it 
might also be effective in the treatment of 
severe HA synovitis in vivo.   
 

Connective tissue growth 
factor (CTGF) 

 

CTGF has been documented as a secreted 
protein that is required for the development of 
fibrotic tissues in a variety of organs 

CTGF expression is elevated in hemophilia 
patients with arthrofibrosis and absent in 
patients with osteoarthritis, examinating 
human synovial tissues 

Vascular endothelial growth 
factor (VEGF) 

The principal signaling molecule in 
angiogenesis, with of de novo blood vessel 
formation, including endothelialization of the 
synovium.  
 

De novo blood vessel formation could play 
a major role in the pathogenesis 
of hemophilic joint disease (HJD), so there 
is a a potential to develop surrogate 
biologic markers to identify the onset and 
progression of hemophilic synovitis. 
 

Urinary C-terminal 
telopeptide of type II 
collagen (u-CTXII) 
 

Product of degradation of type II collagen, the 
major component of the articular cartilage 
matrix  

To allow to quantify the extent of this 
catabolic process. This biomarker may be 
related to hemarthrosis; in fact it was 
possible to observe a statistically 
significant increase of the biomarker value, 
five days after the acute event 

Synovial fluid tumor necrosis 
factor alpha (TNF-α) 
 

to trigger the cascade that leads to destruction 
of cartilage and joint tissues (in particular 
through type I receptors) and angiogenesis 
(type II receptors). In hemophilic patient it is 
possible to observe, a higher basal level of 
TNF-α at the level of synovial fluid, and an 
increased iron intracellular concentration in 
TNF-mediated synovial macrophages 

An inactivation of iRhom2 / ADAM17 / 
TNF- α complex leads to the reduction of 
cartilage and joint tissue destruction, 
neoangiogenesis and, above all, a reduction 
of osteopenia through reduction of 
mediated TNF osteoclastogenesis, of 
synovial hypertrophy and reduction of the 
expression of calprotectin 

 

Table I. Biological activity and potential role of each biomarker in clinical practice.
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significant inhibition of TG capacity was observed 
in the presence of control synovial concentration 
of TM (P > 0.05). For these reasons, Dargaud et al. 
showed that synovial fluid of patients with severe HA 
contained significantly higher levels of TM compared 
to controls, suggesting that the increase of TM into 
the synovial fluid may locally induce a significant 
inhibition of TG in hemophilic joints. The combined 
effect of low TF expression into joints associated with 
an inflammatory synovial fluid containing high-TFPI 
and TM levels may explain why hemophilic joints are 
more likely to develop haemorrhages.

Fibroblast-like synoviocytes (FLS)
	 Although the pathogenesis of HA is still 
unknown, recent studies indicate that HA not only 
has similarities with degenerative joint modifications 
such as osteoarthritis, but also develops an 
inflammatory process and excessive growth of 
actively proliferating synovial tissue similar to 
rheumatoid arthritis (RA) (8). Increasing evidence 
indicates that fibroblast-like synoviocytes (FLS) 
take centre stage in synovitis. FLS are key mediators 
of inflammation and joint destruction through 
aggressive invasion of the extracellular matrix and 
production of cartilage-degrading proteases and 
inflammatory cytokines (9). 
	 Previous studies demonstrated that RA-FLS were 
sensitive to pro-apoptotic signals, and treatment with 
agonistic anti-Fas mAb was effective in inducing 
Fas-mediated apoptosis in cultured RA-FLS and 
reducing synovial hyperplasia in animal models of 
RA (10). Therefore Romano et al. (11) showed that 
the pro-apoptotic Fas receptor is highly expressed 
on HA-FLS and that its stimulation by agonistic 
anti-Fas IgM mAb is effective in inducing HA-FLS 
apoptosis, isolated from knee synovial biopsies from 
six HA patients. Notably, anti-Fas mAb could exert 
its potent in vitro pro-apoptotic effects also in the 
presence of the strong proliferative stimuli of TNF-α 
and bFGF, suggesting that it might also be effective 
in the treatment of severe HA synovitis in vivo.  

Connective tissue growth factor (CTGF)
	 Connective tissue growth factor (CTGF) is 
a member of the CCN (CYR61-CTGF-NOV) 

growth factor in synovium and peripheral blood, 
urinary C-terminal telopeptide of type II collagen, 
and synovial fluid tumor necrosis factor alpha. 
Biomarkers are specifically evaluated, and their 
biological activity is explained. In Table I we 
summarize their biological activity and the role they 
could have in clinical practice.

Synovial fluid thrombomodulin ™ 
	 Thrombomodulin (TM) is a natural anticoagulant, 
an essential cofactor for activation of protein C by 
thrombin. TM is expressed on endothelial cells, 
mesothelial surfaces, megakaryocytes, in smooth 
muscle cell lines and on human mononuclear cells. 
Moreover, a recent study on synovial lining cells, in 
culture, demonstrated that synovial cells were able to 
express TM (4). It has also been reported that a concerted 
action of neutrophils on cytokine-activated endothelial 
cells, resulted in TM release from endothelial cells 
into the culture supernatant (5). In patients with 
rheumatoid polyarthritis and osteoarthritis, it has 
been previously shown that synovial liquid contains 
high levels of TM (6). Therefore, Dargaud et al. (7) 
presented the potential effect of synovium-derived 
TM on the pathophysiology of hemarthroses. 
	 The concentration of TM and tissue factor pathway 
inhibitor (TFPI) was measured in knee synovial fluid 
of patients with hemophilia and controls. They used 
these concentrations of TM and TFPI in a thrombin 
generation (TG) model to analyse their, in vitro, 
effects on coagulation in plasma of six male controls 
and six severe hemophiliacs. The expression of TM 
in synovial tissue was also studied in controls and 
hemophiliacs. Patients with Hemophilic arthropathy 
(HA) had significantly higher synovial fluid TFPI 
and TM levels, with a mean of 47 ± 27 ng/mL (P = 
0.033) and 56 ± 25 ng/ mL (P = 0.031), respectively, 
compared to the control group which presented lower 
levels of synovial fluid TFPI (26 ± 9 ng/mL) and TM 
concentrations (39 ± 21 ng/mL). TG capacity was 
significantly reduced in the presence of TM 56 ng/
mL (P = 0.02), concentration observed in the synovial 
fluid of patients with HA. 
	 The concomitant addition of TM 56 ng/mL 
and TFPI 47 ng/mL induced a highly significant 
inhibition of TG in the same samples (P = 0.008). No 
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peripheral circulation. Importantly, proliferating 
synovium can secrete chemocytokines, such as 
VEGF, that might promote recruitment of endothelial 
cells (ECs) to sites of active angiogenesis.
	 S. Acharya et al. (15) provide evidence of local 
and systemic angiogenic response in hemophilic 
subjects with recurrent hemarthroses. They observed 
an elevation in proangiogenic factors (vascular 
endothelial growth factor-A (VEGF-A), stromal 
cell–derived factor-1, and matrix metalloprotease-9) 
and proangiogenic macrophage/monocyte cells 
(VEGF+/CD68+ and VEGFR1+/CD11b+) in the 
synovium and peripheral blood of HJD subjects 
along with significantly increased numbers of 
VEGFR2+/AC133+ endothelial progenitor cells 
and CD34+/VEGFR1+ hematopoietic progenitor 
cells. Sera from HJD subjects induced an angiogenic 
response in endothelial cells that was abrogated 
by blocking VEGF, whereas peripheral blood 
mononuclear cells from HJD subjects stimulated 
synovial cell proliferation, which was blocked by 
a humanized anti-VEGF antibody (bevacizumab). 
Human synovial cells, when incubated with HJD 
sera, could elicit up-regulation of HIF-1+ mRNA 
with HIF-1+ expression in the synovium of HJD 
subjects, implicating hypoxia in the neoangiogenesis 
process.

Urinary C-terminal telopeptide of type II collagen 
(u-CTXII)
	 Type II collagen is the major component of 
the articular cartilage matrix and is degradated by 
proteolytic enzymes secreted by chondrocytes and 
synoviocytes. Therefore, it is possible to identify a 
specific urinary biomarker, identified as u-CTX II 
(Urinary C-terminal telopeptide of type II collagen) 
which allows to quantify the extent of this catabolic 
process.

In hemophilic patient this biomarker may be 
related to hemarthrosis (16); in fact, it was possible 
to observe a statistically significant increase of the 
biomarker value, five days after the acute event, 
returning to normal level fourteen days after bleeding.

Synovial fluid tumor necrosis factor alpha (TNF-α)
	 TNF-α plays a very important role in the 

family of matricellular proteins, which includes six 
members in vertebrates. Like other members of the 
CCN family, CTGF/CCN2 has five distinct domains 
in order: secretory signal peptide, insulin-like growth 
factor-binding protein, von Willebrand factor type C 
repeat, thrombospondin type-1 repeat and C-terminal 
cystine-knot-containing domains. CTGF has been 
documented as a secreted protein that is required 
for the development of fibrotic tissues in a variety 
of organs (12). For persons with hemophilia (PWH), 
arthrofibrosis is often the most severe and disabling 
component of their arthropathy and the most 
refractory to treatment; it routinely occurs rapidly 
following joint replacement as compared to other 
patients (13). However, the etiology of arthrofibrosis 
in hemophilia is not well understood. J. Jang et al 
(14) showed that CTGF expression is elevated in 
hemophilia patients with arthrofibrosis and absent 
in patients with osteoarthritis, examining human 
synovial tissues obtained from 10 hemophilia and 10 
osteoarthritis patients undergoing joint surgery and 
processed for histology and immunohistochemistry. 
Additionally, they found that CTGF is always 
associated with haemosiderin-pigmented 
macrophage-like cells (HMCs), which suggests that 
CTGF is produced by synovial A cells following the 
uptake of blood breakdown products.

Vascular endothelial growth factor (VEGF) in 
synovium and peripheral blood
	 Hemophilic Joint Disease (HJD) secondary to 
recurrent hemarthroses is composed of synovial 
neovascularization and bony arthropathy. 
	 Vascular endothelial growth factor (VEGF), the 
principal signaling molecule in angiogenesis, can be 
induced by hypoxia and certain cytokines through 
interaction with its receptors, VEGFR1 and VEGFR2. 
The synovitic reaction in other joint diseases that 
share histologic similarities with HJD have enhanced 
oxygen demand and show evidence of de novo 
blood vessel formation, including endothelialization 
of the synovium. Endothelialization may occur 
as a result of mature endothelial cell migration or 
through the recruitment of bone marrow (BM)–
derived endothelial progenitor cells (EPCs) and 
hematopoietic progenitor cells (HPCs) from the 
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adults on long-term prophylaxis but interpretation of 
small changes remains difficult.
	 Conventional radiography is the most frequently 
used method of imaging. Two main radiographic 
scoring systems have been developed: the Arnold–
Hilgartner scale (3) and the Pettersson scale (19). The 
former is a progressive scale (describing the single 
most severe change), whereas the more widely used 
Pettersson scale is additive (determined by totalling 
points for different changes). However, conventional 
radiography is unable to detect osteochondral 
changes early in the development of hemophilic 
arthropathy, and given the possibility of subclinical 
joint bleeds, accurate non-invasive imaging tools 
are required to detect early soft-tissue and cartilage 
abnormalities. 
	 MRI has the capacity to visualize early soft-
tissue changes such as hemosiderin deposition and 
synovial hypertrophy. It may thus be used to detect 
prior subclinical hemarthroses. Widely known is 
the Denver scale, a progressive scale analogous to 
the Arnold–Hilgartner X-ray scale (20). However, 
progressive methodology cannot differentiate early 
from moderate/severe changes, and thus has a 
‘ceiling’ effect.  
	 Compared with MRI, ultrasound has advantages 
of easy access, lack of radiation, portability, 
relatively low cost and lack of need for sedation in 
young patients. Also, ultrasound can differentiate 
between synovial hypertrophy and hemosiderin 
deposition, which may not be possible with MRI in 
cases of severe hemosiderin deposition, given the 
presence of susceptibility artefacts from extracellular 
hemosiderin on gradient echo magnetic resonance 
images. This advantage of ultrasound over MRI is 
particularly important for evaluating synovial status 
in PWH who are candidates for radiosynovectomy. 
However, ultrasound enables visualization only of 
the joint periphery, limiting its use for assessment 
of cartilage abnormalities in the inner joint aspect.  
Several systematic protocols for ultrasound 
imaging acquisition of hemophilic joints have been 
developed in recent years (21), but systematization 
and consensus on protocols and interpretation are 
required to enable comparison of results. 
	 Another issue favoring the study of biomarkers 

inflammatory process that occurs in the catabolic 
action of cartilage and joint tissues. It is activated in 
its soluble form (s-TNFα) by a protease belonging 
to the family of disintegrins and metalloproteases 
(ADAM17, TNFα-converting enzyme) which is 
in turn modulated by a recently identified enzyme 
known as iRhom2. It binds to two receptor types, 
TNF-receptors of type I (TNFR1, TNFRSF1A, 
CD120a) and type II (TNFR2, TNFRSF1B, 
CD120b).

Both contribute to triggering the cascade that 
leads to destruction of cartilage and joint tissues (in 
particular through type I receptors) and angiogenesis 
(type II receptors). In hemophilic patient it is 
possible to observe, a higher basal level of TNF-α 
at the level of synovial fluid, and an increased 
iron intracellular concentration in TNF-mediated 
synovial macrophages. In literature, an increasing 
role is assumed by the iRhom2 / ADAM17 / TNF- 
α complex with regard to the development of 
macrophage invasion and synovitis resulting from 
hemarthrosis in the hemophilic patient (17).
	 Recent studies have in fact emphasized that an 
inactivation of this complex leads to the reduction 
of the aforementioned processes and, above all, 
a reduction of osteopenia through reduction of 
mediated TNF osteoclastogenesis, of synovial 
hypertrophy and reduction of the expression of 
calprotectin (18).

DISCUSSION

	 Validated scoring systems enable universal 
interpretation and comparison of findings. The 
World Federation of Hemophilia (WFH) orthopaedic 
score (Gilbert score) is well known but was never 
validated. It is based on evaluation of swelling, muscle 
atrophy, crepitus on motion, range of motion, flexion 
contracture, instability and axial deformity. Although 
used worldwide for several decades, the score was 
designed to monitor relatively advanced arthropathy. 
To evaluate outcome of prophylactic clotting 
factor replacement in children with hemophilia, 
the Haemophilia Joint Health  Score  (HJHS) was 
developed aiming at scoring early joint changes in 
children aged 4-18. The  HJHS  has been used for 
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implications. Haemophilia. 2014 Jan;20(1):e32-9. 
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actions of CCN2/CTGF and its role under 
physiological and pathological conditions. Clin Sci 
(Lond) 2015; 128:181-96.

14.	 Silva M, Luck JV. Long-term results of primary 
total knee replacement in patients with hemophilia. 

in patients with hemophilic arthropathy is the fact 
that the disease is largely restricted to 3 major joints: 
ankle, elbow, and knee. The Pettersson score, a 
radiologic classification of hemophilic arthropathy 
in which individual scores in the knees, ankles, and 
elbows are summed to yield a total score, provides a 
good view of total joint damage in patients with the 
advanced stages of disease (22,23). 
	 The good correlation of the combined index of 
biomarkers with radiographic joint damage might 
be due to the fact that joint damage in patients 
with hemophilic arthropathy occurs mostly in the 
elbow, knee, and ankle joints (24). These joints are 
relatively large joints, and therefore, they contribute 
significantly to circulating and excreted levels of 
biomarkers. 
	 Whether and, if so, which (combination of) 
biomarkers are predictive of radiographic progression 
of joint damage remains to be studied. 
	 Urinary, serum and synovial biomarkers 
illustrated could be evaluated in patients with 
hemophilic arthropathy for early and correct 
diagnosis of hemophilic arthropaty, because they 
have important implications in the development 
of arthrofibrosis, altered inflammatory response 
and bleeding. Moreover, better knowledge of their 
biological activity is important to identify possible 
new biological treatment options. Nevertheless, 
current literature still has little bearing on clinical 
practice and the specific characteristics of hemophilic 
arthropathy might be useful in future evaluations of 
new biomarkers, with studies on humans patients 
that assess real effectiveness of them.
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	 The term hallux rigidus (HR) was firstly used 
by Cotterill in 1887 for describing the arthritic 
degeneration of the first metatarsophalangeal joint 
(MTPJ1) (1), which represents one of the most 
common cause of forefoot pain (2). Over time, 
various classifications have been proposed. Hallux 
Rigidus treatment mainly depends on the stage of 
the disease (3). A nonsurgical approach, mainly 
based on orthoses and large-toe-box or rocker-
bottom shoes, may be adopted in early stages, but 
in case of failure or advanced painful degeneration 
surgery is indicated. Options include cheilectomy, 
decompression phalangeal or metatarsal osteotomy, 
arthroplasty and MTPJ1 fusion (4, 5). To date, 
arthrodesis represents the gold standard for most 
authors in this field (6–9). However, although 
MTPJ1 fusion rates vary from 88% to 100% in the 

literature (6–9), non-union still represents one of the 
most common complications and cause for revision 
surgery, with revision-fusion reported up to 8% and 
removal of hardware up to 14% (10). 

In tackling advanced HR, several studies have 
investigated the efficacy of joint replacement. 	
This operative option aims to preserve range of 
motion and to some extent a better function. However, 
complication (such as loosening, malalignment/
dislocation, implant fragmentation and bone loss) 
and revision rates remain globally higher than 
fusions (6, 7). Interestingly, over the last years new 
synthetic (polyvinyl alcohol hydrogel) cartilage 
implant hemiarthroplasty (Cartiva®, Cartiva Inc., 
Georgia, US) have been proposed in the treatment 
of HR and lesser toes osteoarthritis with the aim 
to decrease pain, improve function, and maintain 

Polyvinyl alcohol hydrogel implants (also known as Synthetic Cartilage Implant or Cartiva® have 
been described in the treatment of degeneration of the first and second metatarsophalangeal joint 
(MTPJ). We reviewed literature to report characteristics of devices on the market and investigate their 
efficacy and safety. Following the PRISMA checklist, the Medline and Scopus databases were searched, 
including studies reporting use of Cartiva® for treating joint degeneration of the first and second MPTJ. 
Studies were searched for surgical technique, postoperative protocol, clinical scores, complications and 
reoperations. We found that, although some studies suggest that the use of Synthetic Cartilage Implant 
(Cartiva® is effective in the treatment of hallux rigidus in providing symptoms relief without sacrifice 
of joint motion, the redundancy of cohorts reported in studies and the frequency of conflict of interest 
reported by authors weaken the strength of evidence available and warrant further studies. Regarding 
the treatment of the second MTPJ ailments, no recommendation can be formulated to date due to the 
lack of primary studies.
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Summary measures and synthesis of results
	 Summarized data are presented as mean value ± 
standard deviation, ranges and frequencies. All analyses 
were performed using STATA statistical software package 
(Version 14.0, StataCorp, 2015). A critical analysis was 
provided for each outcome even if a formal meta-analysis 
was not performed due to the lack of data in primary studies.

RESULTS

First metatarsophalangeal joint
	 Seven studies were identified, all studies 
performed after 2016 (10–16). There was one level 
I (11), three level II (10, 12, 13) and three level IV 
studies (14–16) (Table I and Table II). Six were 
clinical studies and one was a cost-analysis (10) 
and in six studies relevant conflict of interest were 
disclosed with Cartiva Inc. (11–16). Length of follow-
up ranged from 1 to 5.8 years. Overall, 216 implants 
have been assessed, with 5 studies investigating the 
same cohort (11–13, 15, 16). Three studies were on 
behalf of Cartiva® MOTION Study Group (11–13) 
and in one collaborator from the same group where 
acknowledged (15). 

The technique adopted by most authors is the 
one described by the manufacturer: dorsal or medial 
incision on the first metatarsophalangeal joint to 
gain access to the first metatarsal head; resection 
of osteophytes from the metatarsal head; placement 
of a guide wire to introduce the cannulated drill bit 
and then to drill the metatarsal head; placement of 
appropriately sized CARTIVA® with the implant 
delivery tube and seated to allow for 1 to 2 mm of 
the implant to extend beyond the adjacent native 
cartilage of the metatarsal. Cassinelli et al. have 
made minor adjustments to main technique, using 
a freer elevator placed on the metatarsal head to 
prevent the step drill from advancing fully into the 
head stopping the reamer 1 to 1.5 mm short of the 
metatarsal head. The implant is then seated beyond 
2-2.5 mm to try to minimize the risk of symptomatic 
subsidence (14).

Overall, in all clinical studies authors reported 
good clinical outcomes, with a complication rate 
estimated between 11% and 20%, as depicted in 
Table II. At 5-year follow-up implant survivorship 

motion for advanced joint degeneration.
In this scenario, we performed a review of 

current literature to outline the evidence provided 
for or against the use of Synthetic Cartilage Implant 
(Cartiva®) in the treatment of degeneration of the 
first and second MTPJ. 

MATERIALS AND METHODS

	 This systematic review was designed according to 
the PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guidelines.

Eligibility criteria
	 We included studies reporting the use of Synthetic 
Cartilage Implant or Cartiva® for treating joint degeneration 
of the first and second MTPJ, designed as technical note, 
biomechanical study (in-vitro study) and prospective or 
retrospective clinical study (randomized clinical trials, 
controlled clinical trials, observational cohort prospective 
and retrospective studies, case series) in English, French, 
Spanish and Italian. 

Data sources and search
	 A comprehensive electronic search of the current 
literature was performed by Medline, Scopus and EMBASE 
databases, from the earliest records through September 
06, 2019. Additional studies were identified by checking 
the bibliographies of the articles selected. Reviews were 
excluded. If full texts were not available, authors were 
contacted. Using Boolean operators, the following search 
terms were used: Cartiva OR synthetic cartilage implant.

Study selection
	 Results were managed using Endnote. Duplicates and 
studies without abstracts were excluded. Titles and abstracts 
were screened by two authors at different places and times, 
then eligible studies were selected. Disagreements were 
solved through discussion and consensus. 

Data were extracted about the study design (and 
the Level of Evidence), demographics (sample size, 
sex, age), treatment, follow-up, clinical scores, patient 
satisfaction, success criteria, failure rate, intraoperative 
and postoperative complications, work and sport activities 
resumption time. Failure was considered as absence of 
relief from symptoms or need for further surgery. 
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Author (year) Study design LLeevveell  ooff  
EEvviiddeennccee 

N of feet 
(patients) 

Age and sex BMI Hallux 
Rigidus 
Grade 

Follow up Conflict of 
interest 

Funding 

Baumhauer 
(2016) 

Prospective multi 
centred 
randomised non- 
inferiority clinical 
trial 
 

I 152 (130 
patients) 

57,4±8,8, 26 males 
and 104 females 

27,2±4,4 N/A 2 years Yes No  

Daniels 
(2016) 

Prospective case 
series 

IV 27 patients 56,1 (40,1-71,9), 6 
males and 26 females 

27,1 (19,2-36,8) N/A 5.4 (4.9-6.4) 
years 

Yes Yes  

Baumhauer 
(2017) 

Retrospective 
multi-centred 
randomised non-
inferiority clinical 
trial  

II 202 (152 
implant + 50 
fusions) 
 

Cohort from 
Baumhauer (2016) 

Cohort from 
Baumhauer 
(2016) 

2: 59 
3: 110 
4: 33 
 

2 years Yes No 

Goldberg 
(2017) 

Retrospective 
randomised 
clinical trial  

II 152 feet 
(130 
patients) 

Cohort from 
Baumhauer (2016) 

Cohort from 
Baumhauer 
(2016) 

2: 36 
3: 73 
4: 20 

2 years Yes Yes 

Cassinelli 
(2019) 

Prospective case 
series 

IV 64  62 (38-86), 8 males 
and 52 females 

25,9 (17,9-39,4) 2: 18 
3: 40 
4: 8 

12,5 months 
(1-30); 
telephone 
18,5 months 
(12-30) 

Yes No 

Rothermel 
(2019) 

Cost analysis II From 
literature 
 

N/A N/A N/A 1 years No No 

Glazebrook  
(2018) 

Prospective, 
randomized, 
noninferiority 
clinical trial 
case series 

IV 119 (112 
patients) 

58,2±8,8, 25 males 
and 87 females 

27,0±4,2  N/A 5.8±0,7 years  Yes Yes 

 

Author 
(year) 

Outcome Complications Conclusion of the authors 

Baumhauer 
(2016) 

FAAM sports: 36,9± to 79,5±24,6 
 
FAAM ADL: 59,4±16,9 to 90,4±15,0 
 
VAS: 68,0±13,9 to 14,5±22,1 
 
SF-36 PF: 52,4±22,8 to 83,2±20,9 
 
ROM peak dorsiflexion: 22,7±11,2 to 29±11,9 

17/152 (11.2%) 
- 14 conversion to arthrodesis 
- 1 joint manipulation for motion 
-1 moberg osteotomy 
-1 debridement of the joint scars 
 

Implant matched gold standard of fusion 

Daniels 
(2016) 

VAS: 64,1 to 5,7 
 
SF-36: 39,5(22,0-54,0) to 52,2(25,2-61,6) 
 
FAAM sports: 39,2 to 89,4 
 
FAAM ADL: 61,4 to 95,3 
 
ROM dorsiflexion: 9,4(0,0-25,0) to 18,2(10,0-30,0) 
 
ROM peak dorsiflexion: 9,3 (0-18,0) to 20,9(0-50,0) 

1/27 (4%) 
-1 conversion to arthrodesis 
 
Not counted as complications: 
2 asymptomatic cystis in proximal phalanx 

At 5 years, implants improved significantly 
outcomes with good survivorship 

Baumhauer 
(2017) 

At baseline 
VAS: 
-2: 70,5±13,9 
-3: 68,4±14,1 
-4: 66,3±14,0 
 
ROM peak dorsiflexion: 
-2: 23,8±8,9 
-3: 22,4±12,7 
-4: 23,7±10,6 
 
Remaining cartilage proximal phalanx: 
-100%: 3 
-75%: 25 
-50%: 84 
-25%: 61 
-0%: 17  
 
Remaining cartilage on metatarsal head: 
-75%: 19 
-50%: 67 

Cohort from Baumhauer (2016) Weak correlation between outcomes.  
Recommend use of symptoms and signs for 
treatment.  Grade assessment may 
underestimate arthritic change. 

Table I. Characteristics of studies included in this review dealing with CARTIVA® for first metatarsophalangeal joint 
degeneration: study design, level of evidence, number of feet, age and sex, bone mass index (BMI), grade, follow-up, 
conflict of interest and funding.

Table II. Characteristics of studies included in this review dealing with CARTIVA® for first metatarsophalangeal joint 
degeneration: outcome, complications and conclusion of the authors.
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2 years of follow-up, but without any assessment of 
preoperative scores (18) (Table III).  

DISCUSSION

	 In the scientific community, Cartiva® implant 
has been proposed as a viable treatment option to 
decrease pain, improve function and maintain motion 
in the treatment of hallux rigidus in various stages 
(10–16). The main finding of our study is that while 
the use of this polyvinyl alcohol implant has been 
documented by multiple authors as leading to good 
clinical outcome with a reasonable complication 
rates (11% to 20%) up to 5 years of time (15, 16), 
many studies have been realised on redundant cohorts 
and with authors disclosing Cartiva-related possible 
conflict of interest (11–13, 15, 16), which somehow 
arises concerns about the generalizability of their 
conclusions. With regards to the second MTPJ, only 
two studies with a total of 11 patients are insufficient 
to gather any recommendation in favour of the use of 
these implants in tackling joints issues.

stood at 85% (16). In his cost-analysis, Rothermel et 
al. demonstrated that significantly higher inclusive 
costs are associated with the synthetic hydrogel 
implant when compared to arthrodesis (10).

Second metatarsophalangeal joint
	 Among the three studies found (17–19), two were 
level IV clinical studies (17,18) including 11 feet in 
total and one was a cadaveric analysis (level V) (19). 
On 10 cadaveric specimens, De Cesar Netto et al. 
have concluded that the second metatarsal could be 
safely drilled until 8 mm in 80% of cases, preserving 
an intact bone rim around (19). In Brandao’s clinical 
study, four out of six implants for the second MTPJ 
failed requiring revision to Weil’s osteotomy at a mean 
of 15 months after the index procedure (17). In that 
study, authors used a 6-mm implant that was left at 
least 3 mm proud on all occasions. Intra-operatively, 
they aimed to achieve 90 degrees of dorsiflexion in 
every case (17). In another clinical study, authors 
used 8-mm implants and reported minimal pain and 
good ROM documenting good functional outcome at 

AAuutthhoorr  ((yyeeaarr))  SSttuuddyy  ddeessiiggnn    LoE NN  ooff  ffeeeett  
((ppaattiieennttss))  

AAggee  aanndd  
sseexx  

BBMMII  OOuuttccoommee  FFoollllooww  
uupp  

CCoommpplliiccaattiioonnss  CCoonnfflliicctt  
ooff  
iinntteerreesstt  

FFuunnddiinngg  CCoonncclluussiioonn  ooff  tthhee  aauutthhoorrss  

Brandao 
(2019) 

Prospective 
case series 

IV 6 (3 
Freiburg’s, 
2 OA, 1 
OCD) 

51, all 
females 

N/A FAAM ADL: 65 to 
75 
 
MOXFQ: 57 to 44 

19±10,9 
months 

4/6 
-conversion to 
Weil osteotomy 

No No High failure rate cartiva (67%), 
most commonly due to AVN 
perhaps linked with Freiberg's.   

DeCesarNetto 
(2019) 

Cadaveric 
study 

V 10 48,3 (25-
61), 4 
males 
and 6 
females 

N/A Anatomical Height 
and Width: 15,4 
and 14,0 
 
CT Height and 
Width: 11,2 and 
10,6 
 
Medial and lateral 
rim after drilling: 
-6mm: 2,7/2,6 
-7mm: 1,8/2,2 
-8mm: 1,0/1,4 
-9mm: 0,7/1,2 
-10mm: 0,4/0,9 

N/A -20% failed to 
accommodate the 
smallest available 
CARTIVA implant 
(8mm) 
 
-80% failed to 
accommodate the 
secondo smallest 
available CARTIVA 
implant (10mm) 

Yes No 8mm min size of implant.  Medial 
and lateral cortex tends to fail 
first.  If it is to be considered an 
option, a smaller implant is 
required of approximate 4mm or 
6mm diameter 

Glazebrook 
(2019) 

Retrospective 
case series 

IV 5 57.1 male 
and 4 
females 

N/A VAS: 20 
 
SF-36 PCS: 44,4 
 
SF-36 MCS: 52,1 
 
FAAM sports: 75 
 
FAAM ADL: 89 

25 
months 
(15-38) 

0 Yes Yes There are no documented 
preoperative scores.  The sample 
is too small. The procedure 
improved pain but there is no 
objective evidence. 

 

Table III. Characteristics of studies included in this review dealing with CARTIVA® for second metatarsophalangeal 
joint degeneration.

A. BERNASCONI ET AL.
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of studies have been produced in collaboration with 
the CARTIVA® Motion study group, therefore there 
is some risk that results in the hands of surgeons 
who are particularly familiar with the implant might 
not be reproducible in different sites. Thirdly, the 
conflict of interest disclosed in most studies raises 
concerns about a possible publication bias. Apart 
from that, the cost-analysis from Rothermel et al. 
(10) suggests that the use of Synthetic Cartilage 
Implant might not be cost-effective if compared to 
traditional arthrodesis. This might play a crucial role 
in the clinician decision-making process in an era 
where continuous attention is paid to care-related 
costs.

For what concerns the second MTPJ, a clear 
evidence is still lacking, and no clear recommendation 
can be formulated at this stage in favour or against 
the use of polyvinyl alcohol hydrogel implants to 
treat metatarsal head joint degeneration.

We acknowledge some limitations for this 
study. Unfortunately, we were unable to perform a 
formal meta-analysis, essentially because of the low 
number of studies and heterogeneity of parameters 
assessed by primary authors. However, similarly 
to other published topic reviews about foot and 
ankle pathologies (27–29), the believe that this 
critical review will be certianly useful to surgeons 
who are intrigued by the Cartiva® implant and are 
keen to understand what is the state-of-the-art about 
this relatively new procedure. Secondly, only one 
cohort (assessed in three studies) was compared to a 
different procedure (arthrodesis), therefore we could 
not draw any solid conclusion about the superiority 
of Cartiva® implant with respect to the current gold 
standard.

Although some studies suggest that the use of 
Synthetic Cartilage Implant (Cartiva®) is effective 
in the treatment of hallux rigidus in providing 
symptoms relief without sacrifice of joint motion, 
the redundancy of cohorts reported in studies and 
the frequency of conflict of interest reported by 
authors weaken the strength of evidence available 
and make necessary further studies. Regarding 
the treatment of the second MTPJ ailments, no 
recommendation can be formulated to date due to 
the lack of primary studies.

After failure of conservative treatment, various 
surgical options are advocated for the treatment of 
hallux rigidus. In early stages (I and II), cheilectomy is a 
well-studied procedure with success rates of over 90% 
at 10-year follow-up (20), however its main indication 
is dorsal pain with metatarsophalangeal impingement 
but a good preservation of the cartilage layers. The 
progression of osteoarthritis, sometimes associated 
with the recurrence of dorsal osteophytes, may warrant 
further procedures. If some dorsal cartilage damage 
is already present, a dorsiflexion osteotomy of the 
first phalanx (also called Moberg osteotomy) may be 
performed alone or as an adjunct to cheilectomy, with 
the aim to reduce the load on the diseased area and 
provide symptoms relief (21). Although this has been 
proven to provide good symptoms relief, it must be 
considered that a subsequent arthrodesis may result 
more difficult as compared to a primary one (5).  In 
severe HR (stage III and IV), joint fusion remains 
the gold standard (6–9), with fusion rates reported 
between 77% and 100% (22). 

Exactly like for tibiotalar osteoarthritis, where 
the historical gold standard represented by the joint 
fusion (23–25) is more and more debated in view of 
increasing recent evidence in favour of total ankle 
arthroplasty (26), also the possibility to replace the first 
MTP joint reducing the pain without sacrificing the 
motion seems understandably attractive. According 
to Glaze brook, in case of failure a revision to fusion 
could be performed without any additional technical 
difficulty as compared to primary arthrodesis (16). 
Indeed, the results provided by the overmentioned 
Level I and II studies (11, 13), together with two mid-
terms follow-up studies at over 5 years showing a 
good survivorship of the implant (15,  16), definitely 
would encourage the adoption and diffusion of these 
new implants, nevertheless some considerations 
must be discussed.

We found three potential biases as significant 
limitations of the evidence available thus far. First, 
although eight studies produced only in a few years 
would demonstrate some interest on behalf of the 
scientific community towards this new implant, 
50% of them actually investigate the same cohort 
of patients, therefore the total amount of cases 
followed remains limited at 216. Secondly, a number 
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It is well known that in the study of foot and 
ankle pathologies the presence of natural force of 
gravity plays a crucial role for a correct assessment 
and definition of bony alignment. This is the 
reason why, historically, plain standing radiographs 
have represented the gold standard in the first 
assessment of foot, being a useful complement of 
physical examination for most of the bone and joint 
pathologies. 

However, several biases inherently related to 
two-dimensional images has been acknowledged, 
such as the superimposition, the rotation and the 
operator-related ones (1, 2).  Consequently, multiple 
attempts have been made in the past aiming to 
simulate weightbearing conditions during computed 
tomography, with the advantage to gather precious 
information on bony lesions, calcifications and 
joint status (3-5). Unfortunately, those methods are 
flawed by the lack of active muscle contraction and 
variability of conditions in which load is applied, 
and their use has never spread in clinical practice 
(3). In this scenario, a growing amount of studies has 

been produced over the last years, dealing with the 
application of cone beam weightbearing computed 
tomography (WBCT) in foot and ankle clinical 
practice (6-11).

The use of cone beam technology, as opposed 
to fan beam for classical CT, has enabled to obtain 
tomographic images like standard CT’s but in a 
standing position and with a much lower quantity of 
radiation (12). Authors have documented advantages 
in the use of WBCT for several pathologies, such as 
flatfoot, pes cavovarus, syndesmotic injuries, ankle 
instability and forefoot conditions. Additionally, 
new software has allowed us to calculate three-
dimensional (3D) measurements (so called 3D 
biometrics) with the advantage to be defined by a 
volume rather than a plane (6-11).Bearing this in 
mind, we have performed a review of the current 
literature to summarize the evidence about the use 
of 2D or 3D measurements on WBCT images in 
various foot and ankle conditions. Our aims were (i) 
to describe measurements proposed so far and (ii) to 
report findings from primary authors.

Over the last years, an increased number of studies have reported the use of cone beam weightbearing 
computed tomography (WBCT) in the assessment of foot and ankle pathology. This new technology has 
enabled to overcome the limits inherently related to two-dimensional radiographs (superimposition bias, 
operator-related bias, rotation bias) and to obtain images reproducing the bones and joints anatomy 
during physiological standing with a low radiation dose. We performed a review of the current literature 
to summarize the evidence about the use of 2D or 3D measurements on WBCT images in various foot 
and ankle conditions. Our aims were  to describe measurements proposed so far and to report data on 
reliability and validity from primary authors.

Key words: weightbearing; computed tomography; foot; cone beam; three-dimensional
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organised based on anatomical areas, i.e. ankle, hindfoot, 
midfoot and forefoot. Summarized data (reliability of 
measurements) are presented as mean value ± standard 
deviation with ranges, as reported by primary authors. 

RESULTS

Twenty eight studies were included in this 
systematic review, of which 6 were dealing with the 
ankle (13–18), 19 with the hindfoot (6,8–10,12,19–
29), 5 with the midfoot (19,20,30,31) and 12 with 
the forefoot (12, 19, 21, 28, 31-36) (Table I).

Ankle
Topographic measurements of the distal 

tibiofibular syndesmosis have been reported by 
Hamard et al., Patel et al. and Malhotra et al. (Table 
II) (14, 17, 18). Burssens et al. and Haleem et al. 
investigated the talar tilt, which was found at 2.4° ± 
0.84 (ICC: 0.86 and 0.81 for intra and inter-observer 
reliability, respectively) and 0.91°± 1.12 (ICC: 0.52 
for inter-observer reliability) (13, 19). Lepojarvi 
et al. studied the weight-bearing translation of the 
fibula, analyzing the difference between maximum 
extrarotation and maximum intrarotation (16). Kim 
et al. reported values about the Talus Rotation Ratio 
(TRR), comparing Varus-osteoarthritic ankles with 
a control group: in the Varus-osteoarthritic group 
TRR was 2.40 ± 1.32 (ICC: 0.91 intra-observer 
and 0.83 inter-observer reliability) whereas in the 
control group it stood at 1.06 ± 0.65 (ICC: 0.94 intra-
observer and 0.86 inter-observer reliability) (15).

Hindfoot
A few studies have investigated recently and 

introduced measurements concerning the hindfoot, 
also known as 3D biometrics, calculated through a 
dedicated software, such as the Foot and Ankle Offset 
(FAO), the Hindfoot Alignment Angle (HAA), and 
the Calcaneal Offset (CO) (Lintz et al., Zhang et al. 
Bernasconi et al. and others) (Table III) (6–11).

On the other side, in 2016 Burssens et al. 
performed an analysis of three other methods to 
measure the hindfoot alignment (25):
-	 assessing the relationship between the bisector of 

the Achilles tendon and the calcaneum (HAA CL)

MATERIALS AND METHODS

Study design
A retrospective review was carried out of studies 

dealing with foot and ankle measurements on cone beam 
WBCT images published over the last decade. The study 
was compliant with the Health Insurance Portability 
and Accountability Act (HIPAA) and the Declaration of 
Helsinki.

Eligibility criteria
Inclusion criteria were: study reporting two- or three-

dimensional foot and/or ankle measurements on cone 
beam WBCT images; study published over the last ten 
years (2009-2019); review and clinical study (randomized 
clinical trials, controlled clinical trials, observational 
cohort prospective and retrospective studies, case series) in 
English, French, Spanish and Italian. We excluded studies: 
reporting redundant data with previous publications; 
adopting simulated-weightbearing techniques; not 
documenting any measurement; biomechanical study, 
technical note, in vitro study and cadaveric study.

Data sources and search
A comprehensive electronic search of the current 

literature was performed by Medline (PubMed) from 
the January 01, 2009, through August 25, 2019, using 
PRISMA flow diagram. Additional studies were identified 
by checking the bibliographies of the articles selected. 
If full texts were not available, authors were contacted. 
Using Boolean operators, the following search terms 
were used: weight AND bear* AND computed AND 
tomograph* AND foot. 

Study selection and data organization
Results were managed using Endnote. Duplicates 

and studies without abstracts were excluded. Titles and 
abstracts were screened by two authors at different places 
and times. After applying exclusion criteria, eligible 
studies were selected. Disagreements were solved through 
discussion and consensus. 

Data was extracted about pathology investigation, 
type of two- or three-dimensional measurements 
taken, assessment of intra-observer and inter-observer 
reliability or validity, comparisons between non-standing 
and standing tomographic imaging. Results have been 
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Author LoE Anatomical 
district 

N Age Measurements 

Bernasconi 2019 III Hindfoot 
51 (17 control, 

34 varus) 
Control: 46.1±17 
Varus: 45.5±16.1 FAO CO HAA 

Burssens 2016 III Hindfoot 
60 (30 varus, 30 

valgus) N/A HAA ATT TT TA TI SVA 

Burssens 2018 III Ankle. Hindfoot 48 39.6±13.2 HAA TC TA TCr  TI TT SVA 

Cheung 2018 II Forefoot 50 52.2 HVA IMA 

Cody 2016 III Hindfoot 
62 (45 flatfloot, 

15 control) 
Control: 52 
Flatfoot: 57 ISA IHA 

Colin 2014 III Hindfoot 59 45 SVA 

Collan 2013 III Forefoot 
15 (5 control, 10 
hallux valgus) 

55.7±13.6 hallux valgus 
57.4±6.4 control HVA IMA MTP 

De Cesar Netto 2019 III 
Hindfoot Midfoot 

Forefoot 
54 (NBA 
players) 24.4 

FAO CO HAA ISA IHA FAA 
NtFd MCtFd 

Ellis 2010 III 
Hindfoot Midfoot 

Forefoot 
20 (10 control, 

10 flatfoot) 
55.5±13.9 flatfoot 
61.0±8.6 control 

TMT TN HAA FAA CPA 

Haleem 2014 II Hindfoot Midfoot 
Forefoot 

33 (10 control, 
23 flatfoot) 

Control: 48.5±14.3 
Flatfoot: 63.0±8.3 

TMT TC TT TN 

Hamard 2019 III Ankle 33 46.09 A B C 

Hirschmann 2014 III Hindfoot  Midfoot 22 46.0±17.1 HAA FCd TCd LTCd NCd 

Kang 2017 III Hindfoot Midfoot 
Forefoot 

53 49.5 (20 to 74) HVA IMA TMT TN CPA 

Kim 2017 III Ankle 148 (52 control, 
96 varus) 

Control: 26  
Varus: 60 

TRR 

Kimura 2017 III Hindfoot Forefoot 
20 (10 control, 

10 hallux 
valgus) 

58±14.2 hallux valgus 
56±5.0 control 

HVA IMA TMT CPA 

Kimura 2018 III Forefoot 
22 (11 control, 

11 hallux 
valgus) 

57±13.2 hallux valgus 
56±4.7 control 

HVA IMA 

Krahenbuhl 2016 III Hindfoot 60 (20 control, 
40 case) 

47 control 
60 case 

SVA 

Kunas 2018 III Hindfoot 58 (20 control, 
38 flatfoot) 

Control: 36±13 
Flatfoot: 57±12 

ISA 

Lepojarvi 2016 III Ankle 64 36 ankles: 26-36 years 
28 ankles: 60-64 years 

ST AW PW TFCS RO 

Lintz 2017 III Hindfoot 
135 (57 control, 

38 varus, 40 
valgus) 

N/A FAO 

Lintz 2019 III Hindfoot 
34 chronic ankle 

instability 
45.6±14.1 FAO CO HAA 

Malhotra 2019 III Ankle 26 48.2±14.01 A B C D E F α 

Ota 2019 III Hindfoot Forefoot 
28 (14 male, 14 

female) 
29.9±2.8 male 

28.2±5.1 female 
MTP 

Patel 2019 III Ankle 50 47.1 male 
57.8 female 

A B C D E F α 

Richter 2014 III Hindfoot  Forefoot 30 N/A IMA TMT HAA CPA 

Richter 2015 III Hindfoot  Forefoot 50 48.4±15.1 CPA TMT HMT 

Yoshioka 2016 III Forefoot 40 (20 control, 
20 flatfoot) 

35.5±9.5 control 
34.9±13.7 flatfoot 

M1R M5R CR 

Zhang 2019 II Hindfoot 
249  

(115 control, 78 
valgus, 56 varus) 

N/A FAO HAA 

 

Table I: Main characteristics of the studies included in this review.

Abbreviations: LoE: level of evidence; N: number of patients: A: distance between the most anterior point of tibia and 
fibula nearest to the incisura; B: distance between the most posterior point of the tibia and fibula nearest to the incisura; 
C: shorter distance between tibia and fibula at the midpoint of incisura; D: shortest distance from the bisector of the line 
between most anterior and posterior points of the incisura to the most anterior point on the fibula; E: shortest distance 
from the bisector of the line between most anterior and posterior points of the incisura to the most posterior point on 
the fibula; F: shortest distance from the perpendicular of the line between most anterior and posterior points of the 
incisura, drawn at the most anterior point of the incisura to the most anterior point on the fibula; α: angle between the 
line between most anterior and posterior points of the incisura and the axis of the fibula; TT: Talar Tilt; STT: subtalar 
tilt; ST: Sagittal Translation of the fibula; AW: Anterior Width of the distal tibiofibulatr syndesmosis; PW: Posterior 
Width of the distal tibiofibular syndesmosis; TFCS: TibioFibular Clear Space; RO: Rotation of the fibula; FAO: Foot 
and Ankle Offset; CO: calcaneal offset; HAA: hindfoot angle alignment; TRR: Talus Rotation Ratio; TA: Tibial Axis; 
TC: talocalcaneal axis; TCr: Talocrural angle; TI: inclination of tibial joint; SVA: subtalar vertical angle; ISA: inf-
tal-sup-tal angle; IHA: inf-tal horizontal angle; FAA: forefoot arch angle; NtFd: navicular to floor distance; MCtFd: 
medial cuneiform to floor distance; IMA: intermetatarsal angle; TMT: talometatarsal angle; TN: talonavicular angle; 
FCd: fibular-calcaneal distance; TCd: talo-calcaneal distance; HVA: hallux valgus angle; CPA: calcaneal pitch angle; 
MTP: metatarsal pronator angle; M1R: first metatarsal rotation; M5R: fifth metatarsal rotation; CR: calcaneal rotation; 
HMT: high of metatarsal head.
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Author A (mm) B (mm) C (mm) D (mm) E (mm) F (mm) α (°) 

Hamard 2017 3.0 ± 0.2 4.8 ± 0.2 2.6 ± 0.2 N/A N/A N/A N/A 

Patel 2017 2.9 ± 0.94 5.17 ± 1.37 3.25 ± 1.01 10.34 ± 1.43 7.61 ± 1.70 0.98 ± 1.23 -12.78 ± 5.45 

Malhotra 2019 3.8 ± 1.2 5.9 ± 1.8 4.8 ± 1.9 9.7 ± 1.6 7.1 ± 1.6 1.4 ± 1.4 -15.0 ± 6.7 

        

 ICC A ICC B ICC C ICC D ICC E ICC F ICC α 

Hamard 2017 0.83 inter 0.84 inter 0.89 inter N/A N/A N/A 0.64 inter 

Patel 2017 
0.84 intra 

0.75 inter 

0.81 intra 

0.73 inter 

0.84 intra 

0.69 inter 

0.77 intra 

0.94 inter 

0.71 intra 

0.77 inter 

0.64 intra 

0.66 inter 

0.69 intra 

0.72 inter 

Malhotra 2019 0.83 inter 0.90 inter 0.96 inter 0.85 inter 0.85 inter 0.90 inter 0.66 inter 
 
 
 
 
 
 

Author FAO (%) ICC FAO HAA (°) ICC HAA CO (mm) ICC CO 

Lintz  
2017 

2.3 ± 2.9 

0.96 intra  
(0.92-1.00) 
0.95 inter  

(0.99-1.00) 

N/A N/A N/A N/A 

Lintz  
2019 

-2.2 ± 5.4 
(CLAI) 

2.6 ± 4.7 
normal 

N/A N/A N/A 

-3.2 ± 8.5 
(CLAI) 

6.7 ± 9.8 
normal 

N/A 

Zhang 
2019 

1.2 ± 2.8 

0.98 intra  
(0.98-0.99) 
0.98 inter  

(0.98-0.99) 

3.2 ± 3.1 

0.80 intra  
(0.93-0.96) 
0.75 inter  

(0.93-0.96) 

N/A N/A 

Bernasconi 
2019 

0.5 ± 3.0 

0.91 intra  
(0.69-1.00) 
0.97 inter  

(0.94-0.99) 

1.8 ± 9.5 

0.91 intra  
(0.72-1.00) 
0.97 inter  

(0.94-0.99) 

0.9 ± 5.9 

0.89 intra  
(0.71-1.00) 
0.97 inter  

(0.94-0.99) 
 

 
 

Table II: Topographic measurements of the syndesmosis with inter and intra-observer reliability. 

Table III: 3D biometrics (FAO, HAA and CO) with relative values and inter and intra-observer reliability. 

Abbreviations: ICC: intraclass correlation coefficient; Intra: intraobserver reliability; Inter: Interobserver 
reliability; A: distance between most anterior point of tibia and fibula nearest the incisura; B: distance between 
the most posterior point of tibia and fibula nearest to the incisura; C: shorter distance between tibia and fibula at 
the midpoint of incisura; D: shortest distance from the bisector of the line between most anterior and posterior 
points of the incisura to the most anterior point on the fibula; E: shortest distance from the bisector of the line 
between most anterior and posterior points of the incisura to the most posterior point on the fibula; F: shortest 
distance from the perpendicular of the line between most anterior and posterior points of the incisura, drawn at 
the most anterior point of the incisura to the most anterior point on the fibula; α: angle between the line between 
most anterior and posterior points of the incisura and the axis of the fibula.

Abbreviations: FAO: foot and Ankle Offset; HAA: hindfoot alignment angle; CO: 
calcaneal offset; ICC: intraclass correlation coefficient; Intra: intraobserver reliability; 
Inter: Interobserver reliability.
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floor distance: 26.79 mm (25.30 to 28.28) (30);
-	 Haleem et al.: (ICC inter-observer: > 0.8 except 

navicular-cuneiform angle < 0.8): talo-navicular 
coverage and uncoverage angle: 17.28° ± 13.05 
and 0.9° ± 0.74; navicular-cuneiform angle: 6.54° 
± 5.91 (19);

-	 Hirschmann et al. (ICC inter-observer: > 0.70, 
except the fibular-calcaneal distance < 0.70): 
fibular-calcaneal distance, tibial-calcaneal 
distance and navicular-calcaneal distance: 0.3 
mm ± 6.0, 20.6 mm ± 4.2 and 15.3 mm ± 4.7; 
lateral talo-calcaneal space: 2.2 mm ± 1.1; talo-
calcaneal overlap: 1.4 mm ± 3.9 (20);

-	 Ellis et al.: (ICC inter-observer:  > 0.51): talo-
navicular angle and talo-navicular coverage 
angle: 10.8° with pain and 10.7° with no pain and 
34.3° with pain and 33.2° with no pain (31).

Forefoot
Regarding the forefoot, the most diffused 

measurements are certainly the Hallux Valgus 
Angle (HVA) and Inter Metatarsal Angle (IMA) 

-	 setting up images to obtain a 50-degree view to 
simulate the long axial view (HAA LA)

-	 assessing the relationship between the inclination 
of the tibia (anatomical axis) and inclination of 
the talus and calcaneum (talocalcaneal angle).
In a further study, the authors also analysed other 

measurements, such as the HAA (composed out of 
the intersection between the anatomical tibia axis 
and the talocalcaneal axis both in 2D and in 3D), 
tibial axis (TA), talo-calcaneal axis (TC), talo-crural 
angle (TCr), tibial joint inclination (TI), talar tilt 
(TT) and, subvertical talar angle (SVA) (Table IV) 
(13). Further measurements reported in literature are 
the inftal-suptal angle (ISA), inftal-hor angle (IHA), 
subvertical talar angle (SVA) and calcaneal pitch 
angle (CPA) (Table IV) (26, 37).

Midfoot
Different authors reported measurements focused 

on the navicular bone and the rest of the midfoot:
-	 De Cesar Netto et al: Navicular to floor distance: 

38.30 mm (36.19 to 40.42); medial cuneiform to 

Author ISA (°) ICC ISA IHA (°) ICC IHA SVA (°) ICC SVA CPA (°) ICC CPA 

Kunas 2018 
5 ± 4 cont. 
22 ± 7 FF 

> 0.70 N/A N/A N/A N/A N/A N/A 

Burssens 2018 N/A N/A N/A N/A 98.4 ± 8.1 N/A N/A N/A 

De Cesar Netto 2019 
5.31 (3.50-

7.12) 
 

4.04 (2.56-
5.51) 

N/A N/A N/A N/A N/A 

Cody 2016 
10.7 ± 6.4 cont 
21.2 ± 6.7 FF 

> 0.80 intra 
> 0.80 inter 

5.7 ± 6.7 cont. 
15.9 ± 5.7 FF 

> 0.80 intra 
> 0.80 inter 

N/A N/A N/A N/A 

Krahenbuhl 2016 N/A N/A N/A N/A 
98 cont. 
91 varus 

109 valgus 

0.97 intra 
(0.95-0.98) 
0.98 inter 

(0.98-0.99) 

N/A N/A 

Colin 2014 N/A N/A N/A N/A 

103.9 ± 4.4 
flat facet 
97.4 ± 6.2 

concave facet 

 N/A N/A 

Richter 2014 N/A N/A N/A N/A N/A N/A 17.8 ± 5.4 > 0.9 inter 

Ellis 2010 N/A N/A N/A N/A N/A N/A 
3.5 pain 

2.5 no pain 
0.79 inter 

(0.45-0.91) 

Kimura 2018 N/A N/A N/A N/A N/A N/A 
20.1 ± 3.4 cont. 
15.3 ± 3.6 HV 

 

Kang 2017 N/A N/A N/A N/A N/A N/A 19.3 ± 4.16 

0.81 intra 
(0.77-0.86) 
0.87 inter 

(0.82-0.94) 
Richter 2015 N/A N/A N/A N/A N/A N/A 18.1 ± 5.4 > 0.8 

 

Table IV: Assessment of the inftal-suptal angle (ISA), inftal-hor angle (IHA), subvertical talar angle (SVA) and calcaneal 
pitch angle (CPA) with relative values and inter and intra-observer reliability. 

Other abbreviations: ICC: intraclass correlation coefficient; Intra: intraobserver reliability; Inter: 
Interobserver reliability; Cont: control; FF: flatfoot; HV:hallux valgus.
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and abduction/adduction); they respectively 
measured 1.1°, 2°, and 2.3° for first metatarsal 
bone and 0.1°, 2.7° and 3.1° for fifth metatarsal 
bone (36);

-	 Ota et al. analyzed the weight-bearing pronation 
angle of the first metatarsal bone; it measured 
1.8° ± 5.1 in males and 3.1° ± 2.5 in females (35). 

DISCUSSION

Over the last years cone beam weight-bearing 
computed tomography (WBCT) has become 
progressively more diffused in foot and ankle 
practices (3, 38): this is the main reason why we 
performed this review. Our main finding was that 
there is a multitude of measurements that have been 
documented so far in literature and that have shown 
an excellent intra and inter-observer reliability in a 
vast majority of cases. We also faced an increasing 

(12,21,32–35). Is some study authors have tried to 
define normal and pathological values (in condition 
like hallux valgus or hallux rigidus) (Table V). In 
2014, Richter et al. reported the height of the medial 
sesamoids of the foot and the height of metatarsal 
heads (HMT) with an inter-observer reliability > 0.8: 
H1MT was 16.4 mm ± 2.9; H2MT was 19.1 mm ± 
2.5; H3MT was 18.2 mm ± 2.1; H4MT was 17.5 mm 
± 2.1; H5MT was 16.0 mm ± 2.2 (12).

Other authors studied the metatarsal rotation 
instead:
-	 Collan et al. analyzed the first proximal phalanx 

pronation angle and first metatarsal bone 
pronation angle; they respectively measured 4° ± 
4 and 2° ± 3 in the control group and 33° ± 3 and 
8° ± 2 in the hallux valgus group (33); 

-	 Yoshioka et al. studied the rotation of the first and 
fifth metatarsal bone in the different movement 
plans (dorsal/plantar flexion, eversion/inversion, 

Author HVA (°) ICC HVA IMA (°) ICC IMA 

Kimura 
2018 

14 ± 2.6 control 
43 ± 9.2 HV N/A 9 ± 1.1 control 

22 ± 3.8 HV N/A 

Cheung 
2018 

15 control 
11 HR 

0.95 intra 
0.90 inter 

12 control 
13 HR 

0.94 intra 
0.91 inter 

Kimura 
2017 

14.1 ± 2.8 control 
43.2 ± 10.1 HV N/A 9.3 ± 1.3 control 

22.1 ± 4.1 HV N/A 

Richter 
2014 N/A N/A 9.3 ± 3.5 > 0.9 inter 

Collan 
2013 

15 ± 4 control 
35 ± 3 HV 0.95 inter 11 ± 1 control 

17 ± 1 HV 0.72 inter 

Kang 
2017 19.9 ± 11.0 

0.86 intra 
(0.82-0.90) 
0.84 inter 

(0.81-0.88) 

10.9 ± 3.61 

0.85 intra 
(0.82-0.89) 
0.81 inter 

(0.76-0.85) 
 

Table V: Assessment of the hallux valgus angle (HVA) and inter metatarsal angle (IMA), with relative values and inter 
and intra-observer reliability. 

Abbreviations: HV: hallux valgus; HR: hallux rigidus; ICC: intraclass correlation coefficient; Intra: 
intraobserver reliability; Inter: Interobserver reliability.
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flatfoot groups) has been proven for measurements 
of the inclination of the joint relatively to the talus 
(inftal-suptal angle) or to the floor (inftal-hor angle) 
(26, 37).

Interestingly, on the midfoot and navicular bone 
there is no clear consensus about which measurement 
would be superior to another one (19, 20, 28, 29). 
Conversely, for the assessment of forefoot, the 
most used and reliable measurements seem to be 
the HVA and the IMA (12, 21, 32-35), which in 
the majority of studies have been investigated and 
characterized by an excellent inter and intra-observer 
reliability. Richter et al. also analysed the height of 
metatarsal heads, with good reliability as well (12). 
The assessment of the rotation of the metatarsal, 
performed by Collan et al. Yoshioka et al. and Ota et 
al. hasn’t provided yet a clear answer to define what 
should be considered true bone rotation and what 
bone torsion (33, 35, 36).Further studies will shed 
more light on this matter.

We acknowledge some limitations for this 
study. At first, its retrospective design without any 
formal statistical analysis. As a matter of fact, when 
planning surgery on complex deformity like flatfoot, 
being them conservative (joint-sparing procedures 
(7) also including tendoscopy (40, 41) or subtalar 
arthroereisis (42) and joint-sacrificing (such as 
fusion or replacements (43–45), is necessary to 
obtain measurements as objective as possible in 
order to assess both the starting point and the quality 
of the outcome achieved (30). As such, considering 
the growing evidence of studies dealing with 
WBCT measurements, we believe that this study 
might serve as a summary of the available evidence 
for the clinician keen to perform these complex 
procedures. Another limitation is certainly the lack 
of direct comparison between measurements, that 
we estimate, was the result of the heterogeneity of 
primary studies.

The study of ankle and foot with weight-bearing 
CT may benefit from multiple measurements in the 
different anatomical districts. Over the last years, 
many authors have reported excellent reliability 
for two-dimensional assessments, however, only 
the introduction of three-dimensional tools has 
allowed to overcome biases related to conventional 

interest toward three-dimensional measurements 
(6-11), that may take full advantage from this new 
cone beam technology and allow to assess the foot 
as a volume rather than two-dimensional planes, 
inherently biases by rotation issues, superimposition 
of bones and operator-related variability.

There is good consensus on the analysed 
parameters at the level of the ankle, as showed by 
Hamard et al., Patel et al. and Malhotra et al. In 
particular, the topographic measurements of the 
syndesmosis have demonstrated high inter-observer 
reliability (ICC > 0.7) (17,18,39). A secondary role 
is represented by talar tilt, studied by Burssens 
et al. and Haleem et al. and reported as having a 
lower reliability (ICC inter-observer > 0.5) (13,19). 
Certainly further studies are needed to analyse the 
ankle in condition of maximum stress, deformity or 
pathology, as done by Lepojarvi et al. and Kim et 
al. (15, 16); in our opinion, although these papers 
reported good inter-observer reliability, they might 
not be considered a true reference for the clinical 
practice because of the insufficient evidence they 
provide.

Regarding the hindfoot, there are several studies 
focusing on the assessment of the alignment (Varus 
or valgus). The Foot and Ankle Offset may vary 
from 0,6% to 2% in normally aligned feet, with an 
excellent reliability in all papers (ICC inter-observer 
and intra-observer > 0.90) (8-10). It is interesting 
to note that the hindfoot alignment angle or HAA 
might be calculated in two ways (namely a two-
dimensional technique and a three-dimensional one) 
giving different type of results (9, 10, 13, 28, 31). 
Although in all cases but one (31) authors document 
good reliability (ICC inter-observer > 0.75), we 
recommend caution when reading manuscripts 
dealing with this measurement since the method of 
assessment may vary (25). 

The calcaneal pitch angle, which is widely used 
on traditional radiographs, has also been assessed 
on 3D WBCT images, demonstrating  uniformity of 
values among studies and an excellent inter and intra-
observer reliability (12, 34, 35) except in one study 
(ICC < 0.8) (31). For what concerns the morphology 
of the subtalar joint, a good inter and intra-observer 
reliability (ICC > 0.70) (both in normal and in 
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cone-beam computed tomography for syndesmosis 
injury diagnosis compared to conventional computed 
tomography. Foot Ankle Surg 2019. doi:10.1016/j.
fas.2019.03.006.

10.	 Kim J-B, Yi Y, Kim J-Y, Cho J-H, Kwon M-S, Choi 
S-H, et al. Weight-bearing computed tomography 
findings in varus ankle osteoarthritis: abnormal 
internal rotation of the talus in the axial plane. 
Skeletal Radiol 2017;46:1071–80. doi:10.1007/
s00256-017-2655-0.

11.	 Lepojärvi S, Niinimäki J, Pakarinen H, Leskelä 
H-V. Rotational Dynamics of the Normal Distal 
Tibiofibular Joint With Weight-Bearing Computed 
Tomography. Foot Ankle Int 2016;37:627-35. 
doi:10.1177/1071100716634757.

12.	 Patel S, Malhotra K, Cullen NP, Singh D, Goldberg 
AJ, Welck MJ. Defining reference values for the 
normal tibiofibular syndesmosis in adults using 
weight-bearing CT. Bone Joint J 2019; 101-B:348–52. 
doi:10.1302/0301-620X.101B3.BJJ-2018-0829.R1.

13.	 Malhotra K, Welck M, Cullen N, Singh D, Goldberg 
AJ. The effects of weight bearing on the distal 
tibiofibular syndesmosis: A study comparing weight 
bearing-CT with conventional CT. Foot Ankle Surg 
2018. doi:10.1016/j.fas.2018.03.006.

14.	 Haleem AM, Pavlov H, Bogner E, Sofka C, Deland 
JT, Ellis SJ. Comparison of Deformity with Respect 
to the Talus in Patients with Posterior Tibial Tendon 
Dysfunction and Controls Using Multiplanar Weight-
Bearing Imaging or Conventional Radiography. J 
Bone Jt Surgery-American Vol 2014; 96:e63-1–8. 
doi:10.2106/JBJS.L.01205.

15.	 Hirschmann A, Pfirrmann CWA, Klammer G, 
Espinosa N, Buck FM. Upright Cone CT of the 
hindfoot: Comparison of the non-weight-bearing 
with the upright weight-bearing position. Eur Radiol 
2014; 24:553–8. doi:10.1007/s00330-013-3028-2.

16.	 Kimura T, Kubota M, Taguchi T, Suzuki N, Hattori 
A, Marumo K. Evaluation of First-Ray Mobility in 
Patients with Hallux Valgus Using Weight-Bearing 
CT and a 3-D Analysis System. J Bone Joint Surg  
2017; 99:247–55. doi:10.2106/JBJS.16.00542.

17.	 Krähenbühl N, Tschuck M, Bolliger L, 
Hintermann B, Knupp M. Orientation of the 
Subtalar Joint. Foot Ankle Int 2016; 37:109–14. 
doi:10.1177/1071100715600823.

radiography. We advocate comparative studies 
between various measurements for each anatomical 
area (ankle, hindfoot, midfoot and forefoot), to shed 
some light on the potential superiority of one in 
relation to one other.
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	 Supraspinatus (SSP) is one of the four muscles 
that comprise the rotator cuff of the shoulder, the 
others being subscapularis, infraspinatus, and teres 
minor. The rotator cuff muscles work as stabilizers 
of the glenohumeral joint. SSP has its origin from the 
supraspinous fossa of the scapula and inserts into the 
greater tuberosity of the humerus. SSP together with 
the deltoid muscle adducts the arm at the shoulder 
by fixing the head of the humerus firmly against the 
glenoid fossa. SSP functions as an abductor for the 
initial 30° of abduction.
	 Rotator cuff syndrome (RCS) constitutes 
a spectrum of disease across a wide range of 
pathologies associated with injury or degenerative 
conditions affecting the rotator cuff. RCS is a 
frequent cause of pain in the shoulder and often 
brings to functional and labour disabilities. Within 
RCS, the most common muscle affected is SSP (1).
	 The definitive cause of SSP tendinopathy 
remains uncertain. Proposed mechanisms include 

intrinsic, extrinsic, or combined mechanisms. 
Extrinsic mechanisms potentially involve attrition 
of the tendon from contact with bone structures. 
Intrinsic mechanisms relate to factors that directly 
influence tendon health and quality, including aging, 
genetics, postural imbalances, vascular changes, 
altered loading, and surgery (2, 3). Excessive tissue 
load remains the most substantial causative factor 
in the development of SSP tendinopathy. Indeed, 
the prevailing pathogenesis model suggests that 
SSP tendinopathy occurs from a primary response 
of the tendon cells to overload, which results in 
tendon cells activation and proliferation, increase 
in proteoglycans, that in their turn cause collagen 
matrix disruption, and increased vascularisation (4).
	 Symptoms of RCS include pain at rest and at night, 
particularly if lying on the affected shoulder, and pain 
and weakness when lifting heavy objects or rotating 
the arm. Tenderness or deformity can be detected at 
physical examination. There is limited evidence for 

Aim of the present pilot study was to verify, for the first time ever, the effects of collagen injections 
in patients with chronic supraspinatus tendinopathy. Eighteen patients with chronic supraspinatus 
tendinopathy were treated with a series of 4 type I porcine collagen ultrasound-guided injections, at 
weekly intervals. The effects were verified at 2-week, 1-month and 3-month follow-up by means of 
shoulder scoring systems and sonography. A very strong evidence (p<0.001) of a statistically significant 
main effect amongst the multiple clinical observation was found. Ultrasound imaging highlighted 
improvement in the structural integrity of the tendon. Compared to other injection therapies, collagen 
injections proved to be at least equally effective, faster acting and safer.
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	 Type I porcine collagen injections represent 
a new and refined tool in prevention and therapy 
of ageing of intra-articular structures, as well 
as of periarticular ones and of those concerning 
mesodermic supporting tissues (13-16). Collagen 
injections can stimulate synthesis, maturation and 
secretion of endogenous type I collagen, which is 
always deficient in inflammatory and/or degenerative 
diseases concerning the musculokeletal system and 
other anatomical structures of mesodermic origin 
(17).
	 Aims of this prospective pilot study were (a) to 
evaluate the effects of a series of 4 porcine type I 
collagen US-guided injections (once a week) on 
pain and disability in a group of patients who have 
been suffering from SSP tendinopathy for at least 6 
months, and, (b) to verify the effects of this injection 
therapy on the ultrasonographic tendon structure.

MATERIALS AND METHODS

	 This is a prospective observational pilot study and 
was carried out at Federico II University Hospital in 
Naples, Italy. The subjects were all outpatients and we 
enrolled them from October 2018 to May 2019. All the 
patients who referred shoulder pain and disability were 
evaluated to verify the criteria for the enrollment and 
underwent ultrasound and X-ray. The inclusion criteria 
were: age >18 years, symptomatic SSP tendinopathy of 
at least 6 months of duration, pain triggered by overhead 
activities, positive impingement sign (Neer test), pain 
with supraspinatus testing (Jobe’s test), ultrasound 
evidence of SSP tendinopathy, and lack of therapy in 
the last 6 months. The exclusion criteria were; previous 
shoulder surgery, rotator cuff tears greater than 50% of 
the tendon thickness, adhesive capsulitis, inflammatory 
arthritis, acromioclavicular joint pain, X-ray evidence 
of glenohumeral osteoarthritis, and previous fractures/
bone tumors/osteonecrosis of the humerus. After a full 
and clear description of the study protocol, all patients 
enrolled were invited to sign the informed consent. The 
study was carried out in accordance with the principles of 
the Declaration of Helsinki and met the ethical standards 
of the local ethics committee. 
	 We selected 20 patients but 2 refused to take part in 
the trial. Finally, we enrolled 18 patients, of which 11 

any of the tests commonly used in diagnosing SSP 
tendinopathy as being very sensitive or specific. The 
empty can test (Jobe’s test) and the full can test (Neer 
test) are the most commonly employed. Patients with 
SSP tendinopathy may also experience a painful arc 
of movement between 60° and 120° of abduction, 
which was found to carry the highest likelihood ratio 
compared with other provocative tests (5).
	 There are three imaging options in the evaluation 
of SSP tendinopathy: plain radiography (X-ray), 
ultrasound (US), and Magnetic Resonance (MR) 
with or without arthrography (MRA). US, and US 
elastography is increasingly gaining in importance 
for the study of muscles and tendons (6-8). US is 
an excellent tool for evaluating rotator cuff: it is 
less expensive than MR and it allows to assess 
dynamic movements of the shoulder. US may be 
helpful to detect signs of tendinopathy and to predict 
improvement or worsening of the tendon health at 
the tissue level (9). For the shoulder there is a lack 
of clinically relevant, standardized and reliable 
US methods for assessing tendinopathy. Since US 
is highly influenced by clinician experience and 
technique, standardized US procedures for assessment 
of structural changes in relation to tendinopathy need 
to be defined. Based on the literature, consensus was 
made on definitions of relevant structural changes 
related to SSP tendinopathy, including thickening, 
fibrillar disruption and calcifications (10).
	 There are several treatment options for SSP 
tendinopathy. Conservative treatment may include 
rest, activity modification, non-steroidal anti-
inflammatory drugs (NSAIDs), and physical 
therapy, focused on both core and scapular muscles 
strengthening (11). In about 80% of patients, 
nonsurgical treatment relieves pain and improves 
function. If rest, medications, and physical therapy 
do not relieve pain, patients can undergo injection 
therapy. Several injection therapy options are 
available, including injection of corticosteroids, 
hyaluronic acid (HA), platelet-rich plasma (PRP), 
and natural irritants (prolotherapy). These injection 
treatments have shown variable effectiveness and 
have some criticalities. The combination of injection 
therapies with physical exercise can reduce recovery 
time (12).	
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(Fig. 1). The multiple-comparison post-hoc correction 
(Bonferroni method) highlighted statistically significant 
differences between CM and DASH mean scores for each 
pair of time points (p < 0.05) except for the pair T2/T3.
	 US mean scores and standard deviation at T0 and T3 
are listed in Table III. We observed a 27.5% reduction in the 
US mean score between the two time points (Fig. 2).
	 No adverse event has been described after collagen 

males and 7 females, with an average age of 52 ± 15 years. 
For the treatment we planned 4 US-guided injections of 
2 ml porcine type I collagen, once a week. Ultrasound-
guided injections for SSP tendinopathy have proved to 
be superior to blind interventions (18). All injections 
were performed by a single doctor with over 10 years of 
experience. Injections were performed using an anterior 
approach. The patients were seated on a chair with the arm 
in internal rotation to expose as much of the SSP tendon 
as possible. This position was best achieved by placing 
the patient’s arm behind his back. A 22-gauge needle was 
directed towards the main hypoechoic/anechoic area of 
the supraspinatus tendon as guided by US until the tip 
of the needle was seen in the correct position and then 
the collagen was injected slowly. Patients were invited 
to keep the shoulder at rest until the day after. No other 
treatment was associated with collagen injections.
	 Patients were evaluated at the time of enrollment (T0), 
right before the third injection (T0), one month (T2) and three 
months (T3) after the last injection by means of the Constant-
Murley (CM) score and the disability of the arm, shoulder 
and hand (DASH) questionnaire. An ultrasound evaluation 
of the rotator cuff was performed by a radiologist with over 
20 years of experience at T0 and T3. An ordinal grading 
scale was assessed. The scale ranged from 0 to 5 (0 = normal 
tendon; 1 = thickening; 2 = disruption without calcifications; 
3 = disruption with microcalcifications; 4 = disruption with 
macrocalcifications; 5 = partial rupture) (10).

Statistical analysis
	 Analysis of variance (ANOVA) for repeated measures 
was used to compare both CM and DASH mean scores 
with each other at different time points (T0, T1, T2, T3). 
Afterwards, Bonferroni post-hoc test was employed to 
perform pairwise comparisons by time points (T0/T1, 
T0/T2, T0/T3, T1/T2, T1/T3, T2/T3). The confidence 
interval was established at 95% (p <0.05). With regards 
to US evaluation, a simple comparison between means ± 
standard deviation was performed at two different time 
points (T0 and T3). 
	 CM and DASH mean scores and standard deviations 
at different time points are listed in Tables I and II 
respectively. For repeated measures ANOVA provided 
very strong evidence (p < 0.001) of a statistically 
significant main effect amongst the multiple observation, 
both as regards to CM score and DASH questionnaire 

Figure 1: Constant score and DASH questionnaire multiple observation at different time points 
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Fig. 1. Constant score and DASH questionnaire multiple 
observation at different time points.

 Mean Std. Deviation 

T0 37,72 19,078 

T1 28,89 15,080 

T2 19,72 10,063 

T3 18,67 13,002 

 

Table II. Descriptive statistics of DASH score at different 
time points.

 Mean Std. Deviation 

T0 53,11 12,700 

T1 62,89 10,775 

T2 72,17 10,450 

T3 75,00 12,916 

 

Table I. Descriptive statistics of CM score at different 
time points.
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of the treatment we observed a statistically significant 
improvement on pain and function. The positive findings 
were registered both in objective (CM score) and subjective 
(DASH questionnaire) outcome measures. Three-month 
post-treatment US evaluation showed reduced tendon 
thickness and a trend towards normalization in the tendon 
sonographic features.

At this stage there are not literature studies about 
collagen injections in the treatment of SSP tendinopathy. 
Several injection therapies with substances different from 
collagen are used in a variety of shoulder conditions and 
RCS. Most of the literature on injection therapies for RCS 
focuses on corticosteroids. Although some studies have 
reported efficacy in reducing pain and improving function, 
there is little reproducible evidence. In a 2017 meta-analysis 
on corticosteroid injections in rotator cuff tendinosis, 
Mohamadi et al. highlighted that corticosteroid injections 
provide minimal transient pain relief in a small number of 

injections, except for some cases of burning sensation at the 
injection site which resolved spontaneously in a few hours.

SSP tendinopathy is a frequent cause of shoulder pain 
but its pathophysiology is not fully understood. Treatment 
of SSP tendinopathy is a challenge for physicians, physical 
therapists and all the healthcare professionals. The current 
literature suggests a multidisciplinary approach: NSAIDs, 
exercise rehabilitation, physical therapy modalities, shock 
wave therapy, injection therapies, and surgery (19).

In this pilot study we wanted to evaluate the collagen 
injection therapy in a cohort of 18 subjects affected by 
SSP tendinopathy (4 US-guided injections, once a week, 
of type I porcine collagen). The results were evaluated 
by administering CM score and DASH questionnaire, 
before the first and the third injections, and one month 
and three months after the last injection. All the selected 
patients underwent US evaluation of SSP tendon at the 
time of enrollment and at 3-month follow-up. At the end 

3h T0 T3 ΔT0-T3 %ΔT0-T3 

Totale score 51 37 -14 -27,5 

Mean 2,8 2 -0,8  

Standard deviation 1,5 1,9   

 
Figure 2: sonographic assessment of a patient with supraspinatus tendinopathy who switched from a 
pre-treatment score of 2 to a post-treatment score of 0. 
 

 
Fig. 2. Sonographic assessment of a patient with supraspinatus tendinopathy who switched from a pre-treatment score of 
2 to a post-treatment score of 0.

Table III. Descriptive statistics of US grading score at different time points.
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is currently limited and some of them have shown a lack 
of safety due to their potential side effects (25). Another 
limitation of several injection therapies for tendinophaties 
is the high cost, which make them accessible only to a 
limited number of patients.

	 The present study has some limitations: (a) a 
small sample, (b) the lack of a control group, and (c) the 
short follow-up time. However, it should be stated that 
this is a pilot study and that it is currently the only study 
in the literature on the effectiveness of collagen injection 
therapy in SSP tendinopathy.

In conclusion, this pilot study has shown that a series of 
4 type I porcine collagen US-guided  injections, at weekly 
intervals, is able to reduce significantly pain symptoms 
and improve the function in a group of 18 patients with 
chronic SSP tendinopathy. Moreover, the positive clinical 
findings have been confirmed by ultrasonographic 
features.  Finally, we can state that there are grounds for 
carrying out an RCT to confirm our preliminary data.
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Heterotopic ossification is characterized by 
the formation of mature, lamellar bone, in the 
extra-skeletal soft tissue. The pathophysiology of 
heterotopic ossification is still debated. The function 
of pro-angiogenic and osteoinductive factors, hypoxia 
of the surrounding tissue and mechanical stimuli 
are possible predisposing factors (1). Generally, 
the diagnosis is simple, as it is often related to the 
patient’s clinical history. Clinical and radiographic 
examinations are usually sufficient to diagnose this 
pathological condition, and only in some cases it is 
necessary to perform a bone scan, CT scan and/or 
MRI, especially for planning the surgical excision. 

This disorder generally occurs after traumatic 
brain injury, spinal cord injury, elbow and acetabular 
fractures, hip joint replacement and thermal injury 
(predisposing factors) (2-5). The diagnosis may be 
difficult, as well as in other benign lesions, that look   
like malignant tumors (6-8). Differential diagnosis 

includes also osteochondroma, fibrodysplasia 
ossificans progressiva (9), calcium metabolism 
disorders and bizarre parosteal osteochondromatous 
proliferation (10). 

Nonsteroidal anti-inflammatory drugs and 
radiation are commonly used in the prophylaxis of 
heterotopic ossification, in some cases associated 
with continuous passive motion (11). Surgical 
excision is indicated in patients with functional 
limitations (12-14). In this study, we report the case 
of a 28-year-old female with a large symptomatic 
heterotopic ossification localized around the lesser 
trochanter, simulating a malignant tumor. 

Case report
A 28-year-old female was admitted to our 

institution with left groin pain, which had lasted 
for the previous two months. The pain in the left 
groin increased on weight-bearing and walking and 

We report the case of a 28-year-old female who complained of groin pain and restricted range of 
motion of the hip for the previous two months. A plain radiograph, CT scan and MRI of the pelvis 
showed a bone mass of uncertain origin around the lesser trochanter, simulating malignancy. An open 
biopsy was performed to obtain a correct diagnosis. The histological examination excluded a malignant 
lesion.  Two months later, the mass was surgically excised and at follow-up, 9 years after surgery, the 
patient was completely asymptomatic, without any radiographic sign of recurrence. This is a rare case of 
heterotopic ossification of the proximal part of the femur, that appeared without any significant trauma 
or other predisposing risk factors; because the lesion led us to suspect a malignant disease, an open biopsy 
was needed to make the diagnosis. From an accurate review of the literature, heterotopic ossifications 
mimicking a malignant lesion that appeared without any predisposing factors are extremely rare.

Key words: heterotopic ossification, lesser trochanter, hip, tumor.
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described by Ludloff without any perioperative 
complication. 

To prevent postoperative recurrence of 
ossification, 100 mg of indomethacin was 
administered daily after surgery for 6 weeks, 
associated with an early fully active rehabilitation 
program. The patient was examined for the first two 
years after surgery clinically and radiographically at 
regular intervals, but no recurrence was observed.

At the final follow-up, nine years after the surgical 
excision, the patient was completely asymptomatic 
with a full range of motion of the affected hip; she 
was involved in sports activities. The radiographic 
examination of the pelvis showed no recurrence of 
the mass (Fig. 1C). 

DISCUSSION

Heterotopic ossification represents a pathological 
condition whose etiology and pathogenesis are still 
unknown (1); it generally occurs after trauma, brain 
injuries, spinal cord injuries, elbow and acetabular 
fractures, hip arthroplasty and thermal injuries (2-
5), that represent the main predisposing factors. 
Heterotopic ossification may cause pain and severe decreased at bed rest and after taking nonsteroidal 

anti-inflammatory drugs. During the physical 
examination, moderate pain was reported at groin 
palpation, associated with a restricted range of 
motion of the left hip and mild limping. The patient 
had already had a radiographic examination of the 
pelvis (Fig. 1A), a CT scan (Fig. 1B) and an MRI 
(Fig. 2) that revealed a bone mass around the lesser 
trochanter. Bone scan was not performed. The 
laboratory tests were normal, including the alkaline 
phosphatase. Since her clinical history did not reveal 
any predisposing factor for heterotopic ossification 
and the radiological investigations suggested a 
possible malignancy of the lesion, an open biopsy 
was performed through a mini open medial approach. 

At the histological examination, the mass was 
formed by bone trabeculae separated by loose 
hypocellular fibro-vascular tissue (transmitted 
light); the view of the same fields by polarized light 
demonstrated the coexistence of both woven (wb) 
and lamellar bone (lb) (Fig. 3). Two months later, the 
mass was excised with a medial surgical approach 

Fig. 2. MRI of the pelvis in coronal and axial sections 
showed the lesion in the soft tissue around the left lesser 
trochanter, mimicking malignancy. 

Fig. 1. Radiographic examination in AP view and CT 
scan with 3D reconstruction of the left hip showed a bone 
mass in the soft tissue around the lesser trochanter (A, 
B). At follow-up, 9 years after the surgical excision, the 
radiographic examination of the pelvis did not show any 
recurrence of the heterotopic ossification (C).
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should be also considered in differential diagnosis, 
as osteochondroma, fibrodysplasia ossificans 
progressive (9), calcium metabolism disorders and 
bizarre parosteal osteochondromatous proliferation 
(10). However, the most serious pathology to be 
excluded, is an undiagnosed primitive or metastatic 
malignant disease (17-19).  The biopsy of the mass, 
performed to exclude a malignant lesion and the 
other suspected pathologies, demonstrated the 
coexistence of both normal woven and lamellar 
bone, thus allowing the final diagnosis of a benign 
heterotopic ossification. At this point, a successful 
surgical excision was performed, with no recurrence 
at the 9-year follow-up. 

To the best of our knowledge, only a few 
studies reports heterotopic ossifications mimicking 
malignant lesion in patients without predisposing 
factors (20, 21). On the contrary, some cases of 
myositis ossificans simulating sarcomas have been 

restriction of the range of motion of the affected 
joint. Diagnosis in most cases is simple, based on a 
radiographic examination.  Surgical excision of the 
heterotopic bone may be indicated in some cases, but 
recurrence may occur over time (12-14).

In our case, the patient did not report any 
significant trauma before the onset of symptoms; 
therefore, we excluded a neglected avulsion fracture 
of the lesser trochanter that generally occurs in 
adolescent athletes during growth, as a result of a 
sudden violent contraction of the iliopsoas muscle, 
and represents the most common condition which 
generates a heterotopic ossification around the 
lesser trochanter (15). Moreover, our patient was 
fully grown (28-years-old), and in adult patients, 
avulsion fractures of the lesser trochanter are 
extremely rare whereas they are often associated 
with traumatic intertrochanteric or subtrochanteric 
fractures (16). Other pathological conditions 

Fig. 3. Transmitted (A, B) and polarized (C, D) light views of the same microscopic fields of the mass at low and high-
power magnification. By transmitted light, the mass was formed by bone trabeculae separated by loose hypocellular fibro-
vascular tissue; polarized light demonstrated the coexistence of both woven (wb) and lamellar bone (lb).
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of Policlinico Tor Vergata, Rome; the patient was 
informed about the study and consented to participate. 
The data of the manuscript are available. The authors 
declare that there is no conflict of interest regarding 
the publication of this paper. No funds have been 
received by the authors. 
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Polyostotic fibrous dysplasia (PFD) and McCune-
Albright Syndrome (MAS) commonly affect the 
femur and tibia, causing deformities and fractures. 
These deformities are treated by single or multiple 
osteotomies and stabilized by intramedullary nails, 
which are generally preferred to the peripheral 
plates. Similarly, pathological fractures caused by the 
weakness of the affected bone are treated by reduction 
and stabilization with intramedullary nail (1-3).

Surgical infection related to intramedullary nailing 
represent a severe and difficult to treat complication 
which may cause delayed consolidation or nonunion 
and limb function impairment.

The incidence of surgical infection related to 
intramedullary nailing in femurs and tibiae, recently 
reported in a prospective study which included 

closed and open fractures, is 11.8% (4). However, 
other authors, in a current concept review, reported a 
lower incidence of infection rates in closed femoral 
shaft fractures treated with intramedullary nailing, 
ranging from 1% to 3.8% (5). Similar infection rates 
(3.6%) are reported when intramedullary nails are 
used in femoral and tibial limb lengthening (6).

In the last 20 years, we developed a high experience in 
surgical treatment of deformities and fractures involving 
femurs and tibiae in polyostotic fibrous dysplasia.

In the present study we report the incidence rate of 
surgical infection in a large series of patients affected 
by lower limb deformities or fractures caused by 
polyostotic fibrous dysplasia or McCune-Albright 
syndrome, surgically treated and stabilized by a rigid 
intramedullary nail. 

Polyostotic fibrous dysplasia (PFD) generally cause deformities and fractures of femur and tibia and 
surgery is often required. The current surgical treatment for deformities is based on single or multiple 
osteotomies followed by stabilization with intramedullary nails, which are commonly used also for 
fractures.  One of the most common surgical complications of intramedullary nailing is represented 
by surgical site infection with possible extension to the whole skeletal segment. In the present study we 
evaluated the incidence of surgical site infections in 44 patients affected by PFD in which 91 femurs or 
tibiae underwent intramedullary nailing to treat deformities or fractures. We never observed any infection 
of the operated femurs or tibiae until the final follow-up. The only post surgical infection was present in a 
patient with monomelic involvement at the contralateral non affected limb, which was surgically treated 
for limb length inequality, by femur shortening osteotomy stabilized by an intramedullary nail. The most 
likely hypothesis to explain the complete absence of infections in these patients may be related to the high 
local concentration of prophylactic antibiotic in the highly vascularized fibrodysplastic bone.
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age at intramedullary nailing was 18.8 years (range from 4 
to 38.8 years). Seventeen patients had bimelic involvement 
and 27 monomelic, whereas in 5 the pelvis was diffusely 
involved. A total of  91 skeletal segments (femurs or tibiae) 
were surgically treated by intramedullary nailing; 64 had 
an intramedullary nailing of the femur and 37 of the tibia. 

Prophylactic antibiotic was administered before all 
surgeries. According to our classification of the femoral 
deformities (7, 8) nine were type 1, two type 3, twentyfive 
type 4, four type 5 and sixteen type 6. For femoral 
fixation a cervicodiaphyseal nail with diameter from 9 to 
11 mm with a spiral blade for femoral neck stabilization 
was used whereas interlocking nails ranging in diameter 
from 8 to 10 mm were used for tibial fixation. Either 
TENS or humeral nails were used in younger children 
according to  their femoral and tibial size. Femoral and 
tibial deformities were corrected by a minimum of one to 
a maximum of three osteotomies, and 14 of the 16 type 
6 femoral deformities had a two-stage procedure (9). 
Estimated blood loss (EBL) for femoral intramedullary 
nailing ranged from 500 to 3000 ml, while from 200 to 
600 ml for tibial nailing. 

All the patients gave us their informed consent to 
be included in the study. Thirty-two patients came to 
the hospital for clinical and radiographic follow-up 
evaluation. Twelve patients were contacted by e-mail. In 
all patients we checked for possible post surgical site and 
late infections until the final follow-up examination. 

RESULTS

The mean age at follow-up was 31.2 years, while 
the mean length of follow-up was 7.6 years.  All but 
3 femurs and 2 tibiae were fully grown at the time 
of the last follow up. Twenty-four patients had a 
normal gait; sixteen a mild to moderate limp; three a 
severe limp whereas one  patient was unable to walk. 
Pain was absent in 34 patients and still present in 
10. ROM limitation was present in 18 hips; 5 knees, 
and 4 ankles.  Leg-length discrepancy ranging from 
1 to 4.5 cm was present in 21 patients but only 12 of 
them used a shoe lift. Of the 91 surgical procedures, 
we observed the following complications: 3 femoral 
non-unions, 5 delayed unions, 6 extrusions of the 
spiral blade, 3 re-fractures and 3 common peroneal 

MATERIALS AND METHODS

Fortyfour consecutive patients with either polyostotic 
fibrous dysplasia or McCune Albright syndrome who had 
undergone femoral and tibial intramedullary nailing between 
1998 and 2016 were included in the study. At the admission 
to our hospital, 5 patients were wheel-chair bound, 24 had 
a limp, whereas 15 were fractured (8 femurs and 7 tibiae). 
Twentythree patients were male and 21 female. The mean 

Fig. 1: Radiographic examination of a 13-year-old 
patient affected by polyostotic fibrous dysplasia with 
monomelic involvement of the left femur and tibia. A limb 
length inequality is present. She was treated by shortening 
osteotomy of the right unaffected femur stabilized 
with intramedullary nail. A surgical site infection was 
observed during the first month after surgery. The patient 
was successfully treated by accurate surgical debridement 
plus pulse irrigation and antibiotic therapy.

G. GORGOLINI ET AL.
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DISCUSSION

Intramedullary nailing is the surgical procedure 
of choice for stabilizing corrected deformities 
and fractures in patients with polyostotic fibrous 
dysplasia. Rigid intramedullary nails are generally 
preferred in adults and adolescents because they 
provide a more stable fixation, while elastic nails are 
used in childhood to avoid damage of the physes. 
This method of treatment generally allows high 
union rates and low complications related to the 
complexity of the surgical treatment (11, 12).  

Surgical site infection in intramedullary nailing as 
well as in prosthetic infection (13, 14) is considered 
a serious and difficult to eradicate complication 
that in the majority of the cases (chronic infections) 
requires hardware or prosthetic implant removal. 
On the contrary, early infections may be resolved 
without nail or implant removal, but by performing 
an accurate debridement and specific intravenous 
antibiotic treatment (4, 5). Moreover, infections 
in orthopaedic surgery require a very expensive 
treatment and pose an important economic impact 
for the healthcare system (15).

The reported incidence of infection after 
intramedullary nailing performed in femur and 
tibia fractures ranges from 0,9% to 23%, including 
patients with open fractures (16, 17). Some of these 
fractures were previously temporary stabilized 
with an external fixator. A recent study reported an 
incidence of surgical site infection in femoral and 
tibial closed and open fractures of 11.8%  (4). On 
the contrary, the infection rate reported in large 
series of only closed femoral shaft fractures treated 
by intramedullary nails is much lower, ranging from 
1% to 3,8%  (5, 18). Duan et al (19) in a systematic 
review (Cochrane database) reported an incidence 
of surgical site infection in reamed intramedullary 
nailing for tibial shaft fractures of 3.8%. This value 
was slightly lower (3.2%) in unreamed nailing.

To the best of our knowledge, only few papers 
reported the incidence of surgical site infection in 
patients affected by polyostotic fibrous dysplasia or 
McCune-Albright syndrome (20-25). Freeman et al 
(20) reported no infections in 4 cases of polyostotic 
fibrous dysplasia surgically treated by osteotomies 

nerve palsies in tibial varus osteotomies, 2 of which 
recovered spontaneously.

We never observed any post surgical infective 
complication; none of the patients developed any 
late infection till the latest follow-up. We observed 
a post surgical infection in a patient with monomelic 
involvement at the contralateral non affected 
limb, which was surgically treated for a limb 
length inequality, by femur shortening osteotomy 
stabilized by an intramedullary nail. The patient was 
successfully treated by surgical debridement plus 
pulse irrigation (10) and antibiotic therapy (Fig. 1-3).

Fig. 2. Radiograpghic examination of the same patient, 
three months after surgery. The osteotomy is still healing.
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The authors did not report a single case of 
surgical site infection. Hefty et al (23) reported a new 
technique for a special intramedullary nail performed 
in 15 cases followed up 54.2 months after surgery, 
without any surgical site infection. Kushare et al (24) 
reported 24 cases surgically treated for deformities or 
fractures in patients affected by polyostotic fibrous 
dysplasia. They performed intramedullary nailing 
in 15 cases and no infection was observed; however 
they reported only one surgical infection in a patient 
treated by curettage and bone grafting. Infections are 
uncommon also in patients with fibrous dysplasia 
that undergo maxillo facial surgery; Valentini et al 
(25) reported only one infection in a large series of 
95 patients who underwent 68 surgical procedure for 
craniomaxillofacial fibrous dysplasia. The infection 
resolved with antibiotics. 

We report a very large series of intramedullary 
nailing of femur and tibia in patients affected 
by polyostotic fibrous dysplasia, some of them 
with McCune Albright syndrome, without never 
observing any surgical site infection. The patients 
were followed up for an average of 7.6 years and 
we never observed any late infection either. We 
believe that the absence of surgical or late infection 
in intramedullary nailing performed in patients with 
this disease could be explained by the rich blood 
supply of fibrodysplastic bone. 

This high vascularization of the fibrodysplastic 
tissue may provide some degree of protection from 
infection by increasing the local concentration 
of antibiotic administered for prophylaxis before 
surgery. It is surprising that no infections were 
observed in this kind of patients, expecially those 
that underwent corrective osteotomy, which needs a 
large surgical exposure and a long time of surgery, 
that represent two important risk factors for infection.

It is equally surprising that the only post surgical 
infection in our series was observed in a patient with 
monomelic involvement at the contralateral non affected 
limb, which was surgically treated by femur shortening 
osteotomy stabilized by an intramedullary nail. 
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stabilized with Zickel nail, followed up for an 
average of 34.5 months after surgery. Jung et al 
(21) reported no infections in 7 intramedullary nail 
stabilized osteotomies, followed-up 30 months after 
surgery. Yang et al (22) reported a retrospective study 
conducted on 13 patients operated on for Shepherd’s 
crook deformity caused by fibrous dysplasia (14 
femurs), stabilized after valgus osteotomy with an 
intramedullary nail. 

Fig. 3. Radiograpghic examination of the same patient, at 
the last follow-up, two years after surgery. The osteotomy 
is completely healed with an acceptable rebalance of the 
leg length discrepancy. No signs of infection are present. 
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Panton-Valentine leucocidin (PVL) is a pore-
forming heptameric toxin composed of two 
components, LukS-PV and LukF-PV, leading to 
lysis of neutrophil, monocytes, and macrophages. 
PVL gene (lukS/F-PV) can be expressed both by 
community-acquired methicillin-resistant and 
methicillin-sensible St. Aureus (MRSA, MSSA) (1,2). 
In the United States, PVL positive S. aureus (PV-SA) 
accounted for up to two-thirds of S. aureus related 
acute pediatric hematogenous osteomyelitis, mostly 
MRSA stains (3). Moreover, PVL toxin is linked 
strongly with community-aquired staphylococcal 
disease, mainly meticillin-resistant associated with a 
PVL-producing clone, ST8/USA300. 

In Europe instead, despite low rate of acquired 
MRSA described, PVL producing S. aureus isolates 
are increasingly reported (4). Concerning SA soft 

tissue and skin paediatric infections, Barrios Lopez 
et al. reported an incidence of PV-SA of 32% and 
only 9% of which were MRSA (5). Prevalence of 
PV-SA is debated in Italy. Recently Chiappini et al. 
described PVL producing stains in two cases out 
of a total of 121 children (6). It has been reported 
that PLV-positive Staphilococcus Aureus (SA) can 
cause more severe and more susceptible of serious 
complications diseases and needs most frequently 
surgical treatment. A severe course of the disease 
must lead to suspect PLV production. 

We report on a case of osteomyelitis involving 
the hip joint with concomitant external iliac vein 
thromblophlebitis complicated by necrotizing 
pneumonia and life-threatening septic shock. The 
child required advance respiratory support for 14 days 
with circulatory support for 7 days in ICU (intensive 

Panton-Valentine leukocidin (PVL) represents an important virulence factor for many strains of 
Staphylococcus aureus. PVL is an esotoxin causing leucocyte destruction and tissue necrosis. We report 
on a case of osteomyelitis involving the hip joint with thromblophlebitis complicated by necrotizing 
pneumonia and life-threatening septic shock. The child required advance respiratory support for 14 
days with circulatory support for 7 days in ICU (intensive care unit), surgical draninage via arthrotomy 
of hip joint and second-line antibiotic treatment for 1 month. Among a wide literature, in Europe over 
half of Panton-Valentine St. Aureus (PVL-SA) is MSSA. Investigations for PVL are not always available 
determining an under-recognition of the episodes. Data on prevalence of PVL-SA in Italy are scarce. 
With this clinical report, we emphasize the recognition of clinical features that must lead to suspect 
PVL-SA osteomyelitis in children, providing their adequate management. 

Key words: osteomyelitis, child, Staphylococcus Aureus infection
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lung and in the inferior lobe of the right lung and 
widespread nodules compatible with pneumatocele. 
Anticoagulant therapy with enoxaparin sodium has 
been started. It was therefore decided to modify 
the antibiotic therapy, replacing Gentamicin with 
Amikacin and starting Piperacillin-Tazobactam, 
with the continuation of Vancomycin, considering 
the positivity of blood culture for Staphylococcus 
aureus MSSA received in the meantime.

In the following days, there was a further 
worsening of the clinical conditions, such as to 
require ventilation in HFOV, administration of 
endotracheal surfactant and iNO. It was therefore 
decided to further modify the antibiotic therapy, 
replacing Piperacillin-Tazobactam and Amikacin 
with Clindamycin. Furthermore, given the critical 
conditions and the absence of improvement, despite 
an appropriate antibiotic therapy, according to the 
antibiogram, it was decided to research the Toxin 
Panton-Valentine-Leukocidin on peripheral blood 
sample, with a positive result.  Vancomycin and 
Clindamycin were suspended and Meropenem, 
Linezolid, Oxacillin were started, with a good 
response and progressive improvement of clinical 
conditions. 

The child was subsequently subjected to surgical 
drainage via arthrotomy and joint washing of ankle 
joint. Two days after the surgery the CRP was 
decreased from the previous value of 50.8 mg/l 
to 18.5 mg/l and it turned negative in the next 20 
days. Three months after the diagnosis the MRI and 
radiography of the hip bone showed a noticeable 
improvement with conserved articular relationships. 
The ultrasound exam of the iliac and femoral vessels 
demonstrates the disappearance of the previously 
described thrombus.

DISCUSSION

Shallcross et al in a meta-analysis including 
76 studies evidenced a higher need for surgery 
in skin infection by PVL producer stains respect 
to PVL-negative infections (4). In PVL-positive 
osteomyelitis, a more frequent resort to surgery 
has been explained in a study by Pannaraj PS el 
al (14 of 17 PVL-positive vs 2 of 7 PVL-negative, 

care unit), surgical drainage via arthrotomy of the 
hip joint, treatment of deep venous thrombosis and 
advance antibiotic treatment for 1 month. 

Recognition of clinical features related to PVL-
SA pediatric osteomyelitis and testing for such toxin, 
can enhance the quality of management, including 
deep vein thrombosis study, with a better outcome. 

Case report
A previously healthy three years old child of 

Kenyan origin was admitted to the emergency 
department of our hospital. He complained of hip 
pain after accidentally falls off the slide and was 
initially discharge to the home with anti-inflammatory 
therapy. Due to the onset of hyperpyrexia (body 
temperature > 39 °C), the child was again led to 
hospital. At the physical examination the child was 
suffering and tachypneic, the left coxo-femoral joint 
appeared swelled with pain on active and passive 
mobilization. Blood examination revealed anemia 
(Hemoglobin = 8.6 g/dl), leucopenia (L 1.730/mmc, 
N 780/mm3), thrombocytopenia (Platelet count of 
113.000/mmc), markedly increased flogosis markers 
(CRP was 210 mg/l, n.v.<5) and  increased D-dimer. 
An X-ray of the affected joint and the chest 
were performed.  These demonstrated phlogosis 
with irregularity and thickening of the femoral 
metaphysis, and a bilateral reticulo-nodular pattern 
in the lungs with a consolidation in the left apical 
site. He was admitted with a diagnosis of septic 
arthritis, so empirical antibiotic therapy was started 
with Vancomycin and Gentamicin.

One day after admission, the general clinical 
conditions worsened with onset of lethargy, paralytic 
ileus and metabolic acidosis. So, with the diagnosis 
of suspected septic shock, the child was transferred 
to the Intensive Care Unit where inotropic and 
vasopressor treatments and invasive ventilation were 
required.  

A total body CT scan highlights presence of: a 
fluid collection (12 x 5 mm) anterior to the left 
femoral head with thrombosis of the homolateral 
external iliac vein, extended up to the common 
femoral vein upstream of the sapheno-femoral cross 
extended; some areas of confluent parenchymal 
consolidations in the superior lobe of the left 
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If MSSA is documented Oxacillin in association 
with Clindamycin, also for her good penetration in 
the lung, must be considered (10). 

Linezolid in combination with Clindamycin 
represented in our report the successful antimicrobic 
strategy. Linezolid could represent a good solution, 
considering efficacy upon PVL-strains, bone 
penetration of the molecule and the possibility of 
orally administration after discharge to go home.
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p=0·02) (7). Our case demonstrates that the most 
important reduction of CRP (a main marker of 
therapeutic efficacy) can be achieved only after 
surgical debridement. Surgical treatment could not 
be possible at the beginning, due to lung involvement 
and the general conditions. Generally, a major risk 
of systemic complication and evolution in ARDS 
(Acute respiratory distress syndrome) and septic 
shock is well known in this disease and intensive 
care assistance must be considered. 

In our patient, immediately on admission, a 
picture of septic shock appeared with concurrent 
diagnosis of septic arthritis. Therefore, suspecting 
the presence of septic embolism, blood colture and 
second-line imaging (CT) was performed. The result 
of the blood colture, considering the critical condition 
of the patient without any antibiotic efficacy on the 
fever, the lung involvement and the thrombosis of 
the homolateral external iliac vein made suspect the 
presence of a PVL-SA strain.

Martínez-Aguilar also evaluated a higher 
incidence of complications in these patients (such 
as orthopedic complications needing much surgical 
procedures and deep vein thrombosis). Respect to 
this late aspect, in his article is reported that ten of 
33 PVL-positive cases vs none of 23 PVL-negative 
cases, (p=0·002) developed deep vein thrombosis 
(8).

Thrombosis is thought to be connected to lysis 
of neutrophils, able to activate platelets with the 
liberation of cytokines and HOCL. Moreover, 
PV toxin induce eterotipic aggregates between 
neutrophils and platelets, with a role in the multiorgan 
failure in septic shock. Recently Niemann et al 
studied the role of alfa-defensin, secreted by lysis of 
neutrophils, capable of activate platelets (9). 

Enhanced inflammation with exalted cytokines 
production and altered coagulation allows the disease 
to become systemic (3). 

Pathogenetic explanation of such mechanism is 
setting new therapy based upon antioxidants and 
resveratrol. Antimicrobic therapy is well known 
for β-lactams that could lead to an enhancement of 
PVL secretion, so Piperacillin administration was 
interrupted. Therefore, an antimicrobic therapy with 
molecules inhibiting protein synthesis is preferable. 
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Periprosthetic Joint Infection (PJI), represents a 
devasting complications after total knee arthroplasty 
(TKA) and total hip arthroplasty (THA). While the 
incidence of failure secondary to dislocation, osteolysis, 
and aseptic loosening have gradually declined, the 
burden of PJI at both hip and knee remains constant 
and increasing in overall number each year (1).

Between 2001 and 2009 in the United States, 
using the International Classification of Disease 
(ICD-9), 2.4% of TJA patients develop PJI at an 
annual cost of more than 300 million dollars per year 
(1 ,2). Recent guidelines (The Second International 
Consensus Meeting on orthopedic infections and 
Global Guidelines for the Prevention of Surgical Site 
Infection), including recommendations following the 

International Consensus on Orthopedic Infections,  
suggest that the use of intraoperative irrigation with 
antiseptic solution could potentially reduce the risk 
of post-operative infection (4, 5). 

As highlighted by the international consensus 
meeting on PJI, the use of dilute povidone-iodine 
(DPI) irrigation before wound closure is well studied 
in other medical and surgical specialties (5), but only 
few studies have been were performed in Orthopedic 
surgery, and more specifically, arthroplasty.  (6, 7). 
These studies concluded that when DPI irrigation is 
performed before wound closure there is a significant 
reduction in the rate of early PJI (8).

For the prevention of PJI, many authors (9, 10), 
suggest to prepare the DPI solution by mixing 30 mL 

Periprosthetic Joint Infection (PJI) of the Hip and of the Knee is a tremendous complication 
associated with high patient morbidity, cost, and increased health care resource utilization. Over the last 
few years, several perioperative strategies have been developed in the hopes of reducing the risk of early 
superficial and deep surgical site infection (SSI).   One of the most performed intraoperative treatments 
to reduce the risk of SSI in total joint arthroplasty is the use of dilute povidone-iodine (DPI) irrigation 
prior to wound closure. For this reason, we believed a systematic review of the literature was needed 
to better understand the current literature on the efficacy of dilute betadine in reducing PJI.   The 
search terms for this systematic review was performed for keywords “betadine”, “povidone-iodine”, 
“lavage”, “irrigation” and “arthroplasty”. A total of six studies were included, four of these reported the 
outcome of primary total joint arthroplasty, and two of these reported the outcome of revision total joint 
arthroplasty. Some studies reported that the use of DPI is effective to reduce the incidence of infective 
complications, meanwhile other studies did not find differences when DPI was used.   More studies must 
be addressed to provide the efficacy of DPI irrigation.

Keywords: betadine lavage, povidone-iodine lavage
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from January 2000 to September 2019. The terms 
“betadine”, “povidone-iodine”, “lavage”, “irrigation” 
and “arthroplasty” were utilized in various combinations 
using AND/OR Boolean operators.
	 Inclusion criteria were any original research study in 
which povidone-iodine was used prior to wound closure 
after implantation of primary or revision total joint 
replacement of the hip and of the knee. Case reports, 
surgical technique reports, in vitro studies, book chapter, 
and abstracts from scientific meetings were not included.
	 Two independent reviewers (GC and IDM) separately 
conducted the articles search by initially screening title 
and abstract. If the title and abstract provided sufficient 
information about the appropriateness to be included in 
the review, the full text was analyzed. In addition, a cross-
reference check was performed looking for any additional 
studies. In case of disagreement between the two-authors 
a third author (SPK) was consulted and consensus was 
reached. The following information were collected from 
each study: first author, year of publication, study design, 
if there were included primary or revision total joint 
replacement and the number of patients.

of povidone-iodine with 1 L of 0.9% saline solution 
in a sterile splash basin, and apply the DIP before the 
fascial closure for up to 3 minutes. After that time, 
the remaining the soak must be cleaned with 1 L of 
normal saline solution to remove the remnants of the 
PDI solution.
	 Currently, only few clinical studies were reported 
on the outcome of patients that underwent total joint 
arthroplasty of the hip and of the knee using the DPI 
irrigation protocol (10-15). Four studies reported 
the outcome, with post-operative infection as the 
primary endpoint of patients that underwent primary 
TKA and THA (10-13), while two studies (14, 15), 
reported the outcome of patients that underwent 
revision TKA and THA.

MATERIALS AND METHODS

	 The search was performed based on the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses criteria (16) on the Unites State National Library 
of Medicine (PubMed/MEDLINE), for studies published 

First Author Year of Pub. Study Design Primary or Revision n° of patients Evidence 

Brown et al. 2012 Retrospective Primary 688  Higher infection 
Incidence in Non 
Povidone-Iodine 
group  

Frisch et al. 2017 Retrospective Primary 386 No differences for for 
non-surgical site 
infection, for 
suoperficial site 
infection and deep 
infection  

Hernandez et al. 2019 RCT Primary 11738 Higher infection 
reoperation rate after 
1 year in the 
Povidone-Iodine 
group 

Calkins et al. 2019 RCT Revision 457 Lower incidence of 
postoperative 
infection at 90 days 
in the povidone-
iodine group 

Hart et al. 2019 RCT Revision 2884 No differences 
between the two 
groups 

Driesman et al. 2019 Retrospective Primary 2386 No differences 
between the two 
groups 

 

Table I. studies that reported reoperation due to infection as endpoint of patients in which diluted povidone-iodine 
irrigation was used.
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(S2) 59Journal of Biological Regulators & Homeostatic Agents

They found no statistically significant differences 
between the groups for non-surgical site infection 
(p = 0.125), superficial surgical site infection (p = 
0.913) and deep surgical site infection (p = 0.534). 
Hernandez et al 2019 (12), analyzed a cohort of 
11.738 TJA (5.534 THA and 6.204 TKA), looking for 
the difference in rate of reoperation after 3 months 
and 1 year. In 3732 cases (31.8%, 1322 THA and 
2410 TKA) prior to closure the wound was irrigated 
with 1L of 0.25% Povidone-Iodine solution. 

They discovered a similar reinfection rate either 
after 3 months for hip and knee (p = 0.7 for primary 
THA, p = 0.06), and found no significant difference 
regarding the reoperation rate for infection at 1 year 
that resulted similar between those who received 
dilute PI irrigation (0.7%) and those who did not 
(0.9%) (p=0.06).  Driesman et al (13), evaluated 
2386 patient who underwent TJAs operation 
between 2017 and 2018. A total of 1159 primary 
TKAs and THAs were performed with chlorhexidine 
gluconate (Irresept) for all intraoperative antiseptic 
lavages while 1227 TKAs and THAs with the new 
sterile betadine wash. No significant difference 
was reported among the general characteristics of 
the two groups. PJI was diagnosed in 4 patients in 
the chlorhexidine gluconate was cohort compared 
to 7 patients in the betadine was cohort in the first 
3 months (0.35% compared to 0.57%; p= 0.61). 
This trend was reported also at 1-year follow-up 
with 0.78% in the chlorhexidine group and 1.14% 
in the betadine group (p= 0.48). According to the 
results of this paper PJI rates were not affected when 
intraoperative washes used chlorhexidine gluconate 
instead of betadine.

Evidence of using Dilute Povidone-Iodine Lavage in 
revision total joint arthroplasty 

Calkins et al. 2019 (14), performed a randomized 
controlled trials (RCT) of 457 revision TJA (297 
revision TKA and 160 revision THA). The dilute 
Povidone-Iodine solution was prepared mixing 17.5 
mL of betadine mixed with 500 mL of normal saline 
solution. After components implantation, the surgical 
wound was soaked with the dilute betadine solution 
for three minutes, followed by pulsatile lavage with 
1 L of saline solution before wound closure. 

RESULTS

	 The search resulted in 48 abstract that were 
examined to determine the efficacy of using 
povidone-iodine lavage before wound closure in 
primary and revision TKA and THA. Following 
duplicate articles elimination, and after applying 
inclusion and exclusion criteria, a total of six studies 
were included for the final analysis. Four of these 
reported the efficacy of povidone-iodine lavage 
in primary total joint arthroplasty (15198 primary 
total joint arthroplasty) and two of these reported 
the efficacy of povidone-iodine lavage in revision 
total joint arthroplasty (3341 revision total joint 
arthroplasty).
 
Evidence of using Dilute Povidone-Iodine Lavage in 
primary total joint arthroplasty 

Brown et al. 2012 (10), have evaluated the 
efficacy of dilute betadine solution (0.35%) lavage 
for three minutes after implantation of the prosthetic 
component, followed by pulsatile lavage with 1L 
of saline solution. They compared a group of 688 
TJA (272 THA and 414 TKA) in which the Dilute 
Povidone-Iodine (DPI) Lavage protocol was used, 
with a group of 1862 TJA (630 THA and 1232 TKA) 
in which the Povidone-Iodine Lavage protocol was 
not used. They documented that the non-DPI group 
of patients showed a significant higher rate of acute 
post-operative deep infection (0.97% vs 0.15%, 
p = 0.04) compared with the group in which the 
Povidone-Iodine solution was used. 

The most frequent micro-organism isolated in the 
Non-Dilute Povidone group was S. Aureus (eleven of 
eighteen cases) in both knee and hip patients. Frisch 
et al. 2017 (11), performed a retrospective review 
on prospectively collected data of 906 TJA. In 664 
THA underwent an intraoperative irrigation with 
0.9% saline solution followed by a 2-minute soak 
with < 2% dilute povidone-iodine solution which 
was washed out before wound closure. In 386 TJA 
the intraoperative washout was performed with 0.9% 
saline and periodic 0.05% CHG solution (Irrisept, 
Irrimax Corporation, Innovation Technologies, Inc. 
Lawrenceville, GA) followed by a final 1-minute 
soak in CHG with immediate closure afterward. 
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1.10 for TKA and 1.62 for THA with an absolute risk 
reduction of 0.01% (cost effectiveness is justified if 
dilute povidone-iodine solution prevent one infection 
out 10 thousand surgeries).
	 PJI of the hip and knee is associated with a 
high incidence of mortality and morbidity (19-21). 
Often, PJI occurs within the first year from the 
index arthroplasty, and in 85% of cases within the 
first 30 days (19). Many studies have reported that 
intraoperative contaminations of the surgical wound 
are common (22). In the majority of cases, the most 
frequent micro-organism isolated is Staphylococcus 
aureus (23). Povidone-iodine solution at 10% 
has been used since many years as pre-operative 
antiseptic; Its mechanism of action involves the 
gradual release of free iodine when it comes at 
contact with tissues. Free iodine enters within the cell 
and expresses its oxidized power and bactericidal 
effects (24). Different concentration of Povidone-
Iodine solutions has demonstrated an excellent 
broad-spectrum effect, and, against Staphylococcus 
Aureus either in vitro (24) and in vivo studies (25). 
DIP demonstrated to have a very low cytotoxicity 
for human tissues, compared to other antiseptics as 
chlorhexidine, ethanol and polyexhanide (26).
	 There are only few studies that report the 
outcomes of patients that underwent primary and 
revision TJA of hip and of knee using a DPI irrigation 
protocol. DPI irrigation is a cost-effective and safe 
procedure to prevent PJI. However, while the use 
of DPI irrigation has reduced the incidence of post-
operative infections in some studies, other studies 
have demonstrated that there were no differences 
after DPI. More studies with a higher level of 
evidence must be addressed to demonstrate the true 
efficacy of DPI irrigation in prevention of PJI of hip 
and of knee reconstruction surgery. 
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Implant-associated infections, fracture fixation 
devices and total joint prostheses, remain one of the 
major problems in orthopedic and trauma surgery. 
Often requires multiple aggressive treatment, such as 
removal of implant, surgical debridement and long-
term antibiotic therapy with long in-hospital stay and 
subsequent social and healthcare costs (1).

In consideration of tremendous consequences for 
the patient quality of life, there is a strong need to 
improve the prevention and treatment of infections, 
above all in traumatology. Indeed, rate infection in 
elective orthopedic surgery is usually low (0,7-4,2%), 
(2), but it increases in patients with fractures and 
especially in those with open fractures. Among all 
long bones fractures, open tibia fractures showed the 
highest rate of infection (8,8%) compared to closed 
fracture (2%), due to more extensive comminution, 
segmental bone loss and poorer vascularization (3, 4).

Risk factors associated with an high infection 
rate are: severity of soft tissue injury up to 14,4% 

in Gustilo-Anderson (GA) III grade (31% in GA 
IIIB&C type) (5, 6), trauma mechanism, polytrauma 
and primary external fixation, obesity, diabetes 
mellitus, smoking and chronic disease (7).

Intramedullary nailing is the gold standard for 
stabilization of tibia shaft fractures, with lower 
infection rate reported compared to external fixation 
or plating (8). Systemic administration of antibiotics 
is now widely accepted, which reduces the 
absolute risk of early wound infections of 60% (9). 
Nevertheless, systemic antibiotics administration 
may have limited efficacy in decreasing the risk of 
infection associated with the use of foreign metal-
implant. In fact, bacteria can colonize the surface 
of the implant, forming a biofilm (glycocalyx) that 
protects them from the action of systemic antibiotic. 
In addition, systemically delivered antimicrobials 
may not reach adequate concentration at the desired 
site due to vascular damage.

Hence the idea and the development of alternative 

Implant-associated infections remain one of the main problems in trauma surgery, particularly for 
treatment of open tibial fractures. The role of systemic antibiotic prophylaxis is now established and 
accepted, but recent literature also seems to emphasize the importance of local antibiotic prophylaxis. 
Antibiotic coated nails play a crucial role, allowing at the same time the prevention of infections and 
favoring the stabilization of fractures. These devices appear to be a clinically effective and safe solution. 
The purpose of the study was to investigate the role of antibiotic coated nails in the treatment of tibia 
fractures.  A literature review was performed on MEDLINE through PubMed to identify scientific 
publications relevant to the use of antibiotic coated nails in tibial fractures. Primary outcomes were 
infection rate and bone union rate. This review present numerous limits due primarily to the small 
number and different nature of studies published, the heterogeneity of the devices used. 
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or revision case, type of fracture, type of implant used and 
duration of follow-up. 

The following outcomes were considered as primary 
outcomes: infection rate and bone union rate. Each other 
outcome reported by every single study was considered 
as secondary outcome. Descriptive statistics was used to 
summarize findings across all included studies.

RESULTS

The electronic search resulted in 18 hits. Following 
the PRISMA flow chart (13), 5 studies were finally 
included in the review (7, 14–17) (Fig. 1).

Studies’ characteristics and outcomes are reported in 
Table I. The included studies analysed 146 tibia fracture 
(fresh fractures and revision cases). The included 
studies are 2 retrospective case series, 2 prospective 
non-randomized case series and 1 case report. The 
length of follow-up ranged from 6 to 18 months across 
the studies. Different implant was used: an unreamed 
tibial nail (UTN) coated with PDLLA and gentamicin 
in 3 studies (14,15,17) and an expert tibia nail (ETN) 
coated with PDLLA and gentamicin in 2 studies (7,16). 
In all the studies the follow-up was conducted through 
clinical, radiographic and laboratory tests (markers of 
inflammation and infection). 

Primary outcomes were evaluated as follows: for 
rate of infections, only two studies clearly show the 
classification used to define infections, that of Centers 
for Disease Control and Prevention (CDC) (7, 16). The 
Johnson method (18) was used to evaluate fracture 
healing in the 3 most recent studies included (7, 14, 
16). Consolidated fracture healing was defined as the 
bridging of at least three of the four cortices in the 
anterior-posterior and lateral view on the tibia X-Ray.

Secondary outcomes included: clinical findings, 
subjective and objective functional evaluation scores, 
quality of life scores and revision surgery.

The first clinical data available are those of the 
pilot study of Schmidmaier et al (15). Eight patients 
with open tibia fractures have been treated with an 
unreamed tibial nail (UTN) coated with PDLLA and 
gentamicin. 

At the one-year follow-up there were no signs 
of infection (in clinical, laboratory and radiographic 
examinations) and all fractures consolidated in 

therapeutic approaches to implement systemic 
prophylaxis with a local administration of antibiotic. 
Several strategies for local antibiotic delivery have 
been developed: e.g. polymethylmethacrylate 
(PMMA) bone cement, PMMA beads, antibiotic-
impregnated collagen sponges, polyglycolic acid, 
poly-DL-lactide (PDLLA) coated implants or 
hydroxyapatite coatings (10-12). 

Recently systematic review and meta-analysis 
by Craig et al (5) has shown the benefit of local 
prophylactic antibiotic therapy, in addition to 
systemic antibiotics, to reduce infection rates in 
open tibia fractures treated with intramedullary 
nailing. The purpose of this study is to analyze, 
based on available literature, the use of antibiotic-
coated intramedullary nails in the treatment of tibial 
fractures (open or closed).

MATERIALS AND METHODS

A literature review was performed on MEDLINE 
through PubMed (from inception to March 2019) to 
identify scientific publications relevant to the use of 
antibiotic coated nails in tibial fractures. There were no 
restrictions on the date of publication or language. To 
minimize the number of missed studies, no filters were 
applied to the search strategy. From title and abstracts, 
two authors independently selected studies for inclusion.  

Studies with levels of evidence I, II, III and IV and all 
articles that recruit people of any age with tibia fractures 
treated with intramedullary antibiotic nail were included. 
No restrictions on surgical approach to nailing were 
applied. Exclusion criteria were studies on intramedullary 
nailing of other bone than the tibia, studies using antibiotic 
nails only in revision cases (e.g. osteomyelitis, bone 
defects, post-traumatic infected nonunions) and studies 
performed on animal models. Titles of journals, names 
of authors or supporting institutions were not masked at 
any stage. No attempt was made to contact authors for 
obtaining individual patient data.  

Two authors independently extracted available data 
from the full text of all eligible studies using a piloted 
form. Information gathered included the following study 
characteristics: authors and year of publication, number of 
patients included and treated, demographic characteristics 
of the patients, number of patients with fresh fracture and/
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tibial fracture and in revision surgeries, for a total of 
21 patients (12 with open fractures, of which 7 GA 
grade III). 

No deep wound infections were observed in the 
19 patients who completed follow-up at 6 months, 
only one patient had a superficial wound healing 
problem that required surgical debridment. Eleven of 
the 19 patients showed healed fractures. The authors 
also measured the SF-36 physical and mental score 
at 6 months after surgery, finding a physical score 
of 42.55 (range 19.35-56.68) and a mental score of 
50.45 (range 27.48-64.98). A SF-36 of 50 ± 10 (mean 
±standard deviation) is considered normal. The 
authors concluded that the use of gentamicin coated 
nail was associated with good clinical, radiological 
and laboratory outcomes after 6 months and this 
offered new options for the prevention of infections 
including revision cases.

Another study, by Metsemakers et al (7), has been 
the first retrospective evalution on a single-centre 
experience about the use of ETN Protect. Sixteen 

6 months. No further surgical procedures were 
required and no serum gentamicin levels were 
detected. Gentamicin was chosen as the antibiotic 
for its broad antimicrobial spectrum, covering most 
bacteria commonly involved in osteomyelitis and its 
bactericidal effect.

Also, Raschke et al (17), in their case report, 
have used a gentamicin coated nail (UTN-Protect) 
in a severe tibial fracture (GA grade IIIC). In this 
case, a gentamicin coated nail allowed limb salvage 
in 17-year-old man involved in a motor-scooter 
accident. This approach has avoided amputation or 
prolonged external fixation. Thirteen months after the 
initial injury, follow up X-ray shown complete bone 
consolidation and the patient’s leg was free of any 
infectious sign. Obviously, the young age and good 
general clinical condition of the patient contributed to 
the success of this approach to his multiple injuries.

In a prospective, non-randomized case series, 
Fuchs et al (14) investigated the use of the UTN 
Protect in the surgical treatment of closed or open 

 
Fig. 1. PRISMA flow chart.
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procedure were necessary. Of these 4 patients 3 
underwent a Masquelet procedure (19) and bony 
healing occurred without signs of infection. 

Schmidmaier et al (16) prospectively were enrolled 
one hundred patients (99 treated with a gentamicin-
coated nail) at four different centers in Germany. 
Sixty-eight suffered from a fresh fracture (33 closed 
fracture and 35 open fracture, of which 15 GA type III 
-3 IIIA; 9 IIIB; 3 IIIC) and 31 have undergone surgery 
for revision purposes (non-union due to infection). 
Infection was classified according to the Centers for 

patients, 11 (68.8%) with acute open or closed tibia 
fractures and 5 complex revision cases in infected 
non-union (31.2%) with a mean of three prior surgical 
interventions, were treated with a gentamicin-coated 
intramedullary nail. In the group of acute fractures 
9 of 11 (81.2%) were open tibia fracture classified 
according to GA classification (4 grade II, 2 grade 
IIIA, 3 IIIB). At 18 months follow-up, in both groups 
there were no patients diagnosed with a deep infection. 
On the other hand, 4 patients (3 acute fractures and 
1 revision case) had a nonunion and other surgical 

Author and 
year  

Type of 
study 

Implant Treatment 
indications 

Number 
of 
patients 

Follow-up 
(months) 

Infection 
rate 

Bone 
union 
rate 

Schmidmaier 
et al (2006) 
[15]  

Retrospective 
case series 

PDLLA 
and 
gentamicin-
coated nails 
(UTN 
Protect) 

Open tibial 
fractures 

8 12 No 
infection 

8/8 

Raschke et al 
(2010) [17]  

Case report PDLLA 
and 
gentamicin-
coated nails 
(UTN 
Protect) 

Severe open 
tibial 
fracture 
(GA IIIC 
grade) 

1 13 No 
infection 

1/1 

Fuchs et al 
(2011)[14] 

Prospective 
case series 

PDLLA 
and 
gentamicin-
coated nails 
(UTN 
Protect) 

Closed or 
open tibial 
fractures 
and tibia 
revision 
cases 

21 6 (19 of 21 
patients, 1 
lost to 
follow-up 
and another 
patient 
underwent 
amputation 
per other 
reason) 

No 
infection 

11/19 
complete 
healed, 
8/19 
partial 
union 

Metsemakers 
et al 
(2015)[7] 

Retrospective 
case series 

PDLLA 
and 
gentamicin-
coated nails 
(ETN 
Protect) 

Acute tibia 
shaft 
fractures 
(11) or 
complex 
tibia 
fracture 
revision 
cases (5) 

16 18 No 
infection 

12/16 
complete 
healed; 4 
patients 
non-
union: 1 
infected 
non 
union, 2 
GA IIIb , 
1 GA II 

Schmidmaier 
et al 
(2017)[16] 

Prospective 
case series 

PDLLA 
and 
gentamicin-
coated nails 
(ETN 
Protect) 

Acute open 
or closed 
tibia 
fractures 
(68) or non-
union 
revision 
surgery (31) 

100  

(99 
treated) 

-87% at 12 
months 

-82% at 18 
months 

- 4,5% for 
fresh 
fracture - 
6,5% for 
revision 
cases  

At 12 
months: -
83,1% 
for fresh 
fracture        
-73,7% 
for 
revision 
cases 

 

Table I. data from the full text of all eligible studies.
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nails. Some studies have investigated the use of 
PMMA bead chains impregnated with antibiotics, 
these were placed directly on the fracture site but 
required surgical removal after healing.

A PDLLA loaded with gentamicin offers sustained 
release kinetics and biodegradability, on the contrary 
of PMMA beads which must be removed after 4-6 
weeks and collagen sponges which do not allow a 
continuous and controlled release of antibiotic (2).

Antibiotic coated nails allow at the same time 
the prevention/treatment of infections and the 
stabilization of fractures. As shown by the above 
studies the use of tibia nails coated with antimicrobial 
substances is associated with good clinical, 
laboratory and radiological results and represents a 
new option for infection prevention in fresh fracture 
and in revision cases. 

Antibiotic nails allow the release and achievement 
of high doses of antibiotic at the fracture site, without 
interfering with the bone healing and consolidation 
(21). Moreover, they are associated with good 
systemic biocompatibility and safety and no 
reports in literature of documented allergies against 
gentamicin or PDLLA. All these studies showed no 
signs of local and/or systemic toxicity by gentamicin 
or other antibiotic used (22).

These coated implants may offer the advantage of 
a prompt release of antimicrobial agent (burst release 
with 80% of gentamicin within the first 48h) (23), 
with the achievement of elevated local concentrations 
of antibiotic for prolungated time. This reduce the 
exposure to sub-inhibitory concentrations with 
favorable effects on the develompment of resistance.

Metsemakers et al (7) published the first study 
with a cannulated intramedullary nail (ETN), 
unlike the historically solid-core nail (UTN). The 
advantages of the ETN are that reaming can be 
used before the introduction of the nail and the 
multiple options for proximal and distal locking. 
The disadvantage compared to solid-core nails is 
the greater “dead-space” which can increase the 
risk of infection, as shown by previous studies(24),  
but the “dip coating process” will also coated the 
inside of the nail and in this protect against biofilm 
formation. Moreover, reaming which can facilitate 
the introduction of larger more stable implants could 

Disease Control and Prevention (CDC) (20). 
During the period of the study 14 infections at the 

surgical site were reported, but most of these were 
superficial, instead deep infection or osteomyelitis 
occurred in six patients (4 of which in patients 
with fresh fracture and 2 in revision cases). Of the 
4 infections in patients with fresh fractures, one 
occurred in an open GA type III B fracture in a patient 
who had alcohol abuse during the study (protocol 
violation) and therefore excluded from the study. At 
12 months follow-up, based on available radiographic 
data, union was observed in 49 (83.1%) patients 
with fresh fracture and in 14 (73.7%) patient with 
revision surgery. The percentage of delayed healing 
was 11.9% in the first group and 21.1% in the second 
group, while the percentage of non-union was 5.1% 
and 5.3% respectively. 

The EQ-5D and the SF-12 physical component 
score were used to evaluate the patient’s quality of 
life and the WOMAC score and Iowa Ankle score to 
evaluate the functional outcome at 3 and 18 months 
after surgery. The EQ-5D overall score increased by 
0.1 point between the 3 and the 18 months visit, and 
the SF-12 physical score improved by 10.5 points. 

DISCUSSION

The present study has several limitations. Only 
few reliability studies were found. Some other 
limitations are the design of the included studies (one 
study is a case report) and the lack of use of the same 
classification system for the diagnosis of infections. 
The management of deep infections associated with 
implants remains an important challenge in the 
orthopedic and, above all, trauma surgery. The risk 
of deep wound infection is particularly elevated in 
fractures with severe soft tissue injury and vascular 
disruption (according with GA classification).

It seems clear the role of local prophylaxis in 
fracture fixation to prevent bacterial colonization 
and biofilm formation on the surface of implants. In 
recent years, the first clinically usable technologies 
for the local release of antibiotic substances have 
been made available, from bone cements with 
antibiotics, to collagen sponges or antibiotic-
impregnated PMMA beads, up to antibiotic-coated 
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literature. Injury 2015; 46:2433–7. https://doi.
org/10.1016/j.injury.2015.09.028.

8.	 Lillo M, Ezzo OE, Cauteruccio M, Ziranu A, 
Santis VD, Maccauro G. Infections in primary 
intramedullary nailing of open tibial fractures: a 
review article. Eur Rev Med Pharmacol Sci. 2019; 
23(2 Suppl):195-200.

9.	 Gosselin RA, Roberts I, Gillespie WJ. Antibiotics 
for preventing infection in open limb fractures. 
Cochrane Database Syst Rev 2004:CD003764. 
https://doi.org/10.1002/14651858.CD003764.pub2.

10.	 Aviv M, Berdicevsky I, Zilberman M. Gentamicin-
loaded bioresorbable films for prevention of bacterial 
infections associated with orthopedic implants. J 
Biomed Mater Res A 2007; 83:10–9. https://doi.
org/10.1002/jbm.a.31184.

11.	 McKee MD, Li-Bland EA, Wild LM, Schemitsch EH. 
A prospective, randomized clinical trial comparing an 
antibiotic-impregnated bioabsorbable bone substitute 
with standard antibiotic-impregnated cement beads 
in the treatment of chronic osteomyelitis and infected 
nonunion. J Orthop Trauma 2010; 24:483-90. https://
doi.org/10.1097/BOT.0b013e3181df91d9.

12.	 Zhao L, Chu PK, Zhang Y, Wu Z. Antibacterial 
coatings on titanium implants. J Biomed Mater Res 
Part B Appl Biomater 2009; 91:470–80. https://doi.
org/10.1002/jbm.b.31463.

13.	 The PRISMA statement for reporting systematic 
reviews and meta-analyses of studies that evaluate 
healthcare interventions: explanation and elaborat... 
- PubMed - NCBI n.d. https://www.ncbi.nlm.nih.
gov/pubmed/19622552 (accessed, 2019).

14.	 Fuchs T, Stange R, Schmidmaier G, Raschke MJ. 
The use of gentamicin-coated nails in the tibia: 
preliminary results of a prospective study. Arch 
Orthop Trauma Surg 2011; 131:1419–25. https://doi.
org/10.1007/s00402-011-1321-6.

15.	 Schmidmaier G, Lucke M, Wildemann B, Haas NP, 
Raschke M. Prophylaxis and treatment of implant-
related infections by antibiotic-coated implants: a 
review. Injury 2006; 37 Suppl 2:S105-112. https://
doi.org/10.1016/j.injury.2006.04.016.

16.	 Schmidmaier G, Kerstan M, Schwabe P, Südkamp 
N, Raschke M. Clinical experiences in the use of a 
gentamicin-coated titanium nail in tibia fractures. 
Injury 2017; 48:2235–41. https://doi.org/10.1016/j.

also have a negative influence on infection rates 
(25), but this seems to be prevented by the ETN in 
carefully selected patients.  

In the present study, examined studies that 
focused on the use of tibia antibiotic-coated nails in 
fractures. A low rate of infection and a good rate of 
consolidation with the use of antibiotic nails in tibia 
fractures was found. These devices appear to be a 
clinically effective and safe solution, demonstrating 
their effect especially in patients suffering from 
fractures with severe soft tissue impairment. 
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Clostridium perfringens is an anaerobic, 
spore-forming, gram-positive rod responsible of 
approximately 80% of post-traumatic gas gangrene 
cases (1), which is found ubiquitously in the soil 
and sewage. Post-traumatic clostridial myonecrosis 
is a diffuse, progressive invasion of healthy muscle 
tissue. Wounds with vascular compromise (such as 
deep penetrating injuries or crash wounds) create 
the ideal environment for clostridial germination 
and proliferation. After the inoculation, necrosis 
progresses within 24 to 36 hours from the traumatic 
injury (2). On a tissue level, production of alpha-
toxin has been identified as an essential factor for 
the development of the characteristic widespread 
muscle necrosis. C. perfringens bacteraemia is a rare 
but severe complication, with a reported mortality 
ranging from 27 to 58% (3). Here, were report a case 
of traumatic clostridial myonecrosis with septicaemia 
in a 23-years old male patient.

Case presentations
A 23 years-old male suffering from epilepsy, 

was admitted to our emergency department after a 
traumatic traffic injury during a rainstorm involving 
his left lower limb. On admission, his physical 
examination revealed an open fracture-dislocation of 
the left ankle (Gustilo type 1; 44A2.3 AO/OTA) and 

stable vital parameters (Fig. 1).
Laboratory data on admission showed marked 

leukocitosis, with a white blood cell count of 17.980 
cells/mm3 and 88,6% of neutrophyls. C-reactive 
protein and serum procalcitonin were, respectively, 
418 mg/L and 2,47 ng/ml. Blood chemistry found 
signs of important myonecrosis, with Creatinine 
kinase levels reaching 869 UI/L (normal range 30-
170 UI/L). 

The patient underwent a close reduction and 
traction therapy by a calcaneal pin. Few hours after 
initial evaluation, the patient developed fever (max 
Tc 39°), skin tenderness, and exacerbation of local 
pain. Importantly, the plain X-ray showed signs of 
gas formation at the wound level.

Prompt blood samples for microbiological cultures 
were obtained and intravenous antimicrobial therapy 
with piperacillin/tazobactam and clindamycin was 
started. Preliminary communication of Cl. perfringens 
positivity was obtained from the Microbiology 
laboratory and the Infectious Diseases specialist. 
As expected, phenotypic characterization revealed 
the pathogen to be susceptible to the prescribed 
antimicrobials. Locally a progressive swelling, 
crepitus, blisters and sequential discoloration of the 
tissue of the ankle were developed. An ultrasound 
was obtained and showed a diffuse melting of the 

Necrotizing fasciitis is a dreadful complication of the soft tissue. This pathology could be triggered 
by many factors, such as a fracture. We present a case of case of a necrotizing fasciitis in ankle fracture. 
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within one day from the beginning of antibiotic 
administration.

One week after the initiation of therapy a 
moderate increase of serum transaminases (peak 
ALT level 195 UI/L, peak AST 63 UI/L, normal 
range 7-45 UI/L). Of note, no signs of organ failure 
and haemolysis were noted. The conditions of the 
injured soft tissues gradually improved and after two 
months the patient underwent a dermal skin graft 
surgery with complete healing.  

After six months the patient returned complaining 
of an unstable ankle, a lateral fistula and ankle 
osteomyelitis; biopsy, debridement and targeted 
antimicrobial therapy was started. After three months 
an ankle arthrodesis was performed. At one-year 
follow-up the patient is fine, he restored his routine 
life and work. 

subcutaneous tissue and the fascia on the medial and 
lateral side of the ankle. 

An emergency surgery was performed: an 
accurate curettage showed a dark-brown tissue 
in front of the ankle; after incision odorous “dish-
water-like” fluid exuded from the fascia and deep 
tissue and articulation, finger test was positive, 
all necrotic tissue were removed, pulsed washing 
and fasciotomy were performed in all muscular 
compartments (Fig. 2). A Negative pressure wound 
therapy was started on the fasciotomy. To stabilize 
the fracture an external fixation was put on. 

Shortly after the initiation of antimicrobial 
therapy, the patient underwent a rapid improvement 
of both clinical and laboratory parameters and 
antibiotic therapy was de-escalated to penicillin G 
and clindamycin, for a total duration of 14 days. 
Creatinine kinase level returned to range of normality 

 
 
Fig. 1 – AP x-ray of the left ankle 
 
 
 

Fig. 1. AP x-ray of the left ankle.

Fig. 2. Fasciotomy and external fixation.
 

 
 
Fig. 2 – Fasciotomy and external fixation 
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common in NF (11). C-reactive protein rises quickly 
in acute phase (12); while procalcitonin increases 
when sepsis arises. 

Wong et al. (12) developed the Laboratory 
Risk Indicator for Necrotizing Fasciitis (LRINEC) 
score. This score is based on modification of CRP, 
white cell count, hemoglobin, sodium, creatinine 
and glucose. LRINEC score <5 indicate a low risk 
of NF (<50%); score 6-7 indicates a medium risk 
(50%-75%); score >8 indicates high risk (>75%). 
LRINEC >6 has a predictive value of 92%. In our 
case the patient has a LRINEC score of 6, with a 
medium risk of developed NF. It must be considered 
that LRINEC score has a good specificity in high 
risk cases. Similarly, Cai et al. described a case of 
a 35-year-old man that developed a NF following a 
plate removal of distal radius with a LRINEC score 
of 5 (13). Murphy et al suggest that serum lactate of 
more than 2.0 mmml/L is strongly associated with 
NF (14).

The treatment of NF is based on prompt and deep 
surgical debridement of subcutaneous necrotic tissue 
and fascia and high dose antimicrobial treatment (15). 
The use of fasciotomy also helps in the management 
of edema and avoids the possibility of compartment 
syndrome. In some cases, a life-saving radical 
surgery, as major amputation or disarticulation is 
needed (5).

In the literature there are many case reports 
describing NF after orthopedic surgery. Jain et al 
described a lethal NF following a medial malleolus 
fracture treated by plaster. Santos et al described 
a NF after femur fracture, Shang et al faced a NF 
following a tibia fracture surgery while Weidle et al 
described a NF as a complication of a closed colles-
fracture (4, 10,11). In all these cases the patients 
had risk factor. In our case, similarly to the case of 
Cai et al (13), the patients did not have any known 
risk factor and the infection was caused by only 
Cl. perfringens. Moreover, the patient eventually 
developed chronic osteomyelitis that can be treated 
with complex surgery, like Masquelet technique or 
arthrodesis (16,17); usually these surgeries were 
delayed in two-stage to reach better results, as 
demonstrated in other orthopedic surgeries (18).  
Arthrosis could be a common sequela of healing 

DISCUSSION

Necrotizing fasciitis (NF) was described in 1871 
by the surgeon Joseph Jones (4). In 1952 Ben Wilson 
described the necrosis of the superficial fascia and 
subcutaneous tissues. NF follows an injury of the 
epidermidis that allows bacteria to invade the deep 
tissues (4). Despite this, in 45% of the cases is not 
possible to identify the site of initial infections (4). 
Commonly NF is polymicrobial, rarely caused by 
only one bacterium, like group A-Streptococcus (5). 

The known risk factors are diabetes, renal 
impairment, immunocompromise, rheumatoid 
arthritis or similar rheumatoid conditions (6–9). In 
our case the patient had an open fracture. Initially 
the disease presents with fever, local edema and 
erythema. These symptoms simulate a cellulitis. 
Burning pain is a specific symptom, always 
present. Unfortunately, the use of nonsteroidal anti-
inflammatory drugs for the management pain could 
cover the burning pain and make the diagnosis more 
difficult (10). 

The mortality of NF ranges from 6% to 76%. 
During the first phase of the disease the diagnosis is 
mainly clinical. The average time between onset of 
symptoms and diagnosis is 2-4 days (4) but Shang 
et al demonstrated that a rapid diagnosis treatment, 
based on antimicrobial therapy and surgical 
debridement, guarantees good outcomes (10).

The late symptoms are severe pain, skin 
discoloration, blistering, bullae, crepitus and 
exudation like “dishwater” (11), followed by septic 
shock.

The “finger test” is a simple procedure: making 
a little incision in the fascia the surgeon pulls in the 
gloved finger: the presence of melted tissue and poor 
adherence of subcutaneous tissue defines a positive 
test and suggests the presence of NF  

Standard radiological test seldom help for 
diagnosis since only in 20% of the cases a plain 
X-ray shows gas bubbles (11). Tomography and MRI 
have a better sensitivity and specificity and allow the 
study of muscle compartments and fascia layers. 

Laboratory changes such as anemia, raised 
leucocyte count, creatinine, glucose concentration, 
decrease of sodium, coagulopathy and acidosis, are 
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in external fixator how happened also in vertebral 
stabilizations (19,20). Microbiological evaluation 
and bacterial identification were primarily to direct 
the clinical and surgical management likewise in 
other foot infection (21).

In conclusion, also “routine” fractures or “simple” 
fractures could hide a dreadful complication, such as 
NF. Prompt clinical awareness and microbiologic 
evaluation, early surgery and initiation of specific 
antibiotic therapy can prevent the evolution to 
septic shock and unfavorable outcomes. Laboratory 
parameters, such as creatinine kinase and C-reactive 
protein, are useful and rapid markers to monitor 
response to treatment. The close collaboration 
between the orthopedic surgeon infectious disease 
specialist and microbiology laboratory, in our case, 
was crucial in both diagnosis and management of a 
potentially rapidly fatal disease. 
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Femoral neck fracture incidence is increasing 
together with the aging of the world population, 
representing one of the main current health concerns. 
The outcome of the treatment of these fractures 
depends on several factors, related to surgery or to 
the patient. Of course, elderly patients with multiple 
comorbidities are associated with a poor outcome than 
younger patients (1).

One of the complications negatively influencing 
the patient’s outcome after hip fracture is the presence 
of post-operative infection, which leads to increase 
mortality and duration of hospital stay.

The onset of systemic infection is a terrible post-
operative complication, which increases the risk of 
perioperative mortality.Even peri-implant infections 
are a dangerous occurrence, especially in hip 
arthroplasty, involving a long and difficult treatment for 
the eradication of the responsible microorganisms with 
great economic expenditure for the health system (2).

The aim of our study is the identification of risk 
factors for infection after surgery in patient with hip 
fractures. It is primary to obtain an early diagnosis and 
not to underestimate alarm bells in postoperative elderly 
patients. We focused on demographic factors, blood 
tests, factors related to surgery and post-operative vital 
signs, first of all the fever. In a subpopulation of patients, 
the relationship between infection and Euthyroid Sick 
Syndrome (ESS) was evaluated.

METHODS AND MATERIALS

In our prospective study 122 patients were 
identified with proximal femoral fracture in 
Emergency Department of Fondazione Policlinico 
Universitario A. Gemelli (Roma – Italia) and enrolled 
from January to June 2019. All patients undergone to 
surgical treatment. All patients were followed for 1 
month. Anthropometric and anamnestic data of the 

Proximal femur fractures are increasing, together with the aging of world population. One of the 
complications worsening this condition is infection. In this study, we try to identify risk factors that can 
lead to infection. We identified 122 patients with femoral neck fracture. The occurrence of infectious 
events was recorded (respiratory, urinary, superficial wound and periprostethic infection). There were 
15 infections, mostly urinary and pulmonary, and all were treated using antibiotics. No statistical 
differences were found between infection and control group regarding waiting time for surgery, mean 
time of surgery, age, kind of fracture, type of surgery. Fever onset >38° within 72 hours from surgery 
was statistically correlated with early infections. Future studies must be led to identify risk factors for 
infection and to create a strategy to prevent this possibly lethal complication.
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fracture; or depend on the surgery and the post-
operative period, such as the type of intervention 
or the kind of anesthesia and home dismission or in 
rehabilitation clinic. Lastly, we evaluated the post-
operative vital signs, firstly of all the post-operative 
temperature within 72 hours from surgery.

A subpopolation of patients (80 patients), which 
falls within the following inclusion criteria: i) no 
thyroid pathology, ii) no concomitant acute coronary 
syndrome and pneumonia iii) no concomitant active 
neoplastic disease and concomitant pharmacological 
therapy with any drug acting on thyroid function, 
was studied for the Euthyroid Sick Syndrome and its 
relationship with post-operative infections.

All patients were followed up for one month, 
and the occurrence of infectious events (respiratory, 
urinary, superficial wound, and periprosthetic 
infections) was recorded.

patients were collected in order to calculate the BMI 
and the Charlson Comorbidity Index (CCI).

All patients gave informed consent to participate 
to the study. Inclusion criteria were: 1) diagnosis of 
proximal femur fracture on arrival in our Emergency 
Department 2) surgery of hip arthroplasty or 
osteosynthesis using cancellous screws, nail or plate.

The diagnosis was performed by clinical 
evaluation and radiological findings such as x-rays; 
a CT-scan was necessary in particular cases to have 
better details in comminute fractures (3).

Several risks factors have been evaluated and 
related with outcomes, firstly the onset of local or 
systemic infection within one month from the surgery.

These factors depend on the patients: gender, 
age, comorbidity (DM, heart failure, COPD, liver 
cirrhosis, dementia, hemiplegia, rheumatological 
diseases, kidney failure, neoplasms, HIV) and pattern 

M. BASILICO ET AL.

Parameter Infection  Non-infection p 

Hb (g/dl) 12,1 12,3 0,7 

WBC (x10^9/l) 9,9  9,0 0,5 

Plt (x10^9/l) 244 246 0,1 

Na (mmol/l) 140 139 0,5  

K (mmol/l) 4,4 4,1 0,09 

Ca (mg/dl) 9,4 10,5 0,7 

Alb (g/dl) 8,7 8,5 0,8 

Creatinine (mg/dl) 0,95 0,98 0,7 

LDH (U/l) 289 279 0,4 

INR 1,1 1,1 0,2 

fT3 (pg/ml) 2,2 2,2 0,2 

fT4 (pg/ml) 11,1 12,4 0,2 

TSH (microIU/ml) 1,5 1,3 0,9 

PTH (pg/ml) 82,1 85,8 0,8 

Vit D (ng/ml) 23,5 20,4 0,5 

Table I  

Blood exams data of the patients. 

 

Table I. Blood exams data of the patients.
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In the infection group the mean time of surgery 
was 80 min (SD 23.5), in non-infection ones was 70 
min (SD 37), no statistical difference (p=0,2). In the 
infection group the waiting time before the surgery 
was 28 hours (SD 24), in non-infection ones was 32 
hours (SD 21); no statistical difference (p=0,5). The 
mean result of the routine blood exams was reported 
in Table I and showed no statistical difference 
between the two groups.

There were no difference in the two groups 
regarding age (p=0,1), type of fracture (p=0,7), 
type of surgery (p=0,8), type of anesthesia (p=0,9), 
CCI (p=0,9), diabetes (p=0,2), chronic obstructive 
pulmonary disease (p=0,9), dementia (p=0,5), 
chronic kidney disease (p=0,9).

Was analyzed also the type of discharge: home, 
rehabilitation and long- term care; there was no 
statistical difference (p=0,6).

Fever was monitored in the post-operative period. 
Temperature <38° within 72 hours of surgery was 
not correlated with early infections (p=0,3) instead 
temperature >38° within 72 hours of surgery that 
was statistically correlated with early infections 
(p=0,002).

Regarding the Euthyroid Sick Syndrome (ESS), 
only 80 patients met the inclusion criteria and were 
enrolled. The incidence of ESS was 56%. In the 
infection group there were 11 patients affected by 
ESS and only 4 without, but due to the weak number 
of series there was no statistical difference (p=0,2).

DISCUSSION

Hip fracture is a common accident in the elderly 
population; this condition is burdened by many 
complications due to the comorbidity, the aging and 
the acute event of fracture. The 1-year mortality 
is about 20% (1), stable in recent years, moreover 
there is an increased risk of infection and subsequent 
fractures (5). In this population of patients there are 
also a lack of muscle strength, sarcopenia (6) that 
could invalidate the post-surgery recovery.

The orthopedic surgery is burdened by an 
elevated incidence of infections, both in trauma 
patients than in elective ones (7–11). Among the 
infectious complications there can be superficial 

Respiratory infection was defined as a positive 
chest X-ray (e.g. the appearance of pneumonia or 
pleural effusion) or a positive sputum culture.

Superficial wound infections (infections occur at 
the incision site or deeper underlying tissue within 
30 days of a surgical procedure) or periprosthetic 
infections was recorded following the criteria of the 
National Center for Infectious Diseases (Centers for 
Disease Control and Prevention, USA) (4).

Urinal Tract Infection was defined observing 
alteration in leucocyte blood count or in urinary 
nitrite, or microorganism presence on urine culture. 
The relationship between every risk factor and 
the onset of local or systemic infection in post-
operative infection has been investigated. For each 
factor we divided the population into two subgroups 
identifying infected and uninfected patients, and we 
conducted statistical analysis.

The database analysis was performed using Chi-
Squared test, Yates’s Chi-Squared test in the evaluation 
of patients with euthyroid syndrome and the Mann-
Whitney U test for non-parametric variables. SPSS 
Version 25.0 was used for data analysis. A P value 
<0.05 was judged as statistically significant.

RESULTS

One hundred twenty-two patients met the inclusion 
criteria and were enrolled; there were 93 females 
and 29 males. There were 37% of intraarticular hip 
fracture (AO classification type B) treated by hip 
screw or hemiarthroplasty. The other fracture (AO 
classification type A) were treated by femoral nail. 
In 12 patients (hemiarthroplasty) a drain-wound 
was positioned; no statistical correlation with early 
infections (p=0,5).

There were 15 infections: 2 superficial wound 
infections, 9 urinary infections, 3 pneumonia and 1 
panniculitis. No hardware infections were detected. 
All infections were treated by antibiotics and there 
was no need of surgical management. The early 
infection rate was 12%.

Mean age in the study population was 83, with 
a median of 84 years old; mean BMI was 23. There 
weren’t’ statistical differences between the two 
group for age and BMI. 



80 (S2)

patients respect to elective ones (16). In this study 
there are also a positive correlation with ASA score, 
already shown in Kastanis’s paper. The authors also 
underline that in the trauma patients the hardware 
infections demonstrate a worse outcome (13,16).

In a study about the use of hemiarthroplasty in 
hip fractures the risk of infections is 5,5%. One of 
the major risk factors was the precedence admit in 
a long-term care. The authors suggest that in long-
term care the patients experienced a change in the 
bacteria skin and this condition makes their much 
prone to developed gram-negative infections (17).

In our study we did not find difference between 
hip replacement and osteosynthesis, with a similar 
rate of infections. Regarding the blood exams we did 
not find correlation with risk of infections, although 
in the literature anemia and low albumin levels 
showed some connection. Yuwen et al demonstrated 
in their metanalysis that a concentration below 3,5 
g/dl of albumin is associated with 2.5 times risk of 
infections in orthopedics surgery (18).

Fever is a common post-surgery event in 
orthopedics patients. Yoo et al analyzed 272 hip 
fractures, among this 49,6% developed postoperative 
fever. In the fever group routine exams were carried 
out, but only 26,7% were positive and developed 
an infection. The most common complication was 
pneumonia (12,6%), followed by UI (8.1%). The 
authors linked risk of infections with fever greater 
than 38.5° after 48 hours from surgery or the presence 
of multiple peaks (19).

Regarding ESS previous studies demonstrated 
a link between this condition in hip fracture with a 
worse outcome, in terms of anemization and calcium 
dysmetabolism (20).

Our data is not enough strong to demonstrate an 
association between ESS and infections (p=0,2), but 
must be underlined that in the ESS group there is 
a trend 3-times greater risk of infection. Probably, 
studies on larger samples could confirm this data. Ur 
study presents different limits: first of all a limited 
sample; we haven’t collected drugs consumption of 
the patients; all patients are Caucasian; regarding 
ESS we do not have pre-fracture values at our 
disposal, thus not being possible to discriminate 
whether the ESS was a preexisting condition or 

wound infections (SSI), urinary infections (UI), 
pneumonia, panniculitis, osteomyelitis and hardware 
infections (12–14).

Many studies in literature focus on risk factors 
for infection in hip fractures, but there is discordance 
about many of these factors. Kastanis et al. carried 
out a study on 198 patients affected by hip fractures 
detecting a correlation between the ASA score and 
the incidence of complication; in their population 
there was a 12% of infectious complications 
(pneumonia, SSI, urinary infections) (13). This 
result is comparable with our population (12,2% of 
infection risk).  

Simunovic et al. focused their research on the 
waiting time for surgery showing a positive reverse 
correlation between waiting time and pneumonia. 
Only two studies were eligible in the Simunovic 
metanalysis. In both studies the correlation between 
waiting time and pneumonia has no evidence, 
but thanks to the metanalysis this data raised a 
statistical correlation (14). Our data could not 
support the evidence of the metanalysis due to the 
reduced population study, moreover in our analysis 
we included all kind of infection and not only the 
pneumonia.

On this path, Cordero et al. associate waiting time 
for surgery before 24 hours with a reduction in SSI. 
Our data does not support this correlation, the mean 
time in infected group was 28 hours versus 32 hours 
in the non-infected group (p=0,5).

Urinary infections represent one of the most 
common bacterial infections in patients with hip 
fractures. The causes include postoperative urinary 
retention, neurogenic bladder dysfunction and use 
of urinary catheter. Bliemel et al. conducted a study 
among 402 patients with hip fractures; a total of 97 
patients (24%) sustained an UI during in-hospital 
treatment (15). UI were associated with inferior 
functional outcomes and a longer hospital stay. 
There was no correlation with increased SSI in UI 
group (15). UI represent the 7% of total population 
in our study and the 60% of infection detected.

Hip arthroplasty is characterized by elevated risk 
of infection, that becomes even greater in trauma 
patients. Barbero et al demonstrated 3.3 times major 
hardware infection risk in hip arthroplasty in trauma 
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trauma-related. Future studies must focus on major 
risk factors for post-surgery infections to create 
a pre-surgery risk score and to create a strategy to 
prevent these complications in high-risk patients.
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The calcifying epithelioma of Malherbe (CEoM), 
more recently known as pilomatricoma (PMT), is a 
common benign cutaneous tumor that originates from 
the hair follicle matrix cells (1-3). This neoplasm is 
more common in the first two decades of life (2-4) and 
the most frequent sites of localization are represented 
by the region of the neck, of the head and of the back 
(1, 4). Few cases have been reported in the upper 
extremities and rarely some authors described cases 
involving the fingers of the hand (5). In rare cases it 
can be ulcerated or infected (4-6). Although PMT is 
a frequent lesion, especially in children, it is often 
misdiagnosed and confused with other pathological 
conditions (2, 4, 7, 8). In this paper we present a rare 
case of an infected PMT located at the level of the 
fingertip of the second finger of a hand.

MATERIALS AND METHODS

A 24-year-old Caucasian woman, was admitted 
to the emergency room of our institution due to a 
fistous lesion, secreting purulent material localized 
to the distal phalanx of second finger of the right 

hand (Fig. 1a), in the absence of a recent trauma. The 
finger appeared painful and swollen with antalgic 
limitation of the bending and tendency to rigidity.  In 
the clinical history there was a trauma of the second 
finger of the right hand in the pediatric age which 
resulted in deformity of the nail matrix, no history of 
trapezio-metacarpal osteoarthritis or other common 
causes of hand pain (9).

Papillary thyroid carcinoma recently treated 
with radioiodine was also present. Routine 
blood tests performed did not show neutrophil 
leukocytosis or alteration of ESR and CRP, rather 
a leukopenia (3.8*103  per cm3) probably caused 
by recent radioiodine therapy. Therefore, X-ray of 
the right hand was performed, which highlighted 
distal phalanx bone erosion and involvement of 
adjacent soft tissues in the second finger (Fig 1b). 
Furthermore, MRI was carried out which revealed 
cystic formation, about 6 mm in diameter and 
in close contact with the adjacent bone (Fig 1c). 
Suspecting the diagnosis of infected epidermoid 
cyst, fistulectomy, deep and soft tissue debridement 
with superficial bone curettage were performed 

We present the clinical case of a young woman with pilomatricoma of the finger, a very rare location. The 
patient got infected after receiving radioiodine therapy to treat a thyroid carcinoma. Given the patient’s high 
functional requirements we choose a minimal treatment which allowed her to maintain a sufficient functionality.
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bone fragments, was reported by the pathological 
anatomy department (Fig. 2). One month after 
surgery, the patient showed complete resolution of 
stiffness with recovery of finger articulation and 
reduction of edema and pain. The wound was dry 
and completely healed. No secretions were present. 
Therefore, antibiotic therapy was discontinued.  
Due to the high functional request of the patient 
(aspirant surgeon) it was decided in agreement with 
her for a “wait and watch” treatment evaluating 
the possibility of periodic cycles with antibiotic 
therapy.  At the one-year follow-up visit, the patient 
is satisfied with the treatment received and the 
functional result. Furthermore, she did not present 
further episodes of fistulization and recurrence of 
symptoms.

with microbiological sampling of abundant material 
and excisional biopsy for histological examination. 
Moreover, antibiotic prophilaxis (cefazolin 2 g one-
shot 30 minutes before surgery) was administered 
according to the centre’s internal recommendations, 
dedicated to immuno-compromised patients (10).

RESULTS

Four days after the surgery the positive culture 
of the bioptic material for Providencia rettgeri 
sensitive to ciprofloxacin was communicated 
therefore it was confirmed already running antibiotic 
therapy. After 15 days, the presence of a chronic 
inflammatory process on a pilomatricomatous 
lesion and chronic osteomyelitis, on the analyzed 

Fig. 1. A) Preoperative clinical condition; B) Preoperative X ray; C) Preoperative MRI
Fig 1a: Preoperative clinical condition 1b: Preoperative X ray 1c: Preoperative MRI  

M. CAUTERUCCIO ET AL.
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DISCUSSION

PMT is a skin tumor derived from the hair matrix 
cells with a tendency to calcification; it has benign 

characteristics and has slow growth (4, 2). PMT, 
generally presents as a small solitary subcutaneous 
nodule, covered by skin that may exhibit bluish 
discoloration, sometimes painful on palpation (2). 

Fig. 2. A) (EE 5x) In this picture you can see on the left side a fogistic process made of linphohistiocytic population, 
sometimes surrounding an eosinophilic material, more evident on the right upper corner; B) (EE 5x) The eosinophili 
material is made of appearently anuclear citoplasms, sometimes with microcalcifcations; C) (EE10x) In the majority of 
the pink material, some anucleated Keratopoietic cheratinocytes can be detected; D/F) (EE 20x and 40x) In a minority of 
pikk areas you can see some “ghost cells”, that is cells with a pale nucleus, typical of Pylomatricoma
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An aggressive and deep bone curettage or 
resection, accompanied by the removal of the nail 
plate and use of antibiotized cement and techniques 
such as Masquelet, with proven efficacy on diaphyseal 
portions (13) would have significantly reduced the risk 
of an infectious recurrence providing of an eradicating 
treatment, but this would have compromised the 
support structures of the distal phalanx, increasing 
the possibilities of intervening with an amputation 
thus invalidating the patient’s functional request. 
Furthermore, the increased risk of poor functional 
outcome was considered, given the preoperative 
swelling conditions of the finger (14).

Therefore, in agreement with the patient, we 
decided to carry out a minimal surgical treatment 
together with a targeted and long-lasting antibiotic 
therapy, safeguarding the morphostructure of the 
finger with its functionality, and accepting the 
increased risk of chronic infection.

The diagnosis of pilomatricoma of the fingers is a 
rare occurrence that can often be confused with other 
pathological conditions, when it is associated with 
infection. The treatment proved to be satisfactory 
at all follow-up visits. It remains to evaluate its 
effectiveness over the long term.
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Ankle fractures or fracture-dislocations account for 
about 4-5% of all body fractures, with approximately 
120-180/100.000 affected persons/ year. The presence 
of the fracture of the third malleolus, that occurs in 
about one-third of ankle fractures, correlates with a 
poorer prognosis and a worse clinical outcome (2).  
Therefore, it is reported that trimalleolar fractures have 
a higher risk of post-traumatic osteoarthritis compared 
with bimalleolar fractures (2).

In recent years, the orthopaedic community is 
paying increasing attention to the correct analysis 
and classification of posterior malleolus fractures, but 
there is still a lack of consensus about the best surgical 
management of this kind of injuries (1, 2). 

Several authors have recently depicted that 
different fracture features, including fracture pattern, 
comminution, fragment impaction and orientation, 
should be assessed to perform a successful surgery 

(2-5). Moreover, the relationship between posterior 
malleolus and syndesmosis should be evaluated, since 
the posterior inferior tibiofibular ligament, which 
provides about 40% of the stability of the syndesmosis, 
extends from the posterior malleolus to the posterior 
tubercle of the fibula. Consequently, a fracture of the 
posterior malleolus can impair the stability of the 
posterior syndesmosis, thus leading, if not correctly 
managed, to a chronic tibiofibular instability (2, 4-7). 
All these findings have caused a significant evolution 
of the surgical management of posterior malleolus 
injuries (2, 3). This study aims to summarize the current 
evidence on the usefulness of posterior approaches in 
the management of malleolar fractures.

From percutaneous anteroposterior fixation to open 
posterior approaches

In the past, percutaneous anteroposterior fixation 

The treatment of posterior malleolus fractures has radically changed over the last few years, therefore 
this study aims to summarize the current evidence on the usefulness of posterior approaches in the 
management of malleolar fractures. The main elements that suggest the use of a posterior approach 
to the ankle are: the posterior malleolus fragment shape and size; the presence of loose bodies at the 
fracture site; the possibility to obtain an anatomic fixation of the fracture; the presence of a posterior 
ankle subluxation; the eventually osteochondral impaction of the tibial plafond and the mechanical 
stability of the joint (9). The postero-lateral approach has been widely used to treat these fractures, but 
the posteromedial approach should be considered in specific cases. The anatomic reduction of these 
fractures leads to joint stability, with a consequent lesser occurrence of post-traumatic arthritis and 
better functional outcomes.
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is not indicated (9). The main elements that should 
be assessed in the decision-making process are: 
the posterior malleolus fragment shape and size; 
the presence of loose bodies at the fracture site; 
the possibility to obtain an anatomic fixation of the 
fracture; the presence of a posterior ankle subluxation; 
the eventually osteochondral impaction of the tibial 
plafond and the mechanical stability of the joint (9).

Size and shape of the posterior malleolus and 
orientation of the fracture line 

As we mentioned above, a percutaneous antero-
posterior fixation can effectively stabilize the third 
malleolus in case of a single, bulky, fragment 
(Haraguchi I / Bartonicek IV). The fragment should 
be big enough to contain the whole screw thread, 
otherwise there the lag screw may distract – rather 
than compress – the fracture (1, 3) (Fig. 1a). 

Furthermore, as it could be noticed on a CT 
scan, the fracture line is usually oblique; in such 
a case, it is extremely difficult to evaluate the 
effective percutaneous fixation of the fracture under 
fluoroscopic control. Since fracture compression 
has a crucial role in posterior malleolus fractures 
healing (8), it should be noted that when it is not 
possible to perform a complete fracture compression 
with a percutaneous antero-posterior screw, an open 
reduction and internal fixation through the posterior 
approach should be considered (4,5).

 Therefore, when fixing the fracture from the 
posterior approach, the screws, either inside or 
outside the plate, have a postero-anterior direction. 
With these screws, the fracture compression could be 
achieved regardless of the dimension of the posterior 
malleolus (4, 5). 

Interposed fragments/loose bodies 
It is quite common, especially in ankle fracture-

dislocations, that a bone fragment (i.e. cortical bone, 
cancellous bone, or osteochondral fragment) can be 
found at the fracture site (Fig. 1b). A preoperative 
CT scan is mandatory, to lower the risk missing 
these loose bodies, that could prevent the fracture 
percutaneous reduction. The posterior approach is 
very useful to remove these interposed fragments 
before reducing and fixing the fracture (4, 6).

was generally used in the management posterior 
malleolus fractures (8). Therefore, after the fixation 
of lateral and medial malleoli, with the patient in the 
supine position, the posterior malleolus was addressed 
by a 3.5/4.0 cannulated screw (1, 9). This minimally 
invasive technique aimed to reduce the malleolar 
fracture through ligamentotaxis. 

However, this percutaneous technique was endowed 
with several disadvantages, including the limited 
effectiveness of ligamentotaxis, the impossibility to 
remove loose fragments eventually observed at the 
fracture site, and the potential tibialis anterior nerve 
or artery damage. Furthermore, the anteroposterior 
partially threated screw may not provide enough 
interfragmentary compression when the thread of the 
lag screw partially crosses the fracture line (2, 10).

In the last two decades, the increasing use of the 
preoperative CT has led to a better knowledge of the 
posterior malleolus anatomy and a more accurate 
study of the posterior malleolus fracture, therefore 
the percutaneous fixation of the posterior malleolus 
fracture has been progressively reconsidered (10-11).

Based on CT images, Haraguchi et al. (5) and 
Bartonicek et al. (6) have realized two different 
classification system, to better describe the posterior 
malleolus fracture pattern. It has also been strongly 
suggested that three-dimensional morphology of the 
posterior malleolar fragment might be more important 
than the fracture size in decision making (1, 11).

These recent acquisitions have raised two main 
questions concerning both the surgical indication for 
the fixation of the posterior malleolus fracture and 
how the choice of the correct surgical approach.

It could be argued, however, that percutaneous 
anteroposterior fixation could be useful in presence 
of a big posterior fragment (i.e. Haraguchi type I 
or Bartonicek type IV). The posterior approach, on 
the other hand, can effectively expose the posterior 
aspect of the tibia, thus allowing an accurate fracture 
reduction and fixation.

WHEN AND WHY TO USE THE POSTERIOR 
APPROACH(ES)

The posterior approach is the preferred choice 
when the percutaneous antero-posterior fixation 
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cases, a fixation of the posterior malleolus fracture 
with plate and screws could firmly fix the fragments 
(including the small ones) with their ligamentous 
connections.

Osteochondral impaction of the posterior plafond
Especially in cases of posterior fracture with 

medial extension (Haraguchi II / Bartonicek III), 
there is an impaction of the posterior part of the 
plafond (12) (Fig. 1d). Through the posterior 
approach, this impaction can be disengaged and 
properly reduced. In case of severe fragmentation 
of the articular surface, with a risk of residual 
loose bodies, the fragments can be removed before 
reducing the malleolus. 

Mechanical stability
The plate obviously provides higher stability, 

compared with a percutaneous antero-posterior 
screw, since it acts as an anti-glide device, by 
contrasting the tendency of the posterior malleolus 
to displace superiorly (1,4). A strong fixation can 
consequently allow an early weight-bearing (1, 4- 5).

HOW TO PERFORM THE POSTERIOR 
APPROACHES

Postero-lateral approach
The postero-lateral approach is indicated when 

there is an involvement of posterior malleolus, 
regardless of the dimension of the fragments (7, 10). 
However, through this approach the most medial 

Anatomic reduction of the fracture
Occasionally, the reduction of the posterior 

malleolus is obtained with the anatomic reduction 
of the lateral malleolus, since these two anatomic 
structures are connected by the posteroinferior 
tibiofibular ligament. However, when it is not 
possible to achieve the posterior malleolus fracture 
reduction through ligamentotaxis, the lesion should 
be performed by forcing the foot in talus (5). 
When this manual manipulation does not lead to 
the fracture reduction, this could be achieved by 
performing the posterior approach. Failure to restore 
the joint congruence, with a step of more than 2 mm, 
is associated with a bad functional outcome at one-
year follow-up (1-3, 5-6). Additionally, a significant 
incidence of postoperative osteoarthritis is reported 
in presence of a residual articular step greater than 1 
mm, regardless of the fragment size. 

Posterior joint subluxation
Even when the posterior malleolus fracture 

consists of small-size fragments (less than 10-25% 
of articular surface of the distal tibia), it is possible 
that the fracture could cause a posterior subluxation 
of the ankle joint (Fig. 1c), because of the presence of 
the tibiofibular ligament, whose posteroinferior part 
create a connection between the posterior malleolus 
and the posterior tubercle of the lateral malleolus (3). 
This ligament is responsible for the posterior stability 
of the syndesmosis. If posterior talar translation 
persists on lateral fluoroscopic view, the posterior 
malleolar fragment should be addressed. In these 

Fig. 1. Posterior approach to the ankle: main indications. 1a): Small posterior fragment, not large enough to contain the 
whole screw thread; 1b): Interposed fragment at the fracture site; 1c): Posterior talar subluxation, with a concomitant 
fracture of the posterior malleolus; 1d): Osteochondral impaction of the tibial plafond.
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to isolate and ligate the collateral rami of the fibular 
artery and vein, that cross the tibia from lateral to 
medial side.

The posterior malleolus is usually attached to 
the fibula by the posterior sindesmosis (postero-
inferior tibio-fibular ligament, typically intact in 
these fractures): care must be taken to avoid any 
surgical damage to this structure (14). If the posterior 
malleolus needs to be opened (for inspection of the 
joint surface), this should be done from its medial 
edge, leaving the lateral ligament attachment. 

After an accurate fracture debridement, the 
reduction is achieved through a gentle traction and 
anterior push on the foot (rather than with simple 
dorsiflexion of the ankle). Spike pusher can help 
to gain the adequate reduction. The reduction is 
confirmed by the cortical congruence of the fracture 
fragments and by lateral image on fluoroscopy. 
Temporary fixation of the fracture is obtained with 
small K-wires.

part of the distal tibia could not be reached, therefore 
when the fracture involves the medial tibia, the 
postero-medial approach should be preferred.

The patient lies in prone position or in a sloppy 
lateral decubitus. A tourniquet is applied at the 
ipsilateral thigh and inflated just before starting the 
procedure. The skin incision is placed between the 
medial border of the posterior fibula and the lateral 
edge of the Achilles tendon. It could be a little more 
medial rather than lateral, depending on the presence 
of a fibular fracture to be fixed. The sural nerve lies 
in the subcutaneous tissue and runs from medial to 
lateral at about 7-10 cm from the Achilles tendon 
calcaneal insertion. 

The peroneal tendons are retracted laterally, the 
flexor hallucis longus is lifted off the interosseous 
membrane and the posterior aspect of the tibia. The 
flexor hallucis longus is the medial limit of the deep 
extension of the approach because the neurovascular 
bundle lies just medial to it (Fig. 2).

During the deep dissection, care must be taken 

Fig. 2. Posterolateral approach to posterior malleolus.

Fig. 3. Fixation of the fibula through the posterolateral 
approach.
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colliculus of the medial malleolus (12). Many of these 
fractures had impacted osteochondral fragments at 
the posteromedial corner of the tibial plafond.

Later, some authors described this particular 
lesion as “posterior pilon variant”. This injury was 
caused by combined forces, i.e. low energy torsion 
and high energy compression. The radiological 
sign of “double contour” on AP view indicates the 
presence of posterior pilon variant (13).

Haraguchi et al. classified this pattern as type II, 
considering this lesion intrinsically unstable because 
of the fracture of the posterior colliculus of the 
medial malleolus, where the deep deltoid is attached. 
Failure to identify and properly treat this lesion can 
lead to persistent talar subluxation. 

The patient is positioned prone with the 
tourniquet applied at the thigh. The incision is 
carried out along the tibialis posterior tendon and 
it can curve anteriorly in case of involvement of 
the anterior portion of the medial malleolus. The 
approach is deepened through the subcutaneous fat 
and fascia, in line with the postero-medial crest of 
the tibia. The flexor tendons and the neurovascular 
bundle are retracted laterally (Fig. 4). The distal limit 
of exposure of the posterior portion of the medial 
malleolus is the presence of the flexor retinaculum; 
in such cases, the flexor tendons can be mobilized 
medially and the dissection carried out between them 

After obtaining a satisfactory reduction, the 
fixation can be performed with screws or an anti-
glide plate; it depends on the morphology and on the 
dimension of the posterior fragment. In presence of 
a large fragment, a 3.5 mm plate can be used, while 
in case of a more complex fracture pattern, a T plate, 
a distal radius volar plate or a dedicated plate can be 
used. Regardless of the plate used, it is fundamental to 
obtain compression at the fracture site. Compression 
can be achieved with a lag screw (in or outside the 
plate); anti-glide plate increases this effect.

The main complications related with the postero-
lateral approach (5-40% in the different studies) 
are skin problems (especially if a fibular fracture is 
treated with the same approach), wound infection, 
sural nerve numbness and complex regional pain. 
This complication rate is comparable with other 
approaches to the ankle.

In presence of a concomitant lateral malleolar 
fracture, its fixation can be achieved through this 
approach. The peroneal tendons are elevated and 
mobilized medially, thus exposing the posterior 
aspect of the distal fibula (Fig. 3).

Postero-medial approach
In 2004, Weber described a trimalleolar fracture 

with involvement of the posterior malleolar margin, 
the entire posterior tibial surface and the posterior 

Fig. 4. Posteromedial approach: posterior tibialis muscle (white arrow) and neurovascular bundle (black arrow).
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to obtain a safe skin bridge between the two surgical 
incisions.

The order of fixation of the fractures of the 
malleoli is a matter of debate (2, 4). The fixation of 
the fibula restores length and facilitates the posterior 
malleolar reduction, but the fibular plate can hinder 
the fluoroscopic visualization of the joint line in the 
lateral view. 

In case of posterior malleolus fractures with 
interposed small osteochondral fragments, these 
fragments can interfere with the anatomic reduction 
of the lateral malleolus, because of the strong 
ligamentous connections between the posterior 
fibula and the lateral portion of the posterior 
malleolus (posterior syndesmosis). Therefore, it 
is advisable to first reduce and fix the posterior 
malleolus and, subsequently, the medial or lateral 
malleolar fractures.

The treatment of posterior malleolar fractures has 
radically changed over the last few years. Anatomic 
studies together with a better understanding of 
the fundamental functional role of the posterior 
malleolus in ankle stability have led to a more 
aggressive surgical treatment of these lesions. 
Currently, the posterior approaches to the ankle have 
gained a central role in the correct management of 
posterior malleolar injuries.
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and the neurovascular bundle. If this is not enough 
for the exposure, the retinaculum can be cut and the 
flexor tendons mobilized anteriorly; at the end of the 
procedure the retinaculum should be repaired.

This approach can be extended anteriorly to 
address the anterior part of the medial malleolus, 
paying attention to protect the saphenous vein. It is 
difficult, through this approach, to reach the central 
and lateral third of the posterior malleolus; excessive 
retraction applied to the neurovascular bundle can 
cause neurapraxia of the posterior tibialis nerve or 
vascular lesions.

An alternative postero-medial approach can 
be adopted via a more lateral incision, carried out 
between the Achilles tendon and the postero-medial 
border of the tibia (13). In this case, the neurovascular 
bundle is isolated, protected and retracted medially 
to gain access to the posterior malleolus, or laterally 
to have access to the postero-medial malleolus. After 
exposure, the fracture should be debrided, reduced 
and fixed, as described for the postero-lateral 
approach.

Choice of the posterior approach and fixation timing
The postero-lateral approach is the most popular 

and the most employed approach in the fixation of 
the posterior malleolus fractures. Caution is required 
in identifying and protecting the sural nerve. This 
approach can be used to treat both posterior and 
lateral malleolar fractures.

The postero-medial approach should be 
performed in case of involvement of the postero-
medial border of the tibia. Care should be taken to 
identify and protect the posterior neuro-vascular 
bundle, especially in the variant of the postero-
medial approach.

In some cases, because of the morphology of the 
fracture of the lateral malleolus (i.e. plurifragmentary, 
distal fibular involvement), a formal lateral approach 
is necessary for the proper fixation of the fibular 
fracture. In all these cases, the lateral and postero-
lateral approaches could be too close to one another, 
resulting in a short skin bridge between the two 
incisions. In such cases, as described above, a 
modified postero-medial approach is extremely 
useful to address the posterior malleolus; this allows 
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Humeral shaft fractures are a quite common 
injury, accounting for about 3%-5% of all fractures 
in the adults (1-2). Non-union is a frequent 
complication occurring in 10% of humeral shaft 
fractures conservatively managed (2-4) and in 
30% of fractures surgically treated (5). A higher 
incidence of non-union has been reported in humeral 
shaft fractures with butterfly or wedge fragment, 
i.e. type 12-B fractures according to the AO/OTA 
classification (4), which account for about 26.2%-
29.6% of humeral shaft fractures (6–8). 

Closed reduction and fixation with intramedullary 
nail is one of the most accepted treatment for humeral 
shaft fractures with butterfly fragment, since it 
avoids the exposure of the fracture and preserves 
the integrity of the hematoma, thus promoting the 
fracture healing (9-15). Nonetheless, a non-union 
rate of about 5.5%-6% is reported in such a kind of 
fractures (9-14). 

The predicting factors of delayed-union or non-
union for AO/OTA 12-B fractures are unfortunately 
still unclear. Castellá et al. have recently depicted a 
great lateral butterfly fragment is a predictive factor 
for humeral shaft fractures non-union, because of the 
abduction moment produced by the third fragment, 
which is not counterbalanced by the deltoid muscle; 
furthermore, in women with pendulous or large 
breasts a varus angulation of the fracture may be 
observed, thus increasing the facture displacement 
and distraction (2). An et al. have recently argued 
that displacement and angulation of the fracture 
could delay the bone healing, in humeral and femoral 
shaft fractures with butterfly fragment managed with 
closed reduction (16).

None of the previous studies however, to the 
Authors’ knowledge, has investigated how the 
radiological aspect of humeral shaft fractures with 
butterfly fragment could affect the bone healing time. 

To assess the impact of the radiological features of the third fragment on the outcome of humeral 
shaft fractures type 12-B managed with endomedullary nails. We retrospectively evaluated a series of 
80 patients, divided into 3 groups, according to the fracture healing time: within 6 months (group-A), 
between 6 and 12 months (group-B) or fracture non-union after 12 months (group-C). In 26 patients 
out of 80 the fracture healing was observed at 6 months follow-up; in 47 out of 80 at 12 months after 
trauma and in 7 out of 80 no fracture healing was observed at 12 months follow-up. Regression analysis 
showed that the third fragment displacement and angulation are the most important features that affect 
the fracture healing. The mean third fragment dislocation (cut-off: 12 mm) is the main parameter to 
influence the fracture healing within or in more than six months. 

Keywords: Humeral shaft fractures; third fragment; butterfly fragment; intramedullary nailing.

Corresponding author:
Dr Giovanni Vicenti, MD, PhD
Department of Basic Medical Sciences, Neuroscience and Sense Organs. 
Orthopaedic Clinic. School of Medicine, University of Bari “Aldo Moro”,
AOU Consorziale Policlinico,Piazza Giulio Cesare 11, 70100 Bari, Italy,
Tel.: +39 0805593402
e-mail: dott.gvicenti@gmail.com

Humeral shaft butterfly fractures managed with intramedullary nail: could the third 
fragment features predict the fracture healing time?

G. Vicenti, D. Bizzoca, M. Carrozzo, V. S. Nappi, A. Franchini, L. Moretti, G. Solarino and B. Moretti

School of Medicine, University of Bari “Aldo Moro”- AOU Consorziale “Policlinico” - Department 
of Basic Medical Sciences, Neuroscience and Sense Organs; Orthopaedic & Trauma Unit, Bari, Italy



98 (S2)

up at 1, 2, 3, 6, 9 and 12 months postoperatively.
The patients were then divided into three groups 

according to the time needed to reach the bone healing: 
group A:  fracture healing occurred within 6 months; 
group B: fracture healing occurred between 6 and 12 
months; group C: fracture non-union after 12 months.

Surgical management and postoperative care
The mean time from trauma to surgery was about 

54 hours (range 27-81 hours); the affected arm was 
immobilized with an upper arm sling preoperatively. 
All the patients underwent anterograde endomedullary 
nailing (MultiLoc Humeral Nailing System, Synthes 
GmbH, Oberdorf, Switzerland). The mean length of 
postoperative hospital stay was 5 days (range 3-9 days). 
After surgery, a compression bandage was performed 
and the limb was protected with a sling for 4 weeks. Two 
weeks post-operatively, the patient was asked to execute 
pendulum exercises of the shoulder and passive flexion 
and extension of the elbow; four weeks post-operatively, 
the sling was removed and the patients were encouraged, 
under the supervision of a physiotherapist, to actively 
mobilize the shoulder and the elbow progressively. 

Radiographic study
Post-operative anteroposterior (AP) and lateral (LL) 

shoulder X-rays were analysed by two orthopaedic 
surgeons with more than five years of experience in 
shoulder surgery. On each X-ray, the following parameters 
(figure 1a-d) were measured in AP view:

This retrospective study aims to evaluate the impact 
of the radiological features of the third fragment, 
observed on post-operative X-Rays, on the outcome 
of AO/OTA type 12-B fractures managed with 
closed reduction and fixation with elastic systems, in 
order to obtain an algorithm which could predict the 
fracture healing time. 

MATERIALS AND METHODS

We retrospectively reviewed a series of 88 patients 
with humeral shaft fractures referring to our Department 
between January 2010 and December 2015. Clinical and 
radiological data were obtained from our trauma database. 

Inclusion criteria were type 12-B fracture according 
to AO/OTA classification system; minimum clinical 
and radiological 12-months follow-up and surgical 
management with close reduction and fixation with 
endomedullary nail.

Exclusion criteria were: type 12-A or 12-C fractures 
according to AO/OTA classification system; surgical 
management with open reduction and internal fixation; 
periprosthetic fractures; exposed fractures; history of 
infections or malignant neoplasms; osteoporosis, defined 
as lumbar or hip T-score<2.5; diabetes mellitus; BMI>35 
kg/m2.

By applying the inclusion and exclusion criteria, 
eighty patients (29 male and 51 female, mean age 63.4, 
range 48-72) were recruited for the current study. All the 
patients had undergone a clinical and radiographic follow-

Fig. 1. Description of the radiographic parameters:
a): third fragment angle (A): defined as the angle between a line parallel to the humeral diaphyseal cortex and a line 
parallel to the third fragment cortex; b): fracture gap (G): defined as the distance between the proximal diaphyseal 
fragment and the distal one; c): third fragment size (L): defined as the length of the major axis of the fragment; d): mean 
third fragment displacement (M): defined as the perpendicular distance between the midpoint of the fragment and the 
nearest humeral shaft cortex.
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Variance) was used to assess the differences between the 
three groups. Bonferroni multiple-comparison test was then 
executed to evaluate the differences between each group.

Pearson correlation test was performed in group-A 
and group-B, to assess the association between union 
time and the fracture gap, third fragment size, angle and 
mean displacement. Logistic regression analysis was 
conducted to investigate the effects of the fracture gap 
and the third fragment size, angle and mean displacement 
on the fracture union. The tests were two-tailed with a 
confidence level of 5%.

RESULTS

Eighty patients (29 male and 51 female, mean 
age 63.4, range 48-72) were recruited for the 
current study. In 26 patients out of 80 (32.5%) the 
fracture healing was observed at 6 months follow-
up (group-A), in 47 out of 80 (58.75%) the fracture 
healed within 12 months after trauma (group-B) 
and in 7 out of 80 (8.75%) no fracture healing was 
observed at 12 months follow-up (group C). The 

-	 third fragment angle (A): defined as the angle between 
a line parallel to the humeral diaphyseal cortex and a 
line parallel to the third fragment cortex;

-	 fracture gap (G): defined as the distance between the 
proximal diaphyseal fragment and the distal one;

-	 third fragment size (L): defined as the length of the 
major axis of the fragment;

-	 mean third fragment displacement (M): defined as the 
perpendicular distance between the midpoint of the 
fragment and the nearest humeral shaft cortex.
Other two orthopaedists evaluated the follow-

up X-rays, performed at 1, 2, 3, 6, 9 and 12 months 
postoperatively, to assess the bone healing. The fracture 
was considered healed when a bone callus could be 
depicted in at least three bone cortices out of four in AP 
and LL views.   

Statistical Analysis:
Statistical analysis was performed using STATA/MP 

14 for Windows (Stata Corp LP, College Station, USA). 
The Shapiro-Wilk test was conducted to verify the normal 
distribution of the data.  One-way ANOVA (Analysis of 

 
  Group-A  Group-B  Group-C 

# of patients  26 47  7 

Age       

  Mean ±SD  59.2±12.6  64.5±10.4  57.5±10.3 

Gender       

   Male. n (%)   8 (30.77%)  19 (40.425%)  2 (28.57%) 

   Female. n (%)  18 (69.23%)  28 (59.575%)  5 (71.43%) 

BMI (Kg/m2)       

  Mean ±SD 
Side 

 27.2±5.1  28.4±5.8  26.3±4.9   

      

   Left. n (%)  10 (38.46%)  21 (44.68%)  2 (28.57%) 

   Right. n (%)  16 (61.54%)   26 (55.32%)  5 (71.43%) 

Smoking status       

    # of smokers. n (%)  4 (15.38%)  6 (12.765%)  1 (14.28%) 

AO Classification       

     12-B1. n (%)                                                      11 (42.3%)  10 (21.28%)  - 

     12-B2. n (%)   9 (34.63%)  16 (34.04.%)  1 (14.25%) 

     12-B3. n (%)   6 (23.07%)   21 (44.68%)  6 (85.75%) 

Union time (months)       

Mean ±SD 
 

 4.43±0.975  8.33±1.862  N/D 

Range  3-6  7-11  N/D 
 

Table I. General data of the study.
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+ 0.208x.
It could be noted that a humeral shaft fracture 

with a third fragment reduced needs about 3 months 
and 9 days to heal; every millimetre of third fragment 
displacement increases the fracture healing time of 
about 0.7 days. The influence of the third fragment 
angulation (y) on bone healing (x) is described by 
the following equation: y=2.93 + 0.214x.

It could be argued that a humeral shaft fracture 
with a third fragment with a null angulation needs 
about three months to heal; every degree of third 
fragment angulation increases the fracture healing 
time of about 0.8 days. Multiple regression analysis 
was finally conducted to evaluate the concomitant 
effect of mean third fragment displacement (x) and 
mean third fragment angulation (y) on the fracture 
healing; thus, the following equation was obtained: 
y=3.15 + 0.215x +0.209y

Based on this data, we have proposed a prognostic 
algorithm which is shown in Fig. 2.

DISCUSSION

Humeral shaft fractures with butterfly or wedge 

main data of the study are summarized in Table I.
Shapiro-Wilk test results are reported in Table 

II: the radiological features of the third fragment 
showed a normal distribution.

Table III shows the One-way ANOVA results 
and Table IV summarizes the Bonferroni multiple-
comparison test results: mean third fragment 
displacement was significantly different in each 
group (p<0.05), while the third fragment angle was 
significantly higher in group-C, compared with other 
groups (Table IV).

Pearson Correlation Test is shown in Table V, in 
group-A, a positive correlation was found between 
union time, mean third fragment displacement 
(R=0.698; p=0.0018) and third fragment angulation 
(R=0.645; p=0.0052); in group-B, the fracture 
union time was positively related to third fragment 
size (R=0.616; p=0.008), mean third fragment 
displacement (R=0.683; p=0.0025) and third fragment 
angulation (R=0.724; p=0.00613) (Table V).

The linear regression analysis results are 
summarized in Table VI: the impact of the mean third 
fragment displacement (x) on the fracture healing (y) 
is summarized by the following equation: y=3.268 

 
 Shapiro-Wilk 

 W p 

Third Fragment Size  0.948 0.308 

Mean Third Fragment Displacement   0.956 0.355 

Third Fragment Angle   0.884 0.107 

Fracture Gap   0.925 0.294 
 

 
  Group-A  Group-B  Group-C  p-value 

Third Fragment Size (mm) 67±31.64 98.68±33.36 83.75±56.43 0.256 

Mean Third Fragment Displacement (mm)  5.58±3.27  10.28±3.23  14.64±5.53  0.013* 

Third Fragment Angle (°)  6±2.64  8.5±3.26  15.5±4.8  0.0017* 

Fracture Gap (mm)  3.64±2.79  3.9±2.4  5.75±2.63  0.2811 
*Significant p-value 

 

Table II. Normality investigation.

Table III. Radiological Study: comparison between the three groups (One-way ANOVA).
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fragment are a quite common injury; they result 
from the combined action of compression and 
bending or torsional forces (17-18). This kind of 
injuries constitutes a specific subset of humeral shaft 
fractures since the presence of a butterfly fragment 
could influence the fracture healing process. The 
third fragment size is considered a critical feature 
to predict its fate: while smaller fragments could 
be disregarded, larger pieces may contribute to the 
stability and the healing of the fracture, thus it should 
be carefully considered in the surgical planning (19). 

According to AO principles, open reduction and 
internal fixation (ORIF) with plate and screws is the 

 

Mean Third Fragment Displacement (mm) 

Comparison between Group A and B 

Comparison between Group A and C 

Comparison between Group B and C 

Third Fragment Angle (°) 

Comparison between Group A and B 

Comparison between Group A and C 

Comparison between Group B and C 
*Significant p-value 

 

Table IV. Bonferroni multiple-comparison test.

Table V. Pearson Correlation Test.

Table VI. Linear Regression Analysis.

  Union Time 

 Group-A  Group-B 

R p R p 

Third Fragment Size (mm) 0.0215 0.933  0.616 0.008* 

Mean Third Fragment Displacement (mm) 0.698 0.0018*  0.683 0.0025* 

Third Fragment Angle (°) 0.645 0.0052*  0.724 0.00613* 

Fracture Gap (mm) 0.401 0.11  0.46 0.0632 
 

Union time  Mean Third Fragment Displacement  Third Fragment Angle 

R2 0.6276  0.7875 

p  0.018*  0.0077* 

Intercept     

Coefficient  3.268  2.9286 

Std. Error  0.6  0.3951 

95% CI  1.7-4.82  1.92-3.944 

p  0.003*  0.0007* 

Slope     

Coefficient  0.2  0.2143 

Std. Error  0.095  0.04978 

95% CI  -0.037-0.453  0.086-0.3423 

p  0.008*  0.0077* 
*Significant p-value 
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locus and the local haematoma, the non-union rate 
for this fracture pattern is about 5.5%-6% (9-11). The 
predicting factors of non-union, however, are still not 
clarified. The third fragment size, displacement and 
angulation have been found to influence the healing 
of both humeral shaft (2, 13-16) and femoral shaft 
fractures (16, 20-23). Nonetheless, it is unclear how 
the third fragment features could affect the fracture 
healing time.

In the current study, we retrospectively reviewed a 
series of 80 patients with 12-B fracture type according 
to AO/OTA classification, to assess the impact of 
the third fragment features on the healing time. Our 
data show that the third fragment dislocation and 
angulation, evaluated on post-operative X-rays of 
humeral shaft fracture treated with intramedullary 
nail, are the two key features which could affect the 
fracture healing time. 

Consequently, the aim of the closed reduction of 
12-B fractures is to minimize the wedge fragment 

most effective treatment for this fracture pattern. 
This surgical procedure, however, shows some 
critical aspects that cannot be overcome. Firstly, the 
evacuation of the fracture haematoma performed in 
ORIF procedure could obstruct the bone healing, 
especially in fractures with a large and butterfly 
fragment, due to the precarious local blood supply. 
Secondly, while a unicortical fracture configuration 
is stable after fixation, a bicortical butterfly segment 
represents an unstable configuration which could 
require a supplemental stabilization with cerclage 
wires or bone grafts. Finally, ORIF often needs an 
extensive and invasive approach, exposing a great 
part of the humeral diaphysis; wider is the approach, 
higher is the infection risk, consequently the non-
union rate. 

To avoid these problems, closed reduction and 
internal fixation with elastic systems is widely used 
in last years to treat this fracture pattern. Despite the 
minimal access, the respect of soft tissue, the fracture 

Fig. 2 The prognostic algorithm.
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dislocation and angulation, to shorten the fracture 
healing time. 

Indeed, we found that a third fragment dislocation 
shorter than 12mm. is a predictive factor of fracture 
union within six months, whereas a dislocation 
greater than 12mm. may suggest a healing time 
longer than six months. In presence of a high 
wedge fragment dislocation (>12mm), the fragment 
angulation should be taken into account: if the third 
fragment angulation is less than 15°, the fracture 
healing could be seen within 12 months, whereas a 
third fragment angulation greater than 15°, combined 
with a high dislocation, may predict a fracture non-
union, thus a surgical revision of the fracture may be 
needed in this case.

We remark that our data agree with the ones 
reported in other studies (2, 12, 16, 20-21), but we 
also propose a prognostic algorithm which could 
help the physician in decision making, in the closed 
treatment of humeral shaft fractures. 

This study has some limitations, that could not 
be overcome. Even if all the data were collected in 
blind manner, the sample size is quite small, thus 
future studies with a greater sample size are needed 
to confirm our data with a higher statistical power. 
Moreover, future prospective randomized trials will 
be necessary to finally validate our algorithm. 

Humeral shaft fractures with butterfly fragment 
are an insidious fracture pattern. In this study, we 
have proposed a prognostic algorithm to predict the 
healing time of humeral shaft fractures treated with 
closed reduction with intramedullary nail. Our data 
shows that the mean third fragment dislocation (cut-
off: 12 mm.) is the main parameter which influences 
the fracture healing within or in more than six months. 
The third fragment angulation (cut-off: 15°), on the 
other hand, impacts on the fracture delayed rather 
than absent healing.
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Total hip arthroplasty is an effective procedure to 
manage end-stage osteoarthritis of the hip. However, 
it may cause significant perioperative blood loss 
and 16% to 37% of patients need allogeneic blood 
transfusion (1). Blood transfusion is associated with 
serious complications including infection, blood 
transfusion accidents, acute pulmonary embolism, 
cardiovascular events, and death (2). Furthermore, 
postoperative bleeding can lead to prolonged 
hospital stay with increase of costs and to delay in 
mobilization and rehabilitation of patients. Different 
techniques can be used to reduce bleeding and the 
need for allogeneic transfusions in THA, including 
controlled hypotension, regional anesthesia, and 
autologous blood predonation. 

Among strategies for blood management in THA, 
the synthetic antifibrinolytic tranexamic acid (TXA) 
may play a pivotal role. TXA inhibits fibrinolysis 
by acting competitively by reversibly blocking 
the lysine binding in the plasminogen, plasmin 
and tissue plasminogen activator sites, delaying 
fibrinolysis and degradation of blood clots (3-4). 
TXA has been proven to reduce total blood loss by 
nearly 50% and to markedly decrease the need for 
allogenic blood transfusion after THA (5). However, 
the optimal dose and methods to deliver TXA in total 
hip arthroplasty is still controversial. One previous 
study showed that intravenous (IV) TXA is effective 
and safe in reducing the total blood loss in THA (6). 
Topical administered TXA also may represent an 

The aim of the present study was to evaluate the efficacy of topical versus combined (intravenous + 
topical) tranexamic acid (TXA) to reduce perioperative blood loss after uncemented primary total hip 
arthroplasty (THA). Seventy-five patients were randomized in three comparable experimental groups: 
1) topical TXA (3 g in 50 ml of saline solution); 2) intravenous + topical TXA (3 g topical + 2 g in 100 
ml of saline solution intravenously); 3) controls. Pre- and post-operative hemoglobin (Hb) levels and 
hematocrit (Hct) values along with the rate of blood transfusion in the 3 groups were compared. The 
intravenous + topical TXA group demonstrated higher Hb levels and Hct values at postoperative day 
one (Hb = p <0.05, Hct = p <0.001), postoperative day three (Hb = p <0.05, Hct = p <0.001), and discharge 
(Hct = p <0.01) compared to the control group. The intravenous + topical group had a lower transfusion 
rate compared to the control group (0% vs 20%, p = 0.014). With the numbers available, no difference 
in postoperative Hb level and transfusion rate emerged between topical TXA and control group. 

Key words: total hip arthroplasty, tranexamic acid, blood loss, transfusion
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(LMWH) 6 hours after surgery and then once a day. 
Patients who had severe cardiovascular disease, chronic 
venous insufficiency, hemodynamically relevant arterial 
pathology, severe nephropathies, and congenital or 
acquired clotting defect conditions were excluded. 
Patients who required prophylaxis or treatment with 
anticoagulant or anti-platelet drugs were also excluded. 
Once all patients enrolled in the study gave their informed 
consent, they were randomized to receive topical TXA, 
both topical and IV TXA, or nothing. On this basis, three 
groups were created. 
	 The first group included 25 patients who received 
topical TXA alone at the time of the surgical procedure. 
Three grams of TXA diluted in 50 mL of 0.9% sodium 
chloride solution (total volume = 80 ml) were injected 
into the acetabulum and medullary channel prepared for 
the implantation of prosthesis and after the reconstruction 
of joint capsule. 
	 The second group also consisting of 25 patients was 
given both IV and topical TXA. The topical administration 
followed the same protocol as the first group. The IV 
solution was administered in two 50 ml doses, one started 
10 minutes prior to incision, and the second during the 
fascial closure. 
	 The third group did not receive TXA. Patients in the 

effective option because of the easy administration, 
high concentration in the bleeding site, and minimal 
systemic absorption (7). Several studies (8-10) found 
that topical TXA reduces postoperative bleeding 
and decreases blood transfusion rates in THA. 
Combining IV and topical TXA has been shown to 
give satisfactory results in THA (11).   

However, the efficacy and safety of combined 
topical and IV TXA versus topical TXA alone in 
THA has not been yet identified. Thus, we performed 
a prospective study to compare combined topical and 
IV TXA versus topical TXA alone for reducing total 
blood loss in THA.

MATERIALS AND METHODS

Seventy-five patients who underwent cementless THA 
from January 2017 to December 2018 at the Orthopedic 
Department of “Federico II” University of Naples (Italy) 
were included in this study. All patients had primary hip 
osteoarthritis, were operated through a postero-lateral 
approach under spinal anasthesia and received uncemented 
prosthetic components including a short femoral stem. 
	 Postoperative antithrombotic prophylaxis involved 
the administration of low molecular weight heparin 

 

Group Age Sex (F/M) BMI (Kg/m2) Hb (g/dL) Hct 
Topical TXA 60.1 ± 10.1 8/17 28.2 ± 3.7 14.1 ± 1.6 42.3 ± 4.4 
IV + topical TXA 57.4 ± 13.6 8/17 28.7 ± 3.6 14.4 ± 1.1 43.7 ± 3.5 
NO TXA 55.7 ± 12.3 8/17 27.8 ± 4.0 13.9 ± 1.5 41.1 ± 4.4 
p value 0.439 1.000 0.715 0.522 0.091 
TXA = tranexamic acid; IV = intravenous; BMI = body mass index; Hb = hemoglobin; Hct = hematocrit 

 

 
 

 

 Topical TXA 
group 

IV + topical 
group 

Control 
group 

Preoperative 14.1 ± 1.6 14.4 ± 1.1 13.9 ± 1.5 
1st postoperative day 11.3 ± 1.2 11.8 ± 0.9† 10.8 ± 1.3 
3rd postoperative day 10.4 ± 1.2 11.1 ± 1.2† 9.9 ± 1.2 
Discharge 10.4 ± 1.3 11.0 ± 1.2 10.2 ± 1.3 
Lowest postoperative 10.0 ± 1.3 10.5 ± 1.2 9.7 ± 1.2 
TXA = tranexamic acid; IV = intravenous 
† = p < 0.05 compared to the control group 

Table I. Preoperative data of experimental groups. Data shown as mean ± standard deviation.

Table II. Hemoglobin level (g/dL) in the three experimental groups. Data shown as mean ± standard deviation.
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tests was used to assess possible differences in number of 
blood transfusions in the three groups. 

RESULTS

Pre-operative and post-operative Hb levels until 
discharge in the three groups are reported in Table II.  
The IV + topical group demonstrated higher post-op-
erative Hb level at postoperative days one and three 
compared to the control group. There were no signifi-
cant differences at discharge.

 Postoperative changes in Hb level in the three 
groups are reported in Table III. Significant post-op-
erative drop in Hb level was detected in all groups at 
the two first time intervals (pre-operative - 1st postop-
erative day and 1st - 3rd postoperative day), without 
significant difference in Hb decrease between groups. 

Table IV shows pre- and postoperative Hct val-
ues in the three groups. Higher Hct value in IV + 
topical  group compared to the control  group was 
detected throughout the postoperative period until 
discharge, whereas a difference between topical 

three groups had similar characteristics of age, gender, 
body mass index (BMI), and preoperative hemoglobin 
(Hb) and hematocrit (Hct) (Table I). Hemoglobin levels 
and Hct values were obtained preoperatively and daily 
thereafter until discharge. Postoperative changes in Hb 
levels and Hct values between the three groups were 
analyzed comparing pre-operative with post-operative 
findings at three time points: first post-operative day, 3rd 
post-operative day, and discharge. Moreover, the lowest 
postoperative Hb and Hct was recorded. 
	 Perioperative blood transfusions in the 3 groups were 
also noted. Finally, the operating time in minutes and 
length of hospital stay in days were recorded. There was no 
routine screening for thromboembolic events, but Doppler 
ultrasonography was obtained in case of clinical suspicion.

Statistical analysis
A T-test for paired data was used to evaluate changes 

in each group in Hb levels and Hct value. An ANOVA test 
with Bonferroni post hoc test was used to check cross-
sectional differences in continuous variables between 
the three groups. The chi-square test and Fisher’s exact 

Table III. Post-operative changes in hemoglobin level in the three experimental groups. Data shown as mean ± standard deviation.

Table IV. Hematocrit value in the three experimental groups. Data shown as mean ± standard deviation.

 

  

 Topical TXA 
group 

p 
value 

IV + topical 
TXA group 

p 
value 

Control 
group 

p 
value 

Pre-operative – Post-operative day 1 2.8 ± 1.0 < 0.001 2.6 ± 0.8 < 0.001 3.2 ± 1.5 < 0.001 
Post-operative day 1 – Post-operative day 3 0.9 ± 0.8 < 0.001 0.7 ± 0.8 0.001 1.1 ± 0.9 < 0.001 
Post-operative day 3 – Discharge 0.1 ± 0.8 0.648 0 1.000 -0.3 ± 0.6 0.068 
TXA = tranexamic acid; IV = intravenous 

 

 
 

 

 Topical TXA 
group 

IV + topical TXA 
group 

Control 
group 

Preoperative 42.3 ± 4.4 43.7 ± 3.5 41.1 ± 4.4 
1st postoperative day 33.8 ± 3.1* 35.5 ± 2.2†† 31.2 ± 4.2 
3rd postoperative 30.8 ± 3.6 33.1 ± 3.9†† 28.4 ± 3.4 
Discharge 31.1 ± 3.9 32.9 ± 4.0† 29.4 ± 3.8 
Lowest postoperative 29.8 ± 3.5 31.3 ± 3.6† 28.1 ± 3.5 
TXA = tranexamic acid; IV = intravenous 
*= p < 0.05 compared to control group 
† = p < 0.01 compared to control group 
††= p ≤ 0.001 compared to control group 
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and technical errors (5, 14). Lastly, the most 
suitable patients for pre-operative autologous blood 
predonation are those who are actually less likely to 
require transfusions (15).
	 In the current study postoperative changes in Hb 
level and Hct value were used to assess the efficacy 
of TXA admnistration. These parameters represent 
an effective estimate of perioperative blood loss. 
Indeed, measuring the volume of blood lost intra-
operatively has been shown to be very inaccurate 
(16). A reliable estimate should include the 
assessment of postoperative bleeding in drainage and 
hematoma that can be accurately quantified only by 
using ultrasonography (17). According to previous 
authors (12, 18), the current study showed that the 
simultaneous administration of IV and topical TXA 
was effective in reducing postoperative blood loss 
after primary uncemented THA, thus decreasing the 
need for allogenic blood transfusion. Indeed, this 
combined regimen of TXA administration resulted 
in higher postoperative Hb levels and Hct values as 
well as lower transfusion rates compared to controls. 
	 These results were obtained without additional 
thromboembolic complications. In the present 
study, the combined use of topical and IV TXA was 
more effective than the topical TXA alone. Indeed, 
with the numbers available, the positive results 
of simultaneous administration of IV and topical 
TXA on the postoperative drop in Hb levels and 
Hct values cannot be achieved using topical TXA 
alone. Moreover, significant reduction in transfusion 
requirements with respect to the control group 
occurred only using the combined IV + topical 
regimen. 
	 These results aren’t in keeping with some 
previous studies (1, 8-10). A possible explanation for 
this discrepancy is that the sample size in the current 
study was not large enough to make the efficacy 

group and control group was appreciable only on 
postoperative day 1. 

Significant postoperative (p < 0.05) drop in Hct 
value compared to the preoperative value was de-
tected in all groups at the two first considered time 
intervals (Table V), with no significant differences 
between groups. 

The transfusion rate was 8 % (n=6) for all pa-
tients, with 5 of 6 transfusions occurring in the 
control group. The IV + topical group had a lower 
transfusion rate compared to the control group (0% 
vs 20%, p=0.014). With the numbers available, no 
difference in transfusion rate emerged between top-
ical and control group. The total operative time was  
85.0 ± 25.2 minutes in the topical group,  84.8 ± 20.8 
minutes in the IV + topical group, and  79.8 ± 25.2 
minutes in the control group, with no significant dif-
ference between groups. Likewise, the difference in 
length of hospital stay between groups was not sig-
nificant (topical group = 5.8 ± 3.5 days; IV + topical 
group = 5.5 ± 1.8 days; control group = 7.2 ± 4.6 
days). No thromboembolic complications were ob-
served in any groups.

DISCUSSION

	 The use of TXA is one of the strategies to reduce 
the rate of allogenic perioperative transfusion in 
THA (12). According to previous studies (13), blood 
transfusions may lead to prolonged hospital stay and 
delayed postoperative rehabilitation which lead to 
low patient satisfaction with surgery.  Pre-operative 
autologous blood predonation also demonstrates 
some drawbacks. Indeed, it is a time-consuming 
procedure and some patients tolerate acute blood 
withdrawal poorly. Moreover, this procedure carries 
its own risks such as ischaemia if the target Hct is 
very low, bacterial contamination, fever, phlebitis,  

  

 Topical TXA 
group 

p 
value 

IV + Topical TXA 
group 

p 
value 

Control 
group 

p 
value 

Pre-operative – Post-operative day 1 8.5 ± 3.2 < 0.001 8.2 ± 2.6 < 0.001 10.3 ± 4.9 < 0.001 
Post-operative day 1 – Post-operative day 3 2.9 ± 2.6 < 0.001 2.4 ± 2.9 0.002 3.0 ± 3.0 0.001 
Post-operative day 3 – Discharge 0.1 ± 2.5 0.898 -0.3 ± 3.4 0.655 -0.8 ± 2.1 0.129 
TXA =   tranexamic acid; IV = Intravenous  

Table V.  Post-operative changes in in hematocrit value in the three experimental groups. Data shown as mean ± standard deviation.
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TXA is effective in decreasing blood loss and 
transfusion rate without increasing the risk of 
thromboembolic accidents in patients undergoing 
uncemented primary THA. With the numbers 
available in the current study, the efficacy of 
topical TXA alone is not demonstrated.  Taken the 
limitations into consideration, larger samples and 
well-designed clinical trials are warranted to assess 
the superiority of combined TXA over topical TXA 
alone in reducing bleeding and the transfusion need 
after uncemented primary THA.
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Medial open-wedge (MOW) high tibial 
osteotomy (HTO) is proven treatment options, 
especially in patients with medial unicompartmental 
knee osteoarthritis (OA) and in varus-OA knee, also 
associated to lesion of anterior cruciate ligament 
(ACL) (1, 2). In last year, there was a technological 
evolution of devices used to perform MOW HTO 
(3, 4). We went from staples or external fixation 
to modern plates with polyaxial locking system 
(i.e. Activemotion plates) and PSI (patient specific 
instrument) technique. The new devices showed 
better outcomes than the historical plates, such 
as Puddu plate (5). The aim of our study is to 
described outcomes, return to activity and rate of 
complications, in patients undergone to MOW HOT 
with Activemotion plates and PSI technique, for 
medial unicompartmental and varus OA.

MATERIAL AND METHODS

From January 2019 to August 2019 a sample of 75 
patients (46 males and 29 females, mean age 45.7) was 
evaluated. In two patients a bilateral MOW HTO was 
performed for a total of 77 MOW HTO. In 72 cases Active 
motion plate was used, while in 5 cases the surgery was 
performed with a PSI technique. Inclusion criteria were 
medial un-compartmental knee OA, Varus knee <10°, 
ROM >90°, age <60 years, no rheumatic diseases. All the 
procedures were performed in “IRCCS Ospedale Sacro 
Cuore – Don Calabria” in Negrar di Valpolicella (VR). 

In post-operative we used the rehabilitation protocol 
of the institute, that consists of partial weightbearing 
for first 10 days, then gradual full weightbearing for 
the next 2 weeks. If necessary, application of hinged 
brace at 0°-90° for first 15 days, then 0-120° for next 2 

Medial open-wedge (MOW) high tibial osteotomy (HTO) is proven treatment option, indicated in 
medial unicompartimental knee osteoarthritis (OA) and in varus OA. New devices and techniques were 
developed in last years, such as Activemotion plates with polyaxial locking system (Dualtec System®, 
NewClip-Technics) and PSI technique. We describe outcomes and rate of complications in patients 
treated with Activemotion plates and PSI technique. From January 2019 to August 2019 a sample of 
77 cases (72 NCT plates, 5 PSI technique) was observed, evaluating the rate of complications and the 
return to activity. The rate of complications is 2.6% and the mean time to return to activity is 10 weeks. 
MOW HTO with Activemotion plate has showed good results with a low rate of complications. About 
PSI technique, the preliminary results are excellent, but we need to increase the sample.
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to choose a different angulation of one screw (±12.5) with 
a polyaxial locking system, performing a more stable 
and resistant fixation with a minor exposure (11, 12). 
Activemotion plates also allows to have a less stiff construct 
in the knee: it means a minor rate of malunion, because of 
the stiffness can cause malunion (13).

PSI technique have been introduced to enhance 
surgical accuracy and ease of implantation in patients 
underwent total knee replacement (14). In HTO allows to 
improve even more the advantages of Activemotion plates: 
excellent fixation, good resistance, respect for anatomy; 
the preliminary results showed good results in terms 
of return to activity (9 weeks) and rate of complications 
(0%); however the sample observed was small (5 patients), 
therefore it will be fundamental to increase the sample in 
further studies (15).

In literature there are study about the possibility to 
perform HTO and ACL reconstruction in the same time, 
with good outcomes (16, 17): in this study the concomitant 
ACL reconstructions were performed with a different 
plate (Activemotion Ligamento, Dual System®, NewClip-
Technics), but the sample is too small to obtain an 
acceptable analysis.  

In  recent decades, HTO is compared to unicompartmental 
knee arthroplasty (UKA) in medial unicompartmental OA 
in terms of surgical options: although the two technique 
have similar indications, the results of HTO are better than 
UKA, in particular in the young patients (<50 years) (17, 
18). A point of weakness of our study is the short follow-up 
and the lack of objective and subjective scores: in future we 
are going to increase follow-up and to submitted scores to 
patients at set times (pre-operative, 6 months, 12 months).

A point of strength of our study is the sample 
of Activemotion plates and the standardization 
of the procedure (surgery performed, protocol 
rehabilitation, x-rays at first and third month). 
In conclusion the MOW HTO with Activemotion plate 
has showed good results with a low rate of complications. 
About PSI technique, we absolutely need to increase the 
sample, although the preliminary results are excellent.
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however, it is important to respect the restricted indications 
of HTO (6). The evolution of devices to perform HTO has 
a relevant role in improving the results of MOW HTO: this 
is possible thanks to the improvement of the plates itself, 
the surgical technique (3, 4) and the rehabilitation in post-
operative period with early weightbearing (7). Hoorntje et 
al. (8) in 2017 systematically reviewed the rate of return 
to activity in HTO according different devices: it was 
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Ekhtiari et al. (9) analysed the complications after HTO 
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compared to the experience with Puddu plate, described 
in literature (10): it points out the importance of devices 
evolution. In our study we observed a rate of complications 
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The improvement of the observed outcomes is due 
to the evolution of fixation devices; unlike the historical 
plates, such as Puddu plate, the Activemotion plates allows 
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Scaphoid fracture is the most common lesion 
of carpal bones, accounting for 50-80 % of carpal 
injuries (1). The terminal blood supply of the scaphoid 
exposes these fractures to a particularly high risk of 
non-consolidation (2). Fracture localization plays a 
decisive role in the healing process, as fractures of the 
distal third have a higher possibility of consolidation 
than those of the proximal pole. The pseudoartrhosis 
of scaphoid (PSA) leads to alteration in load transfer, 
because of an increase in the flexion and pronation 
of the bone. 

Due to lack of stability from the distorted 
scaphoid, a  dorsal intercalated segment instability 

(DISI) can be developed.  This leads to increased risk 
of arthritic degeneration, with a 5-year prevalence 
ranging from 75 to 97% and a 10-year prevalence of 
100% (3).  

The primary goal of the treatment of scaphoid PSA 
is to achieve the consolidation to improve clinical 
complaints and prevent post-traumatic arthritis of the 
wrist. Several surgical options have been proposed 
for the management of PSA. The techniques mainly 
differ for site of harvesting of the graft site, the 
method of fixation, and use of vascularized or non-
vascularized bone grafts. There is still controversy 
on the most successful surgical option for PSA and 

The pseudoarthrosis (PSA) of scaphoid leads to alteration in load transfer in the wrist joint. Its treatment 
aims to achieve consolidation to improve clinical complaints and prevent post-traumatic arthritis. The 
indication for using vascularized bone grafts is still controversial. This prospective comparative study 
aimed to compare consolidation rate and time to healing of scaphoid PSA treated by volar distal radius 
vascularized bone graft vs non-vascularized iliac bone graft. Nine patients underwent vascularized 
grafting of scaphoid PSA. These patients were compared to a control group consisting of twelve patients 
treated with iliac crest-free bone graft. PSA consolidation was obtained in 8 of 9 patients (88%) and 9 
of 12 patients (75%) in the study and control group, respectively. The difference in consolidation rate 
was not significant. Two of three patients with AVN of the proximal pole in the study group (66%) went 
to consolidation. In the control group no patient with AVN obtained bone consolidation. This difference 
almost reached statistical significance (p = 0.083). The mean time to consolidation was 8.6 weeks (range 
8-11) and 11.7 weeks (range 10-16), respectively, in the study and control group. This difference was 
significant (p < 0.05). In conclusion, the distal radius vascularized graft led to satisfactory consolidation 
rate of PSA in the current study, even in cases of AVN of the proximal pole. Moreover, the vascularized 
bone graft resulted in shorter healing time compared to the non-vascularized graft.
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conservative or surgical treatment for the scaphoid 
fracture, 2) age over 18 years. These patients were 
compared to a control group consisting of twelve patients, 
treated from April 2016 to September 2016 with iliac 
crest-free bone graft. Surgery in the control group was 
performed by three different hand surgeons. The patients 
were all male with similar age as the study group (mean 
age = 28.2 years; range 19 - 42; p = ns). The inclusion 
criteria in the control group were the same as in the study 
group. All data were collected prospectively. 

Before being enrolled in the study, all patients gave 
their informed consent. Before surgery, X-rays (antero-
posterior, lateral, and ulnar deviation views) and magnetic 
resonance imaging (MRI) were obtained to evaluate the 
structure and vascularization of the proximal pole of 
scaphoid. Three of nine patients in the study group (33 %) 
had avascular necrosis (AVN) of the proximal pole, while 
in the remaining patients (6/9) the PSA concerned the 
scaphoid body. In the control group three of twelve patients 
(25 %) presented an AVN, whereas in the remaining 
patients (9/12) the PSA involved the body of scaphoid. 
The following parameters were used for the subjective 
and functional preoperative assessment in all patients:  
visual analogue pain (VAS) scale (0 = absence of pain; 
10 = maximum pain), Disability of the Arm, Shoulder 
and Hands (DASH) scale (5) (0 = complete function; 
100 = maximum disability), flexion and extension of the 
wrist (in degrees; goniometric evaluation), and hand grip 
strength (JAMAR dynamometer evaluation). 

The same parameters were evaluated by one single 
observer 6 months post-surgery.  All patients underwent 
monthly radiographic examination until consolidation of 
the fracture or at 6 months postoperatively. Computed 
tomography (CT scan) was obtained 8- and 12-weeks 
post-surgery to assess PSA bony consolidation. A PSA 
was healed when there was presence of a trabecular bone 
bridge.

Vascularized graft surgical technique
Surgery was performed in day surgery. Brachial plexus 

anesthesia and a high arm tourniquet was utilized in all 
cases. The anterior Henry approach was distally extended 
to the tubercle of the scaphoid. The volar carpal artery was 
subperiosteally isolated using a chisel and carefully freed 
until its emergence from the lateral aspect of radial artery. 
The graft was then harvested using a chisel. Once the graft 

especially fair indications for using vascularized 
bone grafts are lacking in the literature. 

The pedicled vascularized bone graft of 
distal radius was first described by Kuhlmann et al 
(1987) (4). It is harvested from the medial part of 
the radial epiphysis and its blood supply is provided 
by the palmar carpal artery, running between the 
volar periosteum and the distal aponeurosis of the 
quadratus pronator muscle. The purpose of this 
paper was to analyze results of the pedicled distal 
radius vascularized graft in the treatment of scaphoid 
PSA, assessing the rate of consolidation and time to 
healing of PSA in a group of patients treated with 
this technique. Clinical results in these patients were 
also evaluated.

MATERIALS AND METHODS

From April 2016 to May 2018 nine patients underwent 
vascularized scaphoid graft according to Kuhlmann for 
scaphoid PSA. All operations were performed by a single 
surgeon. The patients were all males with mean age 25.4 
years (range 19 - 34). 

The inclusion criteria in the study were 1) no previous 

 
Fig. 1. Vascularization evaluation of the graft after 
pneumatic tourniquet release.
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thumb included was worn for an additional 6 weeks. Upon 
plaster cast removal, the patients started physiotherapy.

Statistical analysis
A Fisher exact test was performed to evaluate possible 

differences in dichotomous variables between the two 
groups (i.e. consolidation rate). A T- test for unpaired 
data was performed to evaluate differences in continuous 
variables (time to consolidation, range of movement, VAS, 
and DASH score). P ≤ 0.05 was considered significant. 
Data were analyzed using SPSS software version 23.0 
(SPSS, Chicago, IL, USA).

RESULTS

None of the patients was lost to follow-up. PSA 
consolidation was obtained in 8 of 9 patients (88%) 
and 9 of 12 patients (75%) in the study and control 
group, respectively. With the numbers available, the 
difference in consolidation rate was not significant. 
Two of 3 patients with AVN of the proximal pole 
in the study group (66 %) went to consolidation. 
In the control group no patient with AVN obtained 
bone consolidation. The difference between groups 

had been taken, the pneumatic tourniquet was released to 
evaluate the blood supply (Fig. 1). The PSA site was therefore 
treated with gentle removal of non-viable bone. 

The two main fragments of the scaphoid were fixed 
with a Kirschner wire, while the bone graft with a second 
wire. The correct reduction was then evaluated by C-arm. 
Finally, the capsule suture was carried out paying attention 
to not compress the arterial pedicle of graft. After surgery, 
the wrist was immobilized in a dorsal spica cast for 15 
days. Subsequently, a long arm plaster cast with thumb 
included was worn for a further 6 weeks. Kirschner wires 
were removed 8 weeks after surgery. Upon plaster cast 
removal, the patients started physiotherapy.

Non-vascularized graft surgical technique
The surgery is carried out under ordinary hospitalization. 

General anesthesia and a high arm tourniquet utilized 
were used in all cases. A standard approach for the 
scaphoid was performed and the PSA site was revitalized. 
Subsequently an iliac crest bone graft was harvested 
through a small anterior approach. Graft synthesis was 
performed with a headless compression screw. The wrist 
is then immobilized with a dorsal spica cast for 15 days 
until sutures are removed. A long arm plaster cast with 
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Fig. 2. Patient of 19 years with pseudoarthrosis of the scaphoid body. A, B: CT scan of pseudoarthosis of the scaphoid 
body with humpback deformity; C: eight-week CT scan shows the healing of pseudoarthosis. 
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scale decreased from 51 (range 31-73) before 
operation to 18 (range 7-31) 6 months later. With the 
numbers available, no difference in any subjective or 
functional outcomes between the study and control 
group was detected.

DISCUSSION

The consolidation rate of scaphoid PSA treated 
with non-vascularized bone grafts is variable from 
70 to 90% in the literature (6, 7, 8, 9). In the meta-
analysis by Merrell et al (10) the consolidation rate was 
reported to be 47% in cases of AVN of the proximal 
pole. In the current study the consolidation rate of PSA 
managed with vascularized bone graft was 88%, and a 
100% consolidation rate was obtained in patients with 
PSA of the scaphoid body. This rate decreased to 66% 
in cases of AVN of the proximal pole. Although not 
significantly, these results compared positively with 
the findings in the control group treated with non-
vascolarized bone grafts. 

Our results are slightly inferior than previous 
data by Lim et al, (11) who reported a consolidation 
rate of 86% in patients with AVN using the same 
vascularized bone graft. Merrell’s meta-analysis 
(10) also reported a higher consolidation rate in AVN 
(88%) with the use of a different type of vascularized 
bone graft. These discrepancies can be explained 
by the small number of AVNs in the current 
study; hence, one single failure in our study group 
dramatically affected the total numbers. One recent 
large systematic review (9) reported a 92% and 88 % 
consolidation rate, respectively, using vascularized 
and non-vascularized bone graft, but this study did 
not differentiate among various types of PSA. 

Bone healing in our study group always took place 
in 8-11 weeks and was faster compared to the control 
group. This data concurs with those of previous 
published PSA series treated with vascularized bone 
grafts (4, 12, 13, 14). In one recent meta-analysis 
(15), the volar radius bone graft was shown to be the 
fastest in achieving consolidation.

In our study group the grip strength improved 
by 18.3 Kg with surgery, with a 44% increase with 
respect to the pre-operative value. This improvement 
is lower compared to the findings of the meta-analysis 

almost reached statistical significance (p = 0.083). 
The mean time to consolidation was 8.6 weeks (range 
8-11) and 11.7 weeks (range 10-16), respectively, in 
the study and control group (Fig. 2). 

This difference was significant (p < 0.05). In 
the study group, the patient who did not obtain the 
consolidation underwent proximal row carpectomy 
one year after the index surgery. In the control 
group (non-vascularized graft) two of the patients 
who did not achieve consolidation underwent four 
corner fusion and one patient refused any further 
surgery.	

 Patients who did not achieve PSA consolidation 
were excluded from the postoperative clinical 
assessment 6 months after surgery. In the study 
group, surgery led to an increase in wrist flexion 
of 6.8 degrees compared to the preoperative value, 
from 53.8 degrees (range 35-65) preoperatively to 
60.6 degrees (range 40-75) postoperatively. Mean 
increase in extension was 5.5 degrees, ranging from 
60.5 degrees (range 45-75) preoperatively to 66 
degrees (range 55 -80 postoperatively. In the control 
group there was a postoperative increase in wrist 
flexion of 14 degrees, from the pre-operative value 
of 52 degrees (range 40-65) to the post-operative of 
66.6 degrees (range 55-75). The increase in extension 
was 3.3 degrees, passing from 63.7 degrees (range 
55-75) preoperatively to 67 degrees (range 50°-75°) 
postoperatively. 

Patients in the study group had a postoperative 
improvement in grip strength of 18.3 kg, passing 
from 24.2 kg (range 18-30) preoperatively to 42.5 
Kg (28-58) postoperatively.  Also, in the controls the 
grip strength increase of 15.3 kg after surgery, and 
passed from 26.7 kg (range 20-34) preoperatively to 
42 kg (32-52) postoperatively. 	

The VAS scale for pain in the study group 
improved from 5.1 (range 2-8) preoperatively to 1 
(range 0-3) postoperatively. Even in the controls, 
there was improvement in pain with the VAS scale 
that decreased from 5.6 (range 2-9) before operation 
to 0.7 (range 0-2) post-surgery. Finally, the functional 
assessment with DASH scale showed improvement 
in both groups. In the study group, it passed from 
43 (range 18-70) preoperatively to 19 (range 5-32) 
postoperatively. In the control group, the DASH 
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literature on this topic (17, 18).
In summary, distal radius vascularized graft 

led to satisfactory consolidation rate of PSA in the 
current study, even in difficult cases such as the 
AVN of proximal pole. In these latter cases the non-
vascularized bone graft does not represent a valuable 
therapeutic option. Moreover, the vascularized 
bone graft resulted in shorter time to consolidation 
compared to the non-vascularized graft in the current 
study. The lack of a significant difference in clinical 
and radiographic outcomes between the two groups 
is likely to be due to small number of patients in the 
present comparison.
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