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a b s t r a c t

Trans-syndesmotic screws are commonly used to repair syndesmosis ruptures and stabilize the ankle joint.
Just as with any surgery, the neurovascular structures can be compromised, causing complications. We
evaluated the position of the perforating branch of the peroneal artery to define the risk of arterial
compromise during placement of 2 trans-syndesmotic screws. In 37 cadaveric specimens, 2 trans-syndesmotic
screws were inserted 2 and 4 cm proximal to the ankle joint. The distances between the perforating branch of
the peroneal artery and the screws and the other anatomic landmarks were measured. Significant differences
were calculated between the male and female limbs, and regression analysis was used to determine the
significant associations between the tibial length and screw location. The perforating branch of the peroneal
artery passed through the interosseous membrane 3.42 � 0.6 cm proximal to the tibial plafond. The artery was
located up to 4 mm from the superior and inferior screws 51.4% and 10.8% of the time, respectively. A greater
percentage of male specimens displayed close proximity between the artery and the superior screw, and the
distance of the artery from the distal fibula was statistically significant compared with the distance in the
female specimens. Regression analysis revealed that the greater the tibial length, the closer the superior screw
was to the artery, with a negative correlation discovered for the inferior screw. We concluded that superior
screw placement increased the risk of injuring the perforating branch of the peroneal artery injury, and the
likelihood of injuring the artery with the inferior screw increased as the length of the tibia decreased.

� 2014 by the American College of Foot and Ankle Surgeons. All rights reserved.
Ankle injuries are one of the most common musculoskeletal
complaints presenting to the emergency department and commonly
involve injury to the ankle syndesmosis (1,2). Syndesmotic injury can
be an isolated event or associated with ankle fracture. When syn-
desmotic injures are associated with ankle fracture, they will most
commonly occur with Weber C type ankle fractures (3,4). Residual
widening of the ankle syndesmosis decreases the talocrural contact
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area, leading to chronic ankle instability and post-traumatic ankle
osteoarthritis (5,6). To prevent tibiofibular diastasis, the standard
treatment for an unstable syndesmotic injury involves surgical
reduction and stabilization (tibiofibular transfixation). However, no
general consensus has been reached for the technique of syndesmotic
repair (7,8).

The lack of standardization could in part have stemmed from a lack
of information regarding other complications, such as iatrogenic
compromise to the local vascular structures. In the case of syn-
desmotic injuries, the perforating branch of the peroneal artery is
susceptible to injury. The distal tibiofibular syndesmosis is composed
of 4 ligaments: the distal anterior tibiofibular ligament, distal poste-
rior tibiofibular ligament, distal transverse tibiofibular ligament, and
interosseous tibiofibular ligament. In a biomechanical study, Ogilvie-
Harris et al (9) showed that the distal anterior tibiofibular ligament
s. All rights reserved.
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was responsible for 35% of the stability of the ankle joint, the deep
portion of the distal posterior tibiofibular ligament for 33%, the
interosseous tibiofibular ligament for 22%, and the distal posterior
tibiofibular ligament for 9%.

The blood supply to the anterior portion of the syndesmotic liga-
ments derives from the perforating branch of the peroneal artery
(PBPA) in most human specimens (10). Pai (11) described a traumatic
aneurysm of the PBPA that he attributed to drilling for screw place-
ment during ankle fracture repair. Fanter et al (12) evaluated the risk of
PBPA injury when placing a single 4.5-mm trans-syndesmotic cortical
screw 2 cm proximal to the tibiotalar articulation and concluded that
an inherent risk of injury to the PBPA exists owing to the proximity of
the screw to the artery on insertion of the fixation. However, because
the number, size, and placement of screw fixation varies greatly and is
dependent on many factors, such as the extent of the syndesmotic
injury and surgeon preference, we sought to evaluate the risk associ-
ated with placement of 2 trans-syndesmotic screws in a cadaver
model. We hypothesized that insertion of 2 screwswould increase the
potential for a PBPA injury comparedwith placement of a single screw.
Fig. 1. Measurements of screw fixation and anatomic landmarks in relation to the
perforating branch of the peroneal artery. ARTPLAF, distance from the distal wall of the
perforating branch of the peroneal artery (PBPA) at the perforation of the interosseous
membrane to the anterolateral tibial plafond; ARTFIB, distance from the distal wall of the
PBPA at the perforation of the interosseous membrane to the distal tip of the lateral
malleolus; ARTSCREW, distance from the distal wall of the PBPA at the perforation of the
interosseous membrane to the threads along the shaft of the screw; FIBSCREW, distance
from the distal tip of the lateral malleolus to the center of the screw head. (Modified from
Gray H. Gray’s Anatomy: Descriptive and Applied, ed 19, Lea & Febiger, Philadelphia, 1913, p.
1407, plate 343)
Materials and Methods

The Western University of Health Sciences institutional review board approved the
present study. A total of 37 embalmed cadaveric lower extremities intact to the level of
the hip joint were evaluated. The specimens were dissected using an anterior lateral
approach, preserving the tendon and ligamentous structures. The dissections were
conducted by 1 of us (K.P.). The anterior ankle was exposed by reflecting the extensor
digitorum longus tendon medially and creating an anterolateral capsulotomy of the
tibiotalar joint, after which the ankle joint and fibula were exposed, and marks were
made on the lateral aspect of the fibula 2 and 4 cm proximal to the tibial plafond to
identify the screw placement sites. The screw placed 2 cm proximal to the ankle joint
was similar to the method used by Fanter et al (12) and based on the premise that
syndesmotic screw placement 2 cm proximal to the tibiotalar joint would be a
biomechanically reasonable position (12–14). Next, two 4.5-mm diameter � 45-mm
long, fully threaded, self-tapping cortical screws were placed across the syndesmosis
in all 37 specimens. The screws were inserted at the points marked on the fibula par-
allel to the tibiotalar joint in the coronal plane, oriented obliquely at 30� from post-
erolaterally to anteromedially, with the goal of bisecting the tibial incisura and crossing
3 cortices (lateral and medial fibular and lateral tibia). One of us (K.P.) inserted all the
screws. Next, another of us (M.W.) dissected the vasculature around the ankle and then
assessed the relationships of the PBPA to the screws and the anatomic landmarks using
digital calipers (Absolute 500-196-20 Digital Caliper, Mitutoyo America, Chicago, IL),
which has a stated accuracy of �0.025 mm.

These measurements were made in accordance with the protocols described by
Fanter et al (12) as follows:

1. The minimum distance from the wall of the PBPA where it perforates the inter-
osseous membrane to the threads along the shaft of each screwmeasured parallel
to the shaft of the fibula in the sagittal plane

2. The distance from the distal tip of the lateral malleolus to the center of the head of
each screw measured parallel to the fibular shaft in the sagittal plane

3. The distance from the distal wall of the PBPAwhere it perforates the interosseous
membrane to the anterolateral tibial plafond measured parallel to the shaft of the
fibula in the sagittal plane

4. The distance from the distal wall of the PBPAwhere it perforates the interosseous
membrane to the tip of the lateral malleolus (ArtFib) measured parallel to the
fibular shaft in the sagittal plane

The tibial length was also measured from the tibial plateau to tibial plafond,
serving as a proxy for body size in the regression analyses (12) (Fig. 1 [15]). The
anthropologic and forensic data have relied on the tibial length as a measure for body
size, because it has had one of the lowest standard of error rates across all de-
mographics, the irrelevance of limb asymmetry, and the stronger correlation between
body size and lower limb measurement compared with measurements involving the
upper extremity (16–19).

Statistical analyses were performed using the Statistical Package for Social Sciences,
version 10.0 (SPSS, Chicago, IL), software package in a similar manner to the analysis
performed by Fanter et al (12). Descriptive statistical analyses were performed with
independent samples testing (unpaired Student’s t tests) for both male and female
specimens. Statistical significance was defined at the 5% (p � .05) level. Pearson’s
correlations were calculated by performing a regression analysis to assess the strength
of the clinically important relationships among the length of the tibia, screw placement,
and arterial injury.
Results

The anatomic data were assessed in all 37 limbs, with 20 limbs
(54.05%) from 11 male cadavers and 17 (45.95%) from 10 female ca-
davers. Also, 19 (51.35%) were left limbs and 18 (48.65%) were right
limbs (Table 1). The PBPA was situated at a mean distance of
3.42 � .6 cm from the tibial plafond to the point where it perforated
the interosseous membrane. The male and female cadavers displayed
a mean distance of 3.64 � 0.5 cm and 3.15 � 1.0 cm, respectively. The
PBPA was within 4 mm of the superior screw in 19 cadavers (51.35%)
and within 5 mm of the superior screw in 24 cadavers (64.86%). The
prevalence of the superior screw being within 4 mm of the PBPA was
41.18% (7 of 17 cadaver limbs) in the female specimens and 60% (12 of
20 cadaver limbs) in the male specimens. The PBPA was within 4 mm
of the inferior screw in 4 (10.81%) of the 37 limbs. In 3 (8.11%), the
PBPA was observed to be in direct contact with the superior screw, 1
(2.7%) of which displayed the superior screw directly penetrating the
artery (Fig. 2).

Independent samples tests of the null hypothesis were per-
formed to compare the differences in the results between the male
and female specimens (Table 1). A statistically significant difference
was identified for the distance from the PBPA to the distal tip of the



Table 1
Baseline characteristics and anatomic measurements

Age (yr) Tibial Length (mm) ArtPlaf (mm) ArtFib (mm) ArtScrew (mm) FibScrew (mm)

4 cm (proximal) 2 cm (distal) 4 cm (proximal) 2 cm (distal)

Combined (N ¼ 37)
Minimum 22.6 320 18.41 39.68 0 0 52.45 31.07
Maximum 97.1 398 67.96 88.97 19.36 35.65 72.32 51.02
Mean 71.6 357.71 34.15 54.32 4.97 11.92 60.75 41.56
SD 18.1 21.77 5.6 5.65 6.5 7.26 5.22 4.56

Male (n ¼ 20)
Minimum 22.6 343 26.54 47.67 0.00 0.00 52.96 34.51
Maximum 92.3 392 45.71 67.19 17.70 22.03 72.32 51.02
Mean 69.6 365.5 36.42 58.00 3.92 13.50 62.04 42.44
SD 19.8 17.75 4.97 4.80 5.69 6.60 5.28 4.19

Female (n ¼ 17)
Minimum 41.6 320 18.41 39.68 0.00 0.00 52.45 31.07
Maximum 97.1 377 67.96 88.97 19.36 35.65 69.63 50.87
Mean 69.6 344.25 31.53 52.74 6.20 10.05 59.21 40.52
SD 16.3 14.86 10.16 10.00 5.53 7.87 4.82 4.88

p Value* .06 .04y .22 .15 .10 .21

Abbreviations: ArtFib, distance from the distal wall of the PBPA at the perforation of the interosseous membrane to the distal tip of the lateral malleolus; ArtPlaf, distance from the
distal wall of the PBPA at the perforation of the interosseousmembrane to the anterolateral tibial plafond; ArtScrew, distance from the distal wall of the PBPA at the perforation of the
interosseous membrane to the threads along the shaft of the screw; FibScrew, distance from the distal tip of the lateral malleolus to the center of the screw head; PBPA, perforating
branch of the peroneal artery; SD, standard deviation.

* Unpaired t test male versus female.
y Clinical significance defined at p � .05.
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lateral malleolus (58.00 mm for males versus 52.74 mm for females;
p ¼ .04). Also, a clinically significant (>10%) difference was found for
the distance from the PBPA to the tibial plafond; however, the dif-
ference was not statistically significant (36.42 versus 31.53 mm;
p ¼ .06).

Using the tibial length, ordinary least-squares regression analyses
were performed to assess the relationship between physical stature
and the PBPA anatomic measurements. When evaluating the data for
the combinedmale and female limbs, a moderate negative correlation
was found between the tibial length and the distance of the artery
from the more superior screw (r ¼ �0.440, p ¼ .007). This result
suggested that the greater the tibial length, the smaller the distance
Fig. 2. Trans-syndesmotic screw fixation using 2 screws, with the super
from the superior screw to the PBPA. No other correlations involving
tibial length were statistically significant in the combined data from
all specimens (Table 2). In the male specimens, a moderate positive
correlation was found between the tibial length and the distance of
the artery from the inferior screw (r ¼ 0.509, p ¼ .02). This result
suggested that, among the male limbs, the greater the tibial length,
the larger the distance from the inferior screw to the PBPA. Similar to
the combined male and female data analysis, a moderate negative
correlation was found between the tibial length and the proximity of
the artery to the superior screw in the male specimens (r ¼ �0.465,
p ¼ .04). No statistically significant relationships were found in the
separate evaluation of the female limbs (Table 3).
ior screw penetrating the perforating branch of the peroneal artery.



Table 2
Pearson correlations showing relationship between tibial length and anatomic and trans-syndesmotic screw fixation measurements (N ¼ 37)

ArtPlaf ArtFib ArtScrew FibScrew

4 cm (proximal) 2 cm (distal) 4 cm (proximal) 2 cm (distal)

Combined (N ¼ 37)
Correlation (r) 0.169 0.144 �0.440 0.275 �0.010 �0.079
p Value combined .32 .40 .007* .10 .95 .65

Male (n ¼ 20)
Correlation (r) 0.358 0.293 �0.465 0.509 �0.282 �0.357
p Value male .12 .21 .04* .02* .23 .12

Female (n ¼ 17)
Correlation (r) �0.297 �0.382 �0.348 �0.292 �0.120 �0.176
p Value female .25 .13 .17 .26 .65 .50

Abbreviations: ArtFib, distance from the distal wall of the PBPA at the perforation of the interosseous membrane to the distal tip of the lateral malleolus; ArtPlaf, distance from the
distal wall of the PBPA at the perforation of the interosseousmembrane to the anterolateral tibial plafond; ArtScrew, distance from the distal wall of the PBPA at the perforation of the
interosseous membrane to the threads along the shaft of the screw; FibScrew, distance from the distal tip of the lateral malleolus to the center of the screw head; PBPA, perforating
branch of the peroneal artery; SD, standard deviation.

* Clinical significance defined at p � .05.
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Discussion

The precise location of the PBPA is highly variable, making the
artery susceptible to vascular embarrassment during syndesmotic
screw fixation. Initially, the PBPA branches from the peroneal artery
deep in the posterior compartment of the leg and passes anteriorly
through a hiatus in the interosseous membrane approximately 3 cm
proximal to the ankle joint (10). Similar to these findings, our study
showed the mean distance to be 3.42 � 0.6 cm proximal to the ankle
joint. No significant difference was found when comparing the male
and female cohorts in our study (12). The mean distance of the PBPA
from the tibial plafond was less than 4.0 cm for all cohorts reported in
published studies and in the specimens described in our study. This
distance, therefore, can serve as a guideline for surgeons transfixating
the tibiofibular syndesmosis with screws, because it defines a safe
zone for screw placement. Specifically, screw placement situated
more than 4 cm superior to the ankle joint will be unlikely to
encounter the PBPA and, as such, will be unlikely to damage the
vessel. The only statistically significant difference we observed be-
tween the male and female limbs was in the ArtFib, a value that was
greater (more superiorly located) in the male specimens (p ¼ .04).

After passing through the interosseous membrane, the PBPA
branches to provide the vascular supply to the anterior syndesmosis
and travels distally, forming an anastomosis with 1 or more branches
of the anterior tibial artery. At about the level of the tibial plafond,
another lateral branch of the anterior tibial artery joins the PBPA,
giving rise to the lateral malleolar artery (9). The variability of the
branches of the PBPA can best illustrate its complexity. Beveridge et al
(7) reported the 4 variable branches to be (1) a cutaneous branch to
the lower leg, which is often reciprocal in size with the cutaneous
branch of the lateral malleolar artery; (2) anterior and posterior
lateral malleolar branches; (3) a small medial branch to the artery of
the tarsal sinus; and (4) terminal branches that can anastomose with
the posterior peroneal artery, lateral plantar arch, and lateral tarsal
artery. It has also been reported that the PBPA usually contributes to
the arterial plexus in the tarsal sinus but is typically not a significant
source of blood supply. The role was only significant in 13% of the
cases, when the artery of the tarsal sinus was a direct branch of the
Table 3
Screw fixation proximity to the perforating branch of the peroneal artery (N ¼ 37)

Screw Location Screw Proximity to Artery (mm)

0 1 2 3 4

Proximal screw (n) 10 (27) 13 (35) 15 (41) 17 (46) 19 (51)
Distal screw (n) 2 (5.4) 2 (5.4) 2 (5.4) 4 (10.8) 4 (10.

Data in parentheses are percentages.
PBPA (20). The lateral tarsal artery will be formed as a continuation of
the PBPA in only 0.5% of cases (21).

The PBPA has particular clinical significance when the dorsalis
pedis artery has derived from it instead of as the more common distal
continuation of the anterior tibial artery. This occurrence has been
reported in 3% and 6% of cases in 2 studies, with 1 patient in each
study having a bilateral presentation (20,22). The geographic distri-
bution and ethnic variability have been shown to influence these
findings (11,23,24). In the present investigation, a single male cadaver
also had the dorsalis pedis deriving from the PBPA bilaterally. This was
the same cadaver in which the 4-cm screw on the right limb perfo-
rated the PBPA. This showed that although a dorsalis pedis derived
from the PBPA is uncommon, it could be of particular surgical sig-
nificance. In such cases, the PBPAwill likely be larger to accommodate
the increased vascular requirements of the dorsalis pedis artery
distally. This could increase the risk of vascular injury, including
perforation, during screw fixation.

To further highlight the complexity of the PBPA, it is important to
recognize that, albeit rare, the PBPA could be absent. In these rare
cases, the lateral branch of the anterior tibial artery will have replaced
the PBPA (25). Mulfinger and Trueta (20) reported the absence of the
PBPA in 3 (10%) of 30 specimens, but no other investigators have re-
ported such a high incidence; thus, this could have been a peculiarity
of the donor population or an effect of the small sample size. How-
ever, in more than 200 specimens between 2 studies, neither Huber
(21) nor Beveridge et al (7) identified any limbs inwhich the PBPAwas
absent. Likewise, our study did not encounter an absent PBPA in 37
limbs.

Surgical repair of the syndesmosis with a single 4.5-mm cortical
trans-syndesmotic screw inserted 2 cm proximal to the tibiotalar joint
revealed a mean distance from the PBPA to the screw of
1.30 � 0.59 cm in males and 0.85 � 0.53 cm in females (12). The
inferior screw placement in our study had a slightly greater mean
distance from the PBPA at 1.35 � 0.7 cm for male cadavers, with a
greater difference in the mean distance in the female cohort. The
superior screw had amean distancemuch less than that of the inferior
screw and actually resulted in vascular embarrassment in 8.1% of the
limb specimens. Additionally, the inferior screw was within 4 mm of
5 6 7 8 9 10

24 (65) 27 (73) 29 (78) 30 (81) 31 (84) 32 (86)
8) 4 (10.8) 5 (14) 6 (16) 11 (30) 14 (38) 18 (49)
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the PBPA in 10.8% of specimens and the superior screw was within
4 mm of the PBPA in 51.4% of the cadavers. As the distance between
the screw and the PBPA increased, the number of specimens showing
a proximity that would place the artery at risk continued to increase
(Table 3). Compared with the results from the study by Fanter et al
(12) showing a distance of 1.0 cm or less in 6 (37.5%) of 16 limbs for the
inferior screw, our study found that 49% of the limbs had a distance of
1.0 cm or less from the PBPA.

When evaluating the proximity of the screw fixation to the PBPA,
our results showed that in 49% of cadavers for the inferior screw and
86% for the superior screw, the distance was 1.0 cm or less. In our
study, the odds of the inferior screw being 1 cm or less from the PBPA
was 1.3 and that for the superior screw was 2.3. This increased like-
lihood of the superior screw being closer to the PBPA demonstrated
the increased risk of PBPA injury when inserting a more proximal
screw 4 cm proximal to the ankle joint. Additionally, when using 2
syndesmotic screws, the odds of either screw being within 1.0 cm of
the PBPA was 1.8 compared with the 1-screw technique studied by
Fanter et al (12).

Using the femoral bi-epicondylar width as a proxy for body size,
Fanter et al (12) found a significant relationship between body size
and the anatomic measurements for the distance from the distal wall
of the PBPA where it perforates the interosseous membrane to the
anterolateral tibial plafond and ArtFib. As a result of the small sample
size, no statistically significant size relationships were observed when
evaluating the same gender samples. Our analysis was based on the
tibial length as a proxy for the body size. Regression analysis of all
samples found a statistically significant negative correlation between
the tibial length and the anatomic measurement of the minimum
distance from the wall of the PBPA where it perforates the inteross-
eous membrane to the threads along the shaft of each screw of 4 cm
(p ¼ .007). This result suggested that the larger the body size, the
nearer the PBPA will be to the superior screw location. Dividing the
data into same-gender samples revealed statistically significant cor-
relations among the male specimens for the proximal and distal
screws both. The relationships were such that the larger the tibial
length among the male specimens, the further the PBPA can be ex-
pected from the more inferior screw, but the closer it would be to the
superior screw (Table 2).

Although our study followed the methods used by Fanter et al (12)
to assess a commonlyused alternative approachof 2 screws tofixate an
ankle syndesmotic injury, we recognize that our study had limitations.
One such deficiency was appreciated in the measurement of the dis-
tance from the PBPA to the screw. The superoinferior absolute distance
was measured, but the anteroposterior absolute distance from the
artery to the screw was not measured. This led to several instances in
which a 0 measurement was recorded but rather than penetrate the
artery, the screw, in fact, was located either directly anterior or pos-
terior to it, potentially overestimating the risk of injury. Another lim-
itationwas related to the sample size. Despite the consistency between
general anatomic measurements regarding the PBPA location, the
significant variability and complexity of the arterial patterns could
require a larger sample than the 37 specimens used in the present
study. This also created some limitations when comparing our results
with those from the studyby Fanter et al (12) owing to the even smaller
population size used in their study and the known biases related to the
use of historical controls. Finally, the diameter of the PBPA was not
measured. At the closest point of the PBPA to the superior or inferior
screw, the PBPA diameter could be a factor in the risk of injury.
In conclusion, trans-syndesmotic screw placement places the pa-
tient at risk of vascular embarrassment. We have identified an
increased risk with a screw located 4 cm superior to the ankle joint
compared with a more inferior screw located 2 cm proximal to the
ankle joint and when using 2 screws compared with 1 screw. This was
also supported by the positive correlation, showing the longer the
tibia, the closer the artery is located to the superior screw placement
and, in male subjects, the further the artery from the inferior screw
placement. Ultimately, the more superior the screw placement and
the larger the tibia, the more likely a PBPA injury can occur owing to
trans-syndesmotic screw fixation. It is important to recognize the
parameters for the likely position of the PBPA to prevent these injuries
and still maximize the proper reduction of the syndesmosis.
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