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This study aimed to identify risk factors for vascular injury in proximal femoral fracture through identifying fre-
quency and distances between femur and femoral arteries with computed tomography angiography and 3-di-
mensional reconstruction.

In a series of 400 participants, based on measurement results regarding the distribution of femoral arteries in
the medial femur, the femoral portion covering that part was divided into levels A-E. The center region, mar-
gin region, and risky area in the medial femur were defined. The frequency of femoral arteries and interested
shortest distance between the outer femur and superficial, deep, and perforating femoral arteries (SFAs, DFAs,
and PFAs) in the center region, margin region, and risky area at each level were recorded.

There were 173 males and 227 females (average age: 63.61+19.18 years) in this study. The starting point and
end point for femoral arteries in the medial femur were from 22.55+4.23% to 54.56+8.39% of the whole femur.
The femoral arteries in the medial femur mainly were distributed at levels B (88.2%), C (65.9%), and D (40.6%).
The femoral arteries in center regions in the risky area, most of which were DFAs and PFAs, were mainly con-
centrated at levels B (26.93%) and C (11.81%).

The mid-shaft level was the most risky level, and the DFAs and PFAs were easier to injure than the SFAs when
performing internal fixation of proximal femoral fracture. We recommended that great attention be paid to
drill and screw insertion around the mid-shaft level for prevention of iatrogenic vascular injury.
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Material and Methods

The incidence of proximal femoral fracture (PFF) has dramati-
cally increased due to poor bone stock and increasing life ex-
pectancy [1-3], and PFF management requires great attention
from orthopedic surgeons because of a high rate of complica-
tions and mortality [4,5]. The vascular injury of femoral arter-
ies in PFF internal fixation is rare but potentially life- or limb-
threatening [6]. Although achieving early diagnosis and prompt
accurate treatment are necessary, there is no optimal diagnos-
tic or therapeutic modality for vascular injury [7]. Hence, fur-
ther management or prevention of vascular injury may need
clinical attention. There are infrequent reports demonstrat-
ing that the over-penetration of drill bit or distal screws may
induce vascular injury of femoral arteries [8-12]. The current
common PPF fixation modes are almost outside-to-in screw
insertion, which is more dangerous for femoral arteries when
travelling in the medial aspect of the femur. Recognition of the
relationship between screw insertion and femoral arteries in
the medial aspect of the femur is a practical approach to re-
duce iatrogenic vascular injury.

Therefore, we aimed to identify risk factors for vascular inju-
ry through identifying the relationship between screw inser-
tion and femoral arteries in the medial aspect of the femur
with computed tomography (CT) angiography and 3-dimen-
sional (3D) reconstruction.

From August 2013 to December 2015, a total of 400 partici-
pants (173 males and 227 females, average age: 63.61+19.18
years) who underwent CT angiography of paired lower extrem-
ities were recorded. Inclusion criteria were age more than 18
years old and intact paired lower extremities without injury.
Those with lower extremity deformity, femoral fracture histo-
ry, severe femoral artery disease, height shorter than 150 cm,
or age less than 18 years old were excluded. The study was
approved by local institutional review boards, and required
written informed consent was provided.

CT angiography was performed by a 64-slice CT scanner (GE
Medical Systems/LightSpeed VCT, Siemens, New York, New
York, USA) with the same scanning parameters: voltage 120
Kv, electricity 264 mA, image resolution 0.4 mm/pixel, and re-
construction interval 0.625 mm. The imaging data were trans-
mitted to a personal graphics workstation. Mask A was ob-
tained after mimics were set with a threshold value of 226
— maximum HU. Then, Region Growing was applied with Mask
A to obtain Mask B, based on which a 3D reconstructed mod-
el (Figure 1) was obtained.

The reference line drawn in the study was the connection line
of the medial and lateral epicondyle of the femur, which passed
through the center of the femur (Figure 2A). The medial region

Figure 1. The 3D reconstruction model of femur and femoral arteries. (A) Lateral view. (B) Anteroposterior view.
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Figure 2. (A) The reference on the CT angiography sectional view. (B) Schematic diagram of interested area (from level A to level E). (C)
The center region (CR), margin region A (MR-A), and margin region P (MR-P) on the CT angiography sectional view.

of the femur between two tangent lines of the femur that par-
alleled the reference line defined the medial femur. The starting
point and end point of the femoral arteries including superficial
femoral artery (SFA), deep femoral artery (DFA), and perforat-
ing femoral artery (PFA) in the medial femur were measured.

The whole length of the femur was defined as the distance be-
tween the greater femoral tuberosity apex and the midpoint of
the connection line of the medial and lateral epicondyle of the
femur. According to measurement results, the femoral length
covering the portion of femoral arteries in the medial femur
was divided into five levels equally by percentage of the whole
femur: namely, levels A (20%), B (30%), C (40%), D (50%), and E
(60%) (Figure 2B). Based on the 3D reconstruction model and
CT angiography sectional view, the center region was defined
as the region between two tangent lines of the medullary cavi-
ty in the medial femur, which was paralleled with the reference
line. The margin region was defined as the region between the
ipsilateral tangent lines of the medullary cavity and the femur;
the anterior part was named margin region A and the posterior
part was named margin region P (Figure 2C). The region with-
in 10 mm of the femur in the medial femur was defined as the
risky area. The shortest distance was the length of the connec-
tion line between the outer femur and femoral arteries, which
was paralleled with the reference line. The frequency of fem-
oral arteries and the interested shortest distance in the me-
dial femur and in the risky area at each level were recorded.

An experienced radiologist and an orthopedic surgeon reviewed
CT angiography images and 3D reconstruction models twice at
an interval of 10 days in random order. All information about
participants was blinded, and the assessment results were also
blinded to each other. The clinical results without participants’
information were analyzed by the same author.

Statistical analysis

All statistical analyses were performed using SPSS 19.0 (IBM
Corp., Armonk, New York, USA). All data are summarized as
mean + standard deviations for continuous variables and fre-
quency (percentages) for categorical variables. One-way ANOVA
and Student’s t test were applied for statistical analysis. A sig-
nificant difference was defined as p <0.05.

Results

The starting point and end point in the medial femur were
different among SFAs, DFAs, and PFAs (from 31.45+9.64% to
54.56+8.39% for SFAs, from 22.55+4.23% to 42.75+7.12% for
DFAs, and from 24.45+4.57% to 34.3046.17% for PFAs with re-
spect to the whole femur). The starting point and end point for
femoral arteries in the medial femur was from 22.55+4.23% to
54.56+8.39% of the whole femur. There were 173 males and
227 females (average age: 63.61+19.18 years) in this study.
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Table 1. The femoral arteries distribution in different regions at each level.

Level Regions SFA
A Margin Region A 19
| CenterRegion i
 Margin Region P i
CTotal 9
s Margin Region A 7
CenterRegion - s
 Margin RegionP P
CTotal w01
e Margin Region A 203
| CenterRegion 614
 Margin Region P A
CTotal 817
b Margin Region A °o
| CenterRegion 90
 MarginRegionP - ms
CTotal 617
e Margin Region A i
| CenterRegion i
 MarginRegionP 189
CTotal 189

DFA PFA Total
142 79 240 (15.0%)
""""" s 1w s (6%
"""""" r
""""" 8 9% 29 (186%
""""" 62 /559 (349%)
""""" ssu 22 767 47.9%)
""""" 2713 85 (53%)
""""" 725 285 1411 (882%)
""""" v 22 (139%)
""""" w787 (492%)
""""" no 3 46 @o%)
""""" 203 35 1055 (659%)
"""""" A O
"""""" o/ 1% (19%)
""""" 3/ a9 (81%)
""""" 31/ 648 (406%)
"""""" r
"""""" r
"""""" r 189 (1s%)
"""""" r 189 (1s%)

Satisfactory agreement was demonstrated by an intraclass
correlation of 0.915-0.996 for intraobserver reliability and
0.897-0.993 for interobserver reliability in the study.

The femoral arteries in the medial femur were mainly distrib-
uted at levels B (88.2%), C (65.9%), and D (40.6%). As for dis-
tribution in the center region in the medial femur, the femo-
ral arteries were mainly concentrated at levels B (47.9%) and
C (49.2%) (Table 1). Besides, PFAs and DFAs were much closer
to the femur than SFAs at each level, and the difference was
significant (p<0.05). The PFAs were closest to the femur in the
center region at levels A, B, and C, and the DFAs had the least
distance to the femur in the center region at level D. Moreover,
the femoral arteries in the center region at level B were much
closer to the femur than at other levels (Table 2). The fem-
oral arteries in the center regions in the risky area, most of
which were DFAs and PFAs, were mainly concentrated at lev-
els B (26.93%) and C (11.81%). No femoral arteries existed in
the center region in the risky area at level E (Table 3). There
was no significant difference between left and right sides, or
between male and female subjects (except at level B), in the

distance between femoral arteries and the femur in the cen-
ter region (Table 4).

Discussion

The increasing incidence of PFF draws more attention to treat-
ment and relevant complications [1,13,14], of which iatrogen-
ic vascular injury is a severe complication and is difficult to
diagnose early [15,16]. Identifying the relationship between
femoral arteries and femur in the medial aspect of the femur
is critical for prevention of iatrogenic vascular injury in inter-
nal fixation of PFF. We found that the femoral arteries were
mainly distributed in the medial part of the femur at levels
B, C, and D. The least mean distance between femoral arter-
ies and femur in the center region was at level B (12.80+2.38
mm). With respect to distribution in the center region in the
risky area, the femoral arteries were concentrated at levels B
and C. Moreover, the PFAs and DFAs were much closer to the
femur than the SFAs.
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Table 2. The distance between femur and SFA, DFA and PFA at each level.

Level Regions SFA DFA PFA Total p
A Margin Region A 39.51+5.26 24.63+3.64 17.12+2.87 23.34+3.57 0.01<
CenterRegon /. 24.16:329 1286:286 2262318 0033
MarginRegonP /[
"""" B MarginRegionA 33594501 17674218 /2898433 0035
CenterRegion 28174295 14548197 7994305 12806238 0o
 MarginRegonP  / 13000241 10758273 11088254 0694
"""" C  MarginRegionA  4039s562  13.93%285 /3813539 0021
| CenterRegion  27.694289 1233327/ 24310298 0037
 MarginRegionP o 11638311 4234349 5994332 0019
"""" D MagnRegonA 25064317  / /2506317 [
| CenterRegon  3l91s394 /[ sLots304 4
 MarginRegionP 32145421 5546299 1 30304414 <001
""""" E MagnRegonA /[
CCenterRegon /[
MarginRegion P 3434s438 /[ 434s438

p< was regarded as significant difference. Unit — mm.

Table 3. The femoral arteries distribution in center region and risky area at each level.

Level SFA DFA PFA Total
A / / 29 29 (1.81%)
""""""""" B w194 4310693
""""""""" «c ;s mo@msw
""""""""" b 1515 094w
e

Table 4. The difference in distance between femoral arteries and femur with sex and sides.

Level Left side Right side p Male Female p

20% 23.07+3.42 23.54+3.17 0.874 25.91+3.28 22.34+3.07 0.174
N 11924207 13294311 0542 13954342 10876204 0047
o a% 25174283 2394:313 0685 26948359 22762271 0219
o oso% 31441402 29945443 0429 32474468 29262383 0276
% 33.29:489  3486:401 0597 34991474 33162425 0542

P<0.05 was regarded as significant difference. Unit — mm.

The thigh anatomy demonstrated that the femoral arteries run aspect [7]. According to previous studies, [7,9,17], the common
anterior to the femur, separate into SFAs, DFAs, and PFAs, and screw insertion methods for PFF were completely or almost
then run posteromedial or posterior to the femur from the medial outside-to-in. The femoral arteries in the medial aspect of the
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Figure 3. (A) Ultrasonography of DFA pseudoaneurysms. (B) CT of DFA pseudoaneurysms. (C) CT angiography of DFA
pseudoaneurysms.

femur were in jeopardy from screw insertion or over-shot drill
bit, which should never be underestimated. Therefore, the course
of the femoral arteries in the medial aspect of the femur was in
danger during screw insertion. In our study, we found that the
femoral arteries in the medial aspect of the femur covered from
22.55+4.23% to 54.56+8.39% of the whole femur. Orthopedic
surgeons must pay close attention when screws are inserted
around those levels. In the light of our results, the femur from
20% to 60% was divided into five levels: namely, levels A, B, C,
D, and E. The percentage rather than the length of the femur
was selected for level division mainly because the percentage
was not influenced by height of subjects; therefore, it was more
practicable for further clinical application. The femoral arteries in
the medial aspect of the femur were mainly distributed at levels
B (88.2%), C (65.9%), and D (40.6%); that is to say, the femoral
arteries around levels B to D were at higher risk for iatrogenic
vascular injury than those around levels A and E due to intense
distribution of femoral arteries. Moreover, Yang et al. [18] found
that internal rotation and adduction would lessen the distance
between SFAs and the femur. Grimaldi et al. [19] reported an
SFA laceration caused by insertion of screws, and they recom-
mended that neutral position and less limb traction could reduce
the risk of injury to SFAs. Thus, neutral position with less limb
traction would be a better choice in screw insertion for preven-
tion of iatrogenic vascular injury. Diminished traction and ad-
duction before screwing plates or cephalomedullary nails could
reduce vascular injury because it would not lessen the distance
between the medial femur and nearby vessels.

According to the degree of risk for iatrogenic vascular inju-
ry [9], the medial aspect of the femur was divided into three
regions (center region and margin regions), and the femoral
arteries in the center region were easily injured during screw
insertion. The vascular injury usually occurred where femoral
arteries were close to the femur in the direction of screw in-
sertion [18]. The risky area was analyzed especially because
of higher risk for vascular injury. With regard to center re-
gions in the risky area, the femoral arteries, mainly DFAs and
PFAs, were mostly concentrated at levels B (26.93%) and C
(11.81%). That could explain the higher incidence of vascu-
lar injury in DFAs and PFAs compared with SFAs. Injuries to
PFAs were usually reported in the fixation of intertrochanteric
fracture [9,20]. In addition, level B and level C were the most
risky levels for iatrogenic vascular injury compared with oth-
er levels. Laohapoonrungsee et al. [10] believed that a short
drill bit and accurate screw length were helpful in prevention
of pseudoaneurysms. A case of DFA pseudoaneurysm was ob-
served in our trauma center 4 weeks postoperatively (Figure 3).
Considering the distribution of femoral arteries in the left limb,
the short distance to the femur and distribution in the center
region might be the main causes for the DFA pseudoaneurysm.

There were no significant differences in distance of femur and
femoral arteries between the left and right limbs, which was
partially consistent with the result of Han et al. [17]. No sig-
nificant differences between male and female subjects were
observed, except for distance at level B. Mean distance in
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male subjects was greater than that in female subjects, which
might be related to differences in heights and weights between
male and female subjects. Therefore, iatrogenic vascular in-
juries might be more common in female subjects, which indi-
cates the need for more caution on the part of orthopedic sur-
geons, especially when the screw insertion is around level B.

CT angiography and 3D reconstruction were combined to obtain
more accurate and rapid measurement results with satisfacto-
ry quality control. The 3D reconstructed model could showed
anatomical structures in detail and the spatial relationship be-
tween femur and femoral arteries, and was more easily and
accurately used for image review [21]. Yang et al. [18] applied
color-flow duplex scanning for distance measurement in three
hip positions. However, color-flow duplex scanning was not
as accurate and distinct as CT angiography, and only distance
between the femur and SFAs was measured, without the oth-
er arteries. Han et al. [17] introduced angle measurement to
identify the relationship between femoral arteries and imag-
inary distal locking screws. Nevertheless, the study sample
was not large enough, and PFAs were not well studied [22,23].
Besides, the outside-to-in screw insertion was not well con-
sidered, and the area of the femur associated with high risk
of iatrogenic vascular injury was not analyzed. Kim et al. [24]
calculated the number of femoral arteries and average dis-
tance by regions from six levels, aiming to select a safe zone
for minimally invasive medial plate fixation in the distal fe-
mur. The risky area was also not analyzed in particular in that
study. Compared with this method, in our study we analyzed
the femoral arteries, assisted by 3D reconstructions, as well
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as differences in distance between males and females and be-
tween the right and left sides.

Several limitations existed in the design of this study. Firstly,
only images of CT angiography in the supine position were ob-
tained for measurement, because it was not practical for par-
ticipants to undergo CT angiography in different positions. The
report [18] about internal rotation and adduction lessening dis-
tance between the femur and interested arteries could resolve
the problem partially. Secondarily, the PFA distribution in the
medial aspect of the femur was regarded as the course from
starting point to ending point. In addition, there was no ana-
tomical measurement for comparison to validate the accura-
cy of the results in this study, because it was not practical to
perform anatomical measurement. Lastly, large-scale prospec-
tive studies need to be performed for validation.

Conclusions

The mid-shaft level was the most risky level, and the DFAs
and PFAs were easier to injure than the SFAs during internal
fixation of proximal femoral fracture. We recommended that
great attention be paid to drill and screw insertion around the
mid-shaft level for prevention of iatrogenic vascular injury.
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