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Abstract
Purpose During tibial tubercle transfer, popliteal vessels are
at risk from drills and screws. The risk is around 0.11%, as
described in the literature. We reviewed knee injected CTscan
for analysis of the location of arteries, identified landmarks
allowing minimizing risks, and defined a safe zone.
Material and method Distances between the posterior cortex
and arteries were measured on CT scans from 30 adults (60
knees) at three levels (proximal part of the tibial tuberosity,
20 mm and 40 mm distally). Data were used to create a Brisk
map^ with different angular sectors where the frequency of
the presence of arteries was analyzed in each area. We also
analyzed the position of 68 screws of 47 patients who
underwent a medial tibial tuberosity transfer.
Results The nearest distance between artery and the posterior
tibial cortex was found at the level corresponding to the top of

the tuberosity with less than 1 mm, while the largest distance
was found at the distal level. We were able to define a safe
zone for drilling through the posterior tibial cortex which al-
lows a safe fixation for the screws. This zone corresponds to
the medial third of the posterior cortex. When the safe zone is
not respected, screws that overtake the posterior cortexmay be
close to arteries as observed for 37 of the 68 screws analyzed.
Conclusion We described new landmarks and recommenda-
tions to avoid this complication during tibial tuberosity
transfer.
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Introduction

Vascular injury is a rare but potentially devastating complica-
tion after orthopaedic surgery. The popliteal artery (PA) is the
most concerned with 5% of injuries due to knee orthopedic
surgery [1–6]. Previous studies have focused on prevention of
vascular injuries during arthroplasties and osteotomies around
the knee [7–9] but there is a paucity of literature regarding
vascular risks related to interventions like drilling isolated
screws for tuberosity fixation after osteotomy of the anterior
tibial tuberosity (ATT) [10]. Although there is not an extensive
evaluation of the risk of vascular complications during anterior
tibial tuberosity fixation in the literature, popliteal artery inju-
ries have been presented as case reports [8, 10] and Bernhoff
reported an incidence of 0.11% in a group of 1831 tibial tuber-
cle osteotomies between 1998 and 2011 [11]. With regard to
the high number of procedures performed each year, the fre-
quency is probably low andmay be estimated in the same order
as arthroscopy which is also a minimally invasive procedure:
Small [2] reported the incidence of injury to the popliteal artery
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during knee arthroscopy is nine in 400,000 cases, and DeLee
[1] reported this incidence to be six in 120,000 cases. Payne
et al. [12], in 2015, reported in a series of 787 procedures a
4.6% overall risk of complications for osteotomy of ATT, but
did not mention arterial complications, which means that the
risk is probably lower than one in 1000 cases.

Although rare during arthroscopy [1–4], injury to vascular
structures may occur and several studies have been conducted
to localize the popliteal artery at the level of the joint line. The
popliteal artery is known to be located just posterior to the
posterior horn of the lateral meniscus at the joint line; howev-
er, the proximity of the vascular structures to a screw that
overtakes the posterior cortex of the proximal tibia has never
been characterized. We therefore sought to better quantify the
risk of damage to major blood vessels from drilling or
screwing around the proximal tibia and to assess qualitatively
the localization of the vasculature at the level of the tibial
tuberosity.

Our hypothesis was that studying the localization of the
popliteal artery at the level of the tibial tuberosity in a large
group of subjects might reveal the presence of anatomic var-
iances with regard to the position of the artery at the level of
the tibial tuberosity. The risk occurrence of arterial injuries
reported in cases reports [8, 10, 11] during routine procedures
of osteotomy of the anterior tibial tuberosity was the rationale
for this suggestion.

The aims of this study were (1) to measure on CT scan of
patients with three-dimensional (3D) reconstructions, the dis-
tances between the posterior cortex of the tibia and the popli-
teal and leg arteries; (2) to qualitatively describe the sectors
where the vessels are at risk, and to establish a safe zone for
screw insertion; (3) analyze the position of screws in a clinical
series of patients who had had a ATT osteotomy.

Material and methods

Patients demographics

The positioning of the popliteal and leg arteries in 60 knees of
30 patients (18 men, 12 women) who had had an angio-CT
scan for various indications was retrospectively analyzed. All
images were obtained with the knee completely extended.
Patients with a previous history of fractures, tumors or knee
deformities, of surgical procedures (bone or arteries), or pop-
liteal and leg arteries occlusions were excluded. Patients
whose CT scan presented any soft-tissue or bone abnormali-
ties in the proximal region of the tibia were also excluded. The
angio-CT’s were selected, randomized, and anonymized from
databases of three hospitals in Europe (HEGP – Paris France;
Victor Dupouy hospital – Argenteuil France; Epicura hospital
– Baudour Belgium). The patients had a median age of
50 years (range 18–77 years). Scans had to contain images

from the thoracic region to the toes of the patient. The evalu-
ation protocol used was CT acquisition reference mAs/actual
250 mAs, 120 kV, exposure time 0.5 seconds, reconstruction
thickness 0.6 mm, reconstruction spacing 0.4 mm, and display
field of view 170 mm. Perfusion of patients allowed adequate
visualization of arteries in all knees and legs. From the two
dimensional axial views, three dimensional reconstructions
were made using Osirix® software (Pixmeo, Bernex,
Switzerland) on a personal computer. According to the field
of view (42 cm) and matrix (512 × 512) of the CT scan im-
ages, the accuracy and the reproducibility of measurements,
the precisions of measures were 1 mm +/− 0,2 mm and 1 +/−
0,5 degree. The height of patients was obtained and when
missing was estimated from formulas [13] according to the
length of the femur measured on the CT scan.

Measurements on CT scan

The distances from the posterior tibial cortex to the popliteal
and leg arteries were measured (using the 3D model of
Osirix® software) at three different levels of the proximal
region of the tibia (Fig. 1). The first measurement was made
at the top of the ATT at the location where a most proximal
screw could be inserted (level 1). The second was made
20mm distally, at the most prominent point of the ATT, which
is the most frequent location for screw drilling (level 2). The
third measurement was made 40 mm distally to the top of the
ATT through the anterior tibial cortex, representing the possi-
ble entry point of a distal screw fixing the ATT (level 3). The
diameter of the artery was measured at each level (Fig. 1). The
closest (from the posterior cortex) and most medial artery was
selected for measurement. To correct the position variation of
the patient in the CT scan, we used when necessary the CT
scan torsion of the tibia as proposed in the literature [14, 15]
by merging two pictures, one of the proximal tibia and one of
the ankle cut with the two malleolus and did a reslicing pro-
cess according to the tibial torsion.

Assessing the vascular risk by sector

The aim of this part of the study was to create a Brisk
map^. We first designed a map with three different sur-
face areas at the posterior part of the tibia by drawing on
each CT scan cut two curves parallel to the posterior bor-
der of the proximal tibia and distant by 5 mm and 10 mm
(Fig. 2). We drew these curves at the three levels of the
tibial tuberosity. On this map, four different angular sec-
tors (each of 10 degrees) posterior to the proximal tibia
were determined as follows: we merged two pictures of
CT scan [14, 15], one of the proximal tibia and one of the
ankle at the level of the two malleolus; then we draw at
each level a line starting on the proximal tibia at the cen-
ter of the ATT, perpendicular to the bi-malleolus line.
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From this medial line, we drew laterally four sectors of 10
degrees each (Fig. 2 and Video 1). Twelve different zones
were therefore delimited, numbered from A to L, behind
the posterior proximal tibia at each level. We evaluated
the frequency of the presence of the artery in each of
these 36 areas (Fig. 2a). We also reported the exact posi-
tion of the popliteal artery and performed measurement of
the surface of each zone to compare this area with the
surface section of the artery and with the surface section
of a screw. We also determined zones where the artery
was never present to determine a safe zone.

We measured the theoretical distance from the ATT (entry
points of the screws) to the artery using the 3D model of
Osirix® software at the three different levels of the proximal
region of the tibia, and analyzed the results with regard to the
height of the patient to know if it was possible to predict
patient risk that a too long screw overtakes the posterior
cortex.

Assessing retrospectively the screw position
on radiographs of patients

We retrospectively analyzed the position, orientation (axial
and sagittal), and overtaking length of 68 screws on a multi-
centric cohort (Epicura hospital - Baudour Belgium; Erasme
hospital – Bruxelles Belgium) of 47 patients previously oper-
ated for medial ATT transfer (according to Elmslie-Trillat pro-
cedure). The screws’ orientation in the axial plane was deter-
mined by trigonometry using the measurement of the screw
length projection on anterior and lateral radiographs.
Knowing the screw length and measuring the distance be-
tween the head and the end of the screw, the angle of the screw
with an antero-posterior axis was calculated using the

following trigonometric formula: angle β = tan−1(screw
length on face X-ray/screw length on profile X-ray). This
angle was corrected to be reported perpendicular to the bi-
malleolar line [16, 17]. Then using the direction of the screw
in the axial plane and the overtaking length, the position of the
distal extremity of the screws was reported on the Brisk map^
(Fig. 2b), using a reslicing process to merge the pictures.

Statistical analysis

Statistical analysis was performed using software
XLSTAT® (Addinsoft) for Windows. The descriptive
analysis presented the observed data in the form of tables,
expressed using means, min and max, along with illustra-
tive graphs. Continuous variables were angle, distances
ATT-A; POST-A; height; abdominal perimeter; distance
between femoral heads. A p-value <0.05 was considered
significant. The inferential analysis was composed of the
following methods: numerical variables were compared
between pairs of sub-groups using the T-student and
ANOVA tests. Linear regression was used to determine
correlations between measurements.

Results

Proximity of arterial structure to posterior cortex of tibia
and entry point of a screw

The first objective was to measure the distances between the
artery and the posterior cortex at the three different levels of the
proximal tibia. Table 1 shows the mean and confidence interval
at 95% of the distances at the three levels, according to gender

Distance between entry point and artery
Distance between posterior tibial cortex and artery
Bi-malleolus line
Line starting on the proximal tibia at the center of the tibial tuberosity and directed 

perpendicular to the bi-malleolus line
Artery and diameter
Levels of measures

ba

Fig. 1 Descriptions of
measurements realized on CT-
scans for each patient. a
Representation of the three levels
where distances and artery
diameter were measured. b We
determined the distance between
the posterior cortex of the tibia
and artery. These measurements
have been done at each three
levels
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and age group. On average within the entire proximal tibia, the
distance between the artery and the posterior tibial cortex was
12 mm [95% CI 10-13 mm]. The minimal distance was at the
superior margin of the tibial tubercle where the only septal
tissue is the posterior articular capsule: at this level 1, in

8.4% of the angio CT scans, the artery was very close to the
bone (Fig. 3a), less than 5 mm; in one case the distance was
<1 mm. The distance increased at levels 2 and 3, with the
posterior tibial muscle separating the vessels from the posterior
tibia. No correlation was found for age, gender, and obesity.

=20° =30°=10°

A
B

C D

E
F

G H

I J
K L

5mm
10mm

<10° 10-20° 20-30° >30° <10° 10-20° 20-30° >30°
<5mm A=0% B=1.7% C=1.7% D=5% <5mm A=0% B=0% C=0% D=0%

5-10mm E=0% F=5% G=13.3% H=11.7% 5-10mm E=0% F=0% G=1.7% H=11.7%
>10mm I=0% J=13.3% K=25% L=23.3% >10mm I=0% J=21.7% K=40% L=25%

<10° 10-20° 20-30° >30°
<5mm A=0% B=0% C=0% D=0%

5-10mm E=0% F=5% G=5% H=10%
>10mm I=0% J=13.3% K=36.7% L=30%

<10° 10-20° 20-30° >30° <10° 10-20° 20-30° >30°
<5mm A=2 B=1 C=4 D=0 <5mm A=4 B=2 C=1 D=3

5-10mm E=0 F=0 G=0 H=0 5-10mm E=0 F=0 G=0 H=1
>10mm I=0 J=8 K=3 L=4 >10mm I=3 J=10 K=9 L=2

<10° 10-20° 20-30° >30°
<5mm A=0 B=2 C=0 D=4

5-10mm E=0 F=0 G=0 H=0
>10mm I=1 J=3 K=1 L=0

Frequency of presence of artery in each zone

Level 1 Level 2
Number of ending screw in each zone

Level 1 Level 2

Level 3

Level 3

Level 1
Level 3

Level 2

a

b

Fig. 2 BRisk map^ of posterior area of the proximal tibia: 12 zones at each level (A- > L)
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Qualitative analysis of angular sectors at risk

Figure 2 provides the frequency with which the artery tra-
versed each zone (Fig. 2a). When considering the vascular
risks of a screw, the risk in each zone depends on the cross-
section areas of the zone itself, of the artery and of the screw.
For the surface of each zone, we considered that in each row
(for example the row situated at a distance less than 5mm from
the posterior cortex, with zones A, B, C, D), the surface was

similar (within 4 mm2). The surface of each zone indicated in
Table 3 was on average 0.45 cm2 (range 0.34 to 0.52cm2). The
cross-section area of the artery is reported in Tables 2 and 3:
0.13 cm2 at levels 1 and 2, but only 0.07 cm2 at level 3. The
cross-section area of a screw of 4 mm diameter is also
0.13 cm2. This means that at level 1 and 2 (Fig. 3b and c),
when the artery and a screw of 4 mm diameter are in the same
zone, the sum of their cross-section areas (0.26 cm2) is about
50% of the surface of the zone (0.45 cm2). We observed that it

a

b c

Fig. 3 a This picture illustrates
the presence of an anterior tibial
artery attached to the posterior
cortex of the tibia (Level 1). b
Example of screw overtaking the
posterior cortex in a zone at risk
(presence of the artery). The
artery presence frequency in this
zone is 11.7%. c Schematic
representation in a zone of a screw
of 4 mm and of an artery (real
proportions)

Table 1 Mean distance (cm)
between posterior cortex and
artery (IC 95%)

All patients (60) Mean age Level 1 Level 2 Level 3 ANOVA
50 1.1 (1–1.1) 1.2 (1.2–1.3) 1.2 (1.1–1.2) p < 0.05

Age <40y (12) 28 0.7 (0.5–0.9) 1.3 (1.2–1.4) 1.3 (1.2–1.5) p < 0.05

40y-60y (36) 51 1.1 (1–1.3) 1.3 (1.2–1.3) 1.2 (1.1–1.3) NS

>60y (12) 69 1.1 (1–1.3) 1.2 (1–1.3) 1 (0.9–1.2) p < 0.05

ANOVA - p < 0.05 NS p < 0.05

Sexe Men (36) 48 1 (0.9–1.2) 1.3 (1.2–1.4) 1.3 (0.2–1.3) p < 0.05

Women (24) 53 1.1 (0.9–1.2) 1.2 (1.1–1.3) 1.1 (1–1.2) NS

t-student NS NS p < 0.05 p < 0.05
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was rare to find the artery posterior to the superio-medial as-
pect of the posterior tibial cortex. This is the safe zone, at each
level. This zone corresponds approximately to the medial third
of the surface at each level and is represented in Fig. 4 in green.
A video constructed using Osirix® software and Sketchup®
(Google, Mountain View, Californie USA) and Movavi video
editor® softwares (Movavi, Saint Louis, Missouri, USA) is
made available to the reader, showing the risk map in three
dimensions (Video 1).

Assessing screw position on radiographs of patients
after surgery

We analyzed the position of 68 screws in 47 patients: 11 pa-
tients had two ATTscrews, three patients had bilateral surgery
with one screw in each side, and one had two screws in each
side. Among these 68 screws, 25 had overtaken the posterior
cortex at level 1, 32 at level 2, and 11 at level 3. Screws had
overtaken the posterior cortex of the tibia with a mean value of
5.4 mm (range 1 to 13 mm). When the position of the extrem-
ity of the screw was reported on the map risk (Figs. 2b and
3b), the risk of iatrogenic vascular lesion could be assessed.
We considered that the risk was high when there was less than
5 mm between the screw and the artery, and when the screw
and the artery were in the same zone (Fig. 3c). At level 1, 32%
of the screws had high (> 40%) cumulated frequency (sum of
frequencies of presence of arteries in each areas among the
path of each screw) of presence of artery among their path,
36% of screws had medium (between 20% and 40%) cumu-
lated frequency of presence of artery among their path, 23%

had low (<20%) cumulated frequency of presence of artery
among their path, and 9% had a null frequency of presence of
artery among their path. At level 2, percentages of screws
were 26% (high), 34% (medium), 3%(low), and 37% (null).
At level 3, percentages of screws were 10% (high), 0% (me-
dium), 30% (low), and 60% (null). All in all, only six screws
were in a totally safe zone. When checking screws that are at
risk to overlap the posterior cortex, we found that there was a
correlation between the height of the patient and the distance
from the ATT to the artery (Fig. 5). However, there was no
correlation between the height of the patient and the distance

Fig. 4 Three-dimensional reconstruction of the posterior part of
proximal tibia. a and b example of arteries path c and d representation
of the 3D safe map (arteries were never observed in these areas) according
to our results. In green a safe zone acceptable to drill or screw, in orange a
zone were arteries have never been observed but too thick to drill or screw
safely

Table 3 Calculated surface of each zone of Brisk map^ and of the safe
zone

Mean surface of the zones of Brisk map^ cm2 depending of level and
range

Level 1 Level 2 Level 3

Range < 5 mm (zones A, B, C and D) 0.43 0.39 0.34

Range 5-10 mm (zones E, F, G and H) 0.48 0.44 0.38

Range > 10 mm (zones I, J, K and L) 0.52 0.48 0.43

Surface of the total safe zone cm2

Level 1 Level 2 Level 3

1.4 2.9 2.2

At each range, every zone (per example for range < 5 mm zones A, B, C
and D) has the same surface: at level 1 and for range < 5 mm surface of a
zone is 0.43cm2

Table 2 Mean diameter and
mean surface of artery at each
level

Level 1 Level 2 Level 3

Diameter cm (IC
95%)

Surface
cm2

Diameter cm (IC
95%)

Surface
cm2

Diameter cm (IC
95%)

Surface
cm2

0.4 (0.38–0.43) 0.13 0.4 (0.38–0.43) 0.13 0.3 (0.3–0.4) 0.07
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from the posterior cortex to the artery. This means that when
the height of the patient increases, the surgeon needs to in-
crease the length of the screw for bi-cortical fixation, but the
risk remains the same since the distance from the posterior
cortex to the vessel does not increase with size of the patient.

Discussion

Characterizing the vascular pattern around the knee from the
perspective of fixation of the ATT with screws is important
when considering potential complications. The risk of vascu-
lar complications during anterior tibial tuberosity fixation has
mostly been reported as case reports [8, 10], and the frequency
is approximately 0.11% [11]. However, we confirm in this
study the close proximity of the artery to the posterior cortex
with risk of arterial injury, as the vessels, on the opposite side
of the surgical field, cannot be seen and protected during the
procedure. The popliteal artery and leg arteries are the most
anterior structures of the posterior region of the knee. To de-
crease the risk of vascular complications during screw drilling

and placement, we found that the danger zone is located
slightly laterally to the intercondylar fossa.

Our findings are similar to those published in the literature
even if measurements were done with different landmarks and
different techniques. Matava [18] analyzed 14 cadavers and
showed that the popliteal artery was located posteriorly and
laterally to the insertion of the PCL in all knees, in extension.
Keser [19] as well reported that at knee joint level, the popli-
teal artery was located posteriorly to the insertion of the PCL.
This location may cause injury to the popliteal artery in the
case of repair or excision of the posterior corn of the lateral
meniscus, and also in procedures for PCL reconstruction [20,
21]. Ahn [22] using angiography measured the distance be-
tween the tibial insertion of the PCL and the popliteal artery
and found that the distance from the midpoint of the PCL to
the popliteal artery was 4.4 ± 3.2 mm.

Fortunately, the number of vascular injuries reported in the
literature during knee arthroplasty, arthroscopy or osteotomy
is small, regarding the theoretical risks based on anatomical
studies. Small [2, 3] reported 12 cases of vascular injuries,
representing 0.54% of all complications in the case series.
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Fig. 5 The three diagrams at the top of the picture represent the
regression curves illustrating the correlation at each level between the
height (H) of the patient in centimeters and the distance D in cm from
the tibial tuberosity to the popliteal artery. The three diagrams in the lower

part of the picture represent the regression curves illustrating the
correlation at each level between the height (H) of the patient in
centimeters and the distance d in cm from the posterior cortex to the
popliteal artery
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There were nine cases of direct trauma to the popliteal artery,
one displacement of the fibrous arcade and two nonspecific
injuries. Tawes [4] reported three cases in which the popliteal
artery was injured during arthroscopic meniscectomy; the di-
agnosis was late and the lesion led to amputation. More than
50% of the patients with injuries to the popliteal artery present
deficient circulation, despite palpable distal pulses. Although
rare, injury to the popliteal artery during proximal osteotomy
of the tibia at the level of the ATT may have devastating
consequences. When fixing the osteotomy, the screw(s)

violate the posterior tibial cortex, with risk of injury to the
popliteal artery [23]. Only a few studies in the literature have
discussed this risk [10]. Due to the fear of vascular injury,
many surgeons are very careful and stop drilling when they
feel the second cortex. This is safe; however, the strength of
uni-cortical fixation has been shown to be inferior to bi-
cortical fixation. Our results show that it is rare to find the
artery directly posterior to the supero-medial aspect of the
posterior tibial cortex. It is therefore safe to drill medially.
One zone seems completely safe: it is located posterior to
the medial third of the tibia. According to our sectors, the
artery position is especially predictable at level 2 than at levels
1 and 3. Therefore, if the tuberosity is fixed with only one
screw, the safety zone is at level 2 (2 cm under the top of
ATT), perpendicular to the tibial crest (not up, not down)
and in a direction perpendicular to the bi-malleolus line. If
the screw is oriented in this direction (+/− 10° of error), it will
always avoid the artery. If the drill is oriented externally per-
pendicular to the bi-malleolus line, level 2 is the only zone to
offer safety until 20° external deviation. At levels 3 and 1 the
safety zones are also a sector centered on the line perpendic-
ular to the bi-malleolus line (+/− 10°), but the safe area is not
as large (Fig. 2). To decrease vascular complications to the
popliteal artery during drilling and screwing, different knee
positions have been recommended based on the translation
of the vessels during flexion and extension. In our study, all
CT scans were performed with the knee in extension.
However, since flexion knee is known to move the artery
away from bone [24], knee flexion can be recommended when
possible.

We recognize the limitations of our study. The screws’
orientation in the axial plane was determined on anterior and

Knee flexed 

Foot in neutral 
position : needed 
to drill oriented 
internally 

Foot oriented 
internally : have 
to drill straight 
ahead  

Knee extended 

Foot in neutral 
position : needed 
to drill oriented 
internally 

Foot oriented 
internally : 
have to drill 
vertically 

Bi-malleolus line

Recommended drill direction

Bi-malleolus line

Recommended drill direction

Fig. 7 Representation of the
different positions of the leg and
the bi-malleolus line to safely drill
the proximal tibia

MaquetFulkersonHauserElmslie

Wrong position of the screw

Right position of the screw

Fig. 6 Description of the various interventions used to medialize the
ATT. At the bottom of the diagram, bad and good position of screws
according to our results and depending on the intervention
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lateral radiographs; so the risk assessment of screw placement
is only done from 2-D radiographs without known artery po-
sition on a CTscan. The small sample size of each group (men
and women) may have led to a type II error and inability to
detect a difference between the two groups. The average age
of the patients in our study was substantially older than pa-
tients usually undergoing transposition of the ATT. Even if we
excluded severely arthritic knees, the age of the specimens
may have led to the inclusion of knees with low grade osteo-
arthritis, which may have affected the results of our study
because the relationship between the proximal tibia and artery
can differ in arthritic knees; the artery has a more tortuous
course in the popliteal fossa with increasing age and posterior
osteophytes might distort the position of the vessels in arthritic
knees. However, this difference is reported to be minimal
(1 mm) and its clinical implications questionable [25].
Therefore, the age of the patients and the inclusion of knees
with low-grade osteoarthritis did not bias the results of our
study. These limitations are balanced by the strengths of our
study: distances between cortex and vessels were measured on
3D models with CT scan sections, allowing for determination
of the shortest possible distance. However, variations in
branching patterns of the popliteal artery are not uncommon
(10%–15% of cases) and several variations have been report-
ed, the most common being a high division, and hypoplastic
or aplastic posterior tibial artery, but their implication in screw
drilling and placement around the knee have rarely been de-
scribed. The surgeon also should be aware of these variations
and their prevalence to limit the risk of injury while drilling
screws. We found no case in our series with a medially local-
ized artery. However, medial localization occurs in the popli-
teal artery entrapment syndrome, associated with an anoma-
lous medial head of the gastrocnemius muscle [26]. Also, a
Baker’s cyst (no case in our study) may change the localiza-
tion of the popliteal artery. In our series, no knee instability
was present. Popliteal artery localization might be expected to
be altered in cases of rotatory or combined knee instability,
because the tibial plateau shifts abnormally in relation to the
femur in these cases.

When assessing the position of the screws, patients have
been treated with the Elmslie-Trillat technique and a me-
dial transposition [27–29]; because the plane of the
osteotomy is strictly coronal, from a theoretical point of
view the surgeon will have the tendency to give a direction
of the screw toward the sector at risk when the medial
transposition is important (Fig. 6). However, the risk may
be different according to each technique of osteotomy: the
Hauser procedure [30] is a more aggressive technique, with
medial and posterior transfer of the ATT, the screw directed
toward the sector at risk (Fig. 6). The Fulkerson [31, 32]
procedure appears less risky regarding the direction of the
screw (Fig. 6). Many factors [33, 34] such as the surgical
position of the operated leg may influence the surgeon.

Figure 7 showed the different positions of the leg that allow
applying our results (Fig. 7). Usually in surgery of the lower
limb, all the operated limb is in the operative field, then
malleoli can be easily palpated and spotted by the thumb-
index clamp of the surgeon. Thereby, the bi-malleolus line
can be oriented as the surgeon wishes. If ATT is not totally
disrupted, the knee can be flexed. We then recommend when
the foot is in neutral position, that the surgeon drills oriented
perpendicular to the tibial crest and internally. If the foot is
oriented internally (bi-malleolus line facing the surgeon), then
the surgeon has to drill right in front of him and perpendicular
to the tibial crest. If the ATT is totally disrupted, then the knee
must be in extension. If the foot is in neutral position then the
surgeon has to drill and screw oriented vertically and internal-
ly. If the foot is oriented internally (bi-malleolus line horizon-
tal), then the surgeon can drill and screw vertically.

Conclusion

Screw for fixation of the anterior tibial tuberosity is at risk for
posterior artery lesions. We proposed landmarks allowing
safety zone identification: the entry point of the screw should
be at 2 cm under the proximal part of the tuberosity and ori-
ented perpendicular to the bi-malleolus line. If this safe zone
cannot be reached, some precautions allow reducing the risk:
drill stop, planning to get a mono-cortical fixation, and posi-
tion the knee in flexion. According to the fact that CT scan (or
MRI) is frequently performed before knee surgery, we also
recommend assessing the position of the artery on the images
to diagnose potential abnormities.
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