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Abstract The anterior tibial artery (ATA) is the most critical anatomical structure at risk at the
distal border of the posterolateral approach to the tibial plateau. This study aimed to
use available lower extremity digital subtraction angiography (DSA) images to deter-
mine the distal safe limit of this approach by measuring the distance from the tibial
joint line to the ATA where it pierces the interosseous membrane. Tibial plateau
mediolateral width (TP-ML-W) and the perpendicular distances from the ATA to the
tibial joint line and fibular headweremeasured onDSA images in 219 lower extremities.
To normalize the distances according to the tibial dimensions, each distance was
divided by the TP-ML-W, and a ratio was obtained. Popliteal artery branching pattern
was categorized according to the classification proposed by Kim et al. Comparative
analysis between right and left extremities, genders, and anatomical variations were
performed. There were 102 male and 26 female subjects with a mean age of
60.7� 15.7 years (range, 17–92 years). Ninety-one subjects had bilateral lower
extremity DSA; thus, a total of 219 extremities were analyzed. The TP-ML-W was wider
in male (78.3� 7.0) than female (70.5� 7.3) subjects (p¼ 0.001). The ATA coursed
through the interosseous membrane at 50.9� 6.9 mm (range, 37.4–70.2 mm) distal
to the tibial plateau joint line, and it was 66.5� 7.2% of the TP-ML-W. The ATA coursed
through the interosseous membrane at 36.5� 6.0 mm (range, 21.9–53.8 mm) distal
to the fibular head, and it was 47.7� 6.6% of the TP-ML-W. All measured variables were
similar between the regular branching pattern of the popliteal artery (type 1A) and
other observed variations among male subjects. The safe length of dissection in the
posterolateral approach is average 66.5% (range, 45.7–86.7%) of the TP-ML-W. This
ratio is valid for both genders. The use of a ratio instead of a distance, which is subject to
personal variations, seems to be more logical and practical for planning this surgery,
but the wide range should still not be ignored.
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Although the tibial plateau fractures constitute approximately
1% of all fractures, the treatment of these injuries is still
challenging for trauma surgeons.1,2 A wide range of fracture
patternsmay occur as split and/or depression fractures affect-
ing either the medial or lateral plateau, as well as involving
both plateaus. Luo et al described a new classification system,
also called three-column classification, for tibial plateau frac-
tures. According to this classification, the tibial plateau is
divided into three columns, namely anterolateral, anterome-
dial, and posterior columns.3 Contrary towhat was previously
known, the fractures involving the posterolateral column are
common and occur in almost half (44.3%) of all bicondylar
plateau fractures.4 Because tibial plateau fractures are intra-
articular fractures, anatomical fracture reduction, stable fixa-
tion, and achieving lower extremity alignment are the most
critical factors determining the prognosis.5

Many of these fractures can be successfully treated with
plates and screws using traditional medial or lateral surgical
approaches. However, these approaches may not allow a
sufficient reductionandfixation inaselectedgroupofpatients
who have coronal fractures involving the posterior column
with extension to the posterolateral cortex.6,7 Furthermore,
biomechanical studies have shown that posterior buttress
platefixation is the strongest fixationmethod for the postero-
lateral coronal shear fractures.8,9 Various surgical approaches
have been described to provide anatomical reduction, the
elevation of the depressed intraarticular fragment, and stable
fixation of tibial plateau fractures involving the posterolateral
column.6,10–16 All these surgical approaches require careful
dissection due to the presence of critical neurovascular struc-
tures in the posterolateral corner of theknee, such as common
peroneal nerve and terminal branches of the popliteal artery.
The direct approach to the posterolateral tibial surface was
first described by Lobenhoffer et al thorough a transfibular
osteotomy.10Lateron, thisapproachwasmodifiedbyothers to
eliminate the fibular osteotomy.11 It has been reported that
the anterior tibial artery (ATA) located at the distal border of
this approach is at risk of injury and the surgical exposure
cannot be extended distally.12,15,17 ATA arises from the popli-
teal artery approximately anterior to the distal border of
popliteus muscle and pierces the tibia-fibular interosseous
membrane to supply the anterior compartment of the leg.
Because it changes its route from posterior to the anterior
compartment, it is not a mobile structure and cannot be
released and retracted easily for a safe exposure and
instrumentation.

Two previous cadaver studies performed on a limited
number of legs (16 and 40 lower extremities, respectively)
reported that the posterolateral surface of the tibia approxi-
mately 5 cm distal from the joint level could be reached with
this surgical approach.15,17 However, gender differences,
personal differences in dimension, and variations of the
popliteal artery were not taken into account in these studies.
The purpose of this study was to provide more detailed
information on the distal limit of the dissection for the
posterolateral approach of the tibial plateau, using lower
extremity digital subtraction angiography (DSA) in a large
group of subjects.

Materials and Methods

Patients and Study Design
A retrospective review was performed on all patients who
underwent lower extremity DSA between January 2017 and
December 2019 in our institution. Patients with arterial occlu-
sion, severe stenosis, amputation, skeletal deformity (either
acquired or congenital), fracture, patients with the previous
history of vascular surgery and inadequate visualization of the
area of interest which would preclude the interpretation of
the vascular anatomy and the radiographic measurements
were excluded from the study. A total of 219 lower extremities
in 128 patients (91 bilateral limbs, and 37 unilateral limbs)
were eligible for inclusion. The indications of DSA were limb
ischemia secondary to atherosclerosis in 72 patients (56.3%),
limb ischemia secondary to diabetes mellitus in 30 patients
(23.4%), acute arterial thromboembolism in nine patients (7%),
Burger’s disease in eight patients (6.3%), traumatic arterial
injury in four patients (3.1%), hemangioma in three patients
(2.3%), and vascular graft occlusion in two patients (1.6%). This
studywasperformed following the ethical standards laiddown
in the 1964 Declaration of Helsinki and its later amendments,
andthe InstitutionalReviewBoardapprovedthestudyprotocol
(IRB approval date/issue; 08.08.2019/18–2).

Imaging Protocol
Catheter angiography was performed using a DSA device
(Philips Allura Xper FD 20, Netherlands). In all the patients,
the arterial catheterization was achieved by the Seldinger
method using a 5F pigtail catheter in the supine position. The
catheter was inserted into the superior aortic bifurcation
using the femoral approach. For each patient, 150mL of
iohexol contrast medium was used.

Radiological Measurements
All anatomical measurements were performed on DSA
images that were stored in picture archiving and communi-
cation systems by two observers using the software program
Sectra IDS7 (Ver. 18.2., Sectra AB, Sweden) on the digital
workstation. The optimal angiographic image in which the
popliteal artery and its branches were most clearly observed
was selected from the sequential series of video images. In
this image, the tibial plateau mediolateral width (TP-ML-W)
was measured. Then, the point where the ATA pierces the
interosseous membrane was detected and marked. Perpen-
dicular distances from the tibial plateau joint line to anterior
tibial artery distance and the tip of the fibular head to
anterior tibial artery distance were measured and recorded
(►Fig. 1). To normalize the distances according to the tibial
dimensions, each distance was divided by the mediolateral
width of the tibia, and the ratio was obtained. The branching
pattern of the popliteal artery was categorized according to
the classification system proposed by Kim et al.18

For each patient, all readings were done by two indepen-
dent observers on separate occasions, 6 months apart. After
completion of the measurements, interobserver reliability
was calculated using the interclass correlation coefficient
(ICC) and 95% confidence interval for continuous variables,
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and kappa statistics for categoric variables. An agreement
was graded as perfect when ICC or kappa was more than
0.81.19 All distance measurements showed perfect intra and
interobserver reliability. Intraobserver reliability for both
observers on both occasions and interobserver reliability
on the first occasion were perfect for PA classification but
substantial on the second occasion (►Table 1). The mean
value of the observers’ distance measurements on the first
occasionwas used for the final analysis. There was a discrep-
ancy in six extremities for the PA classification on the first
occasion, observers discussed on these cases and received a

consensus agreement, and the final analysis was performed
with the consistent data.

Statistical Analysis
Continuous variables were presented as mean� standard
deviation and range. Categorical variables were stated as
percentages and frequency distribution. The Kolmogorov–
Smirnov test was used to determine whether the data were
distributed normally. Comparative analysis between right
and left extremities and gender groups was performed using
the Mann-Whitney U test, and both paired sample and
independent sample student’s t-tests. A value of p< 0.05
was accepted as statistically significant.

Results

There were 128 subjects (102 males and 26 females) with a
meanage of 60.7� 15.7 years (range, 17–92years). Ninety-one
subjects had bilateral lower extremity DSA; thus, a total of 219
extremities were analyzed. Themediolateralwidth of the tibia
was wider in male (78.3� 7.0) than female (70.5� 7.3) sub-
jects (p¼ 0.001). The ATA coursed through the interosseous
membrane at 50.9� 6.9mm (range, 37.4–70.2mm) distal to
the tibial plateau joint line, and it was 66.5� 7.2% of the
mediolateral width of the tibial joint line. The ATA coursed
through the interosseous membrane at 36.5� 6.0mm (range,
21.9–53.8mm)distal to thefibularhead, and itwas47.7� 6.6%
of the mediolateral width of the tibial joint line. All measure-
mentswere greater inmale than female subjects except for the
ratio of the distance of the ATA piercing point to the tibial joint
line (p¼ 0.215) (►Table 2; ►Fig. 2). There was no significant
difference between right and left extremities in bilateral cases
in each measurement and ratio in both genders (►Table 3).

According to the classification of popliteal artery varia-
tions described by Kim et al, 209 (95.4%) extremities were
classified as type IA, five extremities (2.3%) as type IB, one

Fig. 1 (A) Illustration showing the measurements. Distance a is the
mediolateral width of the tibial plateau. Distance b is the perpendic-
ular distance from the tibial plateau to the ATA, where it pierces the
interosseous membrane. Distance c is the perpendicular distance
from the fibular head to the ATA, where it penetrates the interosseous
membrane. (B) DSA image showing the same measurements. The
yellow circle represents the location of the ATA, where it penetrates
the interosseous membrane. ATA, anterior tibial artery; DSA, digital
subtraction angiography; FA, fibular artery; PA, popliteal artery, PTA,
posterior tibial artery; TFT, tibiofibular trunk.

Table 1 Summary of reliability analysis

Variable Interobserver reliability

OBS A t1 vs. OBS B t1 Interpretation OBS A t2 vs. OBS B t2 Interpretation

TP-ML-Wa 0.979 (0.965–0.988) Perfect 0.986 (0.976–0.992) Perfect

TP-ATA distancea 0.937 (0.893–0.963) Perfect 0.953 (0.921–0.972) Perfect

FH-ATA distancea 0.925 (0.874–0.956) Perfect 0.954 (0.923–0.973) Perfect

PA classificationb 0.869, (0.767–0.970) Perfect 0.748 (0.478–1.000) Substantial

Intraobserver reliability

OBS A t1 vs. t2 Interpretation OBS B t1 vs. t2 Interpretation

TP-ML-Wa 0.981 (0.968–0.989) Perfect 0.989 (0.982–0.994) Perfect

TP-ATA distancea 0.934 (0.889–0.961) Perfect 0.980 (0.966–0.988) Perfect

FH-ATA distancea 0.917 (0.860–0.951) Perfect 0.977 (0.962–0.987) Perfect

PA classificationb 0.819 (0.577–1.000) Perfect 0.824 (0.605–1.000) Perfect

Abbreviations: FH-ATA distance, fibular head to anterior tibial artery distance; OBS, observer; PA, popliteal artery; TP-ATA distance, tibial plateau joint
line to anterior tibial artery distance; TP-ML-W, tibial plateau mediolateral width.
aIntraclass correlation coefficient and 95% confidence interval.
bKappa and 95% confidence interval.
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extremity as (0.5%) as type IC, and four (1.8%) extremities as
type IIB. Type IA popliteal artery branching pattern, which is
accepted as normal, was observed in all female subjects. No
significant difference was found in all measured variables
between the type considered normal (type 1A) and other
observed variations among male subjects (►Table 4).

Discussion

Direct posterolateral approach to the knee provides distinct
advantages for the treatment of tibial plateau fractures
involving the posterolateral column. The fracture and the
quality of the reduction can be visualized and fixed properly

Table 2 Comparison of male and female subjects

Variable Female
(# extremities:46)

Male
(# extremities:173)

Overall
(# extremity:219)

p-Value

TP-ML-W (mm� SD) 70.5� 7.3 78.3� 7.0 76.7� 7.7 (range, 57.9–96.1) 0.000

TP-ATA distance (mm� SD) 46.1� 7.3 52.1� 6.3 50.9� 6.9 (range, 37.4–70.2) 0.000

FH-ATA distance (mm� SD) 32.0� 7.0 37.7� 5.2 36.5� 6.0 (range, 21.9–53.8) 0.000

Tibial ratio (%� SD) 65.3� 6.5 66.8� 7.4 66.5� 7.2 (range, 45.7–86.7) 0.215

Fibular ratio (%� SD) 45.1� 6.8 48.4� 6.4 47.7� 6.6 (range, 31.3–63.8) 0.003

Abbreviations: FH-ATA distance, fibular head to anterior tibial artery distance; SD, standard deviation; TP-ATA distance, tibial plateau joint line to
anterior tibial artery distance; TP-ML-W, tibial plateau mediolateral width.
Note: Independent sample t-test was used for the comparison.

Fig. 2 Diagram showing the relationship between the tibial plateau mediolateral width and the location of the anterior tibial artery. Please note
the linear correlation between these two variables.

Table 3 Comparison of right and left extremities in bilateral DSA examinations

Variable Female (n¼ 20) Male (n¼ 71)

Right Left p-Value Right Left p-Value

TP-ML-W (mm� SD) 69.7� 6.9 69.8� 7.5 0.899 77.9� 6.8 77.6� 7.0 0.345

TP-ATA distance (mm� SD) 45.9� 6.9 46.7� 7.4 0.404 52.4� 6.8 52.3� 5.9 0.804

FH-ATA distance (mm� SD) 31.3� 6.1 32.8� 7.3 .154 38.1� 5.5 37.8� 4.7 0.688

Tibial ratio (%� SD) 65.7� 5.7 66.7� 5.4 .478 67.5� 8.1 67.6� 6.9 0.922

Fibular ratio (%� SD) 44.7� 5.9 46.5� 6.5 .176 49.0� 6.6 48.9� 5.9 0.922

Abbreviations: DSA, digital subtraction angiography; FH-ATA distance, fibular head to anterior tibial artery distance; SD, standard deviation; TP-ATA
distance, tibial plateau joint line to anterior tibial artery distance; TP-ML-W, tibial plateau mediolateral width.
Note: Paired sample t-test was used for the comparison.
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either with screws or buttress plating.10,11,14 However, the
most important problem in this approach is that critical
neurovascular structures within the exposure are at risk of
iatrogenic injury. Besides, the distal border of the exposure is
limited to the ATA.12,15,17

The current study aimed to determine the distance of the
distal limit of the posterolateral approach. According to the
results of this study, ATApierces the interosseousmembraneat
anaverageof50.9mm(range,37.4–70.2mm)distal to thetibial
joint line and an average of 36.5mm (range, 21.9–53.8mm)
from the fibular head. Second, it has been explored whether
thesemeasurements vary bygender and sizeof theknee. These
distancesaresignificantlyshorter in femalesubjects than in the
male. However, when these distances were normalized using
the mediolateral width of the tibia, the ratio was 65% of the
tibial width on average irrespective of gender. This practical
ratio can easily be used in surgical planning for both genders.
When the fibular head was taken as a guide point, a ratio that
was valid for both genders has not been found.

Thereareonly twoprevious cadaveric studiesonthis subject
inthe relevant literature.15,17Heidari et al reported thedistance
of the ATA to the tibial joint line 46.3� 9.0mm (range, 27–
62mm), and the distance of the ATA to the fibular head
35.7� 9.0mm (range, 17–50mm). There was no difference
between the right and left sides of the cadavers.17 In the second
study, Sunetal reportedtheaveragedistanceofATAtothe tibial
joint line 48.7mm (range, 45.8–51.3mm).15 The results of the
current study are quite similar to these previous studies.
Considering all measurements in these studies including our
study, it is noteworthy that the range is very wide, changing
from27 to 70mm. This widemargin shows us that care should
be taken during the dissection toward the distal border of the
exposure. Apart from these studies, Carlson et al reported that
approximately 8 to 10 cmdistal from the tibial joint level could
be reachedwith the posterolateral approach, but this observa-
tion is not based on any measurement data.12

Numerous variations have been reported in the branching
pattern of the popliteal artery. The presence of these varia-
tions may further endanger the safety of the posterolateral
approach. Kim et al classified the branching variations of the
popliteal artery into three main groups. In the first group
(type I), ATA branches from the popliteal artery distal to the
joint level, and in the secondgroup (type II) it branches above
the joint level. Type III includes hypoplastic or aplastic vessel
formations with altered distal blood supply. Each group was
further divided into subtypes. Type IA is the most common
variation and is considered a normal branching pattern. In
type IA, the PA crosses the joint line, and popliteal fossa and
first gives rise to the ATA, and tibiofibular trunk, thereafter it
further subdivides into the posterior tibial artery and fibular
artery (►Fig. 1). The incidence of type IA was reported in
92.2% of the extremities.18 Similarly, in the present study,
95.4% of the cases had normal branching pattern. The other
variations were detected in only ten extremities. The dis-
tance of ATA from the joint level between the individuals
with variation and normal was found similar. In both type I
and II, the ATA pierces the interosseous membrane from a
similar anatomical location. However, in type II cases, the
ATA can be found closer to the joint level in the exposure
area, so the dissection must carefully proceed toward the
distal limit. Fortunately, the incidence of these variations is
quite low; however, surgeons should be aware of these
variations to prevent a possible iatrogenic injury.

The present study has some limitations and strengths. First,
radiological measurements are subject to inter and intraob-
server variations. Although intraobserver reliability was not
tested, interobserver reliability was perfect. In contrast to the
previous studies that were conducted on 56 extremities in
total, a relatively higher number of extremities (n¼ 219)were
analyzed in this study. Furthermore, gender, side, and PA
anatomical variations were investigated. Finally, the relation-
ship between the size of the knee and the measured variables
was established. Since the incidence of PAvariations is low,we
could not detect all types of variations. The measurement of
the mediolateral width of the tibia in patients with fracture
leading to widening may not be reliable; however, the intact
contralateral side can be used as a guide since no significant
difference in tibial joint line width was detected.

Conclusion

In conclusion, the safe length of dissection in the posterolat-
eral approach is the average 66.5% (range, 45.7–86.7%) of the
mediolateral width of the tibia. This ratio is valid for both
genders. The use of a ratio rather than a distance, which is
subject to personal variations, seems to be more logical and
practical for planning this surgery. However, surgeons
should keep in mind that these measurements still have a
wide range (as short as 27mm and up to 70mm) and should
perform a careful surgical dissection to prevent iatrogenic
vascular injuries.

Ethical Approval
Institutional Review Board approved the study protocol.

Table 4 Comparison of normal popliteal artery branching
pattern (type IA) and all other variations

Variable Normal
(n¼ 163)

Variation
(n¼ 10)

p-Value

TP-ML-W
(mm� SD)

78.3� 6.9 77.3� 8.3 0.659a

TP-ATA distance
(mm� SD)

52.2� 6.3 51.7� 6.2 0.837a

FH-ATA distance
(mm� SD)

37.8� 5.1 37.3� 5.6 0.759b

Tibial ratio
(%� SD)

66.7� 7.4 67.2� 7.4 0.863a

Fibular ratio
(%� SD)

48.4� 6.4 48.3� 5.8 0.957b

Abbreviations: FH-ATA distance, fibular head to anterior tibial artery
distance; SD, standard deviation; TP-ATA distance, tibial plateau joint
line to anterior tibial artery distance; TP-ML-W, tibial plateau medio-
lateral width.
aStudent t-test.
bMann-Whitney U test.
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