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Evaluation of posterior femoral condyle depth as an anatomical
risk factor for anterior cruciate ligament injury among Egyptian
population: a case–control study
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Background
The purpose of this study was to investigate the influence of posterior femoral
condylar depth on risk of sustaining anterior cruciate ligament (ACL) injury among
the Egyptian population.
Patients and methods
A total of 400 patients (200 ACL ruptured and 200 ACL intact) were included.
Morphometric parameters were measured on knee lateral radiographs, with
overlapping of the femoral condyles. Radiographic measurements included the
posterior femoral condyle offset (PCO) and ratio.
Results
The PCO and ratio showed significant differences between both groups. The
receiver-operating characteristic curve revealed that the PCO cutoff value of
more than 67.8 was associated with increased ACL injury with 76% sensitivity
and 74% specificity.
Conclusions
The data from our study demonstrated that an increase in posterior femoral condyle
ratio was associated with an increased prevalence of ACL injuries in Egyptian
population. However, further research is needed to determine the distal femur
morphology in the Egyptian population and its effect on the risk of primary and
secondary ACL injury.
Level of evidence
Level III, case–control study.
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Introduction
Injuries to the anterior cruciate ligament (ACL) are
devastating with important social–economic
implications [1–3]. Identification of the risk factors
that can predispose the individual to a potential higher
risk of sustaining an ACL injury is of paramount
importance [1,4]. Several environmental, hormonal,
neuromuscular, anatomical, and biomechanical risk
factors have been investigated [5–7]. Few recent
studies have focused on the posterior femoral
condylar depth as a risk for ACL injury [1,8].
Pfeiffer et al.’s [8] work was among the earliest
reports on the relevance of such variant being
measured in radiographs. They emphasized the
importance of screening measures to identify
susceptible population. The purpose of this study
was to investigate the influence of posterior femoral
condylar depth on risk of sustaining ACL injury among
the Egyptian population using plain radiographs.
Using MRI for the same purpose can be more
accurate, however being much more expensive,
operator dependent, and having long waiting lists of
Wolters Kluwer - Medknow
patients makeMRI a less desirable option for screening
and of less availability at certain places in Egypt, where
a good quality MRI can be difficult to obtain.
Patients and methods
Following University Review Board approval (Research
Ethics Committee certificate 000059/6.6.17) and
written informed consent was collected from all
participants, 200 prospectively studied consecutive
patients (who had complete ACL tear who were
planned to have an arthroscopic reconstruction at our
university hospital during the period from January 2017
toApril 2019)were included in this study as a case group.
Another 200 cases that would go for knee arthroscopy
(meniscal, osteochondral, or synovial disorders) without
any knee ligament injury or instability were also screened
DOI: 10.4103/eoj.eoj_102_21
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as a control group. No age limit was predetermined for
patients included in this study.

Exclusion criteria comprised any case with moderate to
severe knee arthritis, previous distal femur fractures,
previous distal femur osteotomies, and patients with
generalized ligament laxity and femoral dysplasia.

All cases includedwere carefully examined and tested for
ACL injury and joint stability. A high-quality
nonweight-bearing standard lateral radiograph with
less than 6mm of overlap between the posterior halves
of the medial and lateral femoral condyles was obtained
for all cases.A true horizontal beam lateral projectionwas
defined to have superimposition of themedial and lateral
condyles of the distal femur, an open patellofemoral joint
space, and slight superimposition of the fibular headwith
the tibia. An overlap of less than 6mmwas considered to
be the upper limit of accepted rotation.

Toobtain suchview thepatient shouldbe lying supineon
the table with the targeted knee flexed slightly (30–60°),
while the detector should be placed against the medial
side of the knee running parallel to the leg, held by the
patient or sandbags, and the longaxis of the femur is tobe
running perpendicular to the beam.

Two radiography technicians were instructed of the
planned measurements and the previously mentioned
details of patients’ position and radiograph criteria were
thoroughly revised with them together with the
technical advice to correct a malrotated projection.
Figure 1

Measurement of posterior femoral condyle offset. (a) Diagram: line 1 (th
point of the anterior angle of Blumensaat’s line) to P2 (the center of the
condyle) was drawn between the most posterior and anterior points of
previous two lines to the most posterior point of the femoral condyle. (b
posterior femoral condyle offset (PCO) is the outcome of ‘A’: divided
Measurement of posterior femoral condyle offset and
ratio
The long axis of the distal femoral shaft (line 1) was
drawn from themost distal point of the anterior angle of
Blumensaat’s line (P1) to the center of the femoral shaft
10 cm above the joint line (P2) (Fig. 1). The axis of the
femoral condyle (line 2)was thendeterminedbydrawing
a line between the most posterior and anterior points of
the lateral femoral condyle. The posterior femoral
condyle offset (PCO) is the outcome of the distance
from the intersection of the previous two lines to the
most posterior point of the femoral condyle (A) divided
by the total anteroposterior length of the condyle (AB)
(i.e. PCO=A/AB).Theposterior femoral condyle offset
ratio (PCOR) is the outcome of the posterior condyle
offset multiplied by 100%. (i.e. PCOR=A/AB%).
Radiographic measurements for all cases were
performed by two blinded authors and the mean
measurement was used.
Data management and analysis
The collected data was statistically analyzed using IBM
SPSS Statistics, version 22.0 (IBM Corp., Armonk,
New York, USA). Data was presented and suitable
analysis was done according to the type of data
obtained for each parameter. Significant and highly
significant correlations were considered when P value
less than 0.05 and less than 0.01, respectively.

Receiver-operating characteristic (ROC) analysis was
performed to determine the optimal PCO cutoff value
for detecting increased risk for ACL injury. A
e long axis of the distal femoral shaft) was drawn from P1 (themost distal
femoral shaft 10 cm above the joint line). Line 2 (the axis of the femoral

the lateral femoral condyle. ‘A’ is the distance from the intersection of the
) Radiograph: ‘AB’ is the total anteroposterior length of the condyle. The
by ‘AB’ (i.e. PCO=A/AB).
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prestudy sample size calculation revealed that a
number of 112 patients in each group is needed to
reach a power of 0.95.
Results
Regarding the demographic data of patients, there was
a significant difference in age (P=0.003) between the
control group and the case group, while there were
insignificant differences in sex or BMI (P=0.14, 0.6,
respectively) (Table 1).

In this study, there was a significant difference in
posterior femoral condyle measurements (A distance)
and total lateral femoral condyle measurements (AB
distance) between both groups (P<0.001) (Table 2).
The PCO and PCOR showed significant differences
between both groups. The ROC curve (Table 3)
revealed that a PCO cutoff value of more than 67.8
was associated with increased ACL injury with 76%
sensitivity and 74% specificity.
Discussion
In the field of orthopedic surgery and sports injuries,
the investigation and identification of risk factors for
ACL injury is of paramount importance [1]. Increased
PCO and PCOR is one of the important anatomical
risk factors. This factor could assist in identifying
individuals susceptible to ACL injury, who may
Table 1 Patients’ demographics in the two groups

Control group Case group Total P value

Age

Mean±SD 39.23±9.44 34.23±8.23 36.73±7.78 0.003

Range 25–40 25–44 25–44

Sex [n (%)]

Male 156 (78) 172 (86) 328 (82) 0.14

Female 44 (22) 28 (14) 72 (18)

BMI

Mean±SD 28.33±2.44 28.34±2.56 28.33±2.55 0.6

Range 26.22–29 26.77–29.5 26.22–29.5

Table 2 Measurements in the two groups

Control
group

Case
group

Total P
value

A distance 141.43 85.27 113.35
±10.85

<0.001

AB
distance

210.27 118.97 164.62
±15.23

<0.001

PCO 0.66±0.04 0.7±0.05 0.68±0.03 <0.001

PCOR 65.65±2.56 69.88
±3.66

67.76±3.66 <0.001

PCO, posterior femoral condyle offset; PCOR, posterior femoral
condyle offset ratio.

T

A

benefit from targeted ACL injury-prevention
counseling and interventions. If a high risk of injury
is confirmed, health and sports participation
counseling and neuromuscular prevention programs
should be strongly recommended [9]. Moreover, it
could guide treatment decisions in patients
undergoing ACL reconstruction that may benefit
from additional surgical procedures such as extra-
articular tenodesis or anterolateral ligament
reconstruction [9]. It was reported in the literature
that these additional surgical procedures reduce
residual knee laxity and provide greater rotational
stability to the knee [10–13]. Furthermore, in
revision and re-revision of ACL reconstruction, the
assessment of bony risk factors may yield an important
role in the preoperative planning as they have been
suggested as a potential cause of revision failure
[14,15].

The changes in distal femoral osseous morphology may
be associated with an elevated risk of ACL injury for
several reasons related to the impact on knee
kinematics. Moreover, it was hypothesized that
altered tibiofemoral interactions caused by an
increased posterior femoral condylar depth may
contribute to the altered gait and loading mechanics
that are shown to predict a greater risk of ACL injuries
[8].

The study conducted by Pfeiffer et al. [8] was one of the
earliest studies that identify the influence of posterior
femoral condylar depth on the risk of ACL injury.
They studied 175 patients and divided them into four
groups (control, primary ACL injury, failed ACL
reconstruction, and contralateral ACL injury
groups). Patients in the first three groups had a
significantly higher cam ratio compared with the
control group (P<0.008). ROC curve analysis
demonstrated that a cam ratio of more than or equal
to 63% was associated with an increased risk for ACL
injury with a sensitivity of 83% and a specificity of 71%.
They hypothesized that an increased posterior femoral
condylar depth may predispose to ACL injury due to
altered tibiofemoral mechanics or a relative laxity of
lateral and anterolateral knee structures in certain
positions.
able 3 Receiver-operating characteristic curve

AUC 95%
confidence
interval

Significance Cutoff
value

Sensitivity Specificity

0.825 0.765 to
0.875

<0.001 76% 76% 74%

UC, area under the curve.
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To the authors’ knowledge, our study is the first one
that investigated the posterior femoral condyle depth as
a risk factor for ACL injury among the Egyptian
population. Our study collected data from 200
patients who had ACL injury and compared the
measurements with another 200 patients without any
knee ligamentous injury to detect the ROC curve
analysis and demonstrate the sensitivity and
specificity of PCO as a novel anatomical factor for
ACL injury. The ACL injury group had significantly
higher posterior femoral condyle ratio compared with
the control group and a cutoff value of 67.8% had a
corresponding sensitivity of 76% and specificity of 74%
for identifying ACL injury.

The difference in cutoff value between this study and
the study of Pfeiffer et al. [8] may be due to race
changes or the relative changes in ACL demographic
distribution in our country. Decreased contribution of
Egyptian females in contact sports may be one of the
reasons for decreased incidence of ACL injuries in
females in Egypt. Moreover, the exclusion of nearly
one-third of eligible patients in the Pfeiffer et al. [8]
study because of poor-quality imaging could introduce
bias.

MRI, rather than lateral knee radiographs, could be a
more precise technique to independently measure
posterior condylar depth for both medial and lateral
femoral condyles. There were few published studies
that had already demonstrated techniques for making
such measurements with the use of MRI [16,17]. The
study by Voleti et al. [16] demonstrated that
radiographs underestimate posterior condylar depth
measurements when compared with MRI [16]. The
use of MRI could allow to separately quantify posterior
condylar depths of both femoral condyles, to
independently assess their influence on the risk of
ACL injury, and to reduce measurement imprecision
and patient exclusion because of malrotated
radiographs. However, we believe that plain
radiographs, when excuted properly, can be a more
applicable and much less expensive and less time-
consuming method of screening that can dodge the
long waiting lists of patients waiting for MRI,
especially that an MRI with good quality of
technical execution and reporting can be difficult to
obtain in many regions in Egypt. False results due to
malrotation of radiography views can be kept to a
minimum by accepting no overlap of more than
5mm between condyles, as defined by Pfeiffer et al.
[8], who performed a pilot interobserver reliability
analysis to determine the upper limits of acceptable
rotation of radiographs through an intraclass
correlation coefficient analysis with a threshold of
more than 0.77 for overlap of 0–6mm.The depth of
the distal femoral condyles may be one of the important
intrinsic risk factors for primary ACL rupture.
Nonetheless, its relation to the incidence of ACL
reconstruction and revision failure is not well
established and requires further research.

Although this study is a controlled prospective analysis
with a relatively suitable patient population size, few
limitations are present. Differences in sex between both
groupswerenot investigated in thepresent study.Wedid
not perform either the interobserver or intraobserver
reliability tests. We did not use MRI for
measurement. Moreover, knee laxity measurements
were not performed in the present study. Finally, the
relation between the depth of the distal femoral condyles
and the incidence of ACL reconstruction and revision
failure was not studied. So, further investigations and
research are needed to further determine thedistal femur
morphology in theEgyptian population and its effect on
the risk of primary and secondary ACL injury.
Conclusions
The data from our study demonstrated that an increase
in posterior femoral condyle ratio was associated with
an increased prevalence of ACL injuries in Egyptian
population. However, further research is needed to
determine the distal femur morphology in the
Egyptian population and its effect on the risk of
primary and secondary ACL injury.
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