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Orthopedic injury of Anterior Cruciate Ligament (ACL) remains an increasingly frequent issue
that primarily affects athletes with permanent complications as aresult. The modern Magnetic
Resonance Imaging (MRI) technology enables better accuracy when measuring femoral
condyles. Objective: To investigate the dimension analysis of the femoral condyles regarding
ACL injuries alongside their implications for both surgical procedures and preventive
management. Methods: Descriptive cross-sectional study from September 2023 to August
2024 inthe Orthopedic department. The study enrolled 385 participants between 18 to 60 years
old. All subjects completed scanning with a 1 Tesla MRI and the researchers recorded femoral
condyle dimensions. Dataanalysis occurred with SPSS version 26.0. while linear regression and
ANOVA. Results: The research analysis involved 385 participants whose mean age equaled 34.7
+6.95 years. The majority were male (70.6%). Mean measurement of Lateral Condyle AP was
6.28 + 0.43 cm while Medial Condyle AP recorded 6.11 + 0.46 cm, and Trans-epicondylar Axis
reached 7.96 + 0.53 cm. ANOVA analysis found significant measurement distinctions in knee
joints that occurred between different age groups (p<0.001). The results from independent t-
tests showed knee measurement discrepancies between men and women signify statistical
significance at p<0.001. Conclusions: This research demonstrated that the dimensions of
femoral condyles act as major factorsthat determinerisk for ACL injuries. Preventive strategies
alongside treatment plans for ACL injuries need to adopt age- and sex-specific considerations
accordingtotheresearchresults.

INTRODUCTION

The knee joint depends on the anterior cruciate ligament
(ACL) as its primary stabilizing structure, ensuring joint
stability and mobility during movement [1]. ACL tears are
one of the most common orthopedic injuries, affecting
both athletes and non-athletes. In the United States alone,
over 200,000 ACL injuries occur annually, with a rising
trend observed in recent years [2]. These injuries are
particularly frequent in sports requiring rapid movements,
jumping, and pivoting, such as basketball, soccer, and
skiing [3]. ACL injuries can lead to chronic complications,
including persistent knee instability, meniscal damage, and
anincreased risk of osteoarthritis[4]. Knee biomechanics

rely heavily onthe femoral condyles, which play akeyrolein
load distribution and joint stability through articulation
with the tibia [5]. Studies suggest that femoral condyle
morphology such as condyle size and intercondylar notch
width directly affects knee joint mechanics and ACL injury
vulnerability [6]. High-impact activities may further
amplify this risk by altering joint loading patterns
associated with different condyle dimensions [7].
Traditional imaging techniques, such as X-rays, fail to
provide a comprehensive view of knee soft tissue
structures [8]. Magnetic resonance imaging (MRI) is the
preferred technique because it captures detailed images
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of both hard and soft tissues, including the femoral
condyles, menisci, cartilage, and ACL [9]. While higher-
field MRIs (e.qg., 3 Tesla) provide higher resolution, 1 Tesla
MRI remains widely used in clinical settings due to its
accessibility, affordability, and ability to produce reliable
femoral condyle measurements [10]. MRI-based femoral
condyle assessments have critical implications in ACL
injury management. Accurate measurements help
surgeons select the most appropriate grafts and optimize
surgical techniques, improving ACL reconstruction
outcomes [11]. Additionally, evaluating femoral condyle
morphology allows for early identification of individuals at
higher risk of ACL injuries, which is particularly beneficial
for athletes in high-risk sports [12]. While gender-based
differences in ACL injury susceptibility have been
observed, the relationship between femoral condyle
dimensions and these differences remains an area of
ongoing research [13]. The MRI findings of the studied
group revealed a high prevalence of joint effusion (80%),
followed by ACL injuries(63.3%)and PHMM injuries(56.7%).
In contrast, LCL injuries were relatively rare, occurring in
only 3.3% of the study group[14].

Although previous studies have examined ACL injuries and
knee joint morphology, limited research has specifically
evaluated femoral condyle dimensions using 1 Tesla MRl in
the Pakistani population. Moreover, the influence of age-
and gender-related anatomical variationson ACL injury risk
remains insufficiently explored in local clinical settings.
Thereisalsoalack of standardized morphometric data that
could assist orthopedic surgeons in preventive
assessment and surgical planning. The aim of this study
was to explore the relationship between femoral condyle
dimensions and ACL injury risk by analyzing differences
acrossageandgender.

METHODS

The study took place from September 2023 to August 2024
at Peshawar General Hospital and Peshawar Medical
College Orthopedics department (Reference No. 1010). A
total of 385 patients were included in the study based, just
above the calculated need of 381 based on a population of
2,481,000 and an anticipated frequency of 55% with a 5%
margin of error at a 95% confidence level[15, 16 ]. Choosing
this slightly larger sample size helps ensure that the
findings are more robust and reliable. The study was
approved by the hospital's ethics committee, and informed
consent was obtained from each participant before data
collection. Inclusion criteria comprised of patients aged 18
to 60 years, patients with no prior knee joint surgery,
patients who provided informed consent for participation
and patients with clinical indications for knee MRI. While
patients with a history of knee joint surgery,
contraindications for MRI, incomplete MRI data and who
declined to participate or did not provide informed consent
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were excluded from the study. All patients underwent MRI
using a Shimadzu SMT-50A MR imaging system (Shimadzu
CO Ltd, Kyoto, Japan) with a field strength of 1 tesla. T1-
weighted MR imaging was performed following a
standardized protocol. To minimize movement artifacts,
subjects wererestrained, and special footwear was used to
stabilize the foot and maintain posture. The imaging
process did not involve the use of contrast media. All the
individuals were scanned with knee joint protocols. Knee
joint sagittal and transverse images were obtained with a
time to echo (TE) of 35ms and a repetition time (TR) of
650ms. Measurements were conducted on sagittal plane
slices through the most anterior regions of both femoral
condyles. The articular surface of each femoral condyle
was segmented into distal and posterior sections. Data
were collected from radiographic images in various planes
to ensure comprehensive assessment. Data
confidentiality was thoroughly maintained. Collected data
was analyzed by SPSS version 26. All the Categorical
variables such as age groups, gender of participants and
side of knee were expressed in frequencies and
percentages. Mean and SD were calculated for continuous
variables such as Lateral and Medial condylar-AP, Notch
width and Height etc. Linear regression analysis was
performed to assess the association of age with the width
and height of the notch. ANOVA was performed to assess
the difference between various age groups and continuous
variables. A p-value of <0.05 considered statistically
significant.

RESULTS

This study enrolled 385 participants, the ages of the
participants range from 19 to 52 years, with mean age of
34.7 + 6.95 Years. The age was categorized into distinct
groupsinwhich the largest proportion of participants were
in the 26-30 years age group (n=116), accounting for 30.1%
of the participants. Thiswas followed by the 31-35 yearsage
group (n=102), which represented 26.5% of the
participants. Regarding gender of the participants, the
majority of participants were male about 70.6%(n=272),
while females constituted 29.4% (n=113). This indicates a
substantial male predominance in the study population, as
illustratedinFigure 1.
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Figure1:GenderWise Distribution of the Age of the Participants
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The Lateral Condyle AP measurementsranged from5.57to
7.19 cm, with amean of 6.28 cm and a standard deviation of
0.43 cm, indicated that most measurements were closely
clustered around the average.The Medial Condyle AP
measurements exhibited a similar pattern, with values
ranging from 5.33 cm to 7.12 cm, a mean of 6.11cm, and a
standard deviation of 0.46 cm. The Trans-epicondylar Axis
showedawiderrange, from6.78cmto8.83 cm, withamean
of 7.96 cm and a standard deviation of 0.53 cm, reflecting
slightly greater variability. The Width of the Notch varied
between1.75 cmand 3.01cm, withamean of 2.29 cmand a
standard deviationof 0.35cm(Table1).

Table1: Descriptive Statistics of Knee Joint Measurements

M A Bl Number Minimum Maximum Mean+SD
easurements
Lateral condyle AP 5.57 7.19 6.284 +0.430
Medial condyle AP 5.33 7.12 6.113+ 0.455
Trans-epicondylar axis 6.78 8.83 7.960 + 0.525
Dimension of lateral
femoral condyle 385 2.28 3.54 3.011+0.316
Dimension of medial
femoral condyle 2.29 3.62 3.008 +0.319
Width of notch 1.75 3.01 2.293+0.346
Height of notch 1.95 3.39 2.625+0.360

The distribution of knee joints by side in the 385
participants, 55.1% had measurements from the right knee
(n=212), while 44.9% had measurements from the left knee
(n=173). This distribution shows a slight predominance of
right knee measurementsinthe sample(Figure 2).

60 55.1%

50 44.9%

Right Left
Side of knee joint

Figure 2: Participants Experienced Knee Joint Involvement On
One Side Of TheirKnees

ANOVA tests produce vital differences between groups in
Lateral Condyle AP measurements where the F-value
reached 10.590 and the p-value equaled <0.001. ANOVA
analysis revealed significant differences in Trans-
epicondylar Axis measurements across age groups (F =
14.644, p < 0.001). The ANOVA analysis of Width of Notch
reveals a substantial F-value of 4.903 together with a p-
value of less than 0.001. The measurements of Height of
Notch demonstrate statistically important differences
because both F-value and p-value fall below 0.001. ANOVA
analysis of Dimension of the Medial Femoral Condyle
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determined an 8.010 F-value together with a p-value under
0.001. The data demonstrates the Dimension of the Medial
Femoral Condyle exhibits notable differences between
various age groups as indicated by the p-value of <0.001
(Table2).

Table 2: Correlation of Age of Participants with Knee joint
measurements

ANOVA (Age of the Sum of Mean
Participants) Squares  Square
Lateral condyle AP 10.222 1.704 10.590 <0.001
Medial condyle AP 13.020 2.170 12.337 <0.001
Trans-epicondylar axis| 19.985 3.331 14.644 <0.001
Width of notch 3.330 0.555 4.903 <0.001

Height of notch 9.155 1.526 14.154 <0.001

Dimension of lateral
femoral condyle

Dimension of medial
femoral condyle

For the Lateral Condyle AP, males (mean = 6.3758, SD =
0.43378) have significantly larger measurements than
females (mean =6.0654, SD =0.33209). The t-test shows a
mean difference of 0.31037 with a p-value of .000,
indicating a statistically significant difference. Levene's
test for equality of variances was significant (F =5.407, p=
.021), but results are consistent under both equal and
unequal variance assumptions, illustrated by boxplot in

Figure 3.
-

F Significance

10.877 1.813 24.850 <0.001

4.41 0.735 8.010 <0.001

+—x—

Il Medical condyle AP

Lateral condyle AP
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Figure 3: Analysis of Lateral and Medical Condylar Anterior
Posteriorby gender of the participants

The findings of analysis indicated a notable difference in
knee joint dimensions between genders, with males
generally showing larger measurements, as shownin Table
3.
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Table 3: Association of Gender of participants with Knee Joint Measurements

Knee Joint Measurements Significance Significance (2-tailed) Mean Difference Standard Error Difference
Lateral condyle AP 5.407 0.021 <0.001 0.31037 0.04552
Medial condyle AP 4.461 0.035 <0.001 0.33657 0.04801
Width of notch 50.692 <0.001 <0.001 0.17962 0.03774
Height of notch 32.959 <0.001 0.005 0.11214 0.03999
Trans-epicondylar axis 2.167 0.142 <0.001 0.64218 0.04887

Thet-testresults showameandifference of -0.07360 with a p-value of .095, indicating no significant difference between the
right and left knees. Levene's test for equality of variances (F = 0.045, p = .833) supports that variances are equal. For the
Width of Notch, the right knee has amean of 2.2677(SD = 0.33693) and the left knee has a mean of 2.3246(SD = 0.35651). The
mean difference is -0.05694 with a p-value of .109, which is not significant. The Levene's test (F =2.492, p =.115) shows that
thevarianceis similaracrossthe sides. Inthe Height of Notch, the mean for the right knee is 2.6238(SD=0.36048)and for the
left knee is 2.6270(SD=0.36157). The mean difference is-0.00317 with a p-value of .932, indicating no significant difference.

Levene'stest(F=0.112, p=.739)confirms equal variances(Table 4).
Table 4: Correlation of Side of knee joint with the Knee Joint Measurements

Side of the Knee Joint Significance

Significance (2-tailed)

Mean Difference Standard Error Difference

Lateral condyle AP 0.045 0.833 0.095 -0.07360 0.04396
Medial condyle AP 0.126 0.723 0.085 -0.08024 0.04650
Width of notch 2.492 0.115 0.109 -0.05694 0.03544
Height of notch 0.112 0.739 0.932 -0.00317 0.03698
Trans-epicondylar axis 0.006 0.939 0.236 -0.06386 0.05379

For the Width of Notch, there was 7.3% of the variance for age and gender as predictors. Age has a positive and significant
impact (B =0.130, p = 0.009), indicating that as age increases, the Width of Notch also increases. Gender also significantly

affects this measurement with a negative coefficient (B = -

0.221, p = 0.000), suggesting differences between genders. In

termsofthe Height of Notch, the analysisrevealed 8.8 % of the variance.

DISCUSSION

Previous research at the orthopedic departments of
Peshawar General Hospital and Peshawar Medical College
in Peshawar, Pakistan, has utilized MRl analysis to measure
knee joints for ACL injury prediction. Researchers can use
these findings to expand knowledge of ACL injury risk
factors by comparing them with similar investigations
within the existing literature [17]. The study results
demonstrate significant knee joint dimension variations
based on age groups and gender differences, aligning with
findings from other studies. The measurements of lateral
and medial condyles in the AP direction, along with the
trans-epicondylar axis and notch dimensions, exhibit age-
dependentchanges. Theseresultsalignwiththose of Are M
et al., who documented femoral condyle morphological
changes due to variations in cartilage thickness and bone
structure[18]. These structural changes may contribute to
ACL injury risk, as they occur naturally with aging. This
research confirmed that males have larger knee joint
dimensions than females, particularly in the lateral condyle
AP measurement and notch width. The article by Senisik et
al., supported this finding, reporting that females typically
have smaller femoral condyles and narrower intercondylar
notches than males [19]. Researchers suggest that these
anatomical differences contribute to the higherrisk of ACL
tears in female athletes [20].The study identified a

correlation between femoral condyle morphology and ACL
injury risk, notably in the role of notch height and width as
susceptibility factors. These findings support Souryal et
al., whoreported that individuals with smaller notch widths
face higher ACL injuryrisk due torestricted ACL movement
during knee motion[21]. Similarly, Wang et al., emphasized
the importance of femoral notch morphology in ACL injury
risk assessment [22]. A study on young athletes
demonstrated that femoral notch width and angle are key
predictors of ACL injury vulnerability. Furthermore, these
findings suggest that anatomical differences in notch
width among females may contribute to their increased
ACL injury risk. MRl enables precise femoral condyle
measurements, aiding in both diagnosis and preoperative
planning[23]. The findings of Park et al., demonstrate that
MRl plays avital role in ACL assessment, allowing surgeons
to measure femoral condyle dimensions for improved
surgical planning[23]. Accurate MRI-based measurements
help in selecting the appropriate graft material and
optimizing graft placement for ACL reconstruction. Astudy
by Gultekin et al., supports the research, highlighting
substantial variations in knee joint dimensions across
different populations[24]. Understanding these variations
can help develop patient-specific treatment strategies, as
seen in previous research advocating for individualized
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prevention and rehabilitation programs [25]. These
findings on knee joint dimension variability are consistent
with global data, as reported by Irarrazaval, Mensch and
Amstutz[26, 27].

Alimitation of this study isits geographical scope, asit was
conducted only in one district (Peshawar, KPK, Pakistan).
Future research should include participants from other
regions to provide broader insights. Additionally, further
studies should assess additional femoral condyle
parameters to refine risk assessment models. Based on
these findings, clinicians should incorporate MRI-based
femoral condyle assessments, particularly focusing on
notch morphology, to identify individuals at higher ACL
injury risk. High-resolution MRI offers both diagnostic and
preoperative benefits, allowing for precise knee anatomy
evaluation and improved surgical planning. Developing
gender-specific prevention and rehabilitation programs
tailored to anatomical differences may help reduce ACL
injury risk. Raising awareness among athletes and
healthcare providers about these risk factors could
enhanceinjury preventionand management strategies.

CONCLUSIONS

The research established significant distinctions in knee
joint measurements based onage and sexgroupswherep<
0.05 values appear (p<0.05) and delivers vital
understanding about ACL injuries and femoral condyle
dimensions. Research findings from previous studies
demonstrate that ACL injury risk depends on condyle
morphology together with femoral notch width, as
important anatomical variables. Preventing and treating
ACL injuries demands sex-specific preventative
techniques and person-specific evaluation methods
according to the results generated by this study and other
researchstudies.
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