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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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ACL RUPTURE RISK: A MORPHOMETRIC MRI STUDY

Premtim Rashiti!, Bujar Shabani?, Jeton Shatri'?, Leotrim Berisha*, Ardita Kafexholli', Dijon Musliu'2*,

!Institute of Anatomy, Faculty of Medicine, University of Prishtina, Kosovo.

2Clinic of Orthopedics University and Clinical Center of Kosovo, Kosovo.

3Clinic of Radiology and Nuclear Medicine, University and Clinical Center of Kosovo, Kosovo.
‘Faculty of Medicine, University of Prishtina, Kosovo.

Abstract.

Background: Anterior cruciate ligament (ACL) rupture is
a prevalent and debilitating injury, particularly among active
individuals. Morphological characteristics of the femoral
intercondylar fossa have been hypothesized to influence
susceptibility to ACL injury, with specific shapes such as the
Type A (narrow, steep-sided) notch potentially predisposing the
ligament to mechanical impingement and rupture.

Purpose: To evaluate the association between intercondylar
fossa morphology and the presence of ACL rupture using MRI-
based morphometric assessment.

Methods: This retrospective cross-sectional study included 80
participants (40 with confirmed ACL rupture and 40 controls
with intact ACL) who underwent knee MRI at the University
Clinical Center of Kosovo. Intercondylar fossa shape was
classified into three types—A, U, and W—based on standardized
coronal and axial MRI views analyzed using Mimics software.
Statistical analysis was conducted using SPSS, including chi-
square testing, logistic regression, and ROC curve analysis.

Results: Type A fossa morphology was significantly more
prevalent among ACL-ruptured patients (p < .001). Binary
logistic regression revealed that individuals with a Type A
fossa had an 8.76-fold increased risk of ACL rupture (OR =
8.76; p < .001). ROC curve analysis demonstrated acceptable
discriminative ability (AUC = 0.738), with 82.5% sensitivity
and 65% specificity for predicting ACL rupture based on fossa
shape.

Conclusion: The morphology of the intercondylar fossa,
particularly Type A configuration, is significantly associated
with increased ACL rupture risk. These findings underscore the
potential utility of morphological MRI assessments in screening
high-risk individuals and guiding preventative strategies.

Key words. Anterior Cruciate Ligament (ACL), intercondylar
fossa morphology, MRI morphometry, knee anatomy, ACL
injury.

Introduction.

The anterior cruciate ligament (ACL) is a critical stabilizing
structure withinthekneejoint, playingacentralrole inmaintaining
anteroposterior and rotational stability. Functionally, the ACL
restrains anterior translation of the tibia relative to the femur
and limits internal rotation, particularly during high-demand
activities such as pivoting, jumping, and sudden directional
changes [1,2]. Given its biomechanical importance, injury to the
ACL not only compromises knee function but also predisposes
individuals to long-term consequences, including meniscal
damage, chondral injury, and early-onset osteoarthritis [3].

ACL rupture is one of the most common and debilitating injuries
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in both athletic and general populations. Epidemiologically, it is
particularly prevalent among young, active individuals, with an
estimated incidence ranging from 68.6 to 80 per 100,000 person-
years [4]. Female athletes have shown a disproportionately
higher risk compared to males in similar sporting contexts,
suggesting a multifactorial etiology involving hormonal,
neuromuscular, and anatomical factors [4,5].

A growing body of evidence has highlighted various risk
factors contributing to ACL injury, including extrinsic elements
such as playing surface and footwear, as well as intrinsic factors
like ligament laxity, neuromuscular control, and lower limb
alignment. Among these, anatomical morphology—particularly
of the intercondylar notch—has emerged as a potentially
significant predictor of injury [6]. Morphometric parameters
such as notch width, notch shape, and notch width index have
been associated with ACL injury risk, with narrower notches and
certain notch shapes (notably the A-shaped notch) postulated to
predispose the ligament to impingement and subsequent rupture
[6-9]. Despite these associations, the relationship between
intercondylar notch morphology and ACL injury remains
controversial, partly due to heterogeneity in measurement
techniques and classification systems across studies [7,10].

As summarized in Table 1, previous meta-analyses by Zeng
et al. (2013) demonstrated a clear link between narrow notch
dimensions and ACL rupture, whereas Andrade et al. (2016)
reported similar associations but emphasized inconsistencies in
measurement techniques across studies, underscoring the need
for standardized methods employed in the current study [5-7,9].

A key strength of this study is its use of standardized 3D MRI-
based methods (as described by Park et al. and van Eck et al.),
which directly address the inconsistencies in measurement
techniques noted in previous research.

The primary aim of this study is to investigate the morphological
characteristics of the intercondylar notch, with a specific focus
on evaluating whether the A-shaped intercondylar fossa is an
independent risk factor for ACL rupture. This hypothesis is
grounded in the premise that specific notch configurations
may contribute to mechanical impingement or reduced spatial
accommodation for the ACL, thereby increasing susceptibility
to injury. By refining the understanding of anatomical risk
factors, this study seeks to contribute to injury prevention
strategies and improve clinical assessment of ACL injury risk.

Materials and Methodology.

This retrospective cross-sectional study was conducted at the
University Clinical Center of Kosovo and included a total of 80
participants who underwent knee magnetic resonance imaging
(MRI) between 2022 and 2023. Participants were divided into
two equal groups: 40 patients diagnosed with anterior cruciate

59



Table 1. Summary of prior systematic reviews and meta-analyses on intercondylar notch morphology as a risk factor for ACL rupture.

Study (Year) Sample & Methods

Type
23 studies, n = 3,452;

Zeng et al. (2015) Meta-analysis

tibial slopes

23 studies; analysed ICN

. S )

ér(l)(irgl)de et al. :I}l/:;e;ril:tlc review + meta width, NWI, notch shape,
y tibial slope

Hamdy Abdel 187 knees; correlated NW,

Reheem et al. MRI case-control NWI, notch angle, shape

(2025) (A-type)

150 ACL-rupture vs. 150
controls; used 3D MRI
notch classification

MRI comparative cohort

Park et al. (2012) study

>300 subjects; MRI

Chen et al. (2016) MRI retrospective cohort

Focus on notch volume and

Jha et al. (2020)  Meta-analysis

sex differences

ligament (ACL) rupture (ACL group) and 40 individuals with
no evidence of ACL injury (control group). All participants
underwent MRI imaging using a 1.5 Tesla Philips Intera
(Philips Medical Systems, Eindhoven, The Netherlands) for
precise diagnostic assessment. The MRIs were sourced from the
Department of Orthopedics and the Department of Radiology
at the University Clinical Center. Inclusion criteria were: (1)
patients aged between 15 and 45 years, (2) availability of high-
quality sagittal, frontal and axial MRI images, and (3) no history
of prior knee surgery or multi-ligamentous injury. Exclusion
criteria included low-resolution imaging, previous knee surgery,
or comorbid osseous deformities.

MRI Acquisition and Morphological Analysis:

MRI evaluations were performed using standardized
clinical imaging protocols. Intercondylar fossa morphology
was analyzed using Mimics software (Materialise, Leuven,
Belgium), a specialized 3D image processing platform. MRI
DICOM files were imported into Mimics, where segmentation
and multiplanar reconstruction enabled accurate assessment of
femoral intercondylar notch morphology. Each participant’s
intercondylar fossa was classified into one of three morphotypes:

Type A: Characterized by a narrow intercondylar space with
steep, converging walls, forming a sharply pointed, triangular
configuration.

Type U: Defined by moderate concavity with gently sloping
walls and a relatively flattened base, producing a U-shaped
appearance.

Type W: Distinguished by a broader intercondylar notch
with widely spaced walls and a flat or slightly concave floor,
resulting in a widened W-like contour.

These classifications were based on sagittal and axial
visualizations, consistent with previously established
morphologic criteria. To ensure standardized measurement, the
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assessed ICN width, NWI,

volume-based assessments

Key Findings

ACL-injured group had
significantly narrower notch
width, lower notch width index,
and steeper tibial slopes.

Narrow ICN widths, smaller
NWI, and steeper tibial slopes
were associated with ACL
rupture. Noted methodological
heterogeneity.

Smaller NW/NWI and A-shaped
notch showed higher ACL rupture
incidence.

Inlet-and-outlet stenosis notch
type had smaller 3D volume and | Underscores value of 3D notch
significantly higher ACL injury  evaluation.

risk (P <0.001) ().

Narrower notch width and smaller
ACL volume correlated with ACL
tears ().

Notch volume significantly
smaller (men: —1.40 cm*; women: Heterogeneity resolved via
—0.38 cm?). Noted heterogeneity  volume metrics.

in 2D measures ().

Agreement / Discrepancies

Supports narrow notch — higher
ACL risk.

Agrees overall but calls for
standardization; heterogeneity
noted.

Aligns with notch stenosis
hypothesis.

Supports the 3D volume
approach.

methodology described by Park et al. was adopted (Figure 1
2D and 3D reconstructed MRI). Specifically, on T1-weighted
coronal MRI views, a baseline was drawn along the most inferior
aspects of the femoral condyles. A second line was drawn
parallel to this reference at the level where the popliteal grooves
were clearly visible—typically at the intermediate coronal slice
among the acquired images [11]. Morphometric measurements,
including notch width and notch shape classification, were
recorded at this level to ensure consistency and comparability
across participants.

Figure 1 Sagittal and axial 2D and 3D MRI reconstructions
demonstrating intercondylar notch morphology types: Type
A (narrow, triangular) classified according to established
morphologic criteria and measured using the methodology of
Park et al.

The inclusion age range of 15 to 45 years was chosen to ensure
skeletal maturity, as the distal femoral physis typically closes by
age 14-16, eliminating confounding from open growth plates
that could affect notch morphology. The upper limit of 45 was
selected to minimize the influence of age-related degenerative
changes, such as osteophyte formation, which could distort
intercondylar fossa measurements or affect ACL integrity. The
ACL rupture and control groups were frequency-matched for
age and exhibited similar gender distributions (82.5% vs. 72.5%
male, respectively), supporting approximate demographic
balance between groups. Consequently, age and gender were
excluded as covariates from logistic regression to avoid
overfitting, as their inclusion would not add predictive value in
the context of matched groups and could introduce collinearity
into the mode.

Intercondylar  fossa morphology was independently
classified by two observers—one orthopedic surgeon and one
musculoskeletal radiologist—who categorized all 80 MRI cases



Figure 1. Sagittal and axial 2D and 3D MRI reconstructions
demonstrating intercondylar notch morphology types.

into Types A, U, or W using standardized imaging criteria.
Inter-rater reliability was assessed by calculating Cohen’s
kappa, which demonstrated near-perfect agreement (k=0.976,
p<0.001) across the dataset.

Data Management and Statistical Analysis:

Morphological data extracted from Mimics were compiled
and exported to IBM SPSS Statistics version 23.0 (IBM Corp.,
Armonk, NY, USA) for statistical processing. Descriptive
statistics were used to summarize participant demographics and
distribution of intercondylar fossa types. Chi-square tests were
applied to assess the association between fossa morphology
and ACL rupture status. Pearson’s R and Spearman’s rho were
used to determine correlation strength. To further evaluate the
predictive capacity of fossa morphology—particularly Type A
configuration—on ACL injury risk, binary logistic regression
analysis was performed, calculating odds ratios (OR) and 95%
confidence intervals (CI). Additionally, a receiver operating
characteristic (ROC) curve analysis was conducted to assess
diagnostic performance and determine sensitivity and specificity
at a threshold probability of 0.50.
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Results.

Participant Characteristics:

The study comprised 80 participants, equally divided between
those diagnosed with anterior cruciate ligament (ACL) rupture
(n=40) and a control group with no rupture (n =40). Participants
were aged between 15 and 45 years and predominantly male
(77.5%, n = 62). Laterality of the assessed knee showed a near-
even distribution: 52.5% right-sided (n = 42) and 47.5% left-
sided (n = 38). Intercondylar fossa shapes were categorized into
three types based on MRI: Type A (58.8%, n = 47), Type U
(36.3%, n = 29), and Type W (5%, n = 4). All descriptives are
shown in Table 2.

Fossa Type and ACL Rupture Association:

A Pearson Chi-square test revealed a statistically significant
association between fossa type and ACL rupture status (3*(2)
= 18.646, p < .001), indicating that the distribution of rupture
risk differed by intercondylar notch shape. The linear-by-
linear association was also significant (y*(1) = 15.616, p <
.001), suggesting a gradient relationship across the fossa types.
Symmetric measures confirmed this finding, with moderate
negative correlations observed between fossa type and ACL
rupture using Pearson’s R (r =-0.445, p <.001) and Spearman’s
rho (p=-0.472, p <.001). These results indicate that as the fossa
shape progresses from Type A to U and W, the incidence of
ACL rupture decreases.

Logistic Regression Analysis:

To quantify the predictive strength of Type A fossa on ACL
rupture risk, a binary logistic regression was performed. A
dichotomous variable compared Type A (coded as 1) against
Types U and W combined (coded as 0). The model was
statistically significant (y*(1) = 19.547, p < .001), accounting
for 28.9% of the variance in ACL rupture status (Nagelkerke R?
= 0.289). The model correctly classified 73.8% of cases, with
a high sensitivity for detecting ruptures (82.5%) and moderate
specificity (65.0%). Notably, the odds ratio for Type A fossa
was 8.76 (B =2.170, p <.001), indicating that individuals with
a Type A fossa were nearly nine times more likely to sustain an
ACL rupture compared to those with other fossa shapes.

Type A femoral fossa morphology significantly increases the
likelihood of ACL rupture.

The effect size is substantial, and the model has solid predictive
power.

“A multinomial logistic regression treating fossa type as a
three-level categorical variable confirmed the trend of increased
rupture risk associated with Type A morphology (OR = 0.141),
though this did not reach statistical significance (p = .103),
potentially due to the small number of Type W cases.”

To assess the discriminative ability of intercondylar fossa
shape (Type A vs. U/W) in predicting ACL rupture, an
ROC curve analysis was performed. The model achieved an
area under the curve (AUC) of 0.738, indicating acceptable
diagnostic accuracy and suggesting that fossa morphology can
correctly distinguish between rupture and non-rupture cases
approximately 74% of the time.



Table 2. Participants characteristics depending on laterality, gender and the type of intercondylar fossa.

Variable Category éf::lll}z?:t:‘l;;
Laterality Left 21

Right 19

Type A 33 (82.5%)
Intercondylar Fossa Type Type U 6 (15.0%)

Type W 1(2.5%)
Gender Male 33

Female 7

The optimal cutoff probability, determined using the Youden
index, was 0.50, which provided the highest combined
sensitivity (82.5%) and specificity (65.0%), corresponding
to a Youden index of 0.475. This threshold offers a clinically
relevant decision point for identifying individuals at elevated
risk of ACL rupture based on intercondylar notch morphology,
particularly the presence of a Type A configuration.

Discussion.

The current study investigated the association between
intercondylar fossa morphology and anterior cruciate ligament
(ACL) rupture, with findings revealing a statistically significant
correlation. Specifically, Type A fossa was found to be
disproportionately associated with ACL ruptures compared
to Types U and W. Logistic regression analysis indicated
that individuals with a Type A fossa were nearly nine times
more likely to sustain an ACL rupture (OR = 8.76), strongly
reinforcing the hypothesis that femoral morphology contributes
significantly to ligament vulnerability.

These results are consistent with previous MRI-based
morphometric investigations. Misbah et al. observed that a
narrower, A-shaped femoral notch was significantly more
common in patients with complex bicruciate injuries [12].
Likewise, Kacem et al. emphasized that reduced notch width
index (NWI) and a more acute notch angle are reliable predictors
of ACL rupture, suggesting biomechanical impingement within
constricted femoral architecture [13]. Van Kuijk et al. further
supported this premise by demonstrating that individuals with
smaller intercondylar notches and ACL volumes exhibited
increased rates of posterior cruciate ligament injuries, implying
a broader anatomical susceptibility rooted in joint morphology
[14].

Our results are consistent with prior MRI-based findings by
Chen et al. (2016), who reported that narrowed intercondylar
notch width and reduced notch volume are significantly
associated with ACL rupture, and with the meta-analysis by
Jha et al. (2021), which confirmed that smaller femoral notch
volumes substantially increase the risk of ACL injury [15,16].

Similarly, recent MRI research by Hamdy Abdel Reheem et al.
(2025) demonstrated that patients with A-shaped intercondylar
notches and reduced notch width index had a significantly
higher incidence of ACL rupture, further reinforcing the role of
notch morphology as a key anatomical risk factor [17].

In our study, 59% of participants exhibited Type A morphology,
compared to a prevalence of 35% in asymptomatic controls
reported by Al-Saeed et al. and Cernat et al., suggesting our
sample may overrepresent high-risk morphologies relative to
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Control Group

Total Count Total Percentage (%)

(n=40)

17 38 47.5
23 42 52.5
14 (35.0%) 47 58.8
23 (57.5%) 29 36.3
3 (7.5%) 4 5.0
29 62 77.5
11 18 22.5

the general population. However, consistent with our findings,
Al-Saeed et al. demonstrated that individuals with Type A had
a markedly higher ACL tear incidence (73%) than those with
Type U/W (32%), reinforcing the strong association between
Type A morphology and ACL rupture risk [18,19].

Pediatric data also mirror these trends. P¢kala et al. and Silva
et al. independently reported that narrowed notch shapes and
reduced notch opening angles in immature skeletons were
associated with increased ACL rupture rates [20,21]. These
findings highlight the possibility that anatomical predispositions
may begin early in musculoskeletal development.

Further anatomical validation is found in the work of Bouras
et al. [8], who used MRI imaging to confirm that a stenotic Type
A notch correlates with higher ACL injury incidence in young
females [16]. Bayer et al. also emphasized the predictive value of
intercondylar morphology in ACL injury risk, particularly when
combined with other geometric indicators such as alpha angle
and tibial slope [5]. Zeng et al. consolidated these associations
in a meta-analysis, confirming that decreased notch width and
volume significantly elevate rupture risk [7].

Moreover, Van Eck et al. conducted in vivo arthroscopic
evaluations of notch shapes, noting that Type A notches were
significantly more prevalent in ACL-deficient knees [9]. A large
prospective cohort by Whitney et al. echoed this, identifying
a correlation between femoral notch narrowing and first-time
ACL rupture, particularly among female athletes [22].

Taken together, this growing body of evidence reinforces the
anatomical theory that stenosis of the intercondylar notch—
whether through decreased width, altered angle, or A-type
morphology—places the ACL at mechanical disadvantage,
rendering it more susceptible to injury.

Despite the robustness of our findings, certain limitations must
be acknowledged. The sample was predominantly male, which
may limit generalizability to female and pediatric populations.
The classification of intercondylar notch shapes (A, U, W)
remains a qualitative system and could be further enhanced
by 3D morphometric modelling and automated imaging
segmentation in future studies. Additionally, future work should
explore the interaction between static anatomical risk factors
and dynamic neuromuscular control to develop comprehensive
injury prediction models.

Conclusion.

This study provides compelling evidence that the morphology
of the intercondylar femoral fossa significantly influences
the likelihood of anterior cruciate ligament (ACL) rupture.
Specifically, individuals with a Type A fossa were found to have



a markedly higher risk of ACL injury compared to those with
U or W-shaped fossae. The strong association was supported
by multiple statistical methods, including chi-square analysis,
binary and multinomial logistic regression, and ROC curve
analysis, with the latter yielding an area under the curve (AUC)
of 0.738—indicating acceptable diagnostic accuracy. These
findings underscore the clinical relevance of incorporating fossa
shape assessment into routine MRI evaluations, especially in
athletic or high-risk populations. Early identification of high-risk
anatomical patterns could enable targeted prevention strategies,
such as neuromuscular training or activity modification,
potentially reducing the burden of ACL injuries. However,
despite the observedassociation, the moderate sensitivity (82.5%)
and specificity (65.0%) of Type A morphology at the optimal
threshold highlight the limitations of relying on this parameter
alone as a screening tool. Given its substantial prevalence in the
general population, sole dependence on Type A identification
could lead to overdiagnosis and unnecessary interventions.
Therefore, fossa morphology should be integrated into a
comprehensive assessment that includes additional anatomical,
biomechanical, and clinical factors to guide individualized
ACL injury risk stratification. Future research with larger, more
diverse cohorts is warranted to further validate these findings
and explore underlying biomechanical mechanisms.
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