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Morphometric Analysis of the Anterior Cruciate Ligament – A 
Cadaveric Study

Usha Chalise, Rabita Kharbuja, Shaligram Dhungel

ABSTRACT
The knee joint is the bicondylar variety of synovial joint of the human body formed by the 
articulation of lower end of femur with the tibia and patella. The anterior cruciate ligament (ACL) 
is an intra-articular, extra synovial ligament which is most frequently damaged ligament and 
also requires reconstructive surgery. As there are variation among the age, gender and different 
populations, the morphometric understanding of ACL is essential. This study aimed to assess the 
morphometric analysis of ACL in a cadaver. A descriptive observational study was carried out in 
the Department of Human Anatomy, Nepal Medical College Teaching Hospital from August 2024 
to July 2025 in 26 cadavers including both right and left knees. The formalin preserved cadaveric 
knees were dissected, exposing the knee joint following the standard procedures. The length and 
breadth of the ACL were measured by Digital Vernier Caliper. The mean and standard deviation 
was calculated applying SPSS-16. All the 52 knees were measured and the mean length of ACL 
was 38.5 ± 0.49 mm and mean breadth of ACL was 10.00 ± 0.19 mm. The mean length of right and 
left side ACL was 38.60 ± 0.47 mm. and 38.40 ± 0.52 mm respectively. Similarly, the mean breadth 
of right and left side of ACL was 9.70 ± 0.16 mm and 10.31 ± 0.22 mm respectively. The present 
study concluded that the variation in both length and breadth of right and left ACL exists. A 
thorough understanding of ACL is mandatory during surgical intervention and reconstructive 
procedure of anterior cruciate ligament.
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INTRODUCTION
The knee joint is the bicondylar variety of 
synovial joint of  human body formed by the 
articulation of lower end of femur with the 
tibia and patella.1 One of the most important 
components of the knee joint is the anterior 
cruciate ligament (ACL) which plays important 
role in joint’s stability during activities involving 
sudden flexion, extension and changes 
in direction.2 The ACL is broad and intra-
articular ligament that attaches to the anterior 
intercondylar space of tibia and the postero-
medial side of the lateral femoral condyle.3 The 
ACL is composed of two functional bundles; the 
anteromedial (AM) bundle and posterolateral 
(PL) bundle. Due to the action of AM bundle 
and PL bundle in flexion and extension, the 
ACL provides stability to the knee.4-6

ACL of the knee and to establish the different 
ranges of the motion of knee joint.6,10 As a 
result, future planning of the management of 
repairing ACL will be more successful and 
less likely to failure. Hence, there is a need of 
region-specific databases related to ACL for 
the optimal surgical planning. The aim of the 
present study was to determine the length and 
width of ACL of the knee joint in the Nepalese 
population.

MATERIALS AND METHODS
A descriptive observational study conducted 
in the Department of Human Anatomy, Nepal 
Medical College Teaching Hospital, Attarkhel, 
Gokarneshwor-8, Kathmandu to determine 
the morphometric measurement of anterior 
cruciate ligament in a cadaver. The study 
samples were 52, all the embalmed cadavers 
present in the department including both right 
and left side of the lower limbs with knee joint 
and leg intact. In this study, the cadavers with 
acquired or congenital deformities of lower 
limb, damage in the area or amputation of the 
lower limb, cadavers which had reconstructive 
operations of the knee joint and leg, cadavers 
with knee replacement and skeletally immature 
cadavers were excluded. The study period 
was from August 2024 to July 2025. Ethical 
clearance was obtained from the Instituional 
Review Committe of NMC (Ref. No. 09-081/082).

Fig. 1: Anterior cruciate ligament

Fig. 3: Measurement of length of ACL

Fig. 2: Measurement of breadth of ACL

ACL (Fig. 1) is the most commonly injured 
ligament which can manifest during sports and 
sudden changes in direction during playing. 
Gender variation of ACL tear also exists, with 
higher prevalence in females. ACL tears may 
at times lead to instability of knee, disrupts 
daily activities, increases the risk of early-onset 
osteoarthritis and the need for a total joint 
replacement.7,8 Since the amount of physical 
activity in childhood and youth affects people 
in adulthood. The long-term effects of an ACL 
injury are more problematic for women who 
engage in physical activity.9  

Studies have shown considerable variability in 
dimensions of ACL in diverse populations.7,10 
In addition, the sports injury affecting the 
knee joint involving the ACL are common 
and unavoidable. Morphometric study is very 
important in the reconstruction of ACL. A correct 
understanding of the measurement is helpful 
for avoiding iatrogenic injury during surgical 
procedures performed in close proximity to the 
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In this study, all the dissections were carried 
out on the cadaver placed in supine position 
on a dissection table and the neck was placed 
in neutral position. The skin and fascia were 
removed from the anterior compartment of 
thigh, knee and leg. The formalin preserved 
cadaveric knees were dissected leaving the knee 
joint intact with its capsular and ligamentous 
attachment. The ligaments of the knee joint 
were exposed, then the ACL was identified 
and observed following Cunningham’s manual 
of dissection volume I.1 Then attachment 
sites were outlined with the marker and the 
measurements (length and breadth) were 
taken by using digital Vernier Caliper (Fig. 2 
and 3) and all the parameters were recorded 
for analysis. The data obtained was analyzed 
using SPSS-16. Descriptive statistical analysis 
was carried out and the results were presented 
in the form of table.

RESULTS
Among the 52 samples, mean length and mean 
breadth of ACL were 38.50 ± 0.49 mm and 10. 
00 ± 0.19 mm respectively (Table 1).

are also most commonly observed during road 
traffic accidents. The morphometry of ACL is 
crucial during reconstructive surgeries used 
to repair ACL during injuries. The ACL intra-
articular length and breadth are essential for 
improved knee joint stability and laxity after 
reconstruction surgeries.11 

Zantop et al12 also suggested the importance of 
ACL during selecting the graft, during screw 
fixation, consideration has to be given to the 
length and thickness of ACL. The present 
study was conducted to provide morphometric 
information on the ACL in Nepalese.  

In the present study the mean length of ACL was 
38.50 ± 0.49 mm while the mean breadth was 
10.00 ± 0.19 mm (Table 1) showing excellent 
alignment with many other studies revealing 
population specific morphometric variations. 
A study performed in Bangalore among 32 
embalmed cadavers by Rani et al13 revealed 
that the mean length and width of the ACL was 
37.14 ± 3.91mm and 5.2 ± 1.09 mm. The mean 
length was in alignment with present study, 
however, the mean breadth was slight increase 
in this study. Sengodan et al14 in their study 
observed 50 knee joints from 29 cadavers. They 
reported the mean length to be 29.73 mm ± 2.32 
which was less than the findings of the present 
study. In the same study the mean breadth was 
more (11.15 ± 1.07 mm) than the present study.  

Fig. 4: Right and left ACL

Table 1: Mean length and breadth of the 
ACL:

Measurements obtained Mean ± S.D.

Length (mm) 38.50 ± 0.49 
Breadth (mm) 10.00 ± 0.19 

Table 2: Mean length and breadth of the 
right and left ACL:

Measurements 
obtained

Right ACL 
(Mean ± S.D.)

Left ACL 
(Mean ± S.D.)

Length (mm) 38.60 ± 0.47 38.40 ± 0.52 
Breadth (mm) 9.70 ± 0.16 10.31 ± 0.22 

The mean length and breadth of right-side 
ACL was 38.60 ± 0.47 mm and 9.70 ± 0.16 mm 
respectively. Similarly, the mean length and 
breadth of left side ACL was 38.40 ± 0.52 and 
10.31 ± 0.22 mm respectively (Table 2).

DISCUSSION
Knowledge of anatomy of different parts of 
human body is very essential. There are a lot 
of variations in them in relation to different 
age groups and gender. Injuries related to ACL 
are more common among youth and people 
active in sports. Apart from this, ACL injuries 

Studies conducted so far on the length and 
breadth of ACL have shown similarity and 
discrepancies in the measurement between 
gender and right and left knee too. Present 
study also compared the length and breadth of 
ACL on right and left knee (Table 2), found the 
measurement of length was longer in right ACL 
(38.60 ± 0.47 mm) than on the left ACL (38.40 
± 0.52 mm). While the breadth was more on 
left ACL (10.31 ± 0.22 mm) than on the right 
ACL (9.70 ± 0.16 mm). This finding suggested 
that the length and breadth may vary between 
the right and left ACL (Fig. 4) even between 
individuals. The present study, however, did 
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not show the variation if exists in gender wise 
distribution or not as, it was not the objective 
of present research because of less number of 
female cadavers available in the department.  
However, meticulous literature review has 
shown variations existing in relation to gender 
also.

In another study conducted to identify the 
morphology of ACL among 22 isolated knee 
joints, Lalwani et al15 reported the mean length 
of right ACL was  30.79 ± 5.35 mm and left ACL 
was 29.51 ± 7.61 mm. This finding was not 
in agreement with the present study. In line 
with the present study, Girgis et al16 reported 
the length and breadth of ACL to be 31–38 
mm and 10 mm respectively. Saxena et al17 in 
their study conducted on 14 right and 12 left 
knees from 26 cadavers showed that the ACL 
length and width were  32.5 mm ± 4.33 and 9.38 
mm ± 1.58 respectively. The length was 6 mm 
less than the present study while the breadth 
correlated with present study. Similar type of 
discrepancies was also reported by Odensten 
et al18 among 33 cadaveric knee, reported the 
mean length of ACL as 31 mm ± 3, which was 
lesser than the current study. Iriuchishima et 
al19 also reported the length of ACL to be 32.28 
mm which was conducted among 15 cadavers. 
This findings was also lesser than the current 
study. 

Van et al20 on their study using radiographic 
method conducted among 40 patients, reported 
the length of ACL to be 40.6 ± 3.6 mm. Although 
Van ZR conducted their study on patients while 
others used cadaveric method, the reported 
length and breadth of both method can vary.21 

Studies have also focused on determining the 
risk factors related to ACL injury, with the main 
aim to implement preventive programs.22-24 
Anatomy of the joints, hormones, genetics, 
and characteristics of the neuromuscular 
system are few of the intrinsic factors, while, 
the playing field, the weather, the material 
conditions of playground are examples of 
extrinsic elements.25,26  Partial injuries of ACL 
are still challenging to diagnose and repair in 
sports medicine. ACL partial tears account for 
10.0% to 28.0% of all ACL rips and are quite 
prevalent. More advantages have been added 
with the development of magnetic resonance 
imaging (MRI) and the identification of damage 
patterns.27 

Over the past 20 years, there has been a rising 
trends of ACL injuries among athletes who are 
skeletally immature. The rising number of kids 
and teenagers engaging in competitive sports 
and demanding sports training at a younger 

age as well as the increased rate of diagnosis 
due to raised awareness and expanded usage 
of cutting-edge medical imaging are the main 
causes of this elevated rate.28 The measurement 
of knee laxity resulting from ACL injury has 
garnered more attention in the modern day. 
In clinical practice, the diagnosis is typically 
made through an arthroscopic confirmation 
procedure following a clinical examination and 
analysis of magnetic resonance imaging.29 

The present study used morphometric analysis 
of anterior cruciate ligament and provided 
valuable insights into its structure and 
variability. It can be concluded that variation 
between the right and left side of the knee, both 
in relation to the length and breadth of ACL. This 
study also emphasizes on the careful surgical 
approach of surgeons during reconstructive 
surgery of ACL and to reduce the iatrogenic 
effect and also for excellent prognosis of the 
patient.  

Limitations: The authors do acknowledge that 
due to the cadaveric nature of the study, in-
vivo biomechanical properties could not be 
assessed. The sample size in this study was less 
which also limited the use of statistical power 
for subgroup analysis and for generalization of 
the results.

ACKNOWLEDGEMENTS
The authors would like to thank all the faculties 
and staffs of Department of Human Anatomy, 
NMCTH, who helped us to complete the study.

Conflict of interest: None
Source of research fund: None

References
1.	 Romanes GJ. Cunningham’s Manual of Practical 

Anatomy: 15 ed, Volume 1, upper and lower 
limbs. Oxford University Press 1986: 214-221

2.	 Petersen W and Zantop T. Anatomy of the 
anterior cruciate ligament with regard to its two 
bundles. Clin Orthop  Related Res (1976-2007) 
2007; 454: 35-47.

3.	 Williams P. Gray’s Anatomy-the Anatomical Basis 
of Medicine and Surgery, Churchill Livingstone 
1995.

4.	 Kambhampati SBS, Vaishya R. Trends in 
publications on the anterior cruciate ligament 
over the past 40 years on PubMed. Orthop J 
Sports Med 2019; 7: 2325967119856883.

5.	 Khan R, Lie D, Cashman P, Thomas R, Amis A. 
Measurement of laxity in the anterior cruciate 
ligament-deficient knee: a comparison of three 



341NMCJ

different methods in vitro. Proceedings of the 
Institution of Mechanical Engineers, Part H. J 
Eng Med 2007; 221: 653-63.

6.	 Rhatomy S and Setyawan R. Anterior cruciate 
ligament studies in south-east asia over the past 
10 years: a systematic review. Ann Med Surg 
2020; 60: 61-5.

7.	 Montalvo AM, Schneider DK, Yut L et al. “What’s 
my risk of sustaining an ACL injury while 
playing sports?” A systematic review with meta-
analysis. Brit J Sport Med 2019; 53: 1003-12.

8.	 Suter LG, Smith SR, Katz JN, et al. Projecting 
lifetime risk of symptomatic knee osteoarthritis 
and total knee replacement in individuals 
sustaining a complete anterior cruciate ligament 
tear in early adulthood. Arthritis Care Res 
(Hoboken) 2017; 69: 201-8.

9.	 Guthold R, Stevens GA, Riley LM, Bull FC. 
Worldwide trends in insufficient physical 
activity from 2001 to 2016: a pooled analysis 
of 358 population-based surveys with 1.9 
million participants. Lancet Glob Health 2018; 6: 
e1077-e86.

10.	 	Kopf S, Musahl V, Tashman S, Szczodry M, Shen 
W, Fu FH. A systematic review of the femoral 
origin and tibial insertion morphology of the 
ACL. Knee Surg Sports Traumatol, Arthroscop 
2009; 17: 213-9.

11.	 Takai S, Woo SL, Livesay GA, Adams DJ, Fu FH. 
Determination of the in situ loads on the human 
anterior cruciate ligament. J Orthop Res 1993; 
11: 686-95.

12.	 Zantop T, Petersen W, Sekiya JK, Musahl V, Fu 
FH. Anterior cruciate ligament anatomy and 
function relating to anatomical reconstruction. 
Knee Surg Sports Traumatol Arthroscop 2006; 14: 
982-92.

13.	 Rani G and Mokhasi VTR. Morphometric analysis 
of cruciate ligaments. Int J Anat Res 2019; 7: 
7149-54.

14.	 Sengodan VC, Jyothilakshmi G, Sivagnanam 
M, Sundar PSS. Morphometric analysis of 
the anterior cruciate ligament: South Indian 
cadaveric study. Nat'l J Clin Anat 2022; 11: 222-6.

15.	 Lalwani R, Srivastava R, Kotgirwar S, Athavale 
SA. New insights in anterior cruciate ligament 
morphology: implications for anterior cruciate 
ligament reconstruction surgeries. Anat Cell Biol 
2020; 53: 398-404.

16.	 Girgis FG, Marshall JL, Monajem A. The cruciate 
ligaments of the knee joint: anatomical. 
functional and experimental analysis. Clin 
Orthop Related Res 1975; 106: 216-31.

17.	 Saxena A, Ray B, Rajagopal K, D’Souza A, Pyrtuh S. 
Morphometry and magnetic resonance imaging 
of anterior cruciate ligament and measurement 
of secondary signs of anterior cruciate ligament 
tear. Bratislavske Lekarske Listy 2012; 113: 539-43.

18.	 Odensten M and Gillquist J. Functional anatomy 
of the anterior cruciate ligament and a rationale 
for reconstruction. J Bone Joint Surg Am 1985; 
67: 257-62.

19.	 Iriuchishima T, Tajima G, Ingham SJM, Shen W, 
Smolinski P, Fu FH. Impingement pressure in the 
anatomical and nonanatomical anterior cruciate 
ligament reconstruction: a cadaver study. Am J 
Sports Med 2010; 38: 1611-7.

20.	 Van Zyl R, Van Schoor A-N, Du Toit PJ  et al. 
The association between anterior cruciate 
ligament length and femoral epicondylar width 
measured on preoperative magnetic resonance 
imaging or radiograph. Arthroscop Sports Med  
Rehabilitation 2020; 2: e23-e31.

21.	 Martin DC, Medri MK, Chow RS  et al. Comparing 
human skeletal muscle architectural parameters 
of cadavers with in vivo ultrasonographic 
measurements. J Anat  2001; 199: 429-34.

22.	 Stranger N, Kaulfersch C, Mattiassich G et al. 
Frequency of anterolateral ligament tears and 
ramp lesions in patients with anterior cruciate 
ligament tears and associated injuries indicative 
for these lesions-a retrospective MRI analysis. 
Eur Radiol 2023; 33: 4833-41.

23.	 	Svantesson E, Hamrin Senorski E, Webster KE 
et al. Clinical outcomes after anterior cruciate 
ligament injury: panther symposium ACL 
injury clinical outcomes consensus group. Knee 
Surg Sports Traumatol Arthroscop 2020; 28: 
2415-34.

24.	 Tran TD and Tran QL. A cadaveric study on 
the anatomy of anterior cruciate ligament in 
Vietnamese adults. Asia-Pacific J Sports Med 
Arthros Rehab Technol 2018; 14: 22-5.

25.	 Renstrom P, Ljungqvist A, Arendt E et al. Non-
contact ACL injuries in female athletes: an 
International Olympic Committee current 
concepts statement. Brit J Sports Med 2008; 42: 
394-412.

26.	 	Morales-Avalos R, Torres-González EM, Padilla-
Medina JR, Monllau JC. ACL anatomy: Is there 
still something to learn? Rev Esp Cir Ortop 
Traumatol 2023.

27.	 	Tjoumakaris FP, Donegan DJ, Sekiya JK. Partial 
tears of the anterior cruciate ligament: diagnosis 
and treatment. Am J Orthop (Belle Mead NJ) 2011; 
40: 92-7.

28.	 Trivedi V, Mishra P, Verma D. Pediatric ACL 
injuries: a review of current concepts. Open 
Orthop J 2017; 11: 378-88.

29.	 Zaffagnini S, Lopomo N, Signorelli C et al. 
Innovative technology for knee laxity evaluation: 
clinical applicability and reliability of inertial 
sensors for quantitative analysis of the pivot-
shift test. Clin Sports Med 2013; 32: 61-70.

Chalise  et al


