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ABSTRACT

Introduction: Damage to the Anterior Cruciate ligament (ACL) is a very frequently occurring injury. There are reports of the pos-
sibility of this injury being associated with the narrow intercondylar notch of the femur

Aims: To measure and correlate the dimensions of the Anterior Cruciate ligament and intercondylar notch of the femur in the
Indian population.

Methodology: 25 knee joints in formalin-fixed cadavers were dissected and anterior cruciate ligaments and corresponding in-
tercondylar notches were measured using vernier callipers.

Results: The average length and width of ACL were found to be 38.8 and 9.6 mm. The standard deviations were found to be
2.3 and 1.7 respectively with standard errors being 0.46 and 0.34 respectively. The average width of the intercondylar notch was
found to be 11.9, 15.8 and 14.3 mm in the lower, middle and upper parts of the notch respectively.

Conclusion: The findings were compared with those of other authors and it was found that the length of ACL was found to be
more and the width of the femoral intercondylar notch was found to be less in the Indian population than those reported by other
authors. In the present study, 52% of the intercondylar notches had a width less than 17mm. A positive correlation was found
between the length of ACL and the width of the middle part of the intercondylar notch. The authors state that it is possible that
long ACL may compensate for narrow intercondylar notch and that a finding of short ACL and narrow intercondylar notch may be
necessary risk factors for ACL tears.

Key Words: Cadaver, Anterior cruciate ligament, The intercondylar notch of the femur, Posterior cruciate ligament, Cadaver, Anthro-
pometric measurement

INTRODUCTION

Several researchers have indicated that a smaller intercondy-
lar notch can lead to contact with the ACL predisposing to
an ACL injury during movements at the knee joint. * ¢ Shep-
stone et al stated that the morphology of the intercondylar
notch is related to the functioning and damage to the ACL.

All ligaments of the knee are crucial for the functioning of
the knee joint.'Out of all the ligaments found supporting
and acting at the knee joint, the anterior cruciate ligament

(ACL) is the one that is most frequently injured. Damage
to the ACL is a very frequently occurring sports-related
injury.? Thus ACL repair surgeries are also becoming very
frequent. 3It has been reported that reconstruction of the
ACL is the sixth most common surgical procedure per-
formed by sports medicine experts.'The repair of the ACL
requires detailed knowledge of its anatomical morphol-

ogy.*

The injured ACL is, in turn, a known predisposing factor for
osteoarthritis.’

A cadaveric study was carried out by Wilson and Barhorst.® It
investigated the possibility of intercondylar notch impinge-
ment of the anterior cruciate ligament in six cadaveric knees,
three female and three male on exposure to impingement
force. They found that the impingement occurred more fre-
quently in female than in male knees. However, the authors
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concluded that the small sample size limited the conclusivity
of the results.

Tillman et al studied the intercondylar notch geometry and
found that the notch shape index for males, exceeded that
for females and the intercondylar notch was less round in
the females and could play a role in ACL injury. The authors
stressed the necessity to further investigate the geometry of
intercondylar notch and ACL.’

The present research attempts to study the morphology of
ACL and femoral intercondylar notch and by comparing
them both, the study will attempt to give an insight into ACL
injuries about intercondylar notch impingement.

OBJECTIVES

The objectives of the present study were to dissect the ACL
and measure the length and width of the ACL in a state of
flexion and to study the intercondylar notch by measuring
the width of the intercondylar notch in the upper, middle and
lower regions of the notch. The study finally attempted to
perform a correlate and analyse between the ACL measure-
ments, the notch size and ACL injuries.

METHODOLOGY

The study was carried out after obtaining clearance from the
ethical committee. The study is observational descriptive
study design.

Sample size: A sample size of 25 lower limbs was calculated.
The study was conducted on bodies that were donated after
taking the consent of the donor and donor family, for purpose
of Anatomical dissection and research.

Inclusion and exclusion criteria: The lower limbs were ob-
tained from formalin-fixed adult cadavers. Inclusion criteria
for a limb to be selected for the study were that on examina-
tion the limb did not have any damage or injuries in the area
to be dissected or any visible abnormality of the knee joint.
Limbs with damage or injuries or having knee joint related
abnormalities were excluded from the study. Instruments
used were gloves, scalpel, blunt and tooth forceps, fine small
scissors, digital vernier calliper, goniometer and bone saw.
For photography, a 16-megapixel camera was used.

Once selected, each lower limb was labelled separately for
identification. Dissection of the lower limb was commenced
with a skin incision. The upper incision was taken horizon-
tally midway in the thigh and the lower incision midway in
the leg region. The incision almost completely encircled the
thigh and leg remaining incomplete posteriorly. The two in-
cisions were joined by a vertical incision anteriorly to com-
plete an “I”’ shaped incision. The overlying skin was removed

in form of two flaps starting from the “I” shaped incision
thus exposing the patella and the region above and below it.

The muscles, ligaments, patella and joint capsule were iden-
tified and observed for any abnormalities. All the soft tissue
around the knee capsule was removed along with the patella.
The major ligaments of the knee i.e. the ACL, posterior cru-
ciate ligament (PCL), medial and lateral menisci and medial
and lateral collateral ligaments were preserved.

The knee was flexed at around 90° flexion. The synovial
membrane covering the ACL was removed. The ACL was
dissected in detail till it was well delineated. It was photo-
graphed and any variations were noted.

The femoral intercondylar notch was measured. The height
of the intercondylar notch was measured. Its width at the up-
per and lower ends and the width in the middle of the notch
was measured.

The findings of measurements of intercondylar notch and
ACL were fed in a Microsoft Excel spreadsheet and analyzed
statistically.

RESULTS

The measurements of the ACL in all 25 cases are given in
table 1. The mean, standard deviation and the standard error
of the mean are also given in the table. The dissected ACLs
can be visualized in Figure 1, 2.

The width of the intercondylar notch is given in table 2 in the
upper, middle and lower region of the notch. In each case,
the mean, standard deviation of the mean and the standard
error of the mean are also given in the table. In the case of
specimen number 17, the intercondylar notch had been cut
open during the study and hence the intercondylar notch
could not be measured reliably.

DISCUSSION

The number of ACL injuries has been observed to have in-
creased in the last two decades. This has been observed to be
especially true in the case of young children and adolescents.
This could be because of more number of younger individu-
als entering into competitive sports.! However, a smaller di-
ameter of the ACL has been reported to be associated with an
ACL injury." In their study, Mahajan et al took the measure-
ments of the ACL by use of ultrasonography. Other authors
too have corroborated this finding that ACL injured patients
often have small-sized ACLs.!> * Many authors have based
their observations on the fact that there is a difference in the
rate of ACL injuries in males and females. Sutton and Bull-
ock reported that females have a three times higher rate of
ACL injury compared to males. This was probably because
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of increased quadriceps angle and increased posterior tibial
slope they stated.!* A combination of various pressure influ-

ences leads to mechanical loading that leads to ACL rupture.
15,16,17,18

Length and width of ACL

The present study was a cadaveric study in which the ACLs
were measured by the process of dissection. The average
length and width of ACL were found to be 38.8 and 9.6 mm:s.
respectively with the standard deviation being 2.31 and 1.74,
and the error of the mean being 0.46 and 0.34 respectively.

In a study carried out by Saxena et al. the length and width of
ACL was found to be 32.5 and 9.38 respectively.”In a study
by Jayagandhi et al. the average length of the ACL was found
to be 32.2 mms while in a study by Odenston et al. it was
found to be 31 mms.?*?!

Thus in the present study, the length of the ACL was found to
be more than the reports by other researchers. Understanding
the length of ACL will assist surgeons in ACL reconstruc-
tive surgery. Knowing the size of ACL helps the surgeons to
select grafts for ACL reconstruction surgery.

Mahajan et al stated that smaller ACL is seen among subjects
with ACL injuries.!! The incidence of ACL tears is 2.3 times
higher in females than in males.?> % >* Chandrashekhar et al
reported that the ACL length was found to be smaller in fe-
males than that in males.’As stated, in the present study the
length of the ACL was found to be more than the reports by
other researchers. Thus it would appear that chances of ACL
injuries can be lesser in the present set of knee joints studied.

Width of Intercondylar notch of femur:

In the present study the mean intercondylar width was found
to be in the range between 11.94 mm at the lower end of the
notch, 15.83 mm in the middle and 14.34 mm at the upper
end of the intercondylar notch.

In a study by Shelbourne et al., the middle intercondylar
width was found to be 15.5 mm and 18 mm in the case of
females and males of the African American part of the study
group respectively.® The similar measurements of the white
females and males were found to be 14.1 mm and 16.9 mm
respectively.® The authors noted that there were reports that
white female basketball players had a 6.5% higher incidence
of ACL tears compared to their African American counter-
parts.? In the present case the sex of the cadavers being dis-
sected could not be determined in all cases as some of the
lower limbs had been disarticulated from the hip.

The present study shows the average width of the intercon-
dylar notch to be 15.8 mm which is lesser than the width in
the case of African Americans as well as white Americans
participating in the study carried out by Shelborne and the
findings reported by Ouyang et al in the Chinese popula-

tion.%25(Table 3) Femoral intercondylar notch has been often
indicated as a possible risk factor in cases of ACL injury.
However, it is still not proved that a narrow notch leads to
ACL tears. There have been many studies that have reported
a narrow notch as being the risk factor for ACL injuries.””
2Many of these studies have been conducted on X-ray films
or CT scan images. While there are studies that implicate the
intercondylar notch as a possible risk factor, there are few
studies that state that there is no correlation between ACL
injury and size of the intercondylar notch (Figure 3).2%32

In the present study, the authors report findings where the
intercondylar notch has been measured directly on the fe-
mur bone. Lund-Hanssen et al. reported that when the in-
tercondylar notch width was less than 17 mm, chances of
ACL injury increased by 6 times compared to those with the
wider intercondylar notch.* In the present study 52% of the
intercondylar notches studied had a width less than 17mm.

The ACL measurements in the lower limbs dissected in the
present study sample were more than that reported by other
researchers and indicating lesser chances of ACL tears which
counters the above statement concerning the width of the in-
tercondylar notch. Mahajan et al. have stated the higher in-
cidence of ACL tears is associated with a shorter length of
ACL( Figure 4).*

Correlation between the parameters studied i.e. length and
width of ACL and the width of the intercondylar notch was
analyzed by applying correlation analysis. Table 4 shows the
results of the correlation analysis of the length and width of
the ACL and the width of intercondylar notches of the femur
at all 3 levels i.e. upper, middle and lower applied to pre-
sent findings. A positive correlation was found between the
length of the ACL and the width of the intercondylar notch of
the femur as measured in the middle of the notch. No com-
parative studies in this regard were found in the literature.
However, a study by Stijak et al. found a positive correlation
between the width of ACL and the intercondylar notch in the
males.**3¢

The authors in the present study would like to state that it is
possible that long ACL may compensate for narrow inter-
condylar notch and that a finding of short ACL and narrow
intercondylar notch may be necessary risk factors for ACL
tears. This hypothesis may need further research.

Limitations of the study: The small sample size and inability
to differentiate the findings of the sex of the lower limbs be-
ing studied are the limitations of this study.

New topics for research: The study puts up a hypothesis
wherein there is a need to explore the possibility of correla-
tion of both short ACL and narrow intercondylar notch coex-
isting in ACL injuries.
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CONCLUSION

In the present study, the length of ACL was found to be more
and the width of the femoral intercondylar notch was found
to be less in the Indian population than those reported by oth-
er authors and 52% of the intercondylar notches had a width
less than 17mm. A positive correlation was found between
the length of ACL and the width of the middle part of the
intercondylar notch. It may be concluded it is possible that
long ACL may compensate for narrow intercondylar notch
and that a finding of short ACL and narrow intercondylar
notch may be necessary risk factors for ACL tears.
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Table 1: The table shows measurements of the length and width of the ACL and the mean, the standard devia-
tion and the standard error of the mean for each.

Anterior cruciate ligament

Length
(in millimetres)

1 39.25 6.2
2 3937 .75
3 42.77 9-36
4 39.16 10.25
5 36.24 7
6 39-29 9.57
7 3935 10.7
8 39.18 10.64
9 39.65 10.01
10 39-46 9.95
1 37.16 5.3
12 39.64 10.62
3 40.99 11.79
14 39.2 10.55
15 40.1 12.11
16 31.35 7.36
17 33-47 7-2
18 38.24 10.45
19 39.2 11.12
20 38.24 9.98
21 40.88 10.45
22 40.18 10.14
23 39.7 10.12
24 40.1 9.1
25 37.98 9.26
Avg 38.806 9.6392
SD 2.318034368 1.74524812
SE 0.463606874 0.349049624

Average= Avg

Standard deviation of the mean= SD

Standard error of the mean= SE
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Table 2: The table shows measurements of the intercondylar width and the mean, standard deviation and
standard error of the mean for each.

Intercondylar notch width

Middle
1 12.2 18.28 16.74
2 12.09 16.5 15.19
3 12.77 18.89 18.76
4 15.02 19.13 17.11
5 12.1 10.33 10.64
6 12.19 17.85 16.3
7 13.1 17.18 15.48
8 12.6 14.52 15.94
9 1.81 14.28 13.11
10 12.39 17.07 14.71
n 7-99 14.77 13.75
12 14.34 18.31 16.47
13 12.86 15.53 12.86
14 14.29 15.16 13.61
15 12.98 15.07 14.27
16 10.13 6.4 5.18
17 Nil Nil Nil
18 10.4 14.65 13.7
19 11.14 17.88 12.14
20 10.12 17.08 15
21 11.56 14.5 12.30
22 12.04 18.1 18.1
23 1.58 17.8 15.14
24 10.88 16.14 15.12
25 10.12 14.6 12.66
Avg 11.94583 15.83417 14.345

SD 1.553207 2.839153 2.768662
SE 0.317047 0.57954 0.565151

Average= Avg
Standard deviation of the mean= SD

Standard error of the mean= SE
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Table 3: This table depicts the comparison of the intercondylar width in present study compared to findings
by other authors.

Bharambe et al (2019) Shelbourne et al (1998)° Ouyang et al. (2016)**

Indian Population African American  White American Chinese population
population population

Upper Middle Lower Male Female Male Female Observation Control

Intercondylar 14.3 15.8 1.9 18 15.5 16.9 14.1 17.3 22.5
width (In mms)

Table 4: Correlation analysis between the two main sets of parameters measured in present study

ACL parameter Intercondylar notch width Correlation coefficient
1 Length of ACL Lower 0.435787
2 Length of ACL Middle 0.782019
3 Length of ACL Upper 0.767024
4 Width of ACL Lower 0.503638
5 Width of ACL Middle 0.338038
6 Width of ACL Upper 0.228978

Figure 1: The figure shows the ACL that has been dissected
and pointed with the black arrow.

Figure 2: The figure shows the ACL that has been dissected
and pointed with the black arrow.
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