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ABSTRACT

Introduction: Injuries to the anterior cruciate ligament (ACL) are commonly encountered in day-to-day
practice. The morphology of the intercondylar notch (ICN), in particular, the width, and shape of the notch are
of anatomic interest predisposing to ligament injuries. The previous literature points to contradicting views on
the association between ICN dimensions and cruciate ligament injuries. Aim of the study: This study aims to
study the morphometry of the ACL and ICN in 32 prosected lower limbs and to see if any association exists
between the two. Objectives: The objectives of the study were to estimate the dimensions of ACL (maximum
length and width) in 32 prosected lower limbs, estimate the dimensions of ICN (ICN width and depth) along
with intercondylar (IC) width in 32 prosected lower limbs, and test the strength of association between the
dimensions of ICN with the dimensions of ACL. Materials and Methods: The study was done in the Department
of Anatomy of MV] Medical College and Research Hospital, Bengaluru. Thirty-two prosected lower limbs from
the department of anatomy were used for the study. Results: It was observed that IC width correlated positively
with ACL length as well as ACL width. A strong positive correlation was also observed between IC width with
ICN width. Femoral notch width index also correlated positively with ACL width. Conclusion: The above study
provides valuable data on the morphometry of ACL and its association with all dimensions of IC fossa unlike
previous studies which have correlated the dimensions of IC fossa only with the thickness of ACL.

KEY WORDS: Anterior cruciate ligament, dimensions, Femoral notch width index, intercondylar notch,
intercondylar width, morphometry.

Introduction

Among the various ligaments of the knee joint, the
anterior cruciate ligament (ACL) is most prone to
injury constituting 50% of the total knee injuries.™
The cruciate ligaments share both functional and
anatomic relationship to the intercondylar notch
(ICN)." A narrow ICN has been suggested as one
of the risk factors to ACL injury.®’ This theory was
substantiated by Souryal et al. who postulated that
notch width index (NWI) is one of the predictors
for risk of ACL injury.®’ However, there are lot of
differing views on this as per literature. This could
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be attributed to the differing methodology used for
estimating the dimensions of ACL and ICN in the
previous studies wherein some studies were cadaver
based some magnetic resonance imaging (MRI) and
others arthroscopic based.

Hence, the objectives of this paper were to —

e [Estimate the dimensions of ACL (maximum
length and width) in 32 prosected lower limbs.

e Study the morphometric data of the ICN
in relation to ICN width and depth and
intercondylar (IC) width.

e Study the strength association between the
dimensions of ACL with the dimensions of ICN.

Materials and Methods

The study was done in the Department of Anatomy
of MVJ Medical College and Research Hospital,
Bengaluru. This was a descriptive pilot study
conducted over a period of 1 month wherein 32
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prosected lower limbs from the department of
anatomy were used. Using a scalpel, the tendons
of sartorius, gracilis, and semitendinosus were
detached from their attachment on the tibia. The
tendon of quadriceps was cut transversely just above
the patella and the incision extended inferiorly
around the patella passing 2-3 cm on either side
of the ligamentum patellae. Patella along with the
ligamentum patellae was turned downward to expose
the cavity of knee joint. Infrapatellar folds and pads
of fat were removed. The knee joint was flexed at
90° to examine the ACL. The ACL was measured for
its length from its femoral to tibial attachments and
width of ACL at middle third was estimated using
digital Vernier calipers in mm (Figure 1).

The femoral attachments of ACL and posterior
cruciate ligament were cut and following dimensions
of ICN were recorded using digital Vernier calipers,
that is, ICN width which was measured as the
distance from the medial articular cartilage margin
of the lateral femoral condyle to the lateral articular
margin of the medial femoral condyle, ICN depth was
identified as its height at the maximum. In addition,
IC width was measured as the distance between the
medial and lateral epicondyles (Figure 2).

All the above parameters were measured in
accordance with the guidelines of Anderson et al.'¥!

Results
Table 1 shows the mean and standard deviation of
all the variables of ACL and ICN.

The mean and standard deviations of all the variables
of ACL, that is, length and width, ICN dimensions
(ICN width and depth) along with IC width were
computed with the help of SPSS software.

The combined mean length of the ACL of the right
and left sides put together was 25.4832 = 4.92298
mm. No statistical difference was observed between
the mean length of ACL of the two sides.

The combined mean width of ACL of the right and
left sides put together was 12.6829 = 3.95499 mm.

As evident from Table 1, the values did not differ
statistically on the two sides. The combined mean
widthanddepth oftheICNwas 19.8590 + 5.33584mm
and 30.6410+6.49870 mm, respectively. These
variables also did not differ between the two sides.

Figure 1: Measurement of length of anterior cruciate
ligament (AB) and width of anterior cruciate ligament (CD)

Figure 2: Dimensions of intercondylar notch (ICN). (AB)
Department of ICN. (CD) Width of ICN. (EF) Intercondylar
width

The combined mean IC width was 68.5629 =
6.99645 mm with no statistical difference between
the two sides. Femoral NWI was calculated as ratio
between ICN width to the IC width. The combined
NWI was estimated as 0.29 * 0.058, there being no
statistical difference between the two sides.

The dimensions of ACL were compared with
the dimensions of ICN along with IC width to
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Table 1: Mean and standard deviation of all the variables of ACL and ICN

Variables Left side (n=16) Right side (n=16) Combined (n=32)
Mean Std. deviation Mean Std. deviation Mean Std. deviation

ACL length 26.7186 5.52934 24.4659 4.26215 25.4832 4.92298
ACL width 12.7650 3.97163 12.6153 4.06222 12.6829 3.95499
ICN width 19.2643 5.16190 20.3488 5.58300 19.8590 5.33584
ICN depth 30.7636 7.09541 30.5400 6.18530 30.6410 6.49870

IC width 69.0364 7.43860 68.1729 6.81662 68.5629 6.99645
Femoral NWI 0.28 0.054 0.30 0.061 0.29 0.058

ACL: Anterior cruciate ligament, ICN: Intercondylar notch, IC: Intercondylar, NWI: Notch width index

see if any association existed between the two.
Pearson’s correlation coefficient was used to test the
association between the two.

Table 2 shows the association between ICN
dimensions with ACL dimensions.

It was observed that IC width correlated positively
with ACL length and ACL width.

A strong positive correlation was also observed
between IC width with ICN width. NWI also
correlated positively with ACL width.

Table 3 shows the association between IC width ICN
width and depth.

IC width also correlated positively with ICN width
and ICN depth, the association between the former

being more strong. A strong positive correlation was
also observed between ICN depth and ICN width.

Table 4 shows the relationship of ICN width with
ICN depth.

Tables 5 and 6 show the simple linear regression
analysis between the ACL and ICN dimensions
which was found to have a statistical difference.

Discussion

As already mentioned, ACL injuries contribute to
a major bulk of knee injuries. They are commonly
observed as part of sports injuries (football, soccer,
etc.). They usually present as a loud popping
sensation in the knee along with swelling and
restriction of motion and a feeling of giving away
with weight-bearing. Knees with ACL injuries are
more prone to osteoarthritis.”! The previous studies

Table 2: Association between ICN dimensions with
ACL dimensions

Name of variable ACL_Length ACL_Width
IC width
r-value 0.522** 0.563**
P-value 0.003 0.001
ICN width
r-value 0.473** 0.659**
P-value 0.007 0.000
ICN depth
r-value 0.418* 0.556**
P-value 0.019 0.001
Femoral NWI
r-value 0.312 0.547**
P-value 0.003 0.001

ACL: Anterior cruciate ligament, ICN: Intercondylar notch,
IC: Intercondylar, NWI: Notch width index

Table 3: Association between IC width ICN width and
depth

IC width
ICN width
r-value 0.738**
P-value 0.000
ICN depth
r-value 0.440*
P-value 0.013

ICN: Intercondylar notch, IC: Intercondylar

have reported correlation between ICN width with
ACL injury. There are, however, contradicting
opinions in the literature regarding this. However,
morphology of the ICN does affect the functioning
of ACL.” This has an embryological basis wherein
a well-developed ACL with two different bundles is
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Table 4: Relationship of ICN width with ICN depth

ICN Width ICN Depth
r-value 0.556**
P-value 0.001

ICN: Intercondylar notch

observed at 20 weeks of gestational age, suggesting
that early development of the knee joint is guided
by the ACL. Cruciate ligaments present at this early
stage of development could lead to the assumption
that they interact with the resulting shape of the
femoral condyles and the tibial plateau.”

Width of the ICN, in particular, correlates with the
success of surgical reconstruction of ACL.®! The
previous studies have compared the dimensions of
ICN in male and female and statistical significant
difference in the width of the ICN between males and
females was reported. This was cited as the reason
for females more prone to ACL injuries due to narrow
ICN dimensions.*? NWI is used as an indicator
for predicting notch stenosis.'” Few studies have
reported critical NWI ranging from 19 to 0.26. In our
study, we observed the mean notch width index to
be much higher than the critical value observed for
knee injury.

Lombardo et al. studied the mnotch width
radiographically in 615 male basketball players and
observed no difference in critical notch stenosis in
ACL injured versus non-injured patients.

The mean width of the ICN observed in our study was
comparable to the study by Ameet and Murlimanju;
however, mean depth of ICN was slightly more in
our study compared to theirs. The mean IC width
was slightly less in our study in comparison to the
values reported by Ameet and Murlimanju.?The
mean femoral NWI was also slightly more in our
study compared to theirs. This could possibly be
attributed to the fact that their study was done on
dry bones whereas we performed the measurements
in prosected limbs.

Magnussen et al. studied the relationship between
ACL graft thickness with incidence of ACL tears and
concluded that as the thickness of the graft increased,
reduced incidence of tears was reported.'!]

Oliveira et al. studied the relationship between
the thickness of ACL with the anthropometric

measurements of knee notably IC and
interepicondylar distance using MRI scans. He
observed that the mediolateral thickness of ACL
in the middle third correlated positively with the
IC distance in the axial plane. In our study also, IC
width correlated positively with both ACL length
and width.

Contrary to the findings of Oliveira et al., a study by
Muneta did not reveal any correlation between ACL
dimensions and IC fossa dimensions.!?!

MRI studies by Charlton et al. have shown a positive
correlation between volume of ACL and volume of
IC fossa.l*®!

Stijak et al. observed a positive correlation of ACL
thickness with the IC width in male cadavers. He
also compared the width of ACL in male and female
cadavers and observed a statistically significant
difference between the two accounting for higher
rates of ACL tear in women." Our study suffers
from the limitation that we could not study gender
differences as the study was done on prosected limbs.

A study by Khodair et al. showed significant
differences in distal femur morphology, in particular
notch width and NWI in ACL injured and non-
injured in both males and females.!*?

NWI in injured knees was observed to be 0.22 +
0.008 by Gormeli et al.*® Our study showed a much
higher mean NWIL

The dimensions of ACL, that is, length and width
observed in our study were compared with the
previous studies. In our study, we have measured
length of ACL as a whole without splitting it into
anteromedial and posterolateral bundles. The mean
length of ACL observed in our study was comparable
to the results obtained by Kumar and Manimekalai,
whereas the mean width of ACL was slightly more
in our study compared to theirs.'’’ Morphometric
study of ACL by Dutta et al. has shown comparatively
lower values than observed in our study."!

Yelicherla et al. studied the dimensions of ACL in
male and female cadavers and reported higher values
(statistically significant) in males.[" However, the
mean values of length and width of ACL observed
in their study were significantly higher compared to
our study.
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Table 5: Linear regression model analysis with ACL (dependent variables) and ICN dimensions
(independent variables)

Model summary

Model R R square Adjusted R square Std. error of the estimate
1 (ICN width) 0.473 0.227 0.202 4.72230
2 (ICN depth) 0.418 0.212 0.185 5.90736
3 (IC width) 0.522 0.300 0.277 5.96992
4 (NWI) 0.312 0.093 0.063 0.05496
ANOVA
Model Sum of squares df Mean square F Sig.
1 (ICN width)
Regression 196.858 1 196.858 8.828 0.006
Residual 669.004 30 22.300
Total 865.862 31
2 (ICN depth)
Regression 281.175 1 281.175 8.057 0.008
Residual 1046.907 30 34.897
Total 1328.082 31
3 (IC width)
Regression 459.053 1 459.053 12.880 0.001
Residual 1069.199 30 35.640
Total 1528.252 31
4 (NWI)
Regression 0.009 1 0.009 3.089 0.089
Residual 0.091 30 0.003
Total 0.100 31
Coefficients
Model Unstandardized coefficients Standardized coefficients t Sig.
B Std. error Beta
1 (ICN width)
(Constant) 12.565 2.558 4.912 0.000
ACL length 0.476 0.160 0.477 2.971 0.006
2 (ICN depth)
(Constant) 21.806 3.200 6.814 0.000
ACL length 0.569 0.200 0.460 2.839 0.008
3 (IC width)
(Constant) 57.346 3.234 17.731 0.000
ACL length 0.726 0.202 0.548 3.589 0.001
4 (NWI)
(Constant) 0.237 0.030 7.953 0.000
ACL length 0.003 0.002 0.306 1.758 0.089

ACL: Anterior cruciate ligament, ICN: Intercondylar notch, NWI: Notch width index
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Table 6: Linear regression model analysis with ACL width (dependent variables) and ICN dimensions
(independent variables)

Model summary

Model R R square Adjusted R square Std. error of the estimate
1 (ICN width) 0.659 0.427 0.408 4.06578
2 (ICN depth) 0.556 0.274 0.249 5.67040
3 (IC width) 0.563 0.344 0.322 5.78081
4 (NWI) 0.529 0.280 0.256 .04898
ANOVA
Model Sum of squares df Mean square F Sig.
1 (ICN width)
Regression 369.945 1 369.945 22.379 0.000
Residual 495.917 30 16.531
Total 865.862 31
2 (ICN depth)
Regression 363.478 1 363.478 11.304 0.002
Residual 964.604 30 32.153
Total 1328.082 31
3 (IC width)
Regression 525.718 1 525.718 15.732 0.000
Residual 1002.534 30 33.418
Total 1528.252 31
4 (NWI)
Regression 0.028 1 0.028 11.669 0.002
Residual 0.072 30 0.002
Total 0.100 31
Coefficients
Model Unstandardized coefficients Standardized coefficients t Sig.
B Std. error Beta
1 (ICN width)
(Constant) 9.428 2.297 4.104 0.000
ACL width 0.831 0.176 0.654 4.731 0.000
2 (ICN Depth)
(Constant) 20.161 3.204 6.292 0.000
ACL width 0.824 0.245 0.523 3.362 0.002
3 (IC width)
(Constant) 56.012 3.266 17.148 0.000
ACL width 0.990 0.250 0.587 3.966 0.000
4 (NWI)
(Constant) 0.196 0.028 7.099 0.000
ACL width 0.007 0.002 0.529 3.416 0.002

ACL: Anterior cruciate ligament, ICN: Intercondylar notch, NWI: Notch width index
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Jayagandhi et al. have measured the length and
width of ACL by bluntly separating them into
anteromedial and posterolateral bundles in different
positions of knee flexion, that is, 30, 60, and 90°.[2%
However, as already stated, we have measured the
length of ACL as a whole in 90° flexion.

The present study has limitations in terms of sample
size due to the fact that it was done on prosected
limbs hence gender comparisons also could not be
established. We have not analyzed the dimensions of
ACL by splitting into anteromedial and posterolateral
bundles. Since this is a pilot study, the same data
need to be validated by MRI and 3D imaging systems
for more detailed assessment using a bigger sample
size.

Conclusion

The above study provides valuable data on the
morphometry of ACL and its association with
dimensions of IC fossa. Our study is also the first of
its kind to correlate all the dimensions of IC fossa
with each other as well as with ACL dimensions
as most of the previous studies have correlated the
dimensions of IC fossa only with the thickness of
ACL. This study shows that the dimensions of ACL
are much less in Indian population compared to
the Western population. It also showed IC width
correlated positively with ACL length and ACL
width. A strong positive correlation was also
observed between IC width with ICN width. Femoral
NWI also correlated positively with ACL width.
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