Original Article
J Morphol Sci 2022;39:56-60

Journal of Morphological Sciences
J Morphol Sci
Brazilian Society of Anatomy

In-vivo Morphometric Study of the Cruciate Ligaments of
the Knee Joint

B. Nihal Rai?, P.V. Santosh Rai?, Vibha Mahendran?, B.V. Murlimanju*, Mangala M. Pai*

'Department of Pulmonary Medicine, Kasturba Medical College and Hospital, Mangalore-575001, Manipal Academy of Higher Education,
Manipal, Karnataka, India

2Department of Radiodiagnosis, Kasturba Medical College and Hospital, Mangalore-575001, Manipal Academy of Higher Education, Manipal,
Karnataka, India

3Medical Student, Kasturba Medical College, Mangalore-575001

“Department of Anatomy, Kasturba Medical College, Mangalore-575001, Manipal Academy of Higher Education, Manipal, Karnataka, India

Disclose and conflicts of interest: none to be declared by all authors

ABSTRACT

Introduction: since the in vivo morphometric data about the ACL and PCL are scarce, we aimed to study their length, thickness
and angle by using the MRI.

Material and Methods: the present study included 34 MRI images of the knee joints. The length and thickness were measured
in sagittal section T1 weighted and T2 weighted images of the 1.5 Tesla MRI. The angles were measured by using the coronal
section of the MRI images. The online software, RadiAnt DICOM viewer was used to perform the measurements.

Results: the mean length of the ACL and PCL was 36.8 + 4 mm and 39 + 4 mm respectively. The thickness of the ACL at the
femoral end, midpoint and tibial end were 12.4 + 1.7 mm, 6.8 + 0.9 mm and 13.2 + 1.8 mm respectively. The thickness of the PCL
at the same topographical location was 8.2 + 1.2 mm, 4.8 + 0.9 mm and 8.1 + 0.8 mm respectively. The ACL coronal tibial angle,
Blumensaat angle and PCL angle were 60.2 + 4.82, 11.5 + 2.72 and 128.8 + 9.2 @ respectively.

Conclusion: the present study has provided novel information about the length, thickness and angle of the cruciate ligaments
in Indians, which can be used to establish standard dimensions of the normal ACL and PCL as an aid to arthroscopic surgeries

of the knee joint.
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Introduction

The cruciate ligaments are often teared in soccer,
tennis, basketball and volleyball players. ACL tears
are due to rotation injury, when the athletes stop and
quickly change the directions when they are running’.
PCL injuries are usually direct contact injuries due to
a blow or falling over the knee while it is flexed, like
in dash board injury?. ACL is among the commonly
teared structures in the knee joint, which requires
surgical intervention to cure the knee pain and joint
instability®. The unhappy triad of the knee joint
includes tearing of three intra-capsular ligaments,
which are medial meniscus, ACL and tibial collateral
ligament. Lesions of ACL can occur individually,
but majority of the PCL tears are part of combined
lesions of intracapsular ligaments of knee joint’. The
anatomical knowledge of ACL is important because of
its frequent injury, the importance of its morphology
during the surgical repair. There is high chance of
risk of osteoarthritis because of the ACL tear®. The
ACL and PCL tears require surgical intervention and
managed with arthroscopic surgery. The ACL and
PCL reconstruction have become routinely performed
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arthroscopic surgeries because of the advanced
research from the anatomical, clinical and kinematic
studies®. The reconstruction procedures of these
cruciate ligaments require the morphometric data
about these structures in that particular population.
The morphometric data is also essential to understand
the topography of the upper and lower attachments of
these cruciate ligaments. Successful reconstructions
of the PCL depend on the accuracy in the analysis of the
anatomy of the injured PCL’. Magnussen et al.® opined
that, postoperative ACL displacement is inversely
proportional to the thickness of the graft used. There
exists diversity in the dimensions and morphology of
ACL as the insertion sites are variable®. It was reported
that the dimensions of ACL like length and thickness,
have implications in the ACL injury. The dimensions
of cruciate ligaments are also essential to understand
their function. Due to these clinical implications and
since not many in vivo studies being reported about
the dimensions of cruciate ligaments from the Indian
population, this present investigation was performed.
The goal of the present investigation was to determine
the in vivo thickness and length of the ACL and PCL
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of the knee joint in Indian population by using the
MRI films. The objectives were to measure the in vivo
coronal ACL tibial angle, ACL Blumensaat angle and
PCL angle in MRIL.

Material and Methods

This descriptive institutional research is a cross
sectional study, which utilized routine MRI of the knee
joints, which were available in the department of radio
diagnosis. The age of the patients ranged between
11 and 57 years. The MRI which revealed congenital
anomalies and injured intra-capsular ligaments of the
knee joint, were excluded. The images of people with
history of degenerative changes like osteoarthritis and
rheumatoid arthritis in the lower limb, bony contusion,
osteochondral fractures and meniscal injuries were
also excluded from the present study. The present
study has the approval of our institutional ethics
committee. We state that research is in accordance
with the international ethical standards, as per
Padulo et al." We included 34 MRI knee joint, among
them 15 were right sided and 19 were left sided, from
21 males and 13 females. Mean age distribution of the
participants in the study was 33 + 12.5 years. The
weight and stature of the patients was not considered
in the present study. The sample size was estimated as
per the previous study by Saxena et al.”

The morphometry of the cruciate ligaments was
performed in the MRI (Seimens Avento, Germany, 1.5
Tesla) by using the RadiAnt DICOM viewer (64-bit,
version 5.5.1, Poland). Only the images which exhibited
full views of the cruciate ligaments are included.
Measurement of the length of the ACL and PCL were
performed from their attachments at the femur to the
tibia (Fig. 1). The ACL thickness (Fig. 2) and PCL thickness
(Fig. 3) were measured at three points namely femoral
end, tibial end and at the midpoint. The angle between
the most medial border of the long axis of ACL and a
line between the two condyles of tibia is considered
as the coronal ACL-tibial angle®®. Measurement of
coronal ACL-tibial angle was as per the suggestion by
Kim et al The angle between Blumensaat line and
the most anterior part of the ACL in a sagittal image
is considered as the Blumensaat line-ACL angle (Fig. 4).
Blumensaat line-ACL angle (Fig. 4) was measured using
the technique described by Gentili and co-workers®".
The coronal PCL angle was also similarly measured in
this study (Fig. 5). The measurements were performed
with the help of an inbuilt software by the same
researcher to prevent the inter-observer error. The
data of this study was statistically analysed by using
the online SPSS software (version 25). The mean and SD
were calculated for all the measurements. To compare
the data between males and females, right sided and
left sided, ‘unpaired’ and ‘paired’ ‘t’ tests.
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Figure 1. Sagittal MRI displaying the measurement of lengths of ACL (A) and PCL
(B) in the present study.

Figure 2. Sagittal MRI showing the measurement of thickness of ACL at the
femoral end (A), midpoint (B) and tibial end (C) respectively.

A B , C

Figure 3. Sagittal MRI showing the measurement of thickness of PCL at the
femoral end (A), midpoint (B) and tibial end (C) in this study.

Figrure 4. Sagittal MRI showing the measurement of Blumensaat angle of the
ACL.
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Figure 5. Coronal MRI showing the measurement of the PCL angle.

Results

The ACL and PCL mean length, thickness at
the femoral end, midpoint and tibial end, the ACL
coronal tibial angle, Blumensaat angle and PCL angle
of the present study are represented in table 1. The
comparison of the data of the ACL and PCL with
respect to males and females are represented in table
2 and table 3 respectively. The right side and left side
comparison of the ACL and PCL are represented in
table 4 and table 5 respectively. It was observed that,
both the ACL and PCL were longer (tables 2 and 3) in
males than in females (p<0.05). The ACL was thicker
(table 2) in the males at the femoral and tibial ends, in
comparison to the females (p<0.05). The statistically
significant difference was not observed (table 2) in
the thickness at the mid region, coronal tibial angle
and Blumensaat angle with respect to the ACL, when
compared between males and females (p>0.05). The
statistically significant difference was not observed for
the thickness of PCL at the femoral end, tibial end and
midpoint regions between male and female (p>0.05)

Table 1. Showing the morphometric data of the cruciate ligaments (n=34) in the
present study

In-vivo Morphometric Study of the Cruciate Ligaments of the Knee Joint

Table 2. Showing the gender based comparison of the data of the ACL

Parameter ACL PCL
Length (mm) 36.8 + 4 39+4
Thickness FEM (mm) 12.4 +1.7 82+12
Thickness TIB (mm) 13.2+18 81+0.8
Thickness MIDPT (mm) 6.8+ 0.9 4.8+0.9
Coronal tibial angle (2) 60.2 + 4.8 -
Blumensaat angle (°) 11.5+27 -
Angle (9) - 128.8 £ 9.2
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Parameter M_ale Fer:]ale p value
(n=21) (n=13)

Length* (mm) 38.8+3 33.4+29 0.00
Thickness FEM* (mm) | 131+1.2 11.2+15 0.00
Thickness TIB* (mm) 13.8 £ 1.7 123+17 |0.02
Thickness MIDPT (mm) |7+ 0.9 6.5+ 1 0.11

Coronal tibial angle (°) |60.2+5 602 +4.6 |0.99
Blumensaat angle () 11.9 £ 2.9 10.7+2.4 |018

Independent samples ‘t’ test, *statistical significance, p<0.05

in this study (table 3). The comparison of PCL angle
among males and females, also yielded no statistically
significant difference (p>0.05, table 3). None of
the parameters measured in this study revealed
statistically significant difference (p>0.05), when the
comparison was performed between the right and left
sides (tables 4 and 5).

Table 3. Showing the gender based comparison of the data of the PCL

Male Female
parameter (n=21) (n=13) p value
Length* (mm) 40.5 £ 3.7 36.6 = 3.5 0.00
Thickness FEM (mm) 8.4+12 7.9 +11 019
Thickness TIB* (mm) 83+0.8 77+0.8 0.03
Thickness MIDPT (mm) 49+0.9 4.6 +1 0.33
PCL angle (°) 130.2 £ 8.6 | 126.6 + 10.1 0.28
Independent samples ‘t’ test, *statistical significance, p<0.05
Table 4. Showing the side based comparison of the data of the ACL
Parameter (:ig:l;) (nl':fltg) p value
Length (mm) 35.8+3.2 | 375 +t.4.4 0.24
Thickness FEM (mm) 11.8+1.8 | 128+ 14 0.86
Thickness TIB (mm) 129+19 | 13.4+18 0.49
Thickness MIDPT (mm) 6.8+1 6.7+ 0.9 0.78
Coronal tibial angle (2) 61.4+49 | 59.2+45 018
Blumensaat angle (°) 10.8+27 | 11.9+27 0.24
paired samples ‘t’ test, *statistical significance, p<0.05
Table 5. Showing the side based comparison of the data of the PCL
Parameter (ﬁi:g:lst) (nL:fltg) p value
Length (mm) 38.4+3.8 | 395+43 0.42
Thickness FEM (mm) 8.3+ 11 81+13 0.65
Thickness TIB (mm) 7.9+0.9 83+0.8 0.20
Thickness MIDPT (mm) 49+0.8 4.7 +1 0.64
PCL angle (°) 1285+9.8 | 1291%9 0.85

paired samples ‘t’ test, *statistical significance, p<0.05
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Discussion

The football and basketball players are often
involved in the ACL and PCL tears and require the
reconstruction of intracapsular ligaments of the knee
joint. This can be achieved by hamstring tendons
autografts. This surgical procedure requires the
knowledge about the basic anatomical dimensions
of these intracapsular ligaments. Accuracy in the
grafting procedure will provide better range of motion
and knee stability®. The reference value for the ACL
dimensions could be obtained from the contralateral
uninjured knee during the bone tunnelling for the graft
positioning, performed for the unilateral ACL tear. The
length of ACL as per Girgis et al.® ranged between 31-
38 mm and Awadelsied’ reported the length of ACL
as 37 mm in their radiological measurements. The
length of ACL in this present investigation, 36.8 + 4 mm
agrees with the previous reports of radiological and
anatomical measurements. Length of the ACL was 43.5
mm and 41.9 mm in males and females respectively as
per Yelicharla et al.” The length of ACL in the males
and females in the present investigation was 38.8 + 3
mm and 33.4 + 2.9 mm, this dictates that the length is
higher in males. The present study observed that ACL
was thicker in males than in females at both the femoral
and tibial ends (p<0.05). But there was no statistical
significance between males and females observed
at the middle of it. Westermann et al.®® Opined that,
small sized ACL-grafts are associated with higher
stress. It is also interesting to note that, ACL tears are
higher in females, because of its smaller dimension in
comparison to males®. The coronal ACL, Blumensaat
and PCL angles can help in making the diagnosis of
ruptured ACL?°. The inclination of injured ACL angle
and the reconstructed ACL grafts have been studied
to check the progress of graft recreation and normal
position of the ACL?. Iriuchishima et al.? reported that
ACL angle may range between 65° and 76° coronally. In
the present study, the ACL angle was slightly smaller
than this range and it was 60.2° + 4.8°. According to
Iriuchishima et al.?, there is no normative data for the
ACL coronal angle and it has to be analyzed by using
patient demographics. It was reported that, if the
Blumensaat angle is less than 0° or more than 15°, there
is likely of ACL injury. In the present study of normal
knee joints, the mean Blumensaat angle was 11.5° + 2.7°.

Girgisetal.® and Covey?’ reported that PCL measures
38 mm in length. Pope et al.?, in their radiological book
mentioned that length of PCL may range between 22
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