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ABSTRACT
The anterior cruciate ligament (ACL) deficient knee has been subjected to various research and many conclusions
have been drawn to the loss of function in relation to it. ACL reconstruction is also very commonly done as
this ligament damage is the most common injury in sports. Muscle strength and proprioception have been
postulated to be affected alongside this injury. We conducted a cross sectional study in 19 patients who have
ruptured their ACL. We measured their muscle strength, thigh muscle bulk and proprioception in comparison
to their contralateral normal knee. The Biodex Isokinetic machine was used to measure the muscle strength
and proprioception. The thigh circumference was measured manually using a measuring tape. There was
significant reduction of muscle strength and thigh circumference in the ACL deficient limb as compared to the
normal side, p <0.05. The affected knee also showed reduction in proprioceptive ability at 70 degree angle (z
score -2.17, p <0.05), but there was no significant reduction at the other angles. These findings are important
as the data show that there is reduction in muscle strength and proprioceptive ability in an ACL deficient knee;
hence, rehabilitation addressing these two areas should be emphasized pre-surgery.
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Introduction
The anterior cruciate ligament injury is a common injury
that occurs in individuals active primarily in sports and
recreational activities (1). The injury causes loss of muscle
function (as the strength profile of the quadriceps and
hamstrings are affected by the neural effect of the ACL
injury), and disuse of the limb. However, the main focus
has always been investigation of thigh muscle weakness
post reconstruction (2). Comparison of muscle group
(thigh flexors and extensors) strength difference, and
donor site comparison with reference to strength deficit,
seem to be a heatedly debated topic. A study showed that
the quadriceps strength deficit was less than that of the
hamstring, despite the use of a hamstring graft (3).
Besides muscle strength, joint proprioception has also
been the subject of interest over the past 100 years.
1

Proprioception, in the early years termed “kineasthesis”,
means appreciation of joint position sense via afferent
signals from skin, muscle and joints (4). The ACL deficient
knee has been studied and demonstrated to have
diminished proprioception, delayed reflex responses
of the muscle and altered neuromuscular control (5).
Proprioception gives information regarding the movement
and the position of our leg, which is important for muscular
control (6). It was stated that the mechanoreceptors
responsible for proprioception constitute 1-2% of the
bulk of the ACL tissue and are situated near the tibial and
the femoral insertions. We hypothesize that patients with
ACL deficient knee will have less muscle strength than the
contralateral normal knee. Recently, a lot of importance
has been placed on the role of surgery in the treatment
of ACL rupture. Many questions have been raised with
regards to the loss of muscle strength and the role of
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proprioception after the injury. Many surgical techniques
and how they affect the restoration of normal function of
the knee have triggered investigations exploring methods
to improve the eventual results of surgery, and that of
pre-surgical intervention. Several studies performed on
ACL injury, however, were conducted outside Malaysia,
and most studies concentrated on muscle strength and
proprioception changes postoperatively, rather than
preoperatively (1,7–9).
In this study, the differences in quadriceps and hamstring
muscle bulk and strength between the ACL deficient and
unaffected knees of the same individuals were investigated.
Additionally, proprioceptive changes between the injured
and uninjured knees were also explored.

Methods
A cross sectional study on the ACL deficient knee, as well
as on the contralateral knee, of each patient, was done
to compare the bulk of thigh musculature (quadriceps,
hamstrings), muscle strength and proprioception. The
study was conducted at the Sports Medicine Clinic,
University of Malaya Medical Center between January
2012 and August 2014.
Male patients of 17-40 years old, with ACL injury, were
invited to participate in this research. The participants in
this study were clinically diagnosed with complete tear
of the ACL, and the diagnosis confirmed with magnetic
resonance imaging. Patients who had contralateral knee
injuries, previous knee injuries or surgeries, persisting
pain and inflammation of the knees, were excluded from
this study.
Information about the study, and the procedures involved,
were explained to potential participants, and the study
information sheet distributed to them. Upon enrollment,
information on socio-demographic information, including
date of birth, gender, ethnicity, date of injury and date
of diagnosis were gathered. Following this, the physical
assessment of the quadriceps and hamstring muscle
bulk, muscle strength and joint proprioception were
performed. The quadriceps and hamstring bulk of the ACL
deficient knee were measured first in all participants. This
was performed using a measuring tape (to the nearest
decimal point) with patients in supine position, exposed
appropriately with the knee flexed to about 10 degrees.
The thigh circumference was measured at 5, 10 and 15
cm proximal to the superior pole of the patella. The same
investigator then repeated the measurement on the
contralateral normal knee.
The quadriceps and hamstring strength was measured
using the Biodex Isokinetic Dynamometer (Biodex System
4 Pro, New York). The Biodex has been shown to be a
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reliable instrument to measure the isokinetic peak torque
in humans (10). Each patient was asked to warm up on a
stationary bicycle for about 10 minutes before the test. The
patient was strapped in and secured at the shoulders, chest
and hips. Device set-up and subject positioning were as
per the manufacturer’s guidelines (Biodex system 3) which
were similar to methods conducted in previous researches
(11). Isokinetic testing was performed at 120 degrees/sec
followed by 180 degrees/sec. These angles were chosen
as they do not add extra stress to the ACL deficient knees
(3). Three trials were allowed before the actual test. The
angles were tested with a 30 second rest in between. The
order for testing the injured knee and the contralateral
normal knee was carried out randomly.
Finally, proprioception was tested at 3 separate angles. The
joint position sense was tested at 45, 60 and 70 degrees
(5,11–13) of knee flexion. The patient was seated on the
Biodex, similar to the one used before, and then the knee,
at random order, was moved to 45 degrees from 90 degree
flexion and kept in the same position for 5 seconds. The
patient was asked to remember this angle, and then the
knee returned to flexion at 90 degrees. The patient, then
with his eyes closed (to avoid visual input) attempted to
reproduce the 45 degree angle. The mean degree of error
was documented and used for analysis. The patient was
given three attempts. After that, the other two angles (60
and 70 degrees) were tested in similar fashion (14). Our
hypothesis was that proprioception will be altered in ACL
deficient knee as compared to the contralateral normal
side. This theory has been proven in previous tests (4,15).
The data analysis was carried out using IBM SPSS Statistical
Package 21, Armonk NY, and p <0.05 was considered
statistically significant. The variables collected from the
patients were calculated as means ± standard deviation.
Most of the variables were tested with Shapiro Wilk test
and they demonstrated normal distribution (p > 0. 05). The
data that did not follow normal distribution were calculated
using the median ± IQR, and tested with Wilcoxon Signed
Ranks test.

Results
A total of 19 male patients between the age of 17 and 40
years (mean age 27.53) participated in this research. 16
were Malay and the other 3 were Indians. Eleven (57.9%)
patients had complete rupture of ACL diagnosed on the
right side, and eight (42.1%) with ruptured ACL diagnosed
on the left. The mean height and weight of the subject
population was 169.0 cm and 73.34 kg respectively. The
mean BMI was 25.78. The results of the study are presented
below. Tables 1, 2 and 3 show the peak torque, thigh
circumference and proprioception between the injured
versus the uninjured knee respectively.
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Table 1: Peak torque of the injured and uninjured knee at two different speeds
Peak torque (Nm)

Injured
Mean ± SD

Uninjured
Mean ± SD

T score/z score*

df

P value

120 flexion
120 extension
180 flexion
180 extension

69.8 ± 43.1
102.66 ± 39.5
50.98 ± 19.62
79.68 ± 30.54

98.9 ± 53.6
138.50 ± 35.64
66.58 ± 19.55
103.31 ± 32.0

-3.06*
-7.3
-4.6
-4.9

18
18
18

<0.001
<0.001
<0.001
<0.001

df: degree of freedom
SD: standard deviation
p < 0.05 is considered statistically significant
Table 2: Thigh circumference of the injured and uninjured knee
Thigh circumference (cm) Injured
Mean ± SD

Uninjured
Mean ± SD

T score

df

P value

5
10
15

44.26 ± 4.29
49.26 ± 4.62
53.74 ± 5.02

-6.9
-8.6
10.7

18
18
18

<0.001
<0.001
<0.001

42.58 ± 4.17
47.74 ± 4.63
51.74 ± 4.83

df: degree of freedom
SD: standard deviation
p < 0.05 is considered statistically significant
Table 3: Proprioceptive findings in the injured and uninjured knee
Proprioception

Injured
Mean ± SD

Non injured
Mean ± SD

T score/ z score*

df

P value

45
60
70

5.25 ±2.92
2.7±3.2
1.7 ±1.6

4.53 ±2.72
4.4±4
3.2 ±3.8

0.9
-1.22*
-2.17*

18
-

0.39
0.22
0.03

df: degree of freedom
SD: standard deviation
p < 0.05 is considered statistically significant

As shown above, there is significant difference in peak
torque between the injured and the uninjured knee at
both 120 and 180 degrees/sec, less peak torque seen in
the ACL deficient side. The thigh circumferences at 5, 10
and 15 cm of the injured side were significantly less; p<0.05
compared to the uninjured side. There were no significant
differences in knee proprioception assessed at angles of
45 and 60 degrees; between the injured and uninjured
side. However, proprioception assessment at 70 degrees
of knee flexion showed a significant difference between
the injured and uninjured side.

Discussion
The aim of this study was to investigate the difference
in the quadriceps and hamstring strength, muscle bulk
and knee joint proprioception in a normal compared to
an ACL deficient knee. Our result showed that there was
a significant difference with regards to hamstring and
quadriceps strength and bulk; however, with regards to
3

proprioception, there was a difference but not in all the
angles tested. The subjects were tested on the Biodex at 120
and 180 degrees (flexion and extension) and all the tests
showed that there was a significant difference between
the muscle strength of the injured and the uninjured
knee with p values less than 0.05. These findings are in
agreement with those in reported literature (2). Previous
studies, however, focused on post-surgery thigh strength
measurements (1,16). Only a few had obtained pre-surgery
data, and most had comparisons to chronic ACL tears (18
months). Those studies examining patients with a duration
of injury are uncommon. ACL injury has been proven to
cause atrophy of the quadriceps and hamstrings. A previous
study reported 8% reduction in size in cross sectional area
of the thigh in ACL deficient limb (17). Our study revealed
a significant difference in thigh cross section, measured
manually, and consistent with findings of previous studies.
The proprioception measurements revealed a significant
difference in the 70 degree evaluation (p<0.05) but the 45
and 60 degree evaluations were not significant (p>0.05).
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We used a Biodex machine in this research. This method
is purely computer controlled and therefore reduces the
error observed in human dependent methods. However,
a person who is properly trained is needed to operate the
machine. The reason for the significant difference has been
postulated to be due to a direct inhibition of the quadriceps
by knee effusion and capsular distension (6).
The conflicting results of the proprioception tests may be
attributed to several reasons. Firstly, the proprioception
tests were carried out immediately after testing the peak
torque in the knee. Muscular fatigue has been postulated
to affect proprioception (18–21). The subjects may not
have been able to reproduce the desired position due to
muscle fatigue but as the effect wore off, at 70 degree
angle - tests were performed at 45, 60 and 70 degrees in
that order - the performance accordingly produced the
desired result. Secondly, the subjects may have taken
time to understand the instructions of the tests and to
familiarize themselves with the technique of assessment.
Therefore, they needed several attempts before complying
with the instructions. Finally, as mentioned earlier, the
other structures (i.e. collateral ligaments, meniscus) that
were injured along with the ACL may have caused some
alterations in proprioception, thus affecting the outcome
of the tests.
Several other limitations need to be addressed in
the current study. Firstly, included in this study is the
heterogenicity of ACL injuries-for instance, the majority of
patients in this study had a combination of complete ACL
rupture with other structural damages (like meniscus and
collateral ligament injuries). A more conclusive data could
have been obtained from patients with isolated ACL injury
(22). The other limitation of this method is that only manual
measurement was used; if the usage of MRI was included,
we could obtain the actual size of the musculature and
also identify the group of muscles involved and these
data could be discussed. Previous reports suggest that
the quadriceps atrophies more significantly compared to
the hamstrings (23,24). The patients were also examined
at various time intervals after the injury, ranging from 4
weeks to 24 months. Therefore, it was difficult to quantify
the rate of muscle atrophy with time, both in the acute or
chronic stage. Each of the measurement points (eg. 5,10,15
cm) represents groups of muscles as reported in a previous
study (25). Finally, it is advisable to test the muscle strength
and proprioception at different sessions, as muscle fatigue
may interfere with accurate data collection.
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also proprioception with balance training (e.g. perturbation
training, elastic band exercises, body weight training). This
can help reduce the loss of muscle strength and bulk after
injury. However, caution must be given to avoid certain
exercises as it can cause further damage (e.g. chondral
injury) to the ACL deficient knee. Examples of exercises
to be avoided are the open chain type of muscle strength
training for the lower limb.
More research has to be done after injury to the ACL, before
the surgical intervention period, as rehabilitation after knee
injury may help patients to have a better surgical outcome.
Patients are normally concerned about how the surgery
is going to help them lead an active lifestyle. With proper
rehabilitation pre- and post-surgery, this can be obtained.
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