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ABSTRACT… Introduction: A 29-year old male athlete (body mass: 64 kg; height: 172 cm)
sustained complete ACL rupture of the right knee. He was a martial-arts player and the injury
was repetitive, overuse in nature due to cyclic unilateral loading and unloading of the right
knee during training sessions. Rupture was diagnosed through detailed patient history, clinical
physical examination and was confirmed through magnetic resonance imaging (MRI) of the
right knee. Surgical reconstruction of the ACL was planned and a patellar tendon graft was
used. His baseline isokinetic data was recorded 4 months after the surgery. Objective: This
case study describes the effects of isokinetic strength training on knee biomechanics and
physical function of an ACL-reconstructed martial-arts athlete. Setting: Pakistan Sports Board
Islamabad. Study period: 40 days. Materials and Methods: Biodex System 3 Pro was used to
train the athlete for 15 sessions on alternate day basis. Average peak torque, average power,
total work and peak torque to body weight ratio were recorded for hamstring and quadriceps
before and after isokinetic rehabilitation. The athlete was positioned in the dynamometer with
upright back while hip and knee were flexed to 90 degrees. Unilateral isokinetic contractions
were performed according to a premeditated exercise protocol. Both hamstring and quadriceps
were tested isokinetically at five different movement speeds (30deg/sec, 90deg/sec, 150deg/
sec, 210deg/sec, and 270deg/sec). Five contractions were performed at each speed during
both knee flexion and extension. At baseline, average peak torque was higher at lower speeds
for both hamstring and quadriceps. Results: As a result of rehabilitation, average peak torque
for hamstring and quadriceps significantly improved at speeds of 150deg/sec and 90deg/sec
respectively. Average power, peak torque to body weight ratio, total work was also improved for
both hamstring and quadriceps. Two physical performance tests - agility run test and vertical
jump test - were used to assess the effects of training and both performance tests improved 51%
and 100% respectively. Conclusion: Isokinetic training improved the strength of quadriceps
and hamstring after ACL reconstruction. Hamstring muscle demonstrated greater traininginduced increments in torque production compared to quadriceps at all contraction velocities.
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INTRODUCTION
The anterior cruciate ligament (ACL) is one of
the two diagonal ligaments that run within the
knee joint. Main function of the ACL is to resist
hyperextension of the knee joint and prevent
anterior translation of the tibia on the femoral
condyles thus stabilizing the knee joint. Despite
its strength, ACL is prone to both acute and
overuse injuries, especially in sports involving
sharp turning, sudden stopping and starting.1
ACL injuries are associated with loss of knee
musculature strength characterized by declined
Professional Med J 2017;24(12):1921-1926.

torque-production capacity of the hamstring and
quadriceps. Other biomechanical symptoms
of ACL rupture include loss of power, reduced
capacity of muscle performance, knee laxity and
pain.2
Surgery is one of the options available for the
management of ACL rupture. ACL reconstruction
is a surgical procedure in which a graft from
hamstring or patellar tendon is used to replace
the torn ACL. Surgical success is reported
for short term follow up in nearly 90% cases
www.theprofesional.com
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as reported by several studies.3,4,5 Physical
rehabilitation after ACL injuries and reconstruction
traditionally involved prolonged immobilization,
isometric exercises and non-weight bearing
exercises. Modern approaches to post-surgical
ACL rehabilitation favor early mobilization, early
weight bearing exercises considered to develop
more control at knee.2,6
Strength training in a vital component of both the
conservative management of the ACL ruptures
as well the post-surgical physical rehabilitation.
One of the regimes that have shown promising
results in improving knee function in postsurgical ACL patients is isokinetic training where
the velocity of the movement is kept constant by
the dynamometer. Isokinetic systems provide an
efficient way to overload muscles for strength
training. The limb attached with isokinetic
dynamometer can be trained and tested at
different pre set velocities.7 Isokinetic strength
training has been reported to be an effective
training tool in both healthy individuals8 and for
injured.9,10
Regarding the symmetry of strength loss between
knee muscle groups, it has been shown that knee
extensors (the quadriceps) are affected more than
the knee flexors (the hamstring) especially when
patellar tendon graft is used for the reconstruction
procedure.11 Restoration of muscle strength is
crucial for an efficient and successful returnto-sport strategy. Hamstring strength training
is advised because of its ability to posteriorly
translate tibia so as to avoid stress on the graft.12
Since quadriceps muscle is more prone to lose
strength, regaining of its strength has proved to
be especially challenging.13,14,15
CASE DISCUSSION
A 29-year old male athlete (body mass: 64 kg;
height: 172 cm) sustained complete ACL rupture
of the right knee. He was a martial-arts player
and the injury was repetitive, overuse in nature
due to cyclic unilateral loading and unloading of
the right knee during training sessions. Rupture
was diagnosed through detailed patient history,
clinical physical examination and was confirmed
through magnetic resonance imaging (MRI) of
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the right knee. Surgical reconstruction of the
ACL was planned and a patellar tendon graft was
used. His baseline isokinetic data was recorded 4
months after the surgery.
Assessment & Treatment
Isokinetic evaluation of the athlete was done 4
months after the reconstruction and subsequent
physical rehabilitation regime devised. Prior to the
isokinetic assessment, warm-up was achieved
through running for 5 minutes on Biodex gait
trainer and treadmill followed by sustained
stretches of the hamstring and quadriceps
muscles. Assessment was conducted on Biodex
System 3 Pro (Biodex Medical Systems, Inc. NY,
USA) using isokinetic mode. The athlete was
positioned in the dynamometer with upright back
while hip and knee were flexed to 90 degrees.
Unilateral isokinetic contractions were performed
according to a premeditated exercise protocol.
Both hamstring and quadriceps were tested
isokinetically at five different movement speeds
(30deg/sec, 90deg/sec, 150deg/sec, 210deg/
sec, and 270deg/sec). Five contractions were
performed at each speed during both knee flexion
and extension.
Assessment was done on following biomechanical
and physical function parameters: average peak
torque, peak torque-to-body weight ratio, average
power, total mechanical work, agility run test time,
and vertical jump height.
Average peak torque is average of maximum
torque produced during the 5 repetitions at one
speed and is indicative of muscular strength
capability. Peak torque to body weight ratio is
represented as percentage torque production
normalized to body weight. Total work is the
amount of mechanical work accomplished for the
entire set i.e 5 contractions at required speed for
both flexion and extension. This represents the
muscle’s capability to maintain torque throughout
the test bout. Average power indicates the
average rate of doing mechanical work during all
contractions at a specific speed.16
Vertical jump test was used to determine the
height of vertical jump. Illinois agility run test was
www.theprofesional.com
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used to measure the time taken to complete a 10
meter distance designed to check the agility of
athlete.
After baseline evaluation, an isokinetic strength
training regimen was devised for the athlete
comprising 15 sessions of isokinetic knee flexion
and extension at five training velocities carried
out 3-4 times a week on Biodex System 3 Pro.
Biomechanical Data was recorded during each
session regarding biomechanical parameters
while physical performance was evaluated after
every 5 sessions.
RESULTS
At baseline, average peak torque was greatest at
30 deg/ sec for both hamstring and quadriceps.
Highest improvement for flexion (375%) and
extension (248%) was seen at 150 deg/sec and
90 deg/sec respectively (Table-I).
Average Peak Torque (ft.lbs)
Flexion
Pre
Post
∆%
20.4
49.6
143.1
30 ⁰/sec
9
38.6
328.9
90 ⁰/sec
8.4
39.9
375.0
150 ⁰/sec
9
26.5
194.4
210 ⁰/sec
9.4
28.4
202.1
270 ⁰/sec
Extension
Pre
Post
∆%
28.5
53.3
87.0
30 ⁰/sec
10.2
35.5
248.0
90 ⁰/sec
8.8
29.4
234.1
150 ⁰/sec
8.8
25.6
190.9
210 ⁰/sec
8.8
22.1
151.1
270 ⁰/sec
Table-I. Average Peak Torque at all speeds for
hamstring and quadriceps

Highest peak torque to body weight ratio was
found at 30 deg/sec during initial assessment.
Training-induced increment was greatest at 150
deg/sec for hamstring (410%) and at 270 deg/sec
for quadriceps (218%) (Table-II).
At baseline, hamstring produced highest total
work at 270 deg/sec and quadriceps at 30 deg/
sec. Total work during flexion showed over 8-fold
rise at 30 deg/sec and nearly 5.5 times during
Professional Med J 2017;24(12):1921-1926.

3

extension at 90 deg/sec (Table-III).
Peak Torque / Body Weight
Flexion
Pre
Post
∆%
15.8
36.6
131.6
30 ⁰/sec
6.8
31.4
361.8
90 ⁰/sec
6.9
35.2
410.1
150 ⁰/sec
6.8
22.5
230.9
210 ⁰/sec
8.2
22.5
174.4
270 ⁰/sec
Extension
Pre
Post
∆%
23.5
42.4
80.4
30 ⁰/sec
11.5
29.3
154.8
90 ⁰/sec
7.6
23.9
214.5
150 ⁰/sec
7.9
19.8
150.6
210 ⁰/sec
6.9
22
218.8
270 ⁰/sec
Table-II. Peak Torque to body weight ratio at all
speeds for hamstring and quadriceps
Total Work (ft.lbs)
Flexion
Pre
Post
∆%
33.7
271
704.2
30 ⁰/sec
30.4
240.6
691.4
90 ⁰/sec
31.7
231.6
630.6
150 ⁰/sec
30.7
143.6
367.8
210 ⁰/sec
37.6
83.5
122.1
270 ⁰/sec
Extension
Pre
Post
∆%
94.7
266.6
181.5
30 ⁰/sec
36.3
197.9
445.2
90 ⁰/sec
34.8
154.7
344.5
150 ⁰/sec
28.5
95.4
234.7
210 ⁰/sec
29.8
54.8
83.9
270 ⁰/sec
Table-III. Total Work at all speeds for hamstring and
quadriceps

Before training, average power during flexion
was greatest at 270 deg/sec and at 150 deg/
sec for extension. Most marked training-induced
improvement for both flexion (527%) and
extension (314%) was observed at 90 deg/sec
(Table-IV).
At baseline, agility run test time was 29.1 seconds
and vertical jump was 11 cm which improved
after 15 sessions 51% and 100% respectively
(Table-V).
www.theprofesional.com
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30 ⁰/sec
90 ⁰/sec
150 ⁰/sec
210 ⁰/sec
270 ⁰/sec

Average Power (Watts)
Flexion
Pre
Post
9.6
24.9
7.6
47.7
9.8
61
10.8
40.8
13.6
28.2
Extension
Pre
Post
10.9
24
9.5
39.4
11.8
41.4
11
25.4
11.7
15.4

∆%
159.4
527.6
522.4
277.8
107.4
∆%
120.2
314.7
250.8
130.9
31.6

30 ⁰/sec
90 ⁰/sec
150 ⁰/sec
210 ⁰/sec
270 ⁰/sec
Table-IV. Average Power all speeds for hamstring and
quadriceps
Physical Performance
Agility Run Test time (sec)
Pre
Post
∆%
29.1
19.2
51.7
Vertical Jump Height (cm)
Pre
Post
∆%
11
22
100.0
Table-V. Physical performance test

DISCUSSION
Average peak torque is a determinant of force
of muscular strength during all repetitions at
a given speed for hamstring and quadriceps.
Average peak torque is usually reduced as
the muscle shortening velocity increases due
to an inverse force-velocity relation during
concentric contractions.17 It has been reported
that at higher movement speed, less torque is
produced and lesser motor units are activated.18
Our study findings were similar to the findings
of earlier studies that highest average peak
torque produced at baseline for hamstring was
20.4 ft-lbs and 9.4 ft-lbs at speed of 30deg/sec
and 270deg/sec respectively. For quadriceps it
was 28.5ft-lbs and 8.8ft-lbs at speed of 30 deg/
sec and 270deg/sec respectively at baseline.
Average peak torque after training improved at all
speed but significant improvement for hamstring
was at speed of 150 deg/sec and for quadriceps
at speed of 90 deg/ sec. Least improvement for
hamstring was 143% and for quadriceps 87% at
speed of 30deg/sec. A past study has reported
Professional Med J 2017;24(12):1921-1926.
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that significant improvement at higher speed
180deg/sec for hamstring and a slower speed 60
deg/sec for quadriceps.19 Increments in average
peak torque at all velocities during both flexion
and extension indicate an overall improvement in
muscle strength thus confirming the findings of
several other studies.20,21,22
Peak torque to body weight ratio which shows
production of peak torque normalized to body
weight was lower at higher speeds at baseline
for both hamstrings and quadriceps. One study
showed that with training peak torque to body
weight ratio is higher at highest speed 180deg/
sec as compared to 60deg/sec for both flexors
and extensors.23 At baseline peak torque to body
ratio was greater at 30 deg/sec speed for both
hamstring and quadriceps. Our study showed
training at higher speed 150 deg/sec for hamstring
and 270deg/sec for quadriceps improved peak
torque to body weight ratio significantly. As peak
torque significantly improved and body weight
remained the same it showed marked increase in
ratio. Peak torque to body weight ratio was least
improved for both hamstring and quadriceps was
at speed of 30 deg/sec which was 131% and 80%
respectively.
Total work is product of force and displacement.
One earlier study conducted showed that total
work for quadriceps was greater at low speeds
i.e 60 deg/sec.24 Our study showed that greater
work for quadriceps was at the speed of 30
deg/sec at baseline and for hamstring it was
greater at 270 deg/sec at baseline. Greater
improvement was there for hamstring at speed
90 deg/sec for hamstrings and 30deg/sec for
quadriceps in our study. Since work is product
of force and displacement and in our study both
these components improved, therefore work
improved too. This finding is also supported by
earlier conducted study.25 in our study the less
improvement in total work was at speed of 270
deg/sec for both hamstring and quadriceps.
Average power shows how quickly a muscle can
produce force. Power is lower at higher velocities
one earlier study reported.26 Our subject’s
findings contradict these findings since higher
www.theprofesional.com
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average power was recorded at higher velocity at
baseline in our study. The hamstring power was
greater at speed of 270 deg/sec and quadriceps
at 150deg/sec. Our study confirms the finding of
an earlier study which reported average power
was greater for both hamstring and quadriceps
at higher velocity of 180 deg/sec as compared to
60 deg/sec19 A remarkable increase (hamstring
527 % and 314% quadriceps) was there at speed
of 90 deg/sec. Not much of improvement was
recorded for both hamstring and quadriceps at
speed of 270deg/sec.
Physical performance test was used to see the
improvement in physical performance. Regarding
physical performance, agility run test time
improved substantially (51%) from 29.2 seconds,
at baseline, to 19.2 seconds after training. Postrehabilitation performance would still be ranked
below average based on the normative data
available.26,27 One already conducted study
showed significant correlation between average
peak torque at higher velocities and vertical
jump.28 Our findings are in agreement to earlier
reports regarding improved physical performance
after isokinetic strength training.29
CONCLUSION
This novel study has demonstrated that
isokinetic strength training markedly improved
physical function and knee joint kinetics in
the anterior cruciate ligament reconstructed
patient. Hamstring muscle demonstrated greater
training-induced increments in torque production
compared to quadriceps at all contraction
velocities. Further studies with larger sample size
and control group are recommended to confirm
the findings of this case study in Pakistan.
Copyright© 15 Aug, 2017.
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