Dragicevic¢-Cvjetkovic¢ et al. Scr Med 2022 Dec;53(4):321-5.

DOI:10.5937/scriptamed53-41859

ORIGINAL ARTICLE

Isokinetic Exercises in Quadriceps Strength and
Endurance Recovery After Anterior Cruciate Ligament

Reconstruction

Dragana DragiGevi¢-Cvjetkovié," 2 Tatjana Erceg-Rukavina,' Zeljko Jovigi¢!

Abstract

Background/Aim: Muscle strength and endurance recovery of the quadriceps
after anterior cruciate ligament reconstruction is necessary for normal knee
function. In addition to the use of the isokinetic dynamometer for diagnostic
purposes, its possible therapeutic effect is also important, ie targeted correc-
tion of the measured muscle deficit. This work was aimed to examine the level
of quadriceps strength and endurance recovery 6 months after the anterior cru-
ciate ligament reconstruction in patients who performed isokinetic training
and to determine whether it is a superior therapeutic intervention compared to
isodynamic training.

Methods: A total of 70 patients of both sexes were monitored in a prospective
clinical study. Three months postoperatively, all patients had quadriceps torque
measured to body weight on an isokinetic dynamometer at angular speeds of 60
and 180 °/s. Patients were divided into two groups according to the type of ap-
plied rehabilitation protocol. Group A patients (n = 35) underwent a rehabilita-
tion program 5 times a week using an individual kinesitherapy program (iso-
metric and isotonic exercises for quadriceps and hamstrings) and
neuromuscular electrostimulation of the quadriceps. In addition patients from
group B (n = 35) were included in targeted isokinetic exercises for the quadri-
ceps. Control isokinetic testing was performed 6 months after surgery. The
comparison of the effect of the applied therapeutic procedures in groups A and
B was performed with the Student t-test (p < 0.05).

Results: An average age of patients was 27.29 + 5.94 years. In patients in group
B, statistically significantly higher values of the peak torque to body weight
were measured at angular velocities of 60 and 180 °/s for the quadriceps of the
operated knee 6 months after reconstruction of the anterior cruciate ligament
with hamstring tendons (p < 0.05).

Conclusion: Isokinetic training achieved significantly better quadriceps
strength and endurance in patients 6 months after anterior cruciate ligament
reconstruction with hamstring tendons compared to dynamic exercises.
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Introduction

Reconstruction of the anterior cruciate ligament
(ACL) is necessary to achieve restoration of anat-
omy and static stabilisation after its rupture.!
The optimal rehabilitation programme after ACL

reconstruction is one of the most dynamic areas
of research in rehabilitation.? In kinesitherapy,
three types of therapeutic exercises are used:
static, dynamic and isokinetic. The main differ-

Copyright © 2022 Dragicevic-Cvjetkovi¢ et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.
This article should be cited as follows: Dragic¢evi¢-Cvjetkovi¢ D, Erceg-Rukavina T, Jovi€i¢ 2. Isokinetic exercises in quadriceps strength and endurance recovery after anterior cruciate ligament

reconstruction. Scr Med 2022 Dec;53(4):321-5.



322

ence between the mentioned types of therapeu-
tic exercises is the state of muscle tone and the
length of muscle fibres. During static exercise,
muscle tone increases but the length of muscle fi-
bres does not change. Dynamic exercise shortens
muscle fibres during which muscle tone varies.
Isokinetic exercise means exercising always at
the same speed with variable resistance. In con-
trast to the dynamic exercise, where muscle work
changes with the angle of action of the force, con-
stant muscle work is achieved during isokinetic
exercise.? Bearing in mind this fact, isokinetic ex-
ercises provide the possibility of targeted correc-
tion of the measured deficit of muscle strength
and endurance. However, for their performance,

Methods
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isokinetic systems (dynamometers) are needed,
which enable first the diagnosis of muscle perfor-
mance deficits and later their targeted therapeu-
tic correction. Because of high costs, these sys-
tems are often not available to all rehabilitation
facilities.*

This work was aimed to determine the recovery
of muscle strength and endurance of the quadri-
ceps in patients 6 months after reconstruction
of the ACL with hamstring tendons and to deter-
mine are isokinetic exercises a superior thera-
peutic intervention in the rehabilitation of these
patients compared to dynamic exercises.

Patients of both sexes, after anterior cruciate liga-
ment reconstruction using hamstring graft were
included in a prospective clinical study. Three
months postoperatively, all patients quadriceps
peak torque to body weight were measured on
the isokinetic dynamometer at the angular veloc-
ity of 60 and 180 °/s.

Table 1: Differences in applied rehabilitation program between
patients in group A and B

Type of therapeutic

intervention Group A Group B
Neuromuscular electrostimulation +

Dynamic exercises + +

Isokinetic exercises -

Group A — Patients rehabilitated using dynamic exercises
Group B- Patients rehabilitated using dynamic + isokinetic exercises

Results

Patients were divided into two groups accord-
ing to the type of applied rehabilitation protocol.
Group A patients (n = 35) underwent a rehabilita-
tion program 5 times a week using an individual
kinesitherapy program (isometric and dynamic
exercises for quadriceps and hamstrings) and
neuromuscular electrostimulation of the quad-
riceps. Patients from group B (n = 35) were in-
volved in targeted isokinetic exercises for the
quadriceps (Table 1).

Control isokinetic testing was performed 6
months after surgery. The comparison of the
effect of the applied therapeutic procedures be-
tween the groups A and B was performed with
the Student’s t-test. Level of statistical signifi-
cance was set at p < 0.05.

A total of 70 patients of both sexes (predominate-
ly male), with an average age of 27.32 * 2.21 years
were included in the study (Table 2).

Table 2: General characteristics of the examined sample

Growp N e (Meanssp)  Pvalue

Group A 35 31 4 2721 + 1.45 p=062
Group B 35 29 6 2743 + 2.97 p=0.75
Total 70 60 10 27.32 + 2.21 p=0.69

Group A — Patients rehabilitated using dynamic exercises
Group B- Patients rehabilitated using dynamic + isokinetic exercises

Sixth month after ACL reconstruction significant-
ly higher values of peak torque to body weight at
the angular velocity 60 °/s were measured in pa-
tients from group B (t = 7.19, p < 0.05) (Table 3).

The same results were recorded by monitoring
the quadriceps peak torque to body weight at an-
gular velocity 180 °/s in patients from group B (t
=2.08,p <0.05) six months after ACL reconstruc-
tion (Table 4).
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Table 3: Mean values of quadriceps peak torque to body weight at angular velocity 60 /s in patients of group A and group B (3 and

6 month after the anterior cruciate ligament (ACL) reconstruction)

Group A Group B
Examinati Peak torque to Peak torque to Deficit Peak torque to Peak torque to Deficit
Xxamination body weight (Nm) ~ body weight (Nm)  (Mean %) body weight (Nm)  body weight (Nm)  (Mean %)
Non-operated leg Operated leg Non-operated leg Operated leg
3 months
postoperatively 299.5 218.2 27.15 300.3 2224 25.94
6 months 300.4 2405 19.94* 310.7 268.5 13.58*
postoperatively
Student's t-test *p < 0.05

Group A — Patients rehabilitated using dynamic exercises
Group B- Patients rehabilitated using dynamic + isokinetic exercises

Table 4: Mean values of quadriceps peak torque to body weight at angular velocity 1805 in patients of group A and group B (3 and

6 month after anterior cruciate ligament (ACL) reconstruction)

Group A Group B
Examinati Peak torque to Peak torque to Deficit Peak torque to Peak torque to Deficit
xamination body weight (Nm) ~ body weight (Nm)  (Mean %) body weight (Nm)  body weight (Nm) ~ (Mean %)
Non-operated leg Operated leg Non-operated leg Operated leg
3 months
postoperatively 212.1 208.2 1.84 214.3 209.4 2.29
6 months 221.5 2115 4.52* 231.6 2037 3.45¢
postoperatively
Student's t-test * p < 0.05

Group A — Patients rehabilitated using dynamic exercises
Group B- Patients rehabilitated using dynamic + isokinetic exercises

Discussion

Rupture of the ACL causes instability, which is a
potential cause of secondary damage to other
structures in the knee, which may lead to the ear-
lier development of osteoarthritis.” The dynamic
stability of the knees, which is achieved by ade-
quate strength of the muscles of the upper legs
and their mutual balance, is the task of postoper-
ative rehabilitation.® It is crucial for the secondary
prevention of re-injuries to the operated knee.”

To know what type of therapeutic exercise should
be applied and in what dose (level of load, dura-
tion of the exercise, duration of the break between
exercises and the total number of repetitions), it
is necessary to make an objective assessment of
the state of muscle performance (strength, power,
work, endurance) of the targeted muscle groups
that will be treated. After the standardised mea-
surement methodology on isokinetic dynamome-
ters, a report in written form for each examinee
was obtained. This report contained parameters

of strength (peak torque, peak torque to body
weight), power (average power), work (average
work), endurance and the classic agonist/an-
tagonist ratio. The advantages of this method of
measuring quadriceps and hamstrings muscle
performance are an objective insight into the con-
dition of the tested musculature, the possibility
of prescribing a targeted kinesitherapy program,
repeatability of measurements and the possibility
of comparison in terms of assessing the effective-
ness of the prescribed therapy.®

Therefore, respecting the physiology of graft heal-
ing and applying different types of therapeutic ex-
ercises in different phases after ACL reconstruc-
tion, it is necessary to strengthen the knee flexors
and extensors, improve their endurance and ade-
quately balance them biomechanically.’

Inthelastten years, alot of research has been done
in the field of muscle recovery of the thigh mus-
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cles after ACL reconstruction.!®* Although the re-
lationship between quadriceps strength and the
functional status of the knee has been controver-
sial for some time, evidence has been found that a
strong quadriceps stabilises the knee joint during
walking and all other activities of daily living in
patients after the ACL rupture.'® After the rupture
of this ligament, the strength of the quadriceps
is reduced to a greater extent compared to the
hamstrings due to the neuromuscular imbalance
caused by damage to the proprioceptive elements
and adaptation to the phenomenon of “avoiding
the quadriceps” during walking.

This research dealt with the influence of isokinet-
ic exercises on the degree of recovery of muscle
strength and strength of the lower leg muscula-
ture 6 months after the reconstruction of the ACL.
In patients from group A who were rehabilitated
without isokinetic exercises, significantly weaker
quadriceps strength was found, compared to the
patients from group B. Looking at the postoper-
ative results for the assessment of quadriceps
strength at an angular velocity of 60 °/s, signifi-
cant differences were found in patients from both
examined group in the sixth postoperative month
after ACL reconstruction, but this improvement
was statistically more significant in subjects from
the group B.

A group of German researchers reported similar
results. Kline et al proved that the torque value of
the quadriceps force at an angular velocity of 60
°/s 6 months after the reconstruction of the ACL
with a patellar graft was significantly lower than
expected and that the return to sports activities
could not be recommended to the patients who
participated in this research.'” One of the causes
of this discrepancy between results in this paper
and the mentioned study is certainly the differ-
ence in the choice of graft and consequently the
type of applied postoperative rehabilitation pro-
tocol.

Li et al studied the effect of a moderated rehabili-
tation protocol lasting 12 weeks and determined
by isokinetic measurement that there was no sig-
nificant improvement in quadriceps strength 3
months postoperatively in patients from the ex-
amined sample. This result positively correlates
with the results of this research.!®
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Researchers from Poland also proved the positive
effect of isokinetic exercises that were carried out
as part of the rehabilitation program in 16 - 24
postoperative weeks, which was reflected in a sig-
nificant improvement in the value of the quadri-
ceps force torque at an angular speed of 60 °/s.??

Torque of force versus body weight for the quadri-
ceps at an angular velocity of 180 °/s is, in fact, an
indicator of quadriceps endurance. Mikkelsen et al
showed that good quadriceps strength and endur-
ance helped patients return to pre-injury activity
levels more quickly.?°

This study showed that group B patients who
underwent postoperative rehabilitation using a
combined rehabilitation protocol had significant-
ly better values of quadriceps force torque at an
angular velocity of 180 °/s 6 months after ACL re-
construction than patients who were rehabilitated
using dynamic exercises.

Numerous studies confirm these facts because
quadriceps weakness after ACL reconstruction is a
well-documented area.?"??2 Authors have not found
studies that refute the results of this research.

Conclusion

[sokinetic training achieved significantly bet-
ter quadriceps strength and endurance in pa-
tients 6 months after anterior cruciate liga-
ment reconstruction with hamstring tendons,
compared to dynamic exercises.
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