
Influence of Functional Knee Bracing on the Isokinetic
and Functional Tests of Anterior Cruciate Ligament
Deficient Patients
Niyousha Mortaza1,2*, Noor Azuan Abu Osman1, Ali Ashraf Jamshidi3,4, Javad Razjouyan5

1 Department of Biomedical Engineering, Faculty of Engineering, University of Malaya, Kuala Lumpur, Malaysia, 2 Department of Orthotics and Prosthetics, Faculty of

Rehabilitation, Tehran University of Medical Sciences, Tehran, Iran, 3 Department of Physical Therapy, Faculty of Rehabilitation, Tehran University of Medical Sciences,

Tehran, Iran, 4 Rehabilitation Research Centre, Faculty of Rehabilitation, Tehran University of Medical Sciences Tehran, Iran, 5 Department of Electrical and Electronics

Engineering, Garmsar Branch, Islamic Azad University, Garmsar, Iran

Abstract

Use of functional knee braces has been suggested to provide protection and to improve kinetic performance of the knee in
Anterior cruciate ligament(ACL)-injured patients. However, many athletes might refrain from wearing the braces because of
the fear of performance hindrance in the playing field. The aim of this study was to examine the effect of three functional
knee brace/sleeves upon the isokinetic and functional performance of ACL-deficient and healthy subjects. Six anterior
cruciate ligament deficient (29.065.3 yrs., 175.265.4 cm, and 73.0610.0 kg) and six healthy male subjects (27.263.7 yrs.,
176.466.4 cm, and 70.366.9 kg) were selected. The effect of a custom-made functional knee brace, and two neoprene knee
sleeves, one with four metal supports and one without support were examined via the use of isokinetic and functional tests
in four sets (non-braced,wearing functional knee brace,and wearing the sleeves). Cross-over hop and single leg vertical
jump test were performed and jump height, and hop distance were recorded. Peak torque to body weight ratio and
average power in two isokinetic velocities(60u.s21,180u.s21) were recorded and the brace/sleeves effect was calculated as
the changes in peak torque measured in the brace/sleeves conditions, expressed as a percentage of peak torque measured
in non-braced condition. Frequency content of the isokinetic torque-time curves was also analyzed. Wilcoxon signed rank
test was used to compare the measured values in four test conditions within each control and ACL-deficient group,and
Mann-Whitney U test was used for the comparison between the two groups. No significant differences in peak torque,
average power, torque-time curve frequency content, vertical-jump and hop measurements were found within the
experimental and the non-braced conditions (p.0.05). Although the examined functional knee brace/sleeves had no
significant effect on the knee muscle performance, there have been some enhancement regarding the extension peak
torques and power generating capacity of the ACL-deficient subjects that could be helpful in reducing the bilateral
asymmetry in these patients.
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Introduction

Use of functional knee braces (FKB) has been suggested to

provide protection and to improve kinetic performance of the knee

in ACL-injured patients [1–3]. However, the efficacy of knee

bracing in achieving these goals is still controversial [4,5]. On the

other hand, the results of the subjective evaluations revealed that

patients responded positively to wearing the braces indicating

better knee stability, performance and pain alleviation [4,6].

Despite this many athletes still refrain from wearing the braces

because of the fear of performance hindrance in the playing field

[7,8]. Hence, further studies seem to be necessary in order to

detect the effects of knee braces on the performance.

The results of isokinetic tests on the immediate effect of knee

braces showed that, depending on the patient’s strength, injury

type, previous history of wearing the knee braces and brace design,

the protective knee braces can have some deteriorating effect on

the torque generating capacity of the knee musculature [3,9–12].

In all of these studies the conventional isokinetic results such as

peak torque to body weight ratio (PTBWR), average power and

total work were considered. However, these assessments are not

accurate enough to evaluate the quality of torque generation

throughout the range of flexion and extension. The oscillation

patterns of torque time curves could be indicative of the force

generation quality of the joint muscles. Consequently, applying a

method to quantify these oscillations in the isokinetic torque

pattern could give a more accurate result in assessing the effect of

different sorts of treatment including brace application [13,14].

The purpose of the present study was: first, to find out if the

functional knee braces are beneficial in enhancing the force

control capacity of the anterior cruciate ligament-deficient

(ACLD) patients Through frequency domain analysis, second, to

examine the effects of a functional knee brace and two neoprene

knee sleeves on the isokinetic and functional tests in patients with
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ACLD, and last, to find out if there is any relationship between the

effect of the brace on the isokinetic muscle performance and the

subjects’ muscular strength, and if the brace/sleeve had different

effects on healthy subjects. The results of this study will help the

rehabilitation team to decide on the knee brace/sleeve use after

the acute phase of ACL injury, considering the patients’ functional

performance and current strength status.

Methods

Participants
This study was conducted on six male subjects with ACLD

(29.065.3 yrs., 175.265.4 cm, and 73.0610.0 kg) and 6 healthy

subjects as the healthy control group. The control group were

healthy subjects matched for height, age and weight (27.263.7,

176.466.4 cm, 70.366.9) to the ACLD group. The time lapse

since the episode of injury for the ACLD group was 3.061.1

months. The diagnosis of ACL injury was established by physical

examination and MRI. The inclusion criteria for the patient group

included: (1) grade 3 of muscle strength in quadriceps and

hamstring muscles based on manual muscle test, (2) full extension

range on the affected side, (3) completed physical therapy

rehabilitation period. All the ACLD subjects have completed the

same physical therapy rehabilitation treatment which included ten

sessions of perturbation training (in the category of neuromuscular

training). The healthy group had no history of knee injury and no

evidence of any knee instability.

Ethics Statement
Approval was received from the Ethics Committee of Tehran

University of Medical Sciences. Prior to the start of the study,

informed written consent was obtained from each subject.

FKB/Neoprene Sleeves
Two neoprene knee sleeves and one custom-made FKB were

used. One of the sleeves had four metal supports on each side and

the other one was with the exact design but without the metal

supports. The FKB consisted of bilateral aluminium bars with

polycentric knee joints, two plastic posterior thigh and cuff shells,

and Velcro attached to neoprene bands as closures (Figure 1).The

braces were fabricated and fitted by a certified orthotist. The

custom-made FKB is designed to restrict the anterior translation of

tibia relative to femur; the bilateral hinges allowed full extension

and flexion of the knee joint.

Experimental design
All tests were performed unilaterally on the ACLD side. For

each subject, the tests were performed identically in four

conditions: (1) non-braced (NBR) or control (2) with simple

neoprene knee sleeve (3) with neoprene sleeve with four metal

supports (4) with Custom-made FKB. The test order was

randomized. Subjects were allowed a minimum of 10- minutes

of rest between tests. Prior to the start of testing, all subject

performed pre-established warm up on a stationary bicycle for 5–

8 minutes followed by 3–5 minutes of whole body stretching.

Functional tests. In this study two different functional tests

including crossover hop for distance and single leg vertical jump

(SLVJ) test were included to measure the possible effect of FKB/

sleeves on the knee performance. Subjects fulfilled up to three

practice tests. Then, they first performed the cross hop test for

distance by performing four consecutive hops, crossing the centre

line with each hop, more details are presented in the previous

study [12]. Next, SLVJ test began with a measure of reach height

on the dominant side next to the wall with ink applied to the

participants’ finger. Then, they performed a maximal effort single-

leg jump and reached to touch the wall placing the second mark at

the pick of the jump. Participants were allowed to land bilaterally,

as this is a more functional movement pattern [15]. In both tests,

no restrictions were placed on the upper extremity movements.

Each subject was given three trials, and the average jump distance

of the three trials was calculated.

Isokinetic tests. Isokinetic measurements were performed

after functional tests, using Biodex Multi-Joint System 3 (Biodex

Medical Systems, Inc., New York, USA) dynamometer with the

knee attachment on. Participants were seated and secured to the

apparatus with straps across the chest and thighs. The back of the

seat was set at an 85u angle. The resistance pad was placed on the

distal tibia [12]. The range of motion of the knee joint was set at

0–90u. The test protocol consisted of three repetitions at 60u.s21

and five repetitions at 180u.s21. Sixty and 180u.s21 were chosen as

they are reasonable and comfortable test velocities that seems to

meet the essential requirements of testing validity and the need for

information about muscle performance at the functional range.

Moreover, as the higher test velocities incorporate lower reliability,

more repetitions were necessary to avoid the concerns regarding

the reliability of the tests. So, more repetitions were considered for

the higher test velocities in this study [16]. The isokinetic measures

included PTBWR and average power.

The torque-time curves were transformed into the frequency

domain with Discrete Fourier Transform toolbox of MALTAB

(The Mathworks, Inc. USA). Maximum frequency values

contained within the specific signal power were chosen. In the

previous study by Giakas [17] the criterion of 95% was used and in

the other study by Tsepis [14] 90%, 95% and 99% level of signal

power were used. Along with these three levels of signal power, we

introduce the power level of 70.7% (
ffiffiffi
22
p �

2) for further rang of

signal content.

Statistical Analysis
Data were entered into a statistical software package, SPSS

18(SPSS, Chicago, IL). As a consequence of the small sample size,

we preferred to use the non-parametric tests [18]. The Wilcoxon

signed rank test was used to compare the different test conditions

for variables including: isokinetic tests, torque-time curve frequen-

cy contents, and functional tests. Furthermore, to compare ACLD

with the normal group, Mann-Whitney U test was calculated. A p-

value of 0.05 or less was considered significant. Spearman’s Rank

Correlation Coefficient was used to find any relationship between

the peak torque generation capacity of the ACLD/healthy subjects

and the FKB/sleeves effect. Brace effect was a new variable which

was calculated as bellow for a better comparison of the braced and

wearing sleeves conditions with the NBR condition in different

variables [3,9]:

Braced { NBR

NBR
|100

Results

Isokinetic Test
PTBWR. In the ACLD group in both isokinetic velocities

(i.e.60 and 180u.s21), wearing FKB/sleeve increased the extension

peak torque for an average of 2.1% in 60u.s21 and 4.7% in

180u.s21. This effect was higher for wearing the FKB, more than

7.5%. Conversely, for normal subjects the FKB effect was

negative. That means wearing the FKB has decreased the

Knee Brace & Performance of ACL-deficient Patients
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extension and flexion torques (respectively more than 3% and

10%), although none of the above differences were statistically

significant (P.0.05). Peak torques comparisons showed no

significant differences when they were compared between braced

conditions. (Table 1)

Average Power: In the ACLD subjects the average power

comparisons between the NBR and the FKB/Sleeve conditions

revealed that in wearing both the FKB and neoprene sleeve with

four metal supports increased the average power of the extension

in 60 and 180u.s21. There was a statistically significant increase in

the extension average power measurement when wearing the FKB

comparing to the NBR condition in 180u.s21, z = 21.99,

p = 0.046, with a large effect size (r = 0.57).

However, in the normal cases the FKB and neoprene sleeve

with four metal supports reduced the average power in both

flexion and extension, especially in 60u.s21, although these effects

were not statistically significant. (Table 2)
Correlation. Results of correlation analyses revealed that

there is some negative correlation between the extension PTBWR

in NBR condition and the effect of neoprene sleeve with four

metal supports in both normal and ACLD subjects. In ACLD

subjects in 60u.s21, there was a strong negative correlation

between the PTBWR in NBR condition and the effect of sleeve

with four metal supports in both flexion and extension (respec-

tively rho = 21.00, p,0.001, and rho = 20.97, p = 0.017;

Figure 2). In normal subjects this correlation was significant in

180u.s21 in flexion (rho = 20.94, p = 0.005).

Functional Tests
The results of the cross-over hop and SLVJ tests did not show

any significant difference, comparing the three FKB/sleeves

Figure 1. Functional knee brace.
doi:10.1371/journal.pone.0064308.g001

Table 1. Brace Effect on Isokinetic Peak Torque.

Condition Brace Effect for Peak Torque (%)ab

Normal ACLD

Flexion Extension Flexion Extension

606.s21 1806.s21 606.s21 1806.s21 606.s21 1806.s21 606.s21 1806.s21

Sleeve 0.36613.7 5.71611.6 22.08614.9 1.66618.5 211.56616.3 0.08610.9 25.0467.6 0.8469.3

Sleeve with metal supports 28.33628.0 25.20622.3 23.2468.8 2.28613.4 0.54622.4 3.5066.5 3.50622.3 5.7067.0

FKBc 210.24617.7 210.31614.0 23.16614.0 23.77613.9 26.87614.4 20.28620.6 7.85612.9 7.65610.6

Average 26.07 23.27 22.83 0.06 25.96 1.1 2.10 4.73

SD 5.6 8.2 0.6 3.3 6.1 2.1 6.6 3.5

a(braced - NBR)/NBR 6100.
bvalues are mean 6 standard deviation.
cFunctional Knee Brace.
doi:10.1371/journal.pone.0064308.t001
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conditions with the NBR. However, as showed in Table 3, the

FKB and sleeves adversely affected the hop test results in ACLD

subjects (6.2%), while they had a small but positive effect on the

normal subject (2.6%).

Frequency content
In both ACLD and normal subjects, there have been no

significant changes in the frequency content while they were

wearing the FKB/sleeves comparing the NBR condition. Howev-

er, as expanded in Table 4, in both groups, wearing the FKB/

sleeves resulted in some increase in the frequency content in

60u.s21, and caused a decrease in 180u.s21.

Moreover, the ACLD subjects had significantly higher frequen-

cy content at power level 70.7% in comparison to the normal

group, mostly at 180u.s21 of isokinetic velocity. (Table 5)

Discussion

In the present study, a comprehensive analysis of the isokinetic

performance of the knee muscles have been done in order to find

the effect of wearing a FKB and two neoprene knee sleeves on the

performance in ACLD and normal subject. The results revealed

that the examined FKB and sleeves did not significantly improve

or impaired the force control and force generation capacity of the

knee joint in either ACLD or normal participants. However,

wearing them had a weak positive effect on the isokinetic muscle

performance of the ACLD group. Results of the SLVJ and

crossover hop tests have also confirmed isokinetic findings; that is,

wearing the FKB/sleeves did not have any effect on the

performance of either tested groups.

Isokinetic dynamometry can provide information about the

different muscle groups’ maximum capacity to generate torque in

different angles throughout the range of joint motion in a

controlled dynamic situation. Even small changes in hamstring

strength are important because it functions as an agonist to the

ACL and it can control anterior tibia transition especially in the

absence of ACL [3,19]. Also, the compressive stabilizing co-

contraction of the two major knee muscle groups has a stabilizing

effect for the ACLD knee [20]. Consequently, it is important to

find out the changes that FKBs might impose on the knee muscles

performance when they are used as rehabilitative and protective

devices. Several studies have shown that when biologic signals are

transferred from time domain to frequency domain, their rapid

changes could be noted as high frequency contents [14,17,21]

Therefore, Tsepis compared the frequency content of torque-time

curve of concentric isokinetic knee flexion and extension in intact

and ACLD knee of 30 ACL deficient subjects. The result showed

significant higher oscillations and consequently less force control in

the ACLD knee [13,14]. This study suggested that utilizing the

frequency content of the torque-time curve in the ACLD patients

is a valid method in order to assess the isokinetic performance of

these patients. Hence, the authors of the present study concluded

that, besides studying the conventional isokinetic variables (peak

torque and average power), using this method can provide us with

a more precise comparison among the different braces, regarding

their effect on the knee muscles performance. In the current study,

in 180u.s21 of isokinetic velocity, ACLD group showed consider-

ably higher oscillations in the torque-time pattern comparing to

the control group (p,0.05) (Figure 3, Table 5).The concurrence of

these results with the previous study by Tsepis [14] shows that the

methodology of the current one was appropriate. However,

wearing none of the FKB/sleeves led to a smoother torque

generation pattern in neither of the subjects groups.

There are few comparable studies using isokinetic dynamometry

to examine brace effect on the knee muscle performance in ACLD

patients [3,10]. Wojtys examined the effects of six different FKBs

on the isokinetic performance of five ACLdeficient patients at

60u.s21. All of the braces reduced the amount of flexion and

extension torques by averages of 5.8% and 2.4%, respectively. In

the present study, the extension torques increased by an average of

2.1% for FKB and the sleeve with metal supports. In the flexion,

FKB and the simple neoprene knee sleeve caused 6% torque

reduction. In terms of average power measurements, results of

Wojty’s [3] study are consistent with the results of the present

study; There was no significant change wearing most of the braces

in extension (20.4%), and in four of the braces the flexion power

was decreased significantly (212.3%) which is in agreement with

the findings of the present study (the reduction of flexion power

was about 5.3%, although this difference was not significant).

Also, Houston [10] reported that during isokinetic knee

extension, wearing a hinged knee brace caused up to 30%

reduction in torque output comparing to the NBR condition. One

reason for the difference between the results of Houston study and

the current one is that the patients were accustomed to wearing

their braces. Moreover, subjects of the Houston’s study had

Table 2. Brace Effect on Isokinetic Average power.

Condition Brace Effect for Average Power (%)ab

Normal ACLD

Flexion Extension Flexion Extension

606.s21 1806.s21 606.s21 1806.s21 606.s21 1806.s21 606.s21 1806.s21

Sleeve 2.04618.3 7.37618.5 21.40610.4 3.22621.4 27.67615.8 1.90623.5 27.60614.0 23.01615.7

Sleeve with metal supports 29.00631.2 23.08629.9 25.53611.7 2.66617.0 21.92622.7 24.22613.0 1.01620.7 10.48610.8

FKBc 27.78621.4 210.79621.1 26.41611.4 24.38618.1 26.22617.7 4.23643.8 5.54612.1 12.58613.6d

Average 24.91 22.17 24.45 0.5 25.27 0.64 20.35 6.68

SD 6.0 9.1 2.7 4.2 3.0 4.4 6.7 8.5

a(braced - NBR)/NBR 6100.
bvalues are mean 6 standard deviation.
cFunctional Knee Brace.
dSignificancy at P,0.05 level.
doi:10.1371/journal.pone.0064308.t002
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different complications including medial collateral ligament

instability. Besides, brace designs were not the same.

In another study by Birmingham [9], isokinetic muscle

performance of 27 ACL-reconstructed(ACLR) subjects were

examined wearing a DonJoy Defiance brace in 90u.s21 of angular

velocity. Brace effect was significant only for flexion (27.3%)

which is in agreement with the results of our study for the FKB

effect (26.9%).

Lu et al. [22] conducted a study on the immediate effect of

Donjoy Goldpoint brace on fifteen ACLD subjects through kinetic

and kinematic measurements of the of the lower limb joint

movements. ACLD subjects showed 6.3% greater extensor and

0.9% flexor knee moments with the knee brace in comparison with

the unbraced condition, yet none of the differences were

statistically significant which agrees with the findings of the

present study; the FKB effect was 7.8% for the extension moment.

In the current study, the effect of FKB/sleeves has been also

examined on the healthy subjects to eliminate all injury related

biases. The FKB, neoprene knee sleeves and test protocol were

exactly identical for the healthy and ACLD group. The brace

effect on the peak torque and power in the control group revealed

no significant effect for the FKB/sleeve comparing to the NBR

although there have been insignificant reductions for both

variables in extension and flexion (up to 26%). These results

are in contradiction of the changes that the tested FKB and sleeves

imposed on the ACLD subjects. This is consistent with the results

of two other studies by DeVita and Tegner. Both of these studies

had shown some negative effect in isokinetic muscle performance

of the healthy athletes [23,24]. Moreover, in another study by

Mortaza et al. [12], similar isokinetic and functional tests were

used to assess the effect of a prophylactic knee brace with a similar

design on the performance of healthy collegiate football players.

The result showed 3.2% and 0.4% moment reduction at 60u.s21

for flexion and extension respectively, but in the healthy

participants of the present study, wearing the FKB reduced

flexion moment for 10.2% and extension moment for 3.2%.

Although these brace effects were not statistically significant, the

brace seemed to have a more negative effect on the healthy

subjects comparing to the athletic subjects. These results confirm

that the subjects’ physical and strength status (e.g. athletic vs. non-

athletic) could have an influence on the brace effect.

In addition, the correlation of subjects’ muscle strength and

FKB/sleeves effect was examined in ACLD and normal subjects.

In both groups, mostly in ACLD group, there was a relationship

Figure 2. Correlation of the flexion PTBWR with sleeve with four metal supports effect, in ACLD subject at 606.s21; sleeve 2 in the
figure legend denotes the one with the metal supports.
doi:10.1371/journal.pone.0064308.g002

Table 3. Brace Effect on Functional Tests.

Condition

Cross-Over Hop
(%)ab SLVJc (%)ab

Normal ACLD Normal ACLD

Sleeve 4.3567.7 25.1364.9d 20.2264.0 23.8765.2

Sleeve with metal supports 1.6769.2 28.48610.8 24.4966.1 23.8068.7

FKBe 1.6568.9 24.9968.2 21.1964.1 0.8568.7

Average 2.56 26.2 21.97 22.27

SD 1.55 1.98 2.24 2.70

a(braced - NBR)/NBR 6100.
bvalues are mean 6 standard deviation.
cSingle Leg Vertical Jump.
dSignificancy at P,0.05 level.
eFunctional Knee Brace.
doi:10.1371/journal.pone.0064308.t003

Knee Brace & Performance of ACL-deficient Patients
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between the effect sleeve with four metal supports and the peak

torque generation capacity of the participants. That is, participants

with less lower PTBWR have improved in generating peak torque

when they were wearing the sleeve with four metal supports. This

result is consistent with the previous studies, indicating that the

effect of brace on the muscle performance could be depended on

the strength and status of the ACL injured patients [9,22,25].

However, none of these isokinetic studies are on the ACLD

patients.

Finding of this study also suggest that these braces could possibly

be of benefit, depending on the current muscle strength and

performance quality of the ACLD patients. And this must be

considered when wearing a FKB is advised to ACLD patients.

Moreover, in this study three different choices of knee support

have been examined. It appears that wearing the knee sleeve with

four metal supports and the FKB were beneficial to ACLD

subjects although this effect was insignificant. Hence, considering

that the FKB used in the present study had a metal frame and firm

plastic shells, it may provide the ligaments of the knee with more

support than the neoprene sleeve with metal supports. Moreover,

in this study the simple neoprene sleeve was used to find out the

possible restriction that the neoprene can impose on the

performance as an underlying structure of a knee support; the

results showed no significant restriction for neoprene sleeves

specifically according to the isokinetic measurements in both

ACLD and healthy groups. So, considering the positive effect of

the neoprene sleeves on the proprioception of the knee particularly

in the ACLD subjects [26,27], using neoprene sleeves as a

functional support for ACLD patients seems beneficial.

Hence, one of these knee supports could be chosen according to

the level of risk that the ACLD patients might face (e.g. athletes).

One limitation of this study was that it was restricted to an

assessment of the effects of bracing on the knee joint isokinetics

and function. Further studies may also be helpful in investigating

the interaction and compensation of adjacent joints to the knee

(i.e. ankle and hip). This study was a preliminary study, so another

one with a larger number of subjects may lead to more significant

results.

Conclusion

The results of the current study showed that the examined brace

and sleeves did not have any negative or positive effect on the knee

performance in either of the examined groups. However, the small

positive effect of the brace/sleeves on the peak torque and average

power in the ACLD group indicates that these brace/sleeves can

reduce the bilateral asymmetry in ACLD patients. Moreover, use

of these braces seems to be beneficial to this group of patients

considering the protective effects of FKBs and the positive effects

of neoprene sleeves on knee joint position sense in ACLD subjects.
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Table 5. Mann_Whitney Results for the Frequency Content
Comparisons among ACLD subjects and normal group at
power level 70.7%.

Normal/ACLD Comparison Speed (6.s21) Z r P

NBRa 180 21.92 0.56 0.054

Sleeve 180 22.10 0.61 0.036

FKBb 180 22.25 0.65 0.024

aNon-braced.
bFunctional Knee Brace.
doi:10.1371/journal.pone.0064308.t005
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