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KEYWORDS Abstract

Strength imbalance; Background: Human Immunodeficiency Virus positive subjects present impairment in muscle
Knee joint; function, neural activation, balance, and gait. In other populations, all of these factors have
Isokinetic testing; been associated with muscle strength asymmetry.

Leg strength; Objective: To investigate the existence of muscle strength asymmetry between dominant and
Physical therapy non-dominant lower limbs and to determine the hamstrings-to-quadriceps strength ratio in

Human Immunodeficiency Virus positive subjects.

Methods: In this cross-sectional study, 48 subjects were included (22 men and 26 women; mean
age 44.6 years), all of them under highly active antiretroviral therapy. They performed isokinetic
strength efforts at speeds of 60°/s and 180°/s for knee extension and flexion in concentric-
concentric mode.

Results: Peak torque was higher (p<0.01) at 60°/s for quadriceps (193, SD=57 vs. 173, SD =55%
body mass) and hamstrings (97, SD = 36 vs. 90, SD = 37% body mass) in dominant compared to non-
dominant. Similarly, peak torque was higher at 180°/s (quadriceps 128, SD =44 vs. 112, SD =42;
hamstrings 64, SD =24 vs. 57, SD=26% body mass) in dominant. Average power was also higher
for all muscle groups and speeds, comparing dominant with non-dominant. The hamstrings-to-
quadriceps ratio at 60°/s was 0.50 for dominant and 0.52 for non-dominant, and at 180°/s,
it was 0.51 for both limbs, with no significant difference between them. The percentage of
subjects with strength asymmetry ranged from 46 to 58%, depending upon muscle group and
speed analyzed.

Conclusion: Human Immunodeficiency Virus positive subjects present muscle strength asymme-
try between lower limbs, assessed through isokinetic dynamometry.
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Strength asymmetry in HIV-positive subjects

Introduction

The human immunodeficiency virus (HIV) attacks the
immune system of its host and may cause acquired immu-
nodeficiency syndrome (AIDS). However, the course of the
HIV infection changed dramatically with the introduction of
highly active antiretroviral therapy (HAART), which reduced
patient mortality and morbidity and transitioned AIDS from
an acute to a chronic disease.” In a 2010 study, an exam-
ination of the specific causes of mortality in HIV-positive
patients found that only 49.5% of deaths were AIDS-related,
and the proportion of deaths classified as AIDS-related
decreased with increasing duration of HAART.? In con-
trast, HAART promotes several adverse effects, such as
muscle atrophy, weight loss, and neurological dysfunction,
which can lead to decreased muscle strength and functional
capacity,®>* and negatively influences the treatment and
quality of life of HIV-positive subjects.’

Van As et al.® studied 45 South African HIV-positive
subjects and reported that 27% of the subjects pre-
sented diminished muscle power. Richert et al.” analyzed
the French Agency for AIDS and Hepatitis Research CO3
Aquitaine Cohort (n=324) and demonstrated that 50% of
the HIV-positive subjects had poor performance on locomo-
tor tests related to balance, aerobic endurance, and lower
limb muscle strength, when compared to data established
from the general population. In addition to the reduced
muscle strength, a high percentage of HIV-positive subjects
experience different types of neuropathies® and impaired
neuromuscular activation. Scott et al.” demonstrated that
decreased strength is associated with low muscle activa-
tion and not with muscle thickness in HIV-positive subjects
submitted to HAART.

Muscle weakness, neurological dysfunction, and
frailty index have been associated with muscle strength
asymmetry'®-'* in several populations including Parkinson’s
disease,' aging'’, multiple sclerosis,’” and traumatic brain
injury.” It has been established that force asymmetry in
joints or extremities can lead to improper control of body
movement and postural instability, being predictive of
poorer balance and a more asymmetric gait'">'> and related
to occurrence of injuries.'®"'® When detected early, muscle
strength asymmetry may predict locomotor impairment
and frailty'®; however, to the best of our knowledge, there
are no studies that evaluated the occurrence of muscle
strength asymmetry in HIV-positive subjects. Therefore, the
aim of this study was to investigate the existence of muscle
strength asymmetry between dominant and non-dominant
lower limbs and to determine the hamstrings-to-quadriceps
strength ratio (H:Q ratio) in HIV-positive subjects. Since
HIV infection is associated with muscle weakness® and
neurological dysfunction,® we hypothesized that this popu-
lation presents some degree of muscle strength asymmetry
between limbs.

Methods
Research design

A cross-sectional study was designed to measure lower
limb muscle strength through isokinetic evaluation of
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Table 1  General characteristics and clinical parameters of
the sample.
Variables HIV-positive (n=48)

Age (years) 44.6 (7.4)
BMI (kg/m?) 26.2 (5.9)
Time since HIV diagnosis (years) 13.1 (5.7)
Time of HAART use (years) 11.3 (5.4)

CD4+ lymphocytes (cells/mm?)
CD8+ lymphocytes (cells/mm?)

HIV viral load
Undetectable
40-5000 copies/mL

693.3 (423.1)
1059.3 (573.2)

32 (66.7%)
13 (27.1%)

>5000 copies/mL 3(6.2%)
HAART regimen composition

NRTI + NNRTI 17 (35.4%)

NRTI +PI 22 (45.8%)

Other drug classes 9 (18.8%)

BMI, body mass index; HIV, human immunodeficiency virus;
HAART, highly active antiretroviral therapy; NRTI, nucleoside
reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse
transcriptase inhibitor; Pl, protease inhibitor. Data for age, BMI,
time, and lymphocyte counts are presented as mean (SD).

knee extension and flexion. Each leg was tested on a
dynamometer to determine muscle strength asymmetry
between the D and ND lower limbs and between hamstrings
and quadriceps muscles. Leg dominance was determined by
asking the subjects which leg they preferred to use to kick
a ball or to perform any other motor task. Procedures were
conducted in two separate visits, the first to familiarize
subjects with the equipment and the second to familiarize
them with the testing procedures.

Subjects

Forty-eight HIV-positive subjects (22 men and 26 women,
mean age 44.6, SD=7.4 years, body mass index 26.2,
SD=5.9kg/m?) were enrolled in the study. Subjects were
recruited at Hospital das Clinicas da Universidade Estadual
de Londrina and Centro Integrado de Doencas Infecciosas,
Londrina, PR, Brazil. To be included in the study, the sub-
jects should be aged 18-60, undergoing HAART for at least
one year, not involved in any exercise program in the last
six months, not taking hormones or anabolic steroids, and
not presenting systemic infection (e.g., influenza, pneumo-
nia, throat infection) within 30 days prior to the start of
testing, and not having any other medical contraindication.
The general characteristics and clinical parameters of the
sample are presented in Table 1.

The study was conducted at Universidade Estadual de
Londrina (UEL), Londrina, PR, Brazil, and was initiated only
after approval by the Human Research Ethics Committee of
this university (protocol number 349512) from August 12,
2013. Subject participation was voluntary and all proce-
dures took place after they signed an informed consent
form.
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Procedures

Medical records

Using medical records, the following data were obtained:
year of HIV diagnosis; latest measures of viral load quan-
tification and CD4+ and CD8+ lymphocyte counts; year of
initiation of treatment with HAART; and actual HAART regi-
men composition. For HIV treatment, HAART is composed of
different drug classes, and HAART regimen composition was
presented as the most common classes: nucleoside reverse
transcriptase inhibitor, non-nucleoside reverse transcriptase
inhibitor, and protease inhibitor.

Isokinetic evaluation
Isokinetic evaluation was carried out at speeds of 60°/s
and 180°/s for knee extension and flexion in concentric-
concentric mode using a Biodex” Multi-Joint System - PRO
dynamometer (Biodex Medical Systems Inc., Shirley, NY,
USA). After five minutes of warming up on a stationary
cycle-ergometer in a self-selected load, participants were
positioned and stabilized on a dynamometer chair. Test
range was determined according to range of motion of the
subject that was being evaluated. Calibration and gravita-
tional correction were also performed before the test.
Before each test speed, the subjects performed four
submaximal repetitions to familiarize themselves with the
movement and testing procedures. The protocol consisted of
a set of three repetitions at a speed of 60°/s and a set of five
repetitions at 180°/s, with a 2-min interval between sets.
This procedure was performed bilaterally, and the order of
which leg was to be tested first was chosen randomly. Ver-
bal encouragement was used in order to motivate maximum
effort during the test. Subjects first performed a familiar-
ization session and then a testing session, which occurred
after a minimum of 48h after the familiarization session
(time range 48-72h), using identical conditions and at the
same time of day. The intraclass correlation coefficient
(single measurement, absolute-agreement, 2-way mixed-
effects model) between the tests ranged from 0.83 to 0.97
for all variables, with no statistical differences between
them, ensuring that the number of sessions were enough
to determine the maximal effort across subjects. From the
isokinetic evaluation, we obtained the variables peak torque
(absolute values corrected by the body mass and expressed
as percentage of this), average power, total work, and H:Q
ratio.

H:Q ratio and side-to-side asymmetry

The H:Q ratio, which is calculated by dividing hamstrings
concentric peak torque by quadriceps concentric peak
torque, was provided by the equipment. Side-to-side asym-
metry was calculated as the percentage difference between
the peak torque of the D and ND limbs, through the formula
**A%=((D—ND)/D) x 100”."° Mild asymmetry was defined as
bilateral strength imbalance of more than 10%%° and marked
asymmetry as imbalance of more than 25%.%'

Statistical analysis

Given that sample size was not previously calculated, an
a posteriori power analysis was performed using G*Power

version 3.1.9.2 (Franz Faul, Universitat Kiel, Germany).
Considering p=0.05, the statistical power is 99% for detec-
ting differences in peak torque for the quadriceps at 60°/s
and 75% for detecting differences in peak torque for the
hamstrings at the same speed.

Descriptive data was presented as mean (SD) for age,
body mass index, time, and lymphocyte counts and as abso-
lute and relative frequencies for HIV viral load, HAART
regimen composition, and absence or presence of asym-
metry. Data normality was verified using the Shapiro-Wilk
test, and the variables average power and total work were
shown not to have normal distribution. When comparing dif-
ferences between the D and ND legs, the paired Student
t-test and Wilcoxon test were performed for parametric and
non-parametric variables, respectively. The 95% confidence
intervals were also calculated to provide precision of sta-
tistical estimates. Significance was set in p<0.05, and all
statistical tests were performed in Statistical Package for
the Social Sciences version 22.0 (SPSS, Chicago, IL, USA).

Results

Comparison of isokinetic strength variables between D and
ND limbs, in different test speeds, are shown in Table 2.
We observed higher values for D limb in variables peak
torque and average power for quadriceps and hamstrings,
at speeds of 60 and 180°/s, when compared to ND limb. For
the variable total work, there were higher values for D for
quadriceps at 60 and 180°/s and for hamstrings at 180°/s.
The H:Q ratio ranged from 0.50 to 0.52, with no significant
difference between D and ND limbs for any speed analyzed.

Fig. 1 shows the relative frequency of subjects with asym-
metry in quadriceps and hamstrings peak torque at 60°/s and
180°/s. At 60°/s, the percentage of subjects with asymmetry
was approximately 46% in quadriceps and 48% in hamstrings.
The speed of 180°/s demonstrated that the percentage of
subjects with asymmetry was approximately 52% in quadri-
ceps and 58% in hamstrings.

Discussion

The main findings of our study were that the values observed
in isokinetic strength variables of lower limbs of HIV-positive
subjects are higher for D compared to ND limbs. There
was a significant proportion of subjects with between-limbs
strength asymmetry (difference >10%) ranging from 45.8%
in quadriceps at 60°/s to 58.4% in hamstrings at 180°/s.
According to our knowledge, this is the first study that
assessed lower limb strength asymmetry in HIV-positive sub-
jects, although these differences have also been observed in
other populations, such as older adults'® and subjects with
multiple sclerosis'? and traumatic brain injury."

It is difficult to compare studies that assess lower
limb strength asymmetry because of the differences in
testing protocols, parameters, strength indices, and popu-
lations. Lanshammar and Ribom?? tested muscle asymmetry
in healthy females using peak torque obtained from concen-
tric movements of knee extension and flexion and found a
significant difference of 5.3% for quadriceps muscle strength
and 8.6% for hamstrings, when comparing D and ND limbs.
Siqueira et al.? reported small differences for their control
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Table 2 Mean and standard deviation (SD) of isokinetic strength variables and comparison between dominant and non-dominant

limbs at different test speeds.

Variables Speed D ND 95% ClI p
Quadriceps
Peak torque (% BM) 60°/s 193.4 (56.7) 172.9 (54.9) 12.5;28.7 <0.01
180°/s 128.3 (44.4) 112.4 (41.6) 9.8;21;9 <0.01
Average power (W) 60°/s 77.8 (30.9) 69.0 (29.3) 5.1;12.5 <0.01
180°/s 88.0 (43.7) 75.1 (42.5) 7.0;18.9 <0.01
Total work (J) 60°/s 358.1 (130.8) 319.7 (123.4) 21.6;55.2 <0.01
180°/s 357.2 (154.9) 302.1 (148.6) 33.1;77.1 <0.01
Hamstrings
Peak torque (% BM) 60°/s 96.9 (35.9) 90.3 (37.1) 1.7;11.5 <0.01
180°/s 64.1 (23.9) 56.9 (26.0) 2.7;11.6 <0.01
Average power (W) 60°/s 40.4 (19.9) 36.8 (17.9) 0.8;6.5 0.02
180°/s 38.2 (21.5) 32.9 (26.4) 0.6;10.1 0.01
Total work (J) 60°/s 186.1 (83.9) 172.9 (82.8) -1.6;27.8 0.28
180°/s 156.7 (77.1) 134.9 (93.3) 4.5;39.1 0.01
H:Q ratio 60°/s 0.50 (0.10) 0.52 (0.11) -0.46;0.13 0.27
180°/s 0.51 (0.13) 0.51 (0.14) -0.32;0.37 0.89

D, dominant limb; ND, non-dominant limb; Cl, confidence interval; (%BM), absolute values of peak torque corrected by body mass and
expressed as a percentage of this; H:Q ratio, hamstrings-to-quadriceps ratio. Data are presented as mean (SD). The variables peak torque
and H:Q ratio were analyzed using a paired t-test, and the variables average power and total work were analyzed using a Wilcoxon test.

60

% of the subjects
w
o

60°/s 60°s

Quadriceps Hamstrings

Figure 1
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m No asymmetry
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@ Marked asymmetry

180°s

Quadriceps

180°%s

Hamstrings

Relative frequency of subjects with asymmetry in quadriceps and hamstrings peak torque at 60 and 180°/s. Mild asym-

metry was defined as a bilateral strength imbalance of more than 10% and a marked asymmetry as an imbalance of more than

25%.

group, composed of healthy subjects. Our study demon-
strated variations ranging from 10.6 to 12.4% for quadriceps
and 6.8 to 11.2% for hamstrings when tested at 60°/s and
180°/s speeds, respectively. These asymmetry percentages
are higher than those reported in healthy subjects are.

In addition to a bilateral asymmetry between D and ND
limbs, our sample showed H:Q ratio values between 0.50 and
0.52. This variable has been well investigated in athletes and
amateur sports players, and for a speed of 60°/s, it has been
suggested that values lower than 0.6 indicate asymmetry
between quadriceps and hamstrings, which could predispose
the subject to injuries and strains.?* No differences between
D and ND were observed but if we take into consideration
the reference value of 0.6, our results would indicate poor
performance of hamstrings and imbalance between agonist
and antagonist muscles.

Previous studies with other populations demonstrated
an association between muscle strength asymmetry and

impaired balance or gait. Drijkoningen et al."" demonstrated
that increased asymmetry in muscle strength between D and
ND limbs was associated with poorer balance control and
a more variable and asymmetric gait. It is believed that,
over time, an impaired balance and gait could lead to mus-
cle imbalance, probably because the subject exerts more
strength in one of the limbs.?>?% Furthermore, step length
(the distance from contact of one foot to contact of the
opposite foot) could differ between legs as a consequence
of impaired gait and strength asymmetry, worsening this
condition over time.? Even though muscle strength asym-
metry has not been investigated in HIV-positive subjects,
previous studies detected impaired balance and gait in this
population.?’-?8 Indeed, it is reasonable to say that increased
strength asymmetry may be associated with impaired gait
and balance in HIV-positive subjects, as demonstrated in
Parkinson’s disease,'* aging,'® multiple sclerosis,'? and oth-
ers. In these other diseases and conditions, muscle strength
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asymmetry and impaired balance and gait may increase the
susceptibility to falls, which is a relevant risk factor for
injury in these individuals.'®' Studies have demonstrated
that HIV-positive subjects are also susceptive to impaired
locomotor function due to HAART toxicity, which is inher-
ent to a phenomenon known as premature or accelerated
aging.?>3% Smith et al.>° described the elevated prevalence
of sarcopenia and metabolic diseases in HIV-patients, both
characteristics of aging. Indeed, HIV-patients experience
some locomotor impairment especially due the adverse
effects of antiretroviral drugs. Thus, muscle strength and
asymmetry evaluation must be considered in this popula-
tion.

Despite the presence of locomotor dysfunction, the
causative phenomenon is poorly known in HIV-infected
patients. The presence of neuropathies, neurological dys-
function, and central and peripheral impairments are the
major reasons for muscle strength asymmetry in people
with multiple sclerosis'?>'® and traumatic brain injury." In
these populations, previous authors also found an associa-
tion between strength asymmetry and physical dysfunction,
postural control and gait. In HIV-positive subjects, changes
in central nervous system due to the action of HIV and
HAART are well documented,® 3> demonstrating a high
prevalence of neuropathies of up to approximately 50%
of these subjects.®* Although HIV does not infect motor
neurons, it can affect the central nervous system by infect-
ing glial cells, which may lead to neurological damage
by inflammation, neurotoxic action of viral proteins, or
both mechanisms.** Previous authors also demonstrated
that neural impairment can lead to impairment in mus-
cle action and mobility in HIV-positive subjects, which
is associated with impaired balance and gait in these
individuals.?®

This study has some limitations that must be considered.
The absence of an HIV-uninfected control group appears to
be the main limitation of our study. Moreover, the preva-
lence of neuropathy, neural mechanisms during testing,
balance, gait, and motor control were not determined.
Future studies should consider these variables so that loco-
motor dysfunction in HIV-positive subjects can be better
characterized.

In summary, our data demonstrates that HIV-positive sub-
jects present elevated muscle strength asymmetry between
lower limbs, assessed through isokinetic dynamometry. Neu-
ral impairment and changes in balance and gait may have
played a role in the differences found and should be
investigated further. Given the association between mus-
cle strength asymmetry and impaired balance and gait,
efforts should be made to correct such imbalances when
diagnosed in HIV-positive subjects. Specific training on
the isokinetic dynamometer and other forms of exer-
cise performed bilaterally appear to be effective, with
positive results in different populations.®®3¢ Thus, the
practitioner or clinician should be aware of the meth-
ods available and choose the most appropriate for the
patient.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

The authors thank all of the staff at Hospital das Clinicas for
helping in the recruitment of the sample and providing medi-
cal records and all of the subjects of the study. This study
was funded by Brazilian grants from Secretaria da Ciéncia,
Tecnologia e Ensino Superior do Parana (Seti).

References

1. Porter K. Survival after introduction of HAART in people with
known duration of HIV-1 infection. Lancet. 2000;355(April
(9210)):1158-1159.  Available from: http://linkinghub.
elsevier.com/retrieve/pii/S0140673600020699.

2. The Antiretroviral Therapy Cohort Collaboration. Causes of
death in HIV-1 - infected patients treated with antiretrovi-
ral therapy, 1996-2006: collaborative analysis of 13 HIV cohort
studies. Clin Infect Dis. 2010;50(May (10)):1387-1396. Avail-
able from: http://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=3157754&tool=pmcentrez&rendertype=Abstract.

3. Wasserman P, Segal-Maurer S, Rubin DS. High prevalence of
low skeletal muscle mass associated with male gender in
midlife and older HIV-infected persons despite CD4 cell recon-
stitution and viral suppression. J Int Assoc Provid AIDS Care.
2014;13(March (2)):145-152. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/24067494.

4. Negin J, Martiniuk A, Cumming RG, et al. Prevalence of HIV
and chronic comorbidities among older adults. AIDS. 2012;July
(26):555-563. Available from: http://content.wkhealth.com/
linkback/openurl?sid=WKPTLP:landingpage&an=00002030-
201207311-00007.

5. Ciccolo JT, Jowers EM, Bartholomew JB. The benefits of exer-
cise training for quality of life in HIV/AIDS in the post-HAART
era. Sports Med. 2004;34(8):487-499. Available from: http://
link.springer.com/10.2165/00007256-200434080-00001.

6. Van As M, Myezwa H, Stewart A, Maleka D, Musenge E.
The international classification of function disability and
health (ICF) in adults visiting the HIV outpatient clinic at a
regional hospital in Johannesburg, South Africa. AIDS Care.
2009;21(January (1)):50-58. Available from: http://www.
tandfonline.com/doi/full/10.1080/09540120802068829.

7. Richert L, Dehail P, Mercié P, et al. High frequency of poor
locomotor performance in HIV-infected patients. AIDS.
2011;25(March (6)):797-805. Available from: http://content.
wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&
an=00002030-201103270-00009.

8. Nicholas PK, Mauceri L, Slate Ciampa A, et al. Dis-
tal sensory polyneuropathy in the context of HIV/AIDS. J
Assoc Nurses AIDS Care. 2007;18(July (4)):32-40. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/17662922 Cited
02.04.13.

9. Scott WB, Oursler KK, Katzel LI, Ryan AS, Russ DW. Cen-
tral activation, muscle performance, and physical function
in men infected with human immunodeficiency virus. Mus-
cle Nerve. 2007;36(September (3)):374-383. Available from:
http://doi.wiley.com/10.1002/mus.20832.

10. Skelton Da, Kennedy J, Rutherford OM. Explosive power and
asymmetry in leg muscle function in frequent fallers and non-
fallers aged over 65. Age Ageing. 2002;31(March (2)):119-125.
Available from: http://www.ageing.oupjournals.org/cgi/doi/
10.1093/ageing/31.2.119.

11. Drijkoningen D, Caeyenberghs K, Vander Linden C, Van Herpe K,
Duysens J, Swinnen SP. Associations between muscle strength
asymmetry and impairments in gait and posture in young
brain-injured patients. J Neurotrauma. 2015;32(September


http://linkinghub.elsevier.com/retrieve/pii/S0140673600020699
http://linkinghub.elsevier.com/retrieve/pii/S0140673600020699
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3157754&tool=pmcentrez&rendertype=Abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3157754&tool=pmcentrez&rendertype=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24067494
http://www.ncbi.nlm.nih.gov/pubmed/24067494
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00002030-201207311-00007
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00002030-201207311-00007
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00002030-201207311-00007
http://link.springer.com/10.2165/00007256-200434080-00001
http://link.springer.com/10.2165/00007256-200434080-00001
http://www.tandfonline.com/doi/full/10.1080/09540120802068829
http://www.tandfonline.com/doi/full/10.1080/09540120802068829
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00002030-201103270-00009
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00002030-201103270-00009
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00002030-201103270-00009
http://www.ncbi.nlm.nih.gov/pubmed/17662922
http://doi.wiley.com/10.1002/mus.20832
http://www.ageing.oupjournals.org/cgi/doi/10.1093/ageing/31.2.119
http://www.ageing.oupjournals.org/cgi/doi/10.1093/ageing/31.2.119

Strength asymmetry in HIV-positive subjects

439

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

(17)):1324-1332. Available from: http://online.liebertpub.
com/doi/10.1089/neu.2014.3787.

Larson RD, Mccully KK, Larson DJ, Pryor WM, White LJ. Bilat-
eral differences in lower-limb performance in individuals with
multiple sclerosis. J Rehabil Res Dev. 2013;50(2):215-222.
Chung LH, Remelius JG, Van Emmerik REA, Kent-Braun JA.
Leg power asymmetry and postural control in women with
multiple sclerosis. Med Sci Sports Exerc. 2008;40(October
(10)):1717-1724. Available from: http://content.wkhealth.
com/linkback/openurl?sid=WKPTLP:landingpage&an=
00005768-200810000-00002.

Frazzitta G, Ferrazzoli D, Maestri R, et al. Differences
in muscle strength in parkinsonian patients affected on
the right and left side (Maetzler W, editor). PLOS ONE.
2015;10(March (3)):e0121251. Available from: http://dx.plos.
org/10.1371/journal.pone.0121251.

Grygorowicz M, Kubacki J, Pilis W, Gieremek K, Rzepka R.
Selected isokinetic tests in knee injury prevention. Biol Sport.
2010;27(1):47-51.

Croisier PJL. Muscular imbalance and acute lower extremity
muscle injuries in sport. Int Sport J. 2004;5(3):169-176.
Fousekis K, Elias T, Vagenas G. Lower limb strength in profes-
sional soccer players: profile, asymmetry, and training age. J
Sport Sci Med. 2010;9(May):364-373.

Barengo N, Meneses-Echavez J, Ramirez-Vélez R, Cohen D,
Tovar G, Bautista J. The impact of the FIFA 11+ training
program on injury prevention in football players: a systematic
review. Int J Environ Res Public Health. 2014;11(Novem-
ber (11)):11986-12000. Available from: http://www.
mdpi.com/1660-4601/11/11/11986/.

Chavet P, Lafortune Ma, Gray JR. Asymmetry of lower extrem-
ity responses to external impact loading. Hum Mov Sci.
1997;16(June (4)):391-406. Available from: http://linkinghub.
elsevier.com/retrieve/pii/S0167945796000462.

Daneshjoo A, Rahnama N, Mokhtar AH, Yusof A. Bilateral and
unilateral asymmetries of isokinetic strength and flexibility
in male young professional soccer players. J Hum Kinet.
2013;36(January (1)):45-53. Available from: http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=3661893&
tool=pmcentrez&rendertype=Abstract.

Grace TG, Sweetser ER, Nelson MA, et al. Isokinetic muscle
imbalance and knee-joint injuries. A prospective blind study. J
Bone Joint Surg. 1984;66A:734-740.

Lanshammar K, Ribom EL. Differences in muscle strength in
dominant and non-dominant leg in females aged 20-39 years
- a population-based study. Phys Ther Sport. 2011;12(May
(2)):76-79. Available from: http://dx.doi.org/10.1016/].
ptsp.2010.10.004.

Siqueira CM, Pelegrini FRMM, Fontana MF, Greve JMD. Isokinetic
dynamometry of knee flexors and extensors: comparative study
among non-athletes, jumper athletes and runner athletes. Rev
Hosp Clin Fac Med Sao Paulo. 2002;57(1):19-24. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/12170345.
Coombs R, Garbutt G. Developments in the use of the ham-
string/quadriceps ratio for the assessment of muscle balance.
J Sport Sci Med. 2002;1:56-62.

LaRoche DP, Cook SB, Mackala K. Strength asymmetry increases
gait asymmetry and variability in older women. Med Sci Sports

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Exerc. 2012;44(November (11)):2172-2181. Available from:
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:
landingpage&an=00005768-201211000-00017.

Sadeghi H, Prince F, Zabjek KF, Labelle H. Simultaneous, bilat-
eral, and three-dimensional gait analysis of elderly people
without impairments. Am J Phys Med Rehabil. 2004;83(Febru-
ary (2)):112-123. Available from: http://content.wkhealth.
com/linkback/openurl?sid=WKPTLP:landingpage&an=
00002060-200402000-00006.

Bauer LO, Wu Z, Wolfson LI. An obese body mass increases
the adverse effects of HIV/AIDS on balance and gait. Phys
Ther. 2011;91(July (7)):1063-1071. Available from: http://
ptjournal.apta.org/cgi/doi/10.2522/ptj.20100292.

Bauer LO, Ceballos NA, Shanley JD, Wolfson LI. Sensor-
imotor dysfunction in HIV/AIDS: effects of antiretrovi-
ral treatment and comorbid psychiatric disorders. AIDS.
2005;19(March (5)):495-502. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/15764855.

Capeau J. Premature aging and premature age-related
comorbidities in HIV-infected patients: facts and hypothe-
ses. Clin Infect Dis. 2011;53(December (11)):1127-1129.
Available from: http://cid.oxfordjournals.org/lookup/doi/
10.1093/cid/cir628.

Smith RL, Boer Rde, Brul S, Budovskaya Y, van der Spek
H. Premature and accelerated aging: HIV or HAART? Front
Genet. 2013;3(JAN):1-10. Available from: http://journal.
frontiersin.org/article/10.3389/fgene.2012.00328/Abstract.
Lindl KA, Marks DR, Kolson DL, Jordan-Sciutto KL. HIV-
associated neurocognitive disorder: pathogenesis and
therapeutic opportunities. J Neuroimmune Pharmacol.
2010;5(September (3)):294-309. Available from: http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=2914283&
tool=pmcentrez&rendertype=Abstract, Cited 22.03.13.
Centner CM, Bateman KJ, Heckmann JM. Manifestations of
HIV infection in the peripheral nervous system. Lancet Neu-
rol. 2013;12(March (3)):295-309. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/23415569, Cited 17.03.13.

Vance DE, Fazeli PL, Moneyham L, Keltner NL, Raper JL.
Assessing and treating forgetfulness and cognitive prob-
lems in adults with HIV. J Assoc Nurses AIDS Care.
2013;24(January (1)):540-S60. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/23290376 Cited 02.04.13.

Verma A, Berger JR. ALS syndrome in patients with HIV-
1 infection. J Neurol Sci. 2006;240(January (1-2)):59-64.
Available from: http://linkinghub.elsevier.com/retrieve/pii/
$0022510X05003370.

Golik-Peric D, Drapsin M, Obradovic B, Drid P. Short-term isoki-
netic training versus isotonic training: effects on asymmetry
in strength of thigh muscles. J Hum Kinet. 2011;30(Jan-
uary (1)):29-35. Available from: http://www.degruyter.
com/view/j/hukin.2011.30.issue-1/v10078-011-0070-5/
v10078-011-0070-5.xml.

Sannicandro |, Cofano G, Rosa RA, Piccinno A. Balance
training exercises decrease lower-limb strength asymmetry
in young tennis players. J Sports Sci Med. 2014;13(May
(2)):397-402. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/24790496.


http://online.liebertpub.com/doi/10.1089/neu.2014.3787
http://online.liebertpub.com/doi/10.1089/neu.2014.3787
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0240
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00005768-200810000-00002
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00005768-200810000-00002
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00005768-200810000-00002
http://dx.plos.org/10.1371/journal.pone.0121251
http://dx.plos.org/10.1371/journal.pone.0121251
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0255
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0260
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0265
http://www.mdpi.com/1660-4601/11/11/11986/
http://www.mdpi.com/1660-4601/11/11/11986/
http://linkinghub.elsevier.com/retrieve/pii/S0167945796000462
http://linkinghub.elsevier.com/retrieve/pii/S0167945796000462
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3661893&tool=pmcentrez&rendertype=Abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3661893&tool=pmcentrez&rendertype=Abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3661893&tool=pmcentrez&rendertype=Abstract
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0365
http://dx.doi.org/10.1016/j.ptsp.2010.10.004
http://dx.doi.org/10.1016/j.ptsp.2010.10.004
http://www.ncbi.nlm.nih.gov/pubmed/12170345
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30249-6/sbref0300
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00005768-201211000-00017
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00005768-201211000-00017
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00002060-200402000-00006
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00002060-200402000-00006
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00002060-200402000-00006
http://ptjournal.apta.org/cgi/doi/10.2522/ptj.20100292
http://ptjournal.apta.org/cgi/doi/10.2522/ptj.20100292
http://www.ncbi.nlm.nih.gov/pubmed/15764855
http://www.ncbi.nlm.nih.gov/pubmed/15764855
http://cid.oxfordjournals.org/lookup/doi/10.1093/cid/cir628
http://cid.oxfordjournals.org/lookup/doi/10.1093/cid/cir628
http://journal.frontiersin.org/article/10.3389/fgene.2012.00328/Abstract
http://journal.frontiersin.org/article/10.3389/fgene.2012.00328/Abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2914283&tool=pmcentrez&rendertype=Abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2914283&tool=pmcentrez&rendertype=Abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2914283&tool=pmcentrez&rendertype=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23415569
http://www.ncbi.nlm.nih.gov/pubmed/23415569
http://www.ncbi.nlm.nih.gov/pubmed/23290376
http://www.ncbi.nlm.nih.gov/pubmed/23290376
http://linkinghub.elsevier.com/retrieve/pii/S0022510X05003370
http://linkinghub.elsevier.com/retrieve/pii/S0022510X05003370
http://www.degruyter.com/view/j/hukin.2011.30.issue--1/v10078-011-0070-5/v10078-011-0070-5.xml
http://www.degruyter.com/view/j/hukin.2011.30.issue--1/v10078-011-0070-5/v10078-011-0070-5.xml
http://www.degruyter.com/view/j/hukin.2011.30.issue--1/v10078-011-0070-5/v10078-011-0070-5.xml
http://www.ncbi.nlm.nih.gov/pubmed/24790496
http://www.ncbi.nlm.nih.gov/pubmed/24790496

	Knee extension and flexion strength asymmetry in Human Immunodeficiency Virus positive subjects: a cross-sectional study
	Introduction
	Methods
	Research design
	Subjects
	Procedures
	Medical records
	Isokinetic evaluation
	H:Q ratio and side-to-side asymmetry

	Statistical analysis

	Results
	Discussion
	Conflicts of interest
	Acknowledgements
	References


