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Background: Knee osteoarthritis (OA)is a chronic joint disease, primarily occurring in aged
population. Rehabilitation of knee osteoarthritis aims to reduce pain and disability by
strengthening, raising endurance, range of motion, proprioception and improving aerobic fitness.
Aim and Objectives: This study aimed to analyse and compare the impact of strengthening and
proprioceptive exercises on balance and activities of daily living in knee OAin population of west
Delhi, India.

Material & Methods- Thirty OA patients were enrolled from Khetarpal hospital, Delhi, after
taking ethical approval and informed consent. A study was explained to subjects and data was
obtained as per proforma. Age of patients ranged from 50-80 years. Diagnosis was established
based on radiological examination shown in the knee joint X-ray. Statistical analysis was
performed by using SPSS software (Version 26).

Results- Patients treated with the strengthening and proprioceptive exercises showed t-value on
Berg balance scale(BBS)as -16.12 and 13.15 respectively, and the parameter of Knee Injury and
Osteoarthritis Outcome Score (KOOS) showed -13.21 and 13.481 respectively, were statistically
significant.

Conclusion-The study groups showed, both the exercises helped reduce pain and improved the
balance of daily-based activities. Furthermore, both the groups showed a significant improvement
in BBS and KOOS scales. Available on:
https://ijpbms.com/

KEYWORDS:  Osteoarthritis  (OA),Strengthening,  Proprioceptive,
balance scale(BBS) andKnee Injury and Osteoarthritis Outcome Score(KOOS)
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INTRODUCTION

Degenerative knee arthritis is chronic joint disease, primarily
occurring in aged population.® It is characterized not solely
by ache, but appears along with muscle weakness causing
restrictions in performing daily activities and leads to
inability to bear stresses occurring due to work overload.®
The general changes occur in the knee complex, wherein
articular cartilage gets eroded, organic chemistry changes and
certain modifications occur in the membrane, joint capsule

and lining of bones. Bones are hypertrophied (bones tend to
have increased mass with extra bone growth in an area), and
have conical shape.®® Bone marrow density (BMD) gets
reduced, leading to unstable joint, loss of movements and
increased propensity of trauma to the joint. Knee OA involves
the whole complex, which affects the cartilage (presence of
crystals) and the ligaments along with surrounding structures
such that it leads to alteration in function.
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Knee OA is a painful condition and causes exhaustion in
affected individuals.® Patients suffering from this disorder
complain of pain, stiffness of the joint, reduced strength of
the muscles and instability within the joint leading to reduced
function. Proprioceptive activity also gets limited or reduced
and leads to reduced ADLs.? % ®In an earlier study,
examination on osteoarthritic patients with age and sex
controls showed that the quadriceps muscle strength and
proprioception reduce while postural sway increase in
individuals with knee osteoarthritis.

Many researches have dealt with the risk factors, which
include increased weight, age and any history of injury to the
knee. Conditions with peripheral nerve involvement such as
leprosy, syphilis etc also predispose to knee OA. & 8 9
9presence of osteoarthritis in hand, history of diabetes in the
patient, and comorbid conditions such as cardiovascular
conditions are also related to increased risk of knee OA.
Crouching and twisting for about more than 2 hours per day
can be a cause for increased danger of knee OA varying from
moderate to extreme. Moreover, a low level of training is also
related to OA of the knee

The latest WHO report on the worldwide accountability of
disease shows that OA of the knee is the fourth most
important reason for handicap in women and the eighth-most
common cause in men. Individuals affected with
symptomatic knee OA are moreprone to increase in
symptoms and the rate of corpulence or overweight with
increase in age. Females, especially those over 55 years, are
more predisposed to last stage OA inside the knee joint than
of any another joint. The research outcome have illustrated
various sex variations of knee arthritis (with precedence
measure was markedly higher in women than in men), mainly
during the menopausal age period which rose considerably
with age.*V)

In clinical practice, treatment and rehabilitation for knee OA
generally aims to reduce pain and disability by strengthening,
raising the endurance, range of motion, proprioception, and
improving aerobic fitness.¢ 12 It includes drugs (NSAIDs,
mucopolysaccharide injection, glucosamine and chondroitin
sulphate), exercises, physical therapy, techniques for
restoring knee alignment and diet modification for weight
loss. Numerous parts of the human body, such as the sensory
system, proprioception, muscle quality, sight, and cognition,
are all connected with balance control, a vital capacity in
everyday life.(%

The knee is one of the most important weight-bearing joint
and OA of the knee is thought to be a significant risk factor
for fall injuries. Thus, it may be necessary for OA patients to
get training connected with counteracting falls. Rehabilitative
instructions can be instituted once evaluation of their daily
living activities and balance control abilities is done. Clinical
balance analysis tests such as TUG (Timed Up and Go),

FRT(Functional Reach Test), 10-meter walking test, the Berg
balance scale (BBS)And Knee Injury and Osteoarthritis
Outcome Score (KOOS)have high intraclass correlation and
reliability. 4 15 16The BBS is used to measure balance in
elderly people by checking out the attainment of functional
tasks. Scoring is done by a five-point scale, extending from
0-4 where "0" denotes functional activity at the lowest level
and "4" at the highest level of function. Total Score is
calculated out of 56, is interpreted as: 41 to 56 = low fall risk,
21 to 40 = medium fall risk and 0 to 20 = high fall risk. The
KOOS survey is utilized to assess the individual's condition
about knee and related issues like knee OA. It comprises of 5
sub-components which incorporates pain(36), symptoms(28),
ADL(68), function in sport and recreation(20) and QOL (16).
Everything in KOOS is scored from 0 to 4, the crude score
for every segment is the total of thing scores. The scores are
then changed to a 0 to 100 scale. A higher score indicates
lesser problems.

Transformed score: 100-actual raw score x 100 / possible
basic scale range

With the magnitude of problem at hand, more emphasis
should be given on the advancement of preventive
methodologies utilized as a part of shielding the knee joint
from mechanical harm and stretch. Thus, the present study
was conducted on knee OA patients to evaluate the impact of
strengthening and proprioceptive exercises on balance and
activities of daily living (ADLs) and compare the outcome
difference of two exercises. It is a pioneer step to establish
whether or not, one type of exercise is better than another.

AIM AND OBJECTIVES
1. To study effects of strengthening and proprioceptive
exercises on balance and ADLs in knee OA
2. To compare effects of strengthening & proprioceptive
exercises on balance and ADLs in knee OA.

MATERIAL & METHODS

Thirty patients were enrolled in the study based on the
inclusion criteria, from Khetarpal hospital Delhi. Ethical
approval from the institutional ethical committee and written
informed consent from subjects was taken. A detailed
explanation of the study was given to the patient and details
collected as per proforma.

Sampling method: Convenience sampling

Inclusion Criteria:

Patients between age — group of 50 — 80 years.

Patients diagnosed with bilateral knee OA based on
radiological examination (as shown in the X-ray of the knee
joint).

Patients presenting with symptoms for more than 3 months
like pain, joint stiffness, functional disability, decreased
muscle strength, and limitations in performing ADLSs.
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Exclusion criteria:

Any patient with history of knee, hip or ankle surgery.
Patients with history of, or on treatment with any
intraarticular injection to the knee joint.

Mentally deficits patients, patients with peripheral vascular
disease, cerebrovascular disease.

Statistical analysis was performed by using paired sample t-
test. We have used an independent sample t-test concerning
the BBS and KOOS. KOOS includes knee-related quality of
life (QOL), pain, activities of daily living (ADLs), symptoms,
and function in sports and recreation activities (SRA).

Methods

Both BBS (Berg Balance Scale) and KOOS (Knee Injury and
Osteoarthritis Outcome Score) were done before and after the
treatment. To calculate balance and ADLs, the patient was
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asked to mark the points on BBS and KOQOS to know their
functional status both before and after the treatment.

After the pre-exercise measurements on BBS and KOOS by
the patients, the subjects were allocated randomly into two
groups-Group A and Group B consisting of 15 patients in
each group. 5 training sessions per week for 5 weeks were
given. After the treatment again BBS and KOOS scores were
measured to know the effectiveness of the treatment.

For Group A, strengthening exercises " were undertaken.
5 exercises (15-20 repetitions of each) per session, one
session per day from Monday to Friday for 5 weeks.

(1) Isometric quadriceps exercise

(2) Straight leg lowering

(3) Straight leg raising

(4) Short arc terminal kneeextension

(5) Full arc terminal kneeextension

Straight leg lowering

(2) Toe walking

(3) Heel walking

(4) Cross-body leg swings

(5) Blind advanced one leg balance

Heel walking
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RESULTS
Out of 15 patients in Group A 5 were males and 10 females.
The mean age of patients was 58+4.69. Out of 15 patients in

Group B 9 were males and 6 females. The mean age of
patients was 62.53+7.12.

Tablel. depicts Group A Comparison of BBS and KOOS for pre and post treatment

Pre (Mean = SD) Post (Mean £SD) t-value
BBS 34 +3.590 52.50 £1.509 -16.123*
Pain 47.80+9.773 86.30 £ 7.134 -13.21*
Sym 41.40 + 8.972 86.40 + 3.688 -12.814*
KOOS ADL 59 + 6.928 93.20+1.874 -15.475*
SRA 23.50 + 11.068 69.50 + 9.265 -12.65*
QoL 33.70 £ 4.762 84.50 + 3.689 -43.349*

“** represents significant at p<0.05

Patients treated with the strengthening exercises showed t-
value of BBS scale was -16.123 (at p<0.000), and the
parameter of KOOS scale such as pain showed -13.21, other
symptoms showed -12.814 (at p<0.000), ADL showed -

15.475 (at p<0.000), SRA showed -12.65 (at p<0.000) and
QOL showed -43.349(at p<0.000). Thus all the above
parameters showed a significant difference in all the above
parameters.

Table2. depicts Group B Comparison of BBS and KOOS for pre and post treatment

Pre (Mean * SD) Post (Mean £SD) T value
BBS 33.70 £ 4.809 49.80 + 3.824 -13.15*
Pain 50.80 + 10.612 86 + 6.146 13.481%
KOOS Sym 41.70 + 8.820 83.20+8.244 12.907*
ADL 57.10 + 8.006 88.20 +5.391 -9.568*
SRA 27.50 + 13.994 61.50 + 13.550 -16.333*
QOL 31.50+4.813 84.50 + 3.689 -27.349*
“*’ represents significant at p<0.05
Patients treated with the proprioceptive exercises showed’ 9.568(at p<0.000), SRAshowed-16.333(at  p<0.000)

value of BBS scale was -13.15 (at p<0.000) and the parameter
of KOO Scale such as pain showed-13.481(at p<0.000), other
symptoms showed-12.907(at p<0.000), ADLshowed-

60

andQOLshowed-27.349(at p<0.000). Thus all the above
parameters showed a significant difference in all the above
parameters.
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Graph 1- Graphical representation of BBS
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Knee Injury and Osteoarthritis Outcome Score
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Graph 2- Graphical representation of KOOS
Significant difference was observed in BBS and KOOS pre and post treatment in both Group A and B.

DISCUSSION

Knee OA is a debilitating condition that impairs the normal
functioning of an individual and society at large. It leads to
various complications like pain, swelling around the knee
joint, stiffness, decreased range of motion, loss of balance
control, reduced function in daily living, thus affecting the
quality of life of an individual.

Scheila C O’Reilly, in his study, determined the quadriceps
strength, function, structural changes, and psychological
status of subjects with knee pain. Results affirmed that lower
quadriceps strength and activation is strongly associated with
knee pain and disability. Pain and lack of activity in turn leads
to further weakness of quadriceps muscle. This cycle induces
lack of balance control and increases the proneness to fall
injuries. Many studies support that due to increased pain and
decreased muscle strength, proprioception leads to postural
instability.

In a trial DaHon Lin, investigated the outcomes of two
different non-weight-bearing exercises program, i.e.,
proprioceptive training versus strength training in knee OA
patients. He determined that both strengthening and
proprioceptive  training  exercises show  significant
improvement in the patients. Balance training has a leads to
considerable improvement in proprioceptive function, while
strengthening has a more profound effect in increasing in
knee extensor strength. In the present study also, a significant
improvement was observed in both the exercises regimes.

Though this study shows that both the strengthening exercise
as well as proprioceptive exercise groups benefitted, in the

inter-comparison of both the groups a significant difference
in the BBS scale was observed. However, daily living
activities were improved in subjects treated with
strengthening exercises as it involves non-weight bearing
exercises, thus leading to a decrease in pain, increase in
muscle strength and subsequent increase in the range of
motion of knee joint.

A trial by Srinivas Mondan revealed that the experimental
group, which received the proprioceptive exercises had
shown an average reduction in pain according to the VAS
score and WOMAC Indus score. Enhancement in the active
range of motionof patients in this group led to an assumption
that in the knee OA management, the best treatment selection
could be a proprioceptive exercise.

Whereas in this study, subjects who were given
proprioceptive exercises, showed an improvement in balance,
along with a reduction in the symptoms. A plausible
explanation of this improvement can be, the correct
mechanical loading, which enhances the joint's stability and
thus leads to extended range of motion, quality of life and
proprioception.

In this study too, the females were found to be more prone to
knee OA. A plausible explanation to this female
preponderance is the menopausal age group (50 to 80 years)
of study population. Menopause in females is characterized
by various hormonal changes, which lead to many
complications such as inappropriate nutritional supply to the
body, reduction in the bone calcium levels (reduced bone
mass density) etc. Lack of inactivity is also a contributing
factor.

148 Volume 01 Issue 08 November 2021

Corresponding Author: Dr. Vibhash Kumar Vaidya



“Impact of Strengthening and Proprioceptive Exercises on Balance and Activities of Daily Living (ADLS) In Knee
Osteoarthritis Patients from West Delhi, Indianpopulation”

It was also observed that changes in the lifestyle affects both
males and females as it tends to increase weight, leading to
transfer ofmore stress forces on the knee. The knee is one of
the most important weight-bearing joints of the human body,
S0 increase in stress load will result in a reduced cushioning
effect due to decreased amount of GAGs(Glycosaminoglycan
sulfation). GAGs are hydrophilic in nature, so result in
immediate change in the knee complex.

Strengthening exercises (given to Group A)resulted in much
improvement in individuals who cannot exercise in a weight-
bearing posture, i.e., who are incapable of proprioceptive
exercises due to pain or other reasons.

As osteoarthritis is a progressive condition that cannot be
cured completely, proper management can only alleviate
symptoms, prevent or atleast delay further progression. The
subjects are treated with therapeutic modalitiesand exercises,
which vary from strengthening exercises to proprioceptive
exercises.

The present study involved subjects affected with mild to
moderate knee OA which is best treated with exercise
therapy. No surgical procedures was done. In this study, one
group has been given strengthening exercises and the other
group was assigned to proprioceptive exercises. It was
observed that the former group showed a better improvement
in both balance and activities of daily living as per the BBS
and KOQOS. The strengthening exercises proved better than
the proprioceptive exercises. Strengthening exercises led to
increased muscle strength of the quadriceps. Non-weight
bearing exercises, are not only easily accessible to the
patients, they can be performed regularly and are less painful.
Sometimes, minor varus deformity is seen in the patients
treated with strengthening exercise, while flexion deformity
is seen in some patients treated with proprioceptive training.

FUTURE SCOPE

The sample size of the study and time duration can be
increased. Also, in this study patients affected from severe
knee OA were not included, so, future studies can be taken up
on such patients, to observe the effect of two types of
exercises in them. Female centric studies can be undertaken
since females are more prone to knee OA.

Limitations

The present study has few limitations, like a short duration of
treatment. This study has not taken

the severely affected patients of knee OA, because, in severe
conditions, it becomes challenging

for the patients to perform the exercise.

CONCLUSION

This study shows statistically significant results on knee
osteoarthritis patients' west Delhi (Indian) population in pain
reduction and improved balance of daily-based activities in
strengthening exercise and proprioceptive exercise groups.

Furthermore, both the groups have shown a significant
improvement in BBS and KOOS scales. Thus the study fails
to reject the null hypothesis that there is no significant
difference between the strengthening exercises and
proprioceptive exercises on balance and ADLs in knee
osteoarthritis.

REFERENCES

l. Srinivas Mondam.1, Srikanth Babu V, Raviendra
Kumar B. and Jalaja Prakash. et.al. A Comparative
Study of Proprioceptive  Exercises  versus
Conventional Training Program on Osteoarthritis of
Knee, Research Journal of Recent Science ., Vol.
1(12), 31-35, December, 2012

. M. van der Esch, M. Steultjens, J. Harlaar, D. Knol,
W. Lems, and J. Dekker., etal, Joint
Proprioception, Muscle Strength, and Functional
Ability in Patients with Osteoarthritis of the Knee.
American College of Rheumatology ., (2007);Vol
57;787-793

Il. Hayami T. Osteoarthritis of the knee joint as a cause
of musculoskeletal ambulation disability symptom
complex (MADS) Clin Calcium. 2008; 18:1574-80.

V. Da-Hon Lin, MDY, Chien-Ho Janice Lin, RPT,
PhD2, Yeong-Fwu Lin, MD, PhD3% Mei-Hwa
Jan, RPT, MS2,, Efficacy of 2 Non-Weight-Bearing
Interventions, Proprioception Training Versus
Strength  Training, for Patients With Knee
Osteoarthritis: A Randomized Clinical Trial.,
Journal of Orthopaedic & Sports Physical
Therapy ,Volume 39, june 2009, Number 6

V. Effect of proprioceptive training on foot posture,
lower limb alignment, and knee adduction moment
in patients with degenerative knee osteoarthritis: a
randomized controlled trial., Cho Y?, Kim M?, Lee
W1.J Phys Ther Sci. 2015 Feb; 27(2):371-4.

VI. Thomas SG, Pagura SM, Kennedy D. Physical
activity and its relationship to physical performance
in patients with end stage knee osteoarthritis. J
Orthop Sports Phys Ther. 2003; 33:745-754.

VII. O’Reilly SC, Jones A, Muir KR, et al.: Quadriceps
weakness in knee osteoarthritis: effect of on pain and
disability. Ann Rheum Dis, 1998, 57: 588-594.

VIIL. Hart DJ, Doyle DV, Spector TD. The association
between metabolic factors and knee osteoarthritis in
women: the Chingford Study. J Rheumatol 1995;
22:1118-23.

IX. Schouten J. A twelve-year follow-up study of
osteoarthritis of the knee in the general population
[thesis]. Rotterdam: Erasmus Univ.; 1991

X. Felson DT, Zhang Y, Hannan MT, Naimark A,
Weissman B Aliabadi P, et al. Risk factors for
incident radiographic knee osteoarthritis in the

149 Volume 01 Issue 08 November 2021

Corresponding Author: Dr. Vibhash Kumar Vaidya


http://www.jospt.org/action/doSearch?ContribStored=Lin%2C+D
http://www.jospt.org/action/doSearch?ContribStored=Lin%2C+D
http://www.jospt.org/action/doSearch?ContribStored=Lin%2C+C+J
http://www.jospt.org/action/doSearch?ContribStored=Lin%2C+C+J
http://www.jospt.org/doi/abs/10.2519/jospt.2009.2923?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed#a2
http://www.jospt.org/action/doSearch?ContribStored=Lin%2C+Y
http://www.jospt.org/action/doSearch?ContribStored=Lin%2C+Y
http://www.jospt.org/action/doSearch?ContribStored=Jan%2C+M
http://www.jospt.org/action/doSearch?ContribStored=Jan%2C+M
http://www.jospt.org/doi/abs/10.2519/jospt.2009.2923?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed#a4
http://www.jospt.org/loi/jospt
http://www.jospt.org/loi/jospt
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25729170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25729170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20W%5BAuthor%5D&cauthor=true&cauthor_uid=25729170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20W%5BAuthor%5D&cauthor=true&cauthor_uid=25729170
http://www.ncbi.nlm.nih.gov/pubmed/25729170?log$=activity

“Impact of Strengthening and Proprioceptive Exercises on Balance and Activities of Daily Living (ADLS) In Knee
Osteoarthritis Patients from West Delhi, Indianpopulation”

XI.

XIlI.

XII.

XIV.

XV.

XVI.

XVIL.

XVIII.

XIX.

XX.

XXI.

elderly: the Framingham Study. Arthritis Rheum
1997; 40:728-33.

Wegener L, Kisner C, Nichols D. Static and
dynamic balance responses in persons with bilateral
knee osteoarthritis. J Orthop Sports Phys Ther.
1997; 25:13-18.

Jan MH, Tang PF, Lin JJ, Tseng SC, Lin YF, Lin
DH. Efficacy of a target-matching foot-stepping
exercise on proprioception and function in patients
with knee osteoarthritis. J Orthop Sports Phys Ther.
2008; 38:19-25.

Hassan BS, Mockett S, Doherty M. Static postural
sway, proprioception, and maximal voluntary
quadriceps contraction in patients with knee
osteoarthritis and normal control subjects. Ann
Rheum Dis 2001; 60:612-618

Hee-Sang Kim, M.D., Dong Hwan Yun,
M.D., Seung Don Yoo, M.D., Dong Hwan Kim,
M.D., Yong Seol Jeong, M.D.Jee-Sang Yun,
M.D., Dae Gyu Hwang, M.D., Pil Kyo Jung,
M.D., and Seong He Choi, M.D ., Balance Control
and Knee Osteoarthritis Severity. Ann Rehabil Med.
2011 Oct; 35(5): 701-709.

Validity and Reliability of the Community Balance
and Mobility Scale in Individuals with Knee
Osteoarthritis. Judit Takacs, S. Jayne Garland, Mark
G. Carpenter, Michael A. Hunt , Phys Ther. 2014
Jun; 94(6): 866-874

The effect of exercise therapy on knee osteoarthritis:
a randomized clinical trial.Parisa Nejati, ! Azizeh
Farzinmehr, 2 and Maziar Moradi-Lakeh., Med J
Islam, Repub Iran. 2015; 29: 186.

Maggo, Aastha; Saxena, Shobhit; Grover,
Shalini.The Effect of Proprioceptive Exercises and
Strengthening Exercises in Knee Osteoarthritis.
Indian Journal of Physiotherapy & Occupational
Therapy;Jul-Sep2011, Vol. 5 Issue 3, p144

Cyrus Cooper, Shelaah Snow, Timothy E.
Mcalindon, Samantha Kellingray, Brenda Stuart,
David Coggon,and Paul A. Dieppe. etal. Risk
factors for the incidence and progression of
radiographic knee osteoarthritis.  Arthritis &
Rheumatism, Vol. 43, No. 5, May 2000, pp 995-
1000, American College of Rheumatology
Andrianakos AA, Kontelis LK, Karamitsos DG, et
al. Prevalence of symptomatic knee, hand, and hip
osteoarthritis in Greece. The Esordig study. J
Rheumatol. 2006; 33:2507-13.

Medical management of osteoarthritis of the knee
and hip joints. Rebecca Grainger and Flavia M
Cicuttini. Med J Aust 2004; 180 (5): 232-236.
Hospital-based versus home-based proprioceptive
and strengthening exercise programs in knee

XXII.

osteoarthritis. Tunay VB?, Baltac1 G, Atay AO. Acta
Orthop Traumatol Turc. 2010;44(4):270-7.

The effect of exercise therapy on knee osteoarthritis:
a randomized clinical trial.Parisa_Nejati, ! Azizeh
Farzinmehr, 2 and Maziar Moradi-Lakeh., Med J
Islam, Repub Iran. 2015; 29: 186.

150 Volume 01 Issue 08 November 2021

Corresponding Author: Dr. Vibhash Kumar Vaidya


http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20HS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yun%20DH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoo%20SD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20DH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jeong%20YS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yun%20JS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20DG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20PK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20SH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takacs%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garland%20SJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carpenter%20MG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carpenter%20MG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hunt%20MA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nejati%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Farzinmehr%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Farzinmehr%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tunay%20VB%5BAuthor%5D&cauthor=true&cauthor_uid=21252603
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baltac%C4%B1%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21252603
http://www.ncbi.nlm.nih.gov/pubmed/?term=Atay%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=21252603
http://www.ncbi.nlm.nih.gov/pubmed/21252603?log$=activity
http://www.ncbi.nlm.nih.gov/pubmed/21252603?log$=activity
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nejati%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Farzinmehr%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Farzinmehr%20A%5Bauth%5D

