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ABSTRACT 

 

Introduction: The most common presentation of stroke or cerebrovascular disease is hemiparesis. 

One of the important goals of physical therapy in these patients is to improve balance. Evaluation of 

balance helps in designing effective treatment strategies. Sitting balance is a prerequisite for 

functional activities like reaching for an object, however there is limited evidence on sitting balance 

deficit in chronic stroke patients. Objective of the study was to explore Sitting Limits of Stability in 

chronic stroke patients. 

Methodology: 17 chronic stroke patients were made to sit on an adjustable seat placed on the Force 

plates and instructed to lean in eight directions to assess sitting Limits of Stability with Neurocom 

Basic Balance Master.  

Results: Total values of sitting limits of stability parameters in all the directions were found to be 

affected in stroke patients compared to control group. However statistically significant reduction was 

seen in Maximum Excursion. When different directions were compared, lateral direction, both paretic 

and non paretic was found to be affected the most in terms of directional control, maximum and end 

point excursion. 

Conclusion: Limits of stability in sitting were found to be affected in chronic stroke patients. 

Maximum deficit was in the lateral directions, paretic side more affected than non paretic. 
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INTRODUCTION 

Stroke is a major cause of 

disability and its incidence is rising rapidly 

in India. The resulting deficit is variable 

and can occur due to impairment of 

sensory, motor, cognitive, perceptual and 

language function. According to the 

World’s Health Organization (WHO), the 

cerebrovascular accident (CVA) is 

considered a syndrome with "rapidly 

developing clinical signs of focal or global 

disturbance of cerebral function, with 

possible vascular origin and lasting more 

than 24 hours”. The most common 

presentation of CVA is hemiparesis. 

Rehabilitation of such patients is very 

important to improve functional 

independence and overall quality of life. 

One of the important goals of physical 

therapy is to improve balance as balance 

impairments are common in hemiparetic 

patients.  

Since Balance impairment is 

multifactorial, there are various single item 

tests or multidimensional scales available 

to evaluate stability. But force platforms 

are more sensitive measures than 

observational scales. 
[ 1] 

Mostly balance in 

standing and walking has been studied in 

chronic stroke patients. Balance is the 

http://www.ijhsr.org/
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ability to control the center of mass over 

the base of support. One way to assess 

balance is limits of stability. Evidence 

suggests that stability limit in standing is 

affected in hemiparesis. 
[ 2] 

However there 

is limited evidence regarding sitting 

balance in terms of stability limits of 

hemiparetic patients. 

Limits of stability refer to the 

greatest distance a person can lean without 

falling. When we reach for any object in 

sitting, appropriate weight shifting is 

required for task completion. 

A previous study of the analysis of 

centre-of-pressure displacements during 

sitting posture indicated an increased 

postural disturbance in patients with 

stroke. The impairment has affected 

predominantly the displacements occurring 

along the antero-posterior axis. 
[ 3] 

Posturographic analysis in sub acute stroke 

concluded that lateral balance was more 

affected by stroke than balance in the 

antero-posterior direction, especially 

during visual deprivation and showed the 

strongest association with the Berg 

Balance Scale. 
[ 4]

 Impairment in leaning 

forward and to the paretic side showed the 

greatest number of correlations with the 

FIM scores. 
[ 5]

 Dynamic sitting balance 

and gait were also correlated. 
[ 6] 

Quantitative analysis of sitting balance 

with the help of force platform 

demonstrated that it was affected even in 

chronic stroke patients. 
[ 7, 13]

 Earlier studies 

have explored standing limits of stability 

in stroke and balance training with force 

platform. 
[ 8] 

In standing, weight bearing on 

the affected leg i.e. motor control of limbs 

determines the stability limits. But in 

sitting balance, trunk control appears to be 

crucial for determining stability limits. 

Sitting limits of stability has been studied 

in paraplegics but not in stroke patients. 
[ 9]

  

Trunk control kinetics has been 

studied by various researchers in stroke 

patients. Trunk performance in sitting 

position after stroke has predicted 

functional ability. 
[ 10- 12]

 Trunk is the 

midline structure that influences the 

movements of the limbs. Good sitting 

trunk control is required for the activities 

using upper extremities like reaching. 

Since trunk plays a dual role of stability as 

well as mobility, assessment of deficit in 

trunk control is essential for planning of 

physiotherapy management in stroke 

patients. In the present study, we explored 

the sitting limits of stability in hemiparetic, 

chronic stroke patients.  

 

MATERIALS AND METHODS 

The participants for the study were 

selected by convenient sampling method. 

There were two groups. Group A 

comprised of 17 subjects diagnosed with 

stroke having single unilateral lesion who 

could sit unsupported and were able to 

understand and follow simple verbal 

instruction, (scoring at least 24 on Mini 

Mental Scale) Group B had 17 age and 

gender matched healthy individuals. 

Demographic characteristics of both the 

groups are mentioned in Table no.1 in the 

Result section. Subjects complaining of 

neck or back pain were excluded from the 

study. After taking informed consent, they 

were assessed on the Neurocom balance 

master in sitting position. 
[ 14]

 They were 

made to sit on the adjustable seat on the 

forced platform of balance master and then 

assessed for limits of stability. The Limits 

of Stability quantifies the maximum 

distance a person can intentionally 

displace their Center of Gravity (COG) i.e. 

lean the body in a given direction without 

losing balance or reaching for assistance. 

The measured parameters were reaction 

time, movement velocity, directional 

control, end point excursion, and 

maximum excursion. For each of eight 

trials, the patient maintained their COG 

centered over the base of support as 

indicated by a cursor display relative to a 

center target. On command, the patient 

moved the cursor as quickly and 

accurately as possible towards a second 

target located on the LOS perimeter and 
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then holds a position as close to the target 

as possible. One practice trial was given in 

all the directions prior to the final reading.  

Initially the total readings of 

different parameters of limits of stability 

were compared between the two groups 

(Table 2) since the lateral direction was 

found to be affected maximally, further 

comparative analysis was done between 

both paretic and non paretic side of the 

stroke patients and right and left side of 

subjects of control group. (Table 3 & 

Graph 1) 

 

RESULT 
Table 1.Demographic characteristics 

 Stroke patients( Group A) Age and gender matched control (Group B) 

Number of participants 17 17 

Mean Age(years) 61.13 ± 5.01 60.6 ± 3.2 

Gender(M/F) 10/7 11/6 

Length from onset of stroke(months) 9.06 ± 2.34 - 

Affected Side (R/L) 10/7 - 

Both the groups were matched for age (P>0.05) and gender. 
 

Table 2: Limits of Stability Parameters 

Parameters Stroke Patients Control P Value 

Mean ± SD CI Mean ± SD CI 

Reaction Time (sec) 1.57± 0.59 1.44-1.71 1.49 ±0.6 1.35-1.62 >0.05 

Movement velocity(degree/sec) 1.70± 0.95 1.37 – 2 2.24± 1 2.02 – 2.46 >0.05 

End point Excursion(%) 54.96 ±23.18 48.63-61.28 70.56 ±26.40 64.64-76.44 >0.05 

Maximum Excursion(%) 71.90±25.62 66.15 -77.65 88.61± 19.92 84.17- 93.05 <0.05 

Direction Control(%) 70.52±21.92 65.37-75.68 79.41±25.65 73.70-85.13 >0.05 

 

Table 3: Comparison of End Point Excursion, Maximum Excursion and Directional Control in lateral direction (paretic vs non 

paretic and right vs left) in two groups 

Parameters Stroke Patients Mean±SD Control Mean±SD 

 Paretic Non Paretic  P Value Right Left P Value 

End point Excursion 26.94± 6.16 38.27±7.11 <0.001 71.35±11 65.2±15.12 >0.05 

Maximum Excursion 47.2 ± 10.13 69.25±12.69 <0.001 82.37± 6.39 82.1 ±7 >0.05 

Direction Control 53.93±16 64.4±11 <0.05 80.9±7.97 82.45±6.80 >0.05 

 

Total/Average values of all the 

parameters viz. Movement velocity, End 

point excursion, Maximum excursion and 

Directional control in all the directions in 

stroke patients were less compared to 

control group and Reaction time was more 

in stroke patients. But only maximum 

excursion was statistically significantly 

less in stroke patients compared to control 

group using unpaired t test. 

ANOVA was used to compare the 

above parameters between stroke and 

control groups. Within the group A Paretic 

side was significantly less than Non 

Paretic side (P<0.01) and there was no 

significant difference between right and 

left lateral limits of stability in group B 

(P>0.05) When compared with control 

group, both Paretic and Non Paretic side 

were significantly less in the parameters, 

End point Excursion, Maximum Excursion 

and Direction Control. (P<0.001) 

 
Graph 1 Lateral reach comparison between stroke and 

control 

 

DISCUSSION 
We compared sitting limits of 

stability between hemiparetic patients and 

age-gender matched control group. The 

mean age of stroke patients was 61.13 ± 

5.01and the mean age of the control group 
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was 60.6 ± 3.2 and when compared the 

difference was statistically insignificant 

with P=0.42(>0.05). Amongst 17 patients 

with CVA, 10 were males and 7 were 

females. Control group had 11 males and 6 

females. The participants were chronic 

stroke patients whose mean Functional 

Independence Measure score was 100. 

In the present study, limits of 

stability on Neurocom balance master in 

sitting were compared patients and control 

groups. Limits of stability test provides 

five sets of information i.e. reaction time, 

movement velocity, directional control, 

maximum excursion and end point 

excursion as a person shifts his/her centre 

of pressure from the centre towards the 

visual targets displayed on the screen. In 

our study we compared the parameters 

between both the groups. 

Reaction time is the time in 

seconds between the command to move 

and the patient's first movement. We found 

average reaction time of hemiparetic 

patients on balance master more than the 

control group in sitting. But statistically it 

was not significant. The deficit may be 

more prominent in acute stage and 

improves with rehabilitation. 

Other parameters of limits of 

stability were found to be affected(less) in 

stroke patients viz. average values of 

Movement velocity, End point excursion, 

Maximum excursion and Directional 

control when compared with control. But 

only maximum excursion was significantly 

less in stroke patients. Movement 

Velocity (MVL) is the average speed of 

COG movement in degrees per second. 

Endpoint Excursion (EPE) is the distance 

of the first movement toward the 

designated target, expressed as a 

percentage of maximum LOS distance. 

The endpoint is considered to be the point 

at which the initial movement toward the 

target ceases. Maximum Excursion (MXE) 

is the maximum distance achieved during 

the trial. Directional Control (DCL) is a 

comparison of the amount of movement in 

the intended direction (towards the target) 

to the amount of extraneous movement 

(away from the target). 

Limits of stability were assessed in 

8 different directions. In our analysis, 

when the mean values of the different 

directions were compared, reaction time 

and movement velocity was found to be 

affected in all the directions. But the 

maximum difference in other three 

parameters like End point excursion, 

Maximum excursion and Directional 

control was found in lateral direction on 

both paretic as well as non paretic side. 

The paretic side was statistically 

significantly more affected than non 

paretic side. There was no difference 

between right and left direction of limits of 

stability in age-gender matched control 

group. Lateral limit on both paretic and 

non paretic side in stroke patients is 

statistically significantly less when 

compared to control group. 

Patricia Davies states that balance 

reactions in sitting are affected in stroke 

patients due to loss of selective trunk 

control. There could be problems in head 

righting, inappropriate trunk response and 

unstable pelvic control while moving the 

trunk in sitting. Most of the abdominal 

muscles have a common insertion at the 

central aponeurosis. So even if one side is 

affected in stroke, trunk deficit can be seen 

on both, affected as well as unaffected 

sides as each side is dependent on the 

other. 
[ 15] 

There are musculoskeletal 

impairments like postural malalignment, 

stiffness, loss of dissociation and problem 

in motor adaptability at the trunk. 

Perceptual problems can add to the deficit. 
[ 16]

 Previous Evidence also suggests that 

lateral balance is more affected in stroke. 

Kinetic study of abdominals showed 

reduced activity level, delayed onset and 

reduced synchronization between muscle 

pairs. 
[ 17] 

Trunk muscle strength was found 

to be reduced multidirectionally compared 

to control and mean lateral flexion force 
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was significantly less on paretic side 

compared to non paretic side. 
[ 18]

   

Stability limits in sitting are the 

boundaries of space in which the patient 

maintains balance without changing the 

base of support. If the stability limits in 

sitting are less, patient will not attempt 

more demanding tasks and will require 

assistance in functional activities like 

bathing, lower extremity dressing and 

picking up object from floor. Earlier 

evidence has also suggested that 

quantitative analysis of sitting limits of 

stability is a good way to assess sitting 

stability. 
[ 19]

 Thus accordingly specific 

treatment strategies to improve the various 

parameters of stability limits need to be 

considered in stroke patients. 

 

CONCLUSION 

Limits of stability in sitting were 

found to be affected in chronic stroke 

patients. Average values of Reaction time 

Movement velocity, End point excursion 

and Directional control were affected in 

stroke patients but not statistically 

significantly different compared to control. 

However the average values of Maximum 

excursion were significantly less in stroke 

patients when compared with age and 

gender matched control subjects. 

Maximum deficit was found to be in the 

lateral directions, paretic side more 

affected than non paretic in terms of 

Maximum excursion, Endpoint excursion 

and Directional control. 
  
REFERENCES 

1. De Oliveira CB, de Medeiros IR, 

Frota NA, Greters ME, Conforto AB. 

Balance control in hemiparetic stroke 

patients: main tools for evaluation. J 

Rehabil Res Dev. 2008;45(8):1215-26. 

2. Chen IC, Cheng PT, Hu AL, Liaw 

MY, Chen LR, Hong WH, Wong MK. 

Balance evaluation in hemiplegic 

stroke patients. Chan Gung Med J. 

2000; 23(6):339-47. 

3. N. Genthon. N. Vuillerme, J.P. 

Monnet C. Petit, P. Rougier. 

Biomechanical assessment of the 

sitting posture maintenance in patients 

with stroke. Clinical Biomechanics 

Volume 22, Issue 9, November 2007, 

Pages 1024–1029 

4. Ilse J.W. van NesBart Nienhuis, Hilde 

Latour, Alexander C.H. Geurts, 

Posturographic assessment of sitting 

balance recovery in the subacute phase 

of stroke. Gait & Posture Volume 28, 

Issue 3, October 2008, Pages 507–512 

5. Nichols D., Miller L.,  Colby L, Pease 

W. Sitting balance: Its relation to 

function in individuals with 

hemiparesis Archives of Physical 

Medicine and Rehabilitation Volume 

77, Issue 9, September 1996, Pages 

865–869 

6. Morishita M, Amimoto K, Matsuda T, 

Arai Y, Yamada R, Baba T. Analysis 

of dynamic sitting balance on the 

independence of gait in hemiparetic 

patients. Gait & Posture. 2009; 

29(4):530-534.  

7. Sam Perlmutter S., Lin F, Makhsous 

M. Quantitative analysis of static 

sitting posture in chronic stroke. Gait 

& Posture Volume 32, Issue 1, May 

2010, 53–56. 

8. Liston RA, Brouwer BJ. Reliability 

and validity of measures obtained 

from stroke patients using the Balance 

Master. Arch Phys Med Rehabil 1996; 

77: 425–430 

9. Serra-Añó P, Pellicer-Chenoll M, 

Garcia-Massó X, Brizuela G, García-

Lucerga C, González LM. Sitting 

balance and limits of stability in 

persons with paraplegia. Spinal 

Cord. 2013 Apr; 51(4):267-72. 

10. Di Monaco M, Trucco M, Di Monaco 

R, Tappero R, Cavanna A. The 

relationship between initial trunk 

control or postural balance and 

inpatient rehabilitation outcome after 

stroke: a prospective comparative 

study Clin Rehabil. 2010 Jun; 24(6): 

543-54. 

11. Hama S, Yamashita H, Shigenobu M, 

Watanabe A, Hiramoto K, Takimoto 

Y, Arakawa R, Kurisu K, Yamawaki 

S, Kitaoka T. Sitting balance as an 

early predictor of functional 

improvement in association with 

depressive symptoms in stroke 

http://www.sciencedirect.com/science/journal/02680033
http://www.sciencedirect.com/science/journal/02680033/22/9
http://www.sciencedirect.com/science/article/pii/S0966636208000726
http://www.sciencedirect.com/science/article/pii/S0966636208000726
http://www.sciencedirect.com/science/article/pii/S0966636208000726
http://www.sciencedirect.com/science/article/pii/S0966636208000726
http://www.sciencedirect.com/science/article/pii/S0966636208000726
http://www.sciencedirect.com/science/journal/09666362
http://www.sciencedirect.com/science/journal/09666362/28/3
http://www.sciencedirect.com/science/journal/09666362/28/3
http://www.sciencedirect.com/science/article/pii/S0003999396902713
http://www.sciencedirect.com/science/article/pii/S0003999396902713
http://www.sciencedirect.com/science/article/pii/S0003999396902713
http://www.sciencedirect.com/science/article/pii/S0003999396902713
http://www.sciencedirect.com/science/journal/00039993
http://www.sciencedirect.com/science/journal/00039993
http://www.sciencedirect.com/science/journal/00039993/77/9
http://www.sciencedirect.com/science/journal/00039993/77/9
http://www.sciencedirect.com/science/article/pii/S0966636210000755
http://www.sciencedirect.com/science/article/pii/S0966636210000755
http://www.sciencedirect.com/science/article/pii/S0966636210000755
http://www.sciencedirect.com/science/journal/09666362
http://www.sciencedirect.com/science/journal/09666362
http://www.sciencedirect.com/science/journal/09666362/32/1
http://www.ncbi.nlm.nih.gov/pubmed/?term=Serra-A%C3%B1%C3%B3%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23184029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pellicer-Chenoll%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23184029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia-Mass%C3%B3%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23184029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brizuela%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23184029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa-Lucerga%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23184029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa-Lucerga%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23184029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%C3%A1lez%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=23184029
http://www.ncbi.nlm.nih.gov/pubmed/23184029
http://www.ncbi.nlm.nih.gov/pubmed/23184029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Monaco%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20511303
http://www.ncbi.nlm.nih.gov/pubmed/?term=Trucco%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20511303
http://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Monaco%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20511303
http://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Monaco%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20511303
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tappero%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20511303
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cavanna%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20511303
http://www.ncbi.nlm.nih.gov/pubmed/20511303
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hama%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17875034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamashita%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17875034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shigenobu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17875034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Watanabe%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17875034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hiramoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17875034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takimoto%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17875034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takimoto%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17875034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arakawa%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17875034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kurisu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17875034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamawaki%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17875034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamawaki%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17875034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kitaoka%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17875034


                   International Journal of Health Sciences & Research (www.ijhsr.org)  258 
Vol.5; Issue: 12; December 2015 

 

patients. Psychiatry Clin Neurosci. 

2007 Oct; 61(5):543-51. 

12. Verheyden G, Nieuwboer A, De Wit 

L, et al. Trunk performance after 

stroke: an eye catching predictor of 

functional outcome. Journal of 

Neurology, Neurosurgery, and 

Psychiatry. 2007; 78(7):694-698. 

doi:10.1136/jnnp.2006.101642. 

13. Verheyden G, Vereeck L, Truijen S, 

Troch M, Herregodts I, Lafosse C, 

Nieuwboer A, De Weerdt W. Trunk 

performance after stroke and the 

relationship with balance, gait and 

functional ability. Clin Rehabil. 2006 

May; 20(5):451-8. 

14. Pickerill ML, Harter RA., Validity and 

Reliability of Limits-of-Stability 

Testing: A Comparison of 2 Postural 

Stability Evaluation Devices J Athl 

Train. 2011 Nov-Dec; 46(6): 600–606. 

15. Davies P- Right in the Middle: 

Selective Trunk Activity in the 

Treatment of Adult Hemiplegia: 1st 

(first) Edition. Berlin: Springer-Verlag 

1990.  

16. Gillen G- Stroke Rehabilitation: A 

Function-Based Approach, 3rd 

edition, Mosby- 2010. 

17. Dickstein R, Shefi S, Marcovitz E, et 

al. Anticipatory postural adjustments 

in selected trunk muscles in post 

stroke hemiparetic patients. Arch Phys 

Med Rehabil. 2004;85:261–273 

18. Bohannon RW. Lateral trunk flexion 

strength: impairment, measurement 

reliability and implications following 

unilateral brain lesion. Int J 

Rehabil. 1992; 15:249–251. 

19. Preuss, R.A. & Popovic, M.R. (2010). 

Quantitative analysis of the limits of 

stability in sitting. Journal of Applied 

Biomechanics, 26(3), 265-272. 

 

 

 

*********** 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

How to cite this article: Karajgi A, Shah N, Yardi S. Analysis of sitting limits of stability in stroke 

patients. Int J Health Sci Res. 2015; 5(12):253-258.
 

 

International Journal of Health Sciences & Research (IJHSR) 

 

Publish your work in this journal 

 

The International Journal of Health Sciences & Research is a multidisciplinary indexed open access double-blind 

peer-reviewed international journal that publishes original research articles from all areas of health sciences and allied 

branches. This monthly journal is characterised by rapid publication of reviews, original research and case reports 

across all the fields of health sciences. The details of journal are available on its official website (www.ijhsr.org). 

 
Submit your manuscript by email: editor.ijhsr@gmail.com OR editor.ijhsr@yahoo.com  

http://www.ncbi.nlm.nih.gov/pubmed/17875034
http://www.ncbi.nlm.nih.gov/pubmed/16774097
http://www.ncbi.nlm.nih.gov/pubmed/16774097
http://www.ncbi.nlm.nih.gov/pubmed/16774097
http://www.ncbi.nlm.nih.gov/pubmed/16774097
http://www.ijhsr.org/
mailto:editor.ijhsr@gmail.com
mailto:editor.ijhsr@yahoo.com

