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ABSTRACT 
 

Background:  Stroke-related balance and gait deficits contribute to the large number of falls in these 
patients. This may be due to inappropriate reaction to external forces. Hence, one has to be able to 
react   to external forces with appropriately timed and scaled responses to maintain balance. Therefore 
it is important to identify which patients have risk of falling and would benefit from fall prevention 
measures. To accomplish this, valid and reliable clinical scales those are easy to administer are needed. 
Assessment scales that predict falls have been tested in different populations. The present 
prospective study compares two simple scales viz. Timed Up and Go test (TUG) and Performance 
Oriented Mobility Test (POMA) in fall prediction among patients with sub acute and chronic stroke.  
 

Methodos: 50 stroke subjects were asked to perform both the tests viz. TUG and POMA one after 
another on the date of evaluation or Day 0 and from Day 1 falls are recorded per month up to six 
months. Both test results were compared for their accuracy.  
 

Results: It was found that t = -4.496 which is highly significant at (p=0.00) which proves that there is 
remarkable difference in means of TUG and POMA. TUG covers 0.970 and POMA covers 0.135 area 
in the curve and is an established fact that higher area indicates excellent accuracy. The sensitivity 
and specificity of TUG is 78% and 94% respectively and that of POMA is 90% and 60% respectively. 
 

Conclusion: To conclude, we can say that there is significant difference between the Timed Up and 
Go test and Tinetti‘s Performance Oriented Mobility Assessment score on prediction of fall in 
Hemiparetic Stroke patients.  
 

Keywords: Fall prediction in stroke, Timed up & go test, Tinetti performance oriented mobility 
assessment. 
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INTRODUCTION 
 

Stroke is defined as a clinical syndrome typified 
by rapidly developing signs of focal or global 
disturbance of cerebral functions, lasting more 
than twenty four hours or leading to death, with 
no apparent cause other than of vascular origin 
(WHO, 1978). Depending on the location of 
vascular defect(s), different functions are disturbed 
leading to temporary or permanent impairment, 
activity limitations and participation 
restrictions.1,2,3 
Stroke or Cerebro vascular accident (CVA) occurs 
when blood supply to a part of the brain is 
disrupted, causing brain cells unable to produce 
energy, particularly Adenosine tri-phosphate 
(ATP). This is followed by pump failure of 
neuronal membrane and calcium ion influx. This 
influx results in formation of free radicals and 
release of Nitric oxide and Cytokines. Both 
mechanisms cause brain cell death. 
 

Stroke-related balance and gait deficits contribute 
to the large number of falls in these patients. With 
respect to maintenance of upright balance, three 
domains of balance abilities should be considered. 
First, one has to be able to stand quietly, without 
losing balance. The COM (vertical projection) of 
the body needs to be maintained well within the 
limits of the BOS. Second, one has to be able to 
voluntarily move the body (parts) to execute ADL 
without falling. When performing tasks in a 
stationary position (such as reaching or weight 
shifting), a person must reposition the COM within 
the BOS. In a task in which the BOS changes 
position or size (such as a sit-to-stand STS 
movement or a step), the COM has to be 
adequately repositioned with the new BOS to not 
fall. Third, an external perturbation (e.g. 
movement of the support surface or a push) can 
move the COM toward the limits of the BOS (or 
beyond).  Hence, one has to be able to react to 
these external forces with appropriately timed and 
scaled responses to maintain balance. With respect 
to gait, safe and independent ambulation in 
everyday life includes the ability to walk over even 
surfaces as well as over challenging terrain (e.g., 
obstacles in the travel path). Walking over even 
terrain relies on a coordinated and rhythmic 
pattern of muscle activation, generating sufficient 
mechanical energy to produce progression of gait. 
During the swing phase of gait, one has to 
achieve sufficient clearance of the foot to prevent 
stumbling. Furthermore, postural stability during 
walking requires sufficient stance stability of the 
weight bearing lower limb and adequate pre-
positioning of the swinging leg and foot for weight 
acceptance. In addition, to walk safely over 

uneven terrain, one should be able to adapt the gait 
pattern in response to various environmental 
obstacles and constraints. All these contribute to 

fall.4,5,6 Fall incidence rates between 23% and 50% 
have been reported in studies of people with 

chronic stroke.7,8,9 Therefore it is important to 
identify which patients have risk of falling and 
would benefit from fall prevention measures. To 
accomplish this, valid and reliable clinical scales 
those are easy to administer are needed. 
Assessment scales that predict falls have been 
tested in different populations. The present 
prospective study compares two simple scales viz. 
Timed Up and Go test (TUG) and Performance 
Oriented Mobility Test (POMA) in fall prediction 
among patients with sub acute and chronic stroke. 
 

Reliability and validity of the two scales has been 
found out in prediction of fall in geriatric 

population, Parkinson‘s disease, Stroke10,11
 

and 
many other diseases. Identification of high risk 
patients and fall prevention should be given much 
more importance in the present world where any 
person hardly have time to care for their old 
disabled parents or family members. The reliability 
and validity of Timed Up and Go test (TUG) and 
Performance Oriented Mobility Assessment 
(POMA) have been tested in prediction of fall in 
Stroke patients and it was found to be 

excellent.12,13 The tests have been done separately. 
But no study has been done yet to compare the 
two scales in fall prediction of hemiparetic (stroke) 
patients and to find out which one is better. 
 

METHODOLOGY 
 

This is a comparative study design. A sample of 
50 subjects was collected by convenient sampling 
method. All subjects diagnosed as hemiparetic 
stroke and referred by consultant Neurologists and 
Neurosurgeons were included in the study. All the 
subjects were required to sign written informed 
consent form prior to participation in the study. 
 

50 subjects were to perform both the tests viz. TUG 
and POMA one after another on the date of 
evaluation or Day 0 and from Day 1 falls are 
recorded per month up to six months. 
 

Inclusion Criteria is Hemiparetic patients with 
right or left side involvement, Hemiparetic 
patients of both the gender, Hemiparetic patients 
with stroke of duration of 6 months to 2 years 
prior to study enrollment, Age 45 to 65 years ,Able 
to rise from chair and walk 10M unassisted and 
without any orthosis, A score of 20 or higher on 
MMSE, spasticity in lower limb, lower than 3 in 
modified Ashworth scale, Patients consent for 
participation. The subjects experiencing second 
stroke , Any musculoskeletal injury, Subject with 
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visual impairments, Subjects with unstable 
cardiovascular problem, Subjects with cognitive 
impairments, Subject with frequent history of fall 
prior to stroke were excluded from this study. The 
total duration of the study was six months. The 
duration of the test program for each subject was 
30 minutes (approx) with proper rest period in 
between (if required). After recording the scores 
for each test, a follow up was done for six months 
within which numbers of falls were recorded. 

     
 

Figure 1: Chair used       Figure 2: Chair used  
in TUG        in POMA 
 

PROCEDURE AND PROTOCOL 
 

PROCEDURE 
 

Baseline assessment of each subject was done on 
the basis of primary assessment Performa. The 
Subject‘s cognitive status was assessed with the 
help of Mini Mental State Examination Scale and 
the lower limb Spasticity was assessed with the 
help of Modified Ashworth Scale. A written 
informed consent was taken from each of the 
subject fulfilling the inclusion and exclusion 
criteria and then allowed to participate in the 
study. 
 

All the subjects were explained about what, how 
and why to do the tests. TUG test was conducted at 
first where the patient had to walk for a total 
distance of 6 meters. The distance was marked 
with a red marker so that it was well visible by the 
subjects. As per procedure of the test the subject 
was made to sit on an armed chair with proper back 
rest and on the command “go”, the subject got up 
and walked till he/she reached the red marked 
line. On reaching the line, the subject turned, 
walked the same way till he/she reached the chair 
and sat down. Time taken was recorded with the 
help of a Stopwatch. After performing TUG, 
POMA was to be performed by each subject. 
Accordingly the two components of POMA viz. 
Balance and Gait test was performed sequentially. 
For the test to perform, the subject was first made 
to sit on a hard armless chair and at first the 
balance components were checked and then the 
gait. After the tests were done and the scores 
were recorded, a log book was given to each 

subject for reporting the number of falls for each 
month up to 6 consecutive months. The number of 
falls for each subject was correlated with TUG test 
& POMA separately and statistically analyzed. This 
correlation explained which test is better for 
prediction of falls. 
 

          
 

Figure 3: Subject         Figure 4: Subject  
performing Timed         performing Oriented 
Up and Go Test (TUG)      Mobility Assessment  
                                                      (POMA) 
Protocol: 
Timed Up & Go test was performed as 1 practice 
and 3 trials for average score. After the test had 
been administered, the prediction of falls would 
be judged with TUG test as:- 

 Less than 8.5 sec is independent 

 More than 14 in such Hemiparetic patients are 
at high fall risk 

 20-29 sec is normal for frail elderly or disabled 
person 

 More than 30 is dependent in mobility skills 
and activities of daily living. 

 

The total score of POMA is 28 scores, 16 for balance 
and 12 for gait. The fall prediction would be judged 
with this test as- 

 Less than 19 are considered at high risk of falls 

 Between 19-24 are at moderate risk. 

 Between 24-28 are at low risk of falls. 
 

Time allotted for completing the two tests was 30 
minutes for each subject with proper rest time as 
needed between tests or portion of test. After 
recording the scores for each test, a follow up was 
done for 6 months. 
 

The accuracy of a test using AUC of ROC is 
interpreted as follows- 
 

Values Accuracy 

0.90-1.00 Excellent 

0.80-0.90 Good 

0.70-0.80 Fair 

0.60-0.70 Poor 
 

Table 1: Accuracy of a tool using AUC of ROC 
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All analysis was carried out in SPSS windows 
Version 20.0.Demographic data including age and 
genders were descriptively summarized. An 
alpha-level of 0.05 was used to determine 
statistical significance. Statistical techniques used 
for analysis include both univariate and 
multivariate Tests. To determine the significance, 
t-test had been used and to determine the 
sensitivity and specificity of the tools, Receiver 
Operating Characteristic had been used. For 
prediction of fall of the subjects, (ROC) is the 
best method to be used. 
 

Demographic Representation of Data 
 

Demographic information of the study population 
is outlined in the table below: 
 

Gender (Male : Female) 9 :16 

Age ( Mean + SD) 56.52 + 4.97 

 

Table 2: Demographic data Age and gender 
distribution is tabulated below: 

 

Age Group 
Gender 

Total 
Female Male 

46 - 50 Years 6 5 11 

51 - 55 Years 5 6 11 

56 - 60 Years 5 13 18 

61 - 65 Years 2 8 10 

Total 18 32 50 
 

Table 3: Age and Gender Distribution of the 
subjects 

 

In this study, 50 subjects were selected with 
convenient sampling method. Out of 50 subjects, 
there were 32 males and 18 females with mean age 
of 56.52 years ranging from 48 years to 65 years. 
 

 
 

Graph 1: Mean age of the subjects 
 

 
 

Graph 2: Gender distribution of the subjects 
 

Analysis and Interpretation 
 

In this study the data‘s are obtained using TUG 
and POMA and judgments were done on the basis 
of the pre-established cut off scores. For TUG, the 
cut off score is 14 seconds. Subjects taking more 
than 14 seconds are prone to fall. Determination of 
TUG scores in predicting falls in hemiparetic 
patients on the basis of pre-determined cut off 
value is given below: 
 

 

Table 4: TUG score analysis 
 

The above table shows that 94% of the total 
hemiparetic patients took more than 14 seconds 
in performing Timed Up and Go test. This implies 
that 94% of the patients were at high risk of fall 
and only 6% were not at risk of fall. 
 

For POMA, according to the pre established cut 
off scores, subjects scoring less than 19 are at high 
risk, between 19 to 24 are at moderate risk and in 
between 24 to 28 are at low risk of falls. 
Determination of POMA scores in predicting falls 
in hemiparetic patients is given below: 
 

Score Frequency Percent Mean 
Std. 

Deviation 

<19 12 24.0 

22.54 7.18 
19 - 24 37 74.0 

25 - 28 1 2.0 

Total 50 100.0 
 

Table 5: POMA score analysis. 
 

Table 5 reveals that 24% of the total patients 
scored less than 19 in POMA imply that 24% 
hemiparetic patients were at high fall risk, 74% of 

Time Frequency Percent Mean 
Std. 

Deviation 

>14 
sec 

47 94.0 

18.22 6.85 <14 
sec 

3 6.0 

Total 50 100.0 



 

 Int J Physiother 2015; 2(6)    Page | 1107  

the patients had moderate risk of fall and only 2% 
had low risk of fall. 
 

Tools Mean 

TUG 18.22 

POMA 22.54 
 

Table 6: Mean difference 
 

 
 

Graph 3: Display of mean difference between 
TUG and POMA 

 

 

 

Graph 4: Receiver Operating Characteristic 
(ROC) Curve 

 

Test Result Variable(s) Area 

TUG 0.970 

POMA 0.135 
 

Table 7: ROC curve interpretation 
 

Table 7 shows that area of TUG under ROC is 0.97 
which is much higher than area of POMA which 
is 0.135. And the pre-established interpretation of 
the Area under Curve (AUC) reveals that the 
higher the AUC, the better the overall 
performance of the tool and area ranging from 
0.90-1.00 represents excellent accuracy. Thus it 
can be inferred that TUG is more effective in 
predicting fall in patients than POMA. 
 

From the Data collected, it is clear that the subjects 
taking 19.33 seconds or more in TUG and the 

subjects scoring less than 23 in POMA are more 
prone to fall. Therefore sensitivity and specificity 
of the tools are calculated on the basis of these 
two scores or cut-off points. 
 

Sensitivity, Specificity and Predictive value of TUG 
(>19.33) and POMA (<  23) in determining the 
falls of the patients are tabulated below: 
 

TUG Fall No 
Fall 

Sensitivity Specificity 

≥19.33 
(26case) 

25 1 
78% 94% 

<19.33 
(24case) 

7 17 
 

Table 8: Sensitivity and Specificity of TUG 
 

Observation: - Out of 50 cases, 26 subjects scoring 
≥ 19.33 undergone 25 number of falls i.e. 96.15%, 
whereas only 29.17 % i.e. 7 out of the 50 patients 
scoring <19.33 undergone falls. Thus TUG ≥ 19.33 
had the sensitivity of 78% and specificity 94%. 
 

POMA Fall No 
Fall 

Sensitivity Specificity 

< 23 
(35case) 

27 8 
90% 60% 

≥ 23 
(15case) 

3 12 
 

Table 9: Sensitivity and Specificity of POMA 
 

Observation: - Out of 50 cases, 35 patients scoring 
<23 in POMA undergone 27 number of falls i.e. 
77.1%, whereas only 3 (13 %) out of 50 patients 
scoring ≥ 23 undergone falls. Thus POMA <23 had 
the sensitivity of 90% and specificity 60%. 
 

RESULTS 
 

The present study was undertaken to determine 
the efficiency of the two tools viz. Timed Up and 
Go Test (TUG) and Performance Oriented Mobility 
Assessment (POMA) in predicting falls in 
hemiparetic Stroke Patients and to compare 
between the two in order to find out which one is 
better in predicting falls. 
 

Analysis of the data collected through the study 
of six months had shown that TUG is much better 
in predicting falls in such patients. One of the 
objectives of the study was to record the efficiency 
of TUG in predicting falls in Hemiparetic Stroke 
patients. The subjects were made to perform this 
test and the numbers of falls were recorded each 
month. After 6 months of recording, when an 
average of falls was calculated and correlated with 
the pre-established cut-off scores, results were 
found to be good. 
 

Another objective of the study was to record the 
efficiency of POMA in predicting falls in the same 
patients. The subjects were made to perform this 
test and the same procedure was applied. The 
average numbers of falls in 6 months were 
correlated with the values of POMA scores. Results 
show that POMA is also a good predictor of fall. 
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The calculated statistical values are obtained with 
the help of univariate and multivariate tests. In 
order to find out whether there is any significant 
difference in TUG and POMA scores in prediction 
of fall of the same subjects, independent sample 
t- test was done. The mean values of each tools is 
compared in this test. It was found that t = -4.496 
which is highly significant at (p=0.00) which 
proves that there is remarkable difference in 
means of TUG and POMA. To prove which tool is 
better in predicting fall, mean difference and t-test 
are not enough and reliable. Whenever two tools 
are to be compared for prediction of an event, the 
best and reliable method of analysis is Receiver 
Operating Characteristics (ROC) curve.  In this 
curve of sensitivity and 1-specificity the values o f  
both TUG and POMA are plotted and the Area 
Under Curve (AUC) was calculated. TUG covers 
0.970 and POMA covers 0.135 area in the curve 
and is an established fact that higher area 
indicates excellent accuracy. This implies TUG is 
much more efficient and better predictor of fall 
than POMA. Again, the data collected and 
recorded in the master chart reveals that subjects 
taking 19.33 seconds or more in TUG are more 
prone to falls and subjects scoring 23 or less in 
POMA are more prone to fall. Graphical 
representation of the statistical data‘s in ROC also 
depicts the same. Therefore these two values 
≥19.33s and <23 are the cut-off points for TUG and 
POMA respectively. Using these cuts- off points, 
the sensitivity and specificity of the two tools were 
calculated. The sensitivity and specificity of TUG 
is 78% and 94% respectively and that of POMA is 
90% and 60% respectively. 
 

Thus TUG and POMA both have potential to 
predict falls in Hemiparetic Stroke patients but 
TUG is better and much more efficient predictor of 
fall in such patients. 
 

DISCUSSION 
 

The purpose of this study was to conduct a 
comparison between Timed Up and Go (TUG) test 
and Performance Oriented Mobility Assessment 
(POMA) in predicting falls in hemiparetic stroke 
patients. 
 

Statistical analysis shows that there is significant 
difference between TUG and POMA in predicting 
falls in hemiparetic patients. And Receiver 
Operating Curve (ROC) revealed that TUG is much 
better predictor than POMA in such patients. Also 
its sensitivity and specificity shows the same. 
 

Although reliability and validity of TUG14,15,16 and 
POMA 17,18are very good in stroke patients as 
established in previous studies, their comparison 
shows significant difference. In TUG, the time 

taken to get up from a chair and complete a lap of 
3 meter is counted. The task includes both balance 
and gait but gives more importance to gait factors. 
Whereas POMA consists of two sub-tests viz. 
Balance and Gait tests in which there is 16 scores 
for Balance and 12 scores for Gait test summing 
up to total of 28. Thus it gives more score or points 
on balance. Studies have proved that balance is less 

related to fall in chronic stroke  patients.19 Also   
while performing the study, more  precisely while 
collecting data‘s it was found that many of the 
patients scoring 15 out of 16 in Balance tests of 
POMA scored 5 or 6 out of 12 in Gait test. The 
same patient gave a record of frequent falls 
almost falls of average 2.17 within 6 months. 
This proves that a stroke patient having fair 
balance has a significant gait disturbance leading to 
fall. Gait disturbances mainly include inadequate 
ground clearance possibly due to extensor synergy 
or Dorsi flexor weakness. At times there may be 
effects of other extrinsic factors on falls. As a trial 
to eliminate error due to such risk of fall, a single 
fall within 6 months is neglected. 
 

The result of this study again showed that a 
patient taking 19.33seconds or more in TUG test 
and less than 23 in POMA is prone to fall. This gives 
the new cut-off p o i n t  of the tools. But POMA 
could not predict falls accurately in such 
hemiparetic patients. 
 

Thus on the basis of our results, we found out 
that TUG is a better predictor of falls in 
hemiparetic stroke patients. 
 

CONCLUSION 
 

To conclude, we can say that there is significant 
difference between the Timed Up and Go test and 
Tinetti‘s Performance Oriented Mobility 
Assessment score on prediction of fall in 
Hemiparetic Stroke patients. 
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