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Osteoarthritis (OA) is a degenerative joint disorder
characterized by in°ammation and structural
changes at joints1 with higher prevalence among
females,2–4 advanced age,3,4 and individuals who
are overweight/obese2 or have a history of previous
knee injury.2 Knees and Hips are two of the com-
monly reported involved joints.1,3 Joint pain,
sti®ness, limitation in range of motion and inac-
tivity associated muscle weakness further limit the
functions and activities of daily living, thereby
contributing to increased years-lived with disability
(YLDs).1 Not only being a known cause of dis-
ability, recent studies reported that OA increases
the risks of developing other conditions such as
depressive symptoms5 and myocardial infarction.6

Due to its potential impact on in°uencing overall
health,7 OA may substantially increase both direct
and indirect medical and rehabilitation costs. Re-
cently, increasing number of studies examined the
e®ect of potential adjunct supplementation used in
musculoskeletal conditions such as improving
muscle strength in frail elderly,8 and reducing joint

pain in people with osteoarthritis.9 In this issue of
Hong Kong Physiotherapy Journal, two studies
investigated the e®ectiveness of non-pharmacologic
supplementation for managing symptoms of oste-
oarthritic knee10 and hip.11 Oninbinde et al.10

compared the e®ect of topical administration of
glucosamine sulphate via 3 methods, i.e. (1) ion-
tophoresis (IoT), (2) cross-friction massage (CFM)
and (3) combined therapy of IoT and CFM (CoT)
on pain intensity, joint space width, range of mo-
tion and physical function in people with osteoar-
thritic knee. Favourable post-treatment ¯ndings
were reported. In the other study, Ikeda et al.11

examined the e®ects of branched-chain amino acid
(BCAA) supplementation in combination of exer-
cise program on muscle strengthening in female
patients with osteoarthritic hips who were awaiting
for total hip arthroplasty. Individuals in experi-
mental group who had oral intake of BCAA on top
of exercise program (i.e. hip abductors strengthen-
ing program) showed a signi¯cant e®ect on 10-
meter timed gait time and improvement rate of

Copyright@2018, Hong Kong Physiotherapy Association. Published by World Scienti¯c Publishing Pte Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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muscle strength of the contralateral hip abductor
when compared with control group.11 While
these studies have several limitations, the current
¯ndings provide support for conducting larger
randomized controlled trials to investigate the po-
tential e®ect of adjunct supplementation for man-
aging osteoarthritis.
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Background: Although there is extensive research on falls prevention, most of this knowledge is from
western countries, and this may limit its usefulness when implementing in countries with di®erent culture and
healthcare systems.
Objective: This study evaluated the feasibility and e®ectiveness of a falls prevention intervention pro-
gramme for older people in Thailand.
Methods: Two hundred and seventy-seven community-dwelling older people were randomized to either an
intervention programme which included an education about falls risk management plus a home-based balance
exercise delivered by a physiotherapist for four-month duration or control group. Falls, balance, physical
activity, and other falls risk factors were measured at baseline and after programme completion.
Results: About 90% of the participants in the intervention group completed the programme, with very high
adherence to the exercise programme, though poor compliance with the suggestions of other falls risks
management. There were no falls or injuries related to the exercise programme reported. There was no
signi¯cant di®erence in falls rate between the two groups.
Conclusion: This falls prevention program was not e®ective in reducing falls in community-dwelling older

*Corresponding author.
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people in Thailand. However, the study provided encouraging evidence that home-based balance exercise
could be practically implemented in older people living in communities in Thailand.

Keywords: Exercise; falls prevention; older people; Thailand.

Introduction

Falling is a well-recognized health issue in older
people, with one in three people aged over 65, liv-
ing in the community, falling each year.1,2 There
have been extensive research in falls in older people
including several systematic reviews conducted
with the aim to ¯nd out which fall prevention
interventions are e®ective for older people living in
the community including older people with a high
falls risk. Evidence-based interventions are avail-
able to prevent falls. The evidence for the e®ec-
tiveness of falls prevention interventions for
community-dwelling older people has been previ-
ously summarized in a systematic review3 and
updated up to the year 2012.4 The recent review
reported that an exercise programme as a single
intervention, as well as multifactorial programmes
(a combination of single interventions targeted an
individual person's identi¯ed falls risk factors),
were the most common interventions studied.4 The
meta-analysis revealed that two types of single
intervention: (1) multi-component exercise pro-
gramme and (2) home safety modi¯cation found to
be e®ective in reducing falls risk and falls rate in
older people. The e®ectiveness of the combination
exercise programmes in reducing risk of falling
has also been a±rmed by two systematic reviews
and meta-analyses by Sherrington and team.5,6

Regarding the e®ectiveness of multifactorial inter-
vention programmes, the recent systematic review
by Gillespie et al. in 2012 also supported that
multifactorial intervention programmes could also
minimize falls rate; however, this would not have
an e®ect on the falls risk level.4 Even though these
systematic reviews3–6 demonstrated the evidence of
several intervention programmes e®ectively pre-
venting falls for community-dwelling older people,
in di®erent countries, falls by older people could be
recognized and then managed in di®erent ways
depending upon the various factors in particular
culture, living standards, as well as the healthcare
and social welfare systems of each country. These
could be factors in°uencing feasibility and also

e®ectiveness of falls prevention intervention pro-
grammes to be implemented in each country.

In Thailand, there have been only a limited
number of studies of falls prevention interventions.
A review of Thai research of falls prevention pro-
grammes in 20077 identi¯ed only three published
research studies in which two quasi-experimental
studies were mainly educational interventions and
the other one was a randomized controlled trial
providing a falls prevention booklet combined with
clinical assessment. Since then, there has been an-
other study which was a qualitative study of older
people's opinion and preferences on fall prevention
programmes for Thai community-dwelling older
people.8 As such, there is little research evidence to
guide falls prevention practice for Thai older peo-
ple living in the community.7

As older population in Thailand is rising and is
expected to reach 14%, 19.8% and 30% in 2015,
2025, and 2050, respectively,9 and since we could
anticipate consequences of falls as one of the health
problems in the population, there is a clear need for
studies to investigate the e®ect of falls prevention
intervention focusing on exercise programmes
speci¯cally in community-dwelling older people in
Thailand.

The aim of this study is to provide evidence of
the e®ectiveness of a home-based falls prevention
programme, focusing on balance exercise pro-
grammes on falls and falls risk factors including
physical performance in community-dwelling older
people in Thailand.

Methods

Study design

The study was a single-blinded randomized con-
trolled trial. The study protocol was approved by
the Human Research Ethics Committees, Tham-
masat University (Project No. 044/2556). The
written informed consent was obtained from each
participant.

2 P. Suttanon et al.
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Participants

People aged 60 and over who had been living in the
community were eligible for inclusion in this study
if they satis¯ed all the following criteria: (i) ability
to walk outdoors with no more support than a
single point stick; (ii) having no other serious or-
thopedic condition (e.g., recent lower limb surgery,
severe arthritis of a lower limb) or major neuro-
logical disorder (e.g., stroke with unilateral or bi-
lateral paresis or Parkinson disease) that could
restrict functional mobility. Those who had a se-
vere level of cognitive impairment that could limit
participation would be excluded.

Sample size was calculated for the study, based
on the data from the pilot study, with an estimated
e®ect size of 0.5, indicating 138 participants per
group (276 participants in total) would be required
for power of 80% and alpha of 0.05, assuming a loss
to follow up of 15%.

Participants were recruited from a previous study
on balance and falls risk in older people in Thailand.
After baseline assessment, each participant was
randomized into either (1) the control or (2) the
intervention programmes, using a concealed ran-
domization procedure. A random number table with
group allocation was computer-generated and
packed in an opaque-sealed envelope by a sta®
member independent of the current research team.
After baseline assessment, the next numbered

envelope was opened by a research assistant who
was not involved in assessments or interventions.
The research assistant then contacted a physio-
therapist who was delivering the intervention pro-
gramme, but was not involved in assessment (single
blind randomized controlled trial). The CONSORT
diagram is presented Fig. 1.

Procedure

A baseline assessment was carried out, which in-
cluded measures of falls rate, a comprehensive se-
ries of clinical measures of balance and mobility
performance as well as level of physical activity,
and measures of common falls risk factors, and
then repeated after the intervention programme
was completed (four months). All measurements
on both assessment occasions were undertaken by
trained assessors blind to group allocation.

Outcome measures

Measures of falls: The number of falls in the preceding
12months (self-report, based on information from the
participant and their falls calendars) was recorded.

Measures of balance and mobility performance,
physical activity level and frequency of exercises:

(i) Functional Reach (FR) test,10 a test of the
maximum distance11 that participants can reach
forward with their dominant arm raised to 90�.

Assessed for eligibility (n = 311)

Randomized (n = 277)

Refused to par�cipate (n = 34)

Experimental group (n = 131)

Received falls preven�on programme focusing 

exercise interven�on

Control group (n = 146)

Did not receive any extra 

interven�on

Baseline assessment (n = 131) Baseline assessment (n = 146)

Post-interven�on assessment at month 4 

(n = 118)

Post-interven�on assessment at month 4 

(n = 111)

Lost to follow-up (n = 35)

Lost to follow-up (n = 13)
- Moved to other
  provinces (n = 6)
- Refused to con�nue (n = 7)

- Moved to other
   provinces (n = 12)
- Refused to
   con�nue (n = 20)
- Hospitalisa�on (n = 1)
- Passed away (n = 2)

Fig. 1. CONSORT diagram of the study.
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(ii) Step Test (ST),12 a test that measures the
number of times the participant steps with
one foot fully on and then o® a 7.5 cm-block as
quickly as possible in 15 s was recorded. Each
leg was tested separately, and performance on
the side with a poorer score was recorded.

(iii) Timed Chair Stand (TCS),13 a test measuring
the speed of standing up/sitting down as fast
as possible ¯ve times from a 45 cm-high chair.

(iv) Timed Up and Go (TUG) test,14 an assessment
that measures speed in standing up from a stan-
dard chair, walking 3m at usual speed, turning,
then returning to sit again in the chair (s). This
task was reassessed under dual task conditions,
with a secondary cognitive task (counting back-
wards by 3 s while performing the TUG), and
with a secondary motor task (carrying a full cup
of water while performing the TUG).15

(v) A Thai-translated version of the physical activ-
ity level assessment, modi¯ed from the Physical
Activity Scale for the Elderly (PASE).16

Measures of other falls risk factors consisted of the
following:

(i) Fear of falling: a Thai-translated version of
the Modi¯ed Falls E±cacy Scale, which is a
self-reported questionnaire to determine how
con¯dently participants feel that they are able
to perform each of 14 common activities in
daily life.

(ii) Visual problems and treatment were reported
by each participant.

(iii) Home environmental hazards were assessed
by observation in/at walkways, bedrooms,
kitchens, bathrooms, and stairs.

(iv) Appropriate footwear was assessed by obser-
vation using the checklist described as follows:

-- Poorly-¯tting footwear/slippers.
-- Unstable footwear.
-- Slippery footwear.
-- Footwear with heels higher than one inch.
-- Worn-out footwear.

Participants were randomized to either the inter-
vention group (received fall prevention programme
focusing on balance exercise) or control group. Parti-
cipants in both groups continued with their usual care
and other activities while participating in this study.

Intervention

Falls prevention programme focusing on balance
exercise.

Participants randomized to the intervention
programme were provided with a four-month
multifactorial falls prevention programme which
focused on a balance training exercise. The inter-
vention programme consisted of the following:

(1) An individualized home-based balance exercise
programme was developed and monitored by a
physiotherapist. The programme focused on
lower extremity strengthening exercises and
balance training. The programme was based on
an existing home exercise programme (the Otago
programme, http://www.acc.co.nz/PRD EXT
CSMP/groups/external providers/documents/
publications promotion/prd ctrb118334.pdf)
that has been shown to be e®ective in reducing
falls in older people. The length of the programme
and number of visits were modi¯ed from the
originally described randomized trial (from 4 to 5
visits during 6 to 12months to be a couple of visits
during the 4-month period of the programme) to
increase feasibility of the programme (due to the
limited support both in terms of expenses and
sta®). However, frequency of exercises per week
was modi¯ed to be increased from three days/
week in original programme to be at least four
days/week. Each participant was also provided
with an exercise booklet with illustrations and
instructions so that the participant could con-
tinue the exercises at home.
Two follow-up phone calls in between visits were
also provided in order to ensure that there were
no negative e®ects from the exercises and to
gauge that the participant had done the exer-
cises correctly. The participants were provided
with the physiotherapist's contact phone details
and were able to contact the physiotherapist if
necessary.
Data on adherence to the exercise programme
were collected by participants completing
monthly exercise recording sheets, which were
retrieved and reviewed by the physiotherapist
during the subsequent home visits and phone
calls.

(2) A booklet of falls risk management strategies
based on common falls risk factors reported
in community-dwelling older people was pro-
vided, together with advice for each partici-
pant about how to deal with their falls risk
factors identi¯ed from the pre-intervention
assessment (e.g., suggestion for taking medi-
cations review, eye check, and home environ-
mental hazard modi¯cations).

4 P. Suttanon et al.
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(3) A handrail (to be installed in the bathroom or
toilet) or a walking-assistive device was pro-
vided for the participants who needed it (need
was based on the pre-intervention assessment
results).

Control

Participants randomized to the control group re-
ceived usual care and continued their usual activ-
ities without any of the limitation from being
participated in the study.

Statistical analysis

All analyses were conducted using the intention-to-
treat principle that included all randomized

participants. To manage missing data associated
with participants dropping out from the study
during the four months of intervention, Last Ob-
servation Carried Forward Method was used.17

To evaluate the e®ectiveness of the intervention
programme, we used the generalized linear models
(SPSS advance statistics 17.0), with group alloca-
tion as the factor (predictor) variable. Variables
which are commonly recognized as falls risk factors
as well as the variables which were found to be
di®erent between the intervention and control
groups at the baseline assessment were considered
as covariates for the ¯rst run of model of each
outcome measure analyzed. Only variables with a
signi¯cant level at the tests of model e®ects were
included as covariates in the ¯nal model of each
variable analysis. The ¯nal model of each outcome

Table 1. Type of model selected for each outcome measure.

Generalized linear models

Outcome Measure Distribution Link function

Number of falls in the previous year Count Poisson Log
Fallers: non-Fallers Binary Binomial Logistic
Number of medical conditions � 4 Binary Binomial Logistic
Number of medications � 4 Binary Binomial Logistic
Normal eyesight: Abnormal eyesight, n (%) Binary Binomial Logistic
Using bifocal or multifocal eyeglasses, n (%) Binary Binomial Logistic
Other eye conditionsa (treatment: non-treatment),

(%non-treatment)
Nominal Multinomial Cumulative Logit

Appropriate footwear: Inappropriate footwear,b

n (%inappropriate footwear)

Binary Binomial Logistic

Having � 4 home hazard environments, n (%) Binary Binomial Logistic
Regularly go to toilet at night � 2 times, n (%) Binary Binomial Logistic
Regularly go to toilet at night � 4 times, n (%) Binary Binomial Logistic
Number of medical conditions Quantitative Gamma Identity
Number of medications Quantitative Gamma Identity
Functional Reach test Quantitative Normal Identity
Step Test (worst side) Quantitative Normal Identity
Timed Up and Go test (TUG) Quantitative Gamma Identity
TUG (secondary manual task) Quantitative Gamma Identity
TUG (secondary cognitive task) Quantitative Gamma Identity
Timed Chair Stand Quantitative Gamma Identity
Hand reaction time Quantitative Gamma Identity
Modi¯ed PASEc score Quantitative Gamma Identity
Exercise frequency (times/week) Quantitative Gamma Identity
Total exercise time (hours/week) Quantitative Gamma Identity
Modi¯ed Falls E±cacy Scale Quantitative Gamma Identity

MMSEd Quantitative Gamma Identity

Number of home environmental hazards Quantitative Gamma Identity

aOther eye conditions including cataract, glaucoma, Pterygium, Pinguecula; bInappropriate footwear
including poorly ¯tted shoes/slippers, unstable shoes, slippery shoes, shoes with > 1 inch high-heel,
worn-out footwear; cModi¯ed PASE (hours/week); dMini-Mental State Examination (Thai version).

Falls prevention programme in Thailand 5
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measure also contained baseline performance on
the outcome as another covariate. Each outcome
measure was analyzed by a separate model in
which the type of model was selected based on the
nature of the outcome measure and its distribution
(Table 1).

Results

Participant characteristics

Two hundred and seventy-seven participants were
randomized to the intervention (131) or the control
(146) groups.

Baseline characteristics and possible falls risk
factors for the total 277 participants are shown in
Table 2. The mean age � standard deviation of the
participants in the control and intervention pro-
grammes were 72.92 � 5.63 and 72.18 � 5.41, re-
spectively. Participants were predominantly female
in both groups. At baseline, performance on the

balance andmobility tests, and other falls risk factors
between the two groups were similar on most out-
comemeasures. However, there were several outcome
measures signi¯cantly di®erent between the two
groups at baseline including the number of medical
conditions, amount of prescribed medications taken,
time to perform TCS test, score of physical activity
level measured by PASE, and number of home en-
vironmental hazards. In general, the intervention
group had better health conditions and mobility
performance compared to the control at the baseline;
however, the intervention group also had a greater
number of home environmental hazards than the
control group.

Intention to treat outcome analysis

One hundred and eighteen of the 131 participants
in the intervention group completed the pro-
gramme. In the control group, 111 of the 146 par-
ticipants in the control group completed the study.

Table 2. Characteristics and falls risk factors of the participants at baseline (n ¼ 277).

Characteristics and Falls risk factors
Intervention

group (n ¼ 131)
Control group
(n ¼ 146)

Age, mean � SD 72.2 � 5.4 72.9 � 5.6
Gender (M:F), n 34:97 40:106
MMSEa score, mean � SD 25.2 � 4.3 24.6 � 4.5
Number of medical conditions, mean � SD 2.0 � 1.1 2.4 � 1.2*
Number of medical condition greater than 4, n (%) 11 (8.4%) 25 (17.1%)
Number of medications, mean � SD 1.8 � 1.7 2.2 � 1.7*
Taken greater than 4 medications, n (%) 17 (13%) 31 (21.2%)
Falls in previous year, mean � SD 0.3 � 0.8 0.3 � 0.9
Fallers: non-fallers, n (% fallers) 26:104 (19.9%) 28:118 (19.2%)
Functional Reach test (distance cm), mean � SD 22.1 � 6.6 20.9 � 6.1
Step Test (number of steps worse side), mean � SD 10.5 � 3.4 10.2 � 2.7
Timed Up and Go test (TUG) score (s), mean � SD 13.3 � 5.6 13.3 � 3.9
TUG (secondary manual task) (s), mean � SD 13.1 � 5.2 13.9 � 4.4
TUG (secondary cognitive task) (s), mean � SD 16.5 � 7.1 16.8 � 5.5
Timed Chair Stand (s), mean � SD 10.7 � 4.5 11.4 � 3.6*
Hand reaction time (ms) 1.4 � 0.5 1.3 � 0.7

Modi¯ed PASEb score (hours/week) 34.0 � 7.9 32.2 � 8.9*

Modi¯ed Falls E±cacy Scale 119.9 � 23.5 122.0 � 18.6
Normal eyesight: Abnormal eyesight, n (%non-normal eyesight) 35:96 (73.3%) 39:107 (73.3%)
Using bifocal or multifocal eyeglasses, n (%) 11 (8.4%) 18 (12.3%)
Other eye conditionsc treatment: non-treatment, (%non-treatment) 48:18 (27.3%) 59:22 (27.2%)

Appropriate footwear: Inappropriate footwear,d n (% inappropriate footwear) 101:30 (22.9%) 99:47 (32.2%)

Number of home environmental hazards, mean � SD 4.0 � 2.1 3.7 � 2.6*
Having home hazard environment � 4, n (%) 63 (48.1%) 58 (39.7%)

*p < 0:05; aMini-Mental State Examination (Thai version); bModi¯ed PASE (hours/week); cOther eye conditions
including cataract, glaucoma, Pterygium, Pinguecula; dInappropriate footwear including poorly ¯tted shoes/slippers,
unstable shoes, slippery shoes, shoes with > 1 inch high-heel, worn-out footwear.
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The combined discontinuing rate of this study was
17.33%.

Table 3 demonstrates the comparison of outcome
measures assessed at pre- and post-intervention time
points between the intervention and control
groups. Also, B (coe±cient) values are presented
which represent the average values of the outcome
measures of the exercise group compared with the
control group, after adjusting for the e®ects of all
other factors and/or covariate (s) in the models
selected for analysis (the relevant p values are
reported). A negative B value means that the av-
erage value of the outcome of the intervention
group is higher than the control group when
analyses contained baseline performance and other
falls risk factors as covariates.

At the post-intervention reassessment, the
number of falls in the previous year of both the
intervention and control groups did not change in
comparison to the baseline, and were not signi¯-
cantly di®erent between the two groups. As for the
percentage of participants reporting one or more
falls in the preceding year at the reassessment, the
intervention group increased by approximately 4%
which was similar with the control group.

No changes and no di®erences between the
groups were found in the majority of the outcome
measures. A signi¯cantly slower mobility during
TUG and TCS tests was found in the intervention
group compared with the control group. However,
this was only a small change (mean value increased
by less than 1 s). It was also found that the number
of home environmental hazard had increased in the
intervention group.

Safety and compliance to the
intervention programme

Home-based balance exercise programme

There were no falls or injuries associated with per-
forming the exercise programme. Only a few parti-
cipants reported (mild) pain or bodily discomfort
when a new exercise was introduced. However, those
symptoms eased with continuing the exercises.

Full compliance (100%) was de¯ned as a par-
ticipant doing the exercises four days a week. The
average of percentage of adherence of all partici-
pants who completed the exercise programme (4th
month period) (118 of 131 participants) was 90%.
Around 90 out of 118 participants had greater than
80% adherence, with 51 of them completing the
exercise programme with 100% adherence. The

common reasons for limited exercise-adherence of
the participants were health conditions which
could lead to hospitalization in some cases, being
away from home.

Education and falls prevention booklet

Most suggestions about minimizing falls risk by
managing falls risk factors in particular, such as
number of medications used, visual problems, and in
particular home hazard modi¯cation, could not be
implemented in practice. For example, the provided
handrail could not be installed in some participants'
bathrooms or toilets due to the limitations of house
structure (e.g., wall built with corrugated sheets).

Discussion

This study is adding evidence that a falls-prevention
advisory programme together with a booklet re-
garding falls risk factors, falls risk management and
falls prevention guidelines, and in particular a
home-based balance exercise programme delivered
by a physiotherapist, can be implemented safely in
older people living in communities in Thailand.
However, the programme was not e®ective in terms
of reducing occurrences of falling in the population.
Referring to the understanding that falls often in-
volve a mix of contributory intrinsic and extrinsic
falls risk factors,18 the study hypothesized that a
multifactorial intervention programme would ef-
fectively reduce falls in older people. However, the
¯ndings did not support our initial hypothesis that
a multifactorial intervention programme which
targeted identi¯ed falls risk factors would reduce
falls rate and improve physical performance as
several previous studies suggested.3,4 Main expla-
nation for the lack of e®ectiveness of the pro-
gramme could be a combination of several factors
including the design of the programme especially
the exercise programme, the way to implement the
education intervention o®ering knowledge and
suggestions of falls risk management strategies as
well as some possible variations among partici-
pants included in the study.

Regarding the implementation of the education
programme, one possible reason is that the falls risk
management strategies suggested could not practi-
cally implemented by most of our participants,
particularly the advice to modify home environ-
mental hazards and inappropriate footwear. In ad-
dition, several falls risk factors identi¯ed could not
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be practically modi¯ed by the older people them-
selves, but required assistance from varied health
care professionals as well as support from the
healthcare system and government, for example,
medications reviews, eye check-ups and treatment.
These could be a±rmed by the lack of di®erences in
numbers of medications taken, untreated visual
problem and home environmental hazards at the
post-intervention assessment compared with the
baseline in both the intervention and control groups.
This ¯nding emphasizes that a falls prevention in-
tervention for older people in Thailand should be a
multifactorial programme delivered by multidisci-
plinary team of health care professionals.

Focusing on the e®ect of the home-based balance
exercise intervention programme, there was no im-
provement in balance or mobility performance or
any falls outcome measures found in the interven-
tion group after the completion of the programme.
The ¯ndings were not consistent with the ¯ndings
previously reported from a number of randomized
controlled trials as well as several systematic
reviews regarding the e®ectiveness of exercise in-
tervention in reducing falls risk and falls rate in
older people.3–6 The non-signi¯cant results might
be explained by the design of the exercise pro-
gramme in particular intensity, and challenges of
the programme. In terms of intensity, the exercise
programme in the present study was a four-month
duration programme, which was less than the in-
tensity recommended for exercise aiming to reduce
falls by Sherrington et al.5,6 Additionally, the
exercises prescribed in this study could be less
challenging to postural and balance control sys-
tems in particular participants who were healthy
and still living actively in the community.5,6 The
mean age of participants of the study was ap-
proximately 70 s which was younger than partici-
pants (mean age 81.6 � 3.9 years) of several
randomized controlled trails found e®ectiveness of
the Otago exercise programme reported in a recent
systematic review and meta-analysis.19 This could
be a±rmed by the ¯ndings that there was no sig-
ni¯cant improvement in physical performance
outcomes such as strength and balance, and
consequently the non-reduction in falls rate at
post-intervention assessment. Future exercise pro-
grammes could be modi¯ed from the current one
by increasing the duration of the programme to at
least six months and increasing the intensity of
each exercise session. In addition, exercises pre-
scribed should e®ectively challenge healthy older

people's postural and balance control. Even though
the exercise programme has not been found to be
e®ective in this study, the programme achieved a
very high level of adherence. This is an encouraging
¯nding that a home-based exercise intervention
programme aiming to increase balance and mobil-
ity performance and consequently reduce risk of
falling could be practically implemented in com-
munity-dwelling older people in Thailand.

Issues related to variation among participants of
the study and the potential for other physical ac-
tivity programmes involved in both control and in-
tervention groups may have partly contributed to
the lack of signi¯cant e®ects of the exercise pro-
gramme. Participants of the study were recruited
from several communities in urban and suburban
areas. This may result in variation in physical health
(i.e., the number of medical conditions of the in-
cluded participants varied from 0 to 7 conditions), as
well as variation in some socioeconomic factors in-
cluding access to medical care, family support and
education. Variation among participants could in-
°uence how the prescribed exercise and falls man-
agement strategies could be implemented by the
participants in real practice. Therefore, future study
aiming to develop practical falls prevention inter-
vention programme in particular multifactorial type
programme should take into consideration the par-
ticipant's right to medical care and services.

There are limitations of the study. The lack of
quantitative data is recorded on compliance of
other falls risk management strategies apart from
the exercise programme (e.g., home hazard modi-
¯cation, medications review, eye check). However,
the results (number of home hazard environment,
number of medications, number of participants
using bifocal or multifocal eyeglasses, number of
eye conditions and number of participants wearing
inappropriate footwear) at the post-intervention
which remained similar with those reported at the
baseline assessment might assist in con¯rming the
low compliance of the falls risk management
strategies suggested for the study's participants.
Future study should consider collecting participant
compliance in every item of intervention and this
would be bene¯cial in improving future falls risk
management programme. A further limitation of
the study is the high number of outcome measures
of the study which may result in signi¯cance of the
¯ndings by statistical chance. To account for
multiple variables, signi¯cant level at p < 0:01
might be considered. However, applying signi¯cant
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level at p < 0:01 to the study did not change the
current conclusion of study's ¯ndings.

Conclusion

Falls prevention programme focusing exercise
programme could be implemented safely in com-
munity-dwelling older people in Thailand. How-
ever, the lack of e®ectiveness of the programme
might be addressed by increasing the intensity and
challenge of the exercise programme as well as
tailoring the falls prevention programme with
participant's right to medical care and services and
delivering the programme by multidisciplinary
team of health care professionals.
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Background: Dysfunctional sacroiliac joint (SIJ) has been cited as a source of low backache (LBA).
Numerous non-invasive clinical tests are available for its assessment having poor validity and reliability which
challenges their clinical utility. Thus, introduction of a new clinical test may be necessary.
Objective: To assess reliability and validity of a new clinical test for the assessment of patients with SIJ
movement dysfunction.
Methods: Forty-¯ve subjects (23 having LBA of SIJ origin and 22 healthy asymptomatic volunteers) with
mean age 28.62 þ=� 5.26 years were assessed by 2 blinded examiners for 3 di®erent clinical tests of SIJ,
including the new test. The obtained values were assessed for reliability by intraclass correlation, kappa
coe±cient and percentage agreement. Validity was assessed by averaging sensitivity and speci¯city. Positive
and negative predictive values and accuracy were assessed.
Results: The new test demonstrates good intra- ðr ¼ 0:81Þ and inter-rater ðr ¼ 0:82Þ reliability with sub-
stantial agreement between raters ðk > 0:60Þ. It has 79.9% validity, 82% sensitivity, 77% speci¯city, 79%
positive-predictive, 80% negative-predictive value and accuracy.
Conclusion: The new \Shimpi Prone SIJ test" has a good intra- and inter-rater reliability with a substantial
rater agreement and a good validity and accuracy for the assessment of patients with SIJ movement
dysfunction.
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Introduction

Humans are bipedal locomotor animals who have
the gift and the ability to ambulate on the hind
limbs whilst functioning with the forelimbs. This
adaptation allows humans to perform multiple
tasks required for recreation or function or sur-
vival. The hind limb allows the person to attain
stability as well as movement from one place to
other.1 Technology has enabled humans to invent
multiple means and ways of obtaining this ambu-
lation by virtue of the functional adaptation to the
bipedal stance.2

This adaptation had come at its own costs
wherein stability is challenged and compromised
by loading the hind limbs with the complete body
weight. As against in animals who demonstrate a
cross loading of the forelimb and hind limb in slow
ambulation and a reciprocal loading of front and
hind limbs in fast ambulation, humans have to
comprise by alternatively loading the hind limb in
slow ambulation by having a double stance phase
to an excessive loading in fast ambulation by
having a double swing phase.1 But, these motions
alternatively load the lower limbs with 3 to 10
times the body loads and thus have proved to be
detrimental in a long run.2

The load of the head, arms and trunk (HAT) is
transmitted to the lower limbs via the pelvis, which
consists of the Ilium, Ischium and the Pubis. This
further transmits the body loads to the femur via
the hip joint which is a synovial joint having three
degrees of freedom of movement. But, the con-
nection of the spine to the pelvis is via the sacro-
iliac joint (SIJ), which is a ¯bro-cartilaginous type
of a joint with a limited mobility.3,4 Although there
has been a wide assumption that the SI is a joint
with minimum mobility, it has been proved that
this joint not only aids in load transmission from
the axial skeleton to the appendicular skeleton, but
also helps in providing motions to the pelvis which
assists in e®ective load distribution and in provid-
ing an e®ective channel for the reduction of the
pelvic mobility by absorption of shearing forces
during normal ambulation.2,3

Low backache (LBA) is one of the most common
complaints encountered in routine musculoskeletal
practice. Although low back pain has been under-
stood to be associated with a multitude of clinical
¯ndings like a prolapsed disc, facetal arthropathy
or mechanical in nature, seldom there is a con-
nection established between dysfunction of the SIJ

and LBA.5–7 Reduction in the mobility of the SIJ
may result in inability of the spine to e±ciently
transmit loads to the lower limbs and thus may be
a source of symptom.7 SIJ maintains its stability
by virtue of its shape (form closure) and its ability
to exert and distribute forces from the trunk to the
limbs (force closure). Dysfunction of the SIJ may
be either due to the failure of the support system
(force closure failure) or due to its inability to move
during load transmissions (form closure failure)
and thus lead to loss of function in the spine.4,8,9

Studies have reported motions in the SIJ from
around 1–6mm (1–9�) which e±ciently help in the
pelvic motions.4,8 These motions may vary based
on the movement initiation from trunk or the lower
limbs.4 Laslett has introduced multiple test bat-
teries of using three or more tests for identifying
SIJ pain. This is due to the fact that these tests are
more reliable and valid in identifying SIJ pathology
when used together rather than the tests employed
for identifying the SIJ motions (dysfunction).9

Thus, he proposed a variety of clinical tests that
help to understand and evaluate the pain associ-
ated with dysfunction of the SIJ. Tests like sacral
distraction/compression, thigh thrust, Gaenslen,
sacral thrust, Patricks FABER, ¯nger point, SIJ
pain mapping, etc., have been used to understand
SIJ pain with an extremely good e±ciency as
compared to the Gillet and other palpation-based
tests.9 There is a good validity and reliability for
using these pain provocation tests in routine clin-
ical practice.10–16 But, the dysfunction tests are
supposed to have a poor validity, high sensitivity
and less speci¯city.9 These tests require the per-
former to either perform active motions which are
evaluated by the clinician by assessing the surface
motions of the surrounding structures, or are based
on elicitation of a clinical response from the
patients, which is usually in the form of pain and
movement dysfunction in the articular region.4,6,17

Thus, the presence of pain and assessment of loss of
motion have been considered as the source of di-
agnosis. But, the most common factor shared by
almost all of these tests is the performance of spe-
ci¯c motions or movements, either passively or
actively, requiring a detailed understanding of the
motions of the sacrum over the innominate and
also understanding and identifying the surface
landmarks which may, at times, be challenging.
Also, few of these tests may require an appropriate
exposure of the surface regions, which may be a
challenge in few of the cultures.4,17,18 Thus, there is
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a need to develop and understand a clinical test for
assessment of SIJ dysfunction which may require
the patient to perform controlled motions without
exposure of the body parts and to avoid challenges
to the examiner in knowing the motions of the
surface areas in relation to each other.19,20

Methods

Post approval from the institutional ethical com-
mittee, a diagnostic study for evaluation of reli-
ability and validity of a new clinical test for
assessment of SIJ dysfunction was conducted in a
secondary healthcare center in Pune city, India
consisting of mixed population. About 128 patients
of LBA were referred for Physical Therapy treat-
ment by three Orthopedic Surgeons from July to
December 2015 and were screened by an indepen-
dent post graduate Physical Therapist with eight
years of experience and who was not part of the
study authors. Thirty-nine subjects from these
were considered as patients with SIJ involvement
based on non-centralized pain, asymmetry of pre-
sentation below L5 spinous process and localizing
to the SIJ.9 Patients who had presented with
clinical symptoms of LBA since minimum one
month with pain from visual analog scale (VAS) 2–
8 of 10, which was non-radiating and localized
asymmetrically to the SIJ, were selected. These
subjects had been ruled out for any spinal pathol-
ogy like prolapsed inter-vertebral disc, spinal ma-
lignancies, Potts spine, etc. by the concerned
referring orthopedic surgeons based on clinical and
radiological ¯ndings. The independent assessor
also assessed the subjects for the basic demo-
graphic details and for pain duration (in months)
and intensity on a 0–10 VAS.

Healthy subjects who were accompanying their
relatives for Physical Therapy and were asymp-
tomatic for any back pain or dysfunction and
without any history of LBA in the last three years
and willing for voluntary participation in the study
without any coercion were also recruited. Post a
written informed consent; all the participants were
assessed for SIJ mobility by the Gillet test20–22

(also known as March/Stalk/sacral ¯xation test),
SIJ pain provocation by the Gaenslen test11,12 and
the new test for SIJ dysfunction, termed as the
\Shimpi Prone SIJ test" by two independent
assessors. Since the objective of the study was to
assess the e±cacy of the new test (measured by its
validity, reliability, sensitivity and speci¯city) in

assessment of SIJ dysfunction as against the cur-
rent SIJ pain and dysfunction tests, the most
common tests used widely for diagnosis of SIJ pa-
thology in the given clinical setup and having a
good reliability and validity were chosen.10,11,22–24

The Gillet test (validity 55.5%10,23) and Gaenslen
test (validity 48.5%10; 56.5%23; 65%25) were con-
sidered as reference tests for the given study as
they are being widely used in the current clinical
setup rather than the Laslett battery. The gold
standard °uoroscopically guided pain block injec-
tions test for SIJ dysfunction, which is an invasive
procedure by administration of an injection to the
SIJ, could not be considered in the present
study.10,18–21

Assessor 1, who was a Physical Therapist with
three years of clinical experience and trained in
spinal biomechanical assessment, assessed the
subjects twice on day 1 after an interval of 30min.
Assessor 2, who was a Physical Therapist with 11
years of clinical experience and trained in spinal
biomechanical assessment, assessed the subjects
once on day 2.10–12 Both the assessors were blinded
towards the ¯ndings of the other assessor. For
subjects presenting with LBA, the SIJ of the
painful side was considered for assessment while for
the asymptomatic volunteers; any SIJ was taken
on a random basis. The patients were asked to give
a positive response to pain only if they experienced
the familiar pain that they were experiencing due
to the SIJ involvement (for the Gaenslen and
Shimpi tests).

The Gillets test (March/Stalk/sacral ¯xation
test)11,22 (Fig. 1) and Gaenslens test11,12 (Fig. 2)
were performed on all the subjects in standing and
supine lying position, respectively. The Shimpi
Prone SIJ test (new test) was performed with the
subject in a prone lying position on a plinth. The
assessor palpated for the anterior superior iliac
spine (ASIS) and placed the palm of their hand
underneath the ASIS. The subject was instructed
to extend their hip to around 15� so as to lift the
foot just o® the examination table (Fig. 3). A
normal response to the SIJ movement, i.e., a neg-
ative test, was considered when the ASIS was
pressed more on the palm of the assessor without
the presence of any pain or discomfort. An abnor-
mal response of the SIJ movement, i.e., a positive
test, was considered when the ASIS was lifted o®
the palm of the assessor and concurrently patient
experiencing familiar pain or discomfort localized
to the SIJ.
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Statistical analysis

A sample size of 30 was calculated for the study
considering the proportion of positive rating for a
dichotomous variable by two raters at 0.5 and
kappa coe±cient set at � 0:6 for a two-tailed test
with power at 90%.26 An independent sample t-test
was used to compare the baseline parameters be-
tween both the groups with an alpha level set at
� 0:05. The obtained results of all participants
were assessed for intra-tester and inter-tester reli-
ability by interclass correlation coe±cient (ICC)

Cronbach's alpha set at 80%27 and by kappa co-
e±cient set at k � 0:626 by SPSS version 17 (IBM
Corporation). The sensitivity, speci¯city, positive
and negative predicted values and accuracy of the
tests were set at 80%25 and were calculated by
\Microsoft O±ce Excel 2010". The Validity was
calculated as the average of the sensitivity and
speci¯city and measured in percentages.23

Results

Of the 39 patients with SIJ dysfunction, 9 subjects
had severe pain with VAS > 8 of 10, acute ten-
derness on movement with inability to tolerate
the tests, and hence were excluded, while 7
patients did not consent for study participation
and 23 subjects with LBA having pain from
around 1–8 months with intensity from 2–7 on
VAS along with 22 healthy volunteers participated
in the study (Fig. 4). Both the groups were age
matched and comparable post performing an in-
dependent sample t-test ðp ¼ 0:26Þ. The analysis
for the intra-rater and intra-rater reliability showed
a good correlation by the ICC ðr > 0:8Þ and a sub-
stantial agreement by the kappa coe±cient
ðk > 0:6Þ, both at 95% CI for the Shimpi Prone
SIJ test. The test also showed good validity (79.9%)
as compared to the other two tests, which was
measured in terms of averaging the sensitivity (82%)
and speci¯city (77%), 79% positive predictive,
80% negative predictive values and 80% accuracy
(Tables 1–3).

Fig. 1. Gillet test for SIJ dysfunction.

Fig. 2. Gaenslen test for SIJ dysfunction.

Fig. 3. Shimpi prone SIJ test.
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 Potentially eligible Participants n = 
150 (128 patients with LBA + 22 
normal healthy volunteers) 

Eligible participants n = 61 (39 
patients with SIJ dysfunction + 22 
normal healthy volunteers) 

Excluded as actual LBA cases n= 89 

Excluded n = 16: 

(a) Did not consent n=7 
(b) Couldn’t tolerate tests n=9 

Actual participants n = 45 (23 patients 
with SIJ dysfunction + 22 normal 
healthy volunteers) 

Test 1: Gillet Test 

Assessed n=45 

Day 1 

-Assessor 1 Test 1  

-Assessor 1 Test 2  

Day 2 

-Assessor 2 Test 1  

Test 2: Gaenslen Test 

Assessed n=45 

Day 1 

-Assessor 1 Test 1  

-Assessor 1 Test 2  

Day 2 

-Assessor 2 Test 1  

Test 3: Shimpi Test 

Assessed n=45 

Day 1 

-Assessor 1 Test 1  

-Assessor 1 Test 2  

Day 2 

-Assessor 2 Test 1  

Fig. 4. STARD °owchart of participant's recruitment.

Table 1. Demographic details of the study participants.

Demographics
Subjects with
low back pain

Subjects without
back pain Total P value

Mean age (SD) (in years) 29.4 (4.5) 27.8 (6.1) 28.6 (5.3) 0.265
Females: Males (number) 13:10 13:9 26:19
Total (number) 23 22 45
Duration of pain (SD) (months) 4.0 (2.3) — —

Pain intensity (SD) (VAS/10) 4.4 (1.7) — —

Females with history of childbirth (number) 5 3 8

Note: SD ¼ Standard deviation expressed as þ=�mean scores; VAS ¼ Visual analog scale; p ¼ probability
value (alpha) signi¯cant at � 0:05.
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Discussion

The SIJ is poorly understood in its functional role.28

The dysfunctional SIJ has been cited as a source of
low back pain by many authors.6–19,24,25,28 Symp-
toms can include pain in the low back, buttock
region, pain radiating to thigh region or one side of
the body.29 The primary function of the SIJ is load
transfer which is largely dependent on its available
mobility and joint stability. It also functions in
torque conversion, allowing the transverse rotations
that take place in the lower extremity to be trans-
mitted up the spine. The SIJ, like all lower extremity
joints, provides a \self-locking" mechanism, where
the joint occupies or attains its most congruent po-
sition, i.e., the close pack position by the form clo-
sure. This helps with stability during the push-o®
phase of walking. The joint locks (or rather becomes
close packed) on one side as weight is transferred
from one leg to the other, and through the pelvis, the
body weight is transmitted from the sacrum to
the hip bone.30 Compared to the quadruped gait, the
bipedal gait needs to have a very strong support
to overcome the resistance from gravity. In the up-
right posture, increased lumbo pelvic compression
forces are necessary for stability, which occur at the

expense of the joint mobility.31 This compromise is
done by the SIJ.

The SIJ is a true diarthrodial synovial joint, and
is unlike any other joint in the body wherein only
the ventral third of the joint is a true synovial
joint.29 The pelvis comprises of an arch system
which helps in transmitting force across this joint.
The posterior arch transmits body weight while the
anterior arch provides stability to the posterior
arch, and acts as a compression strut for the
ground reaction forces which transmits through the
femur and across the pubic rami.32 Normal motions
of the SIJ are Nutation and Counter Nutation.4,29

Nutation of the sacrum is the anterior tilting and
rotatory motion of the sacrum wherein the articu-
lar surfaces of the innominate move posterior–
inferior on the sacrum (Fig. 5). The counter-nutation
exhibits the opposite motion. These movements
are opposed by the shape of the sacrum, ligamentus
system and the friction coe±cient of the joint sur-
face. Disturbances in these motions are exhibited
as increased linear and angular motions over the
lumbosacral junction as well as increased motions
of the hip.33 These movements can never be isolated
in a closed chain as the lumbopelvic motions func-
tion as an entire biomechanical unit which can be

Table 2. Reliability of the Shimpi Prone SIJ test (new test) using ICC and Kappa coe±cients.

Intra-rater Inter-rater

Test 95% CI 95% CI

ICC (r) 0.81 0.66–0.89 ðp ¼ 0:000Þ 0.82 0.67–0.90 ðp ¼ 0:000Þ
Kappa coe±cient (k) 0.68 0.47–0.90 0.69 0.48–0.89
Prevalence index 0.08 0
Bias index 0.02 0.06
Percent agreement (%) 84 84
Unachieved agreement ð1� kÞ (%) 31 30
Maximum attainable kappa (k max) 0.95 0.85–1.0 0.86 0.72–1.0
Greatest possible agreement (%) 97 93

Note: ICC ¼ Intraclass correlation coe±cient; 95% CI ¼ 95% con¯dence interval; p ¼ probability value
(alpha) signi¯cant at � 0:05.

Table 3. Validity of the three tests (averaged with the sensitivity and speci¯city
expressed as percentages) as obtained in present study.

Test Gillet test Gaenslen test Shimpi Prone SIJ test

Validity (%) (SD) 62.54 (20.82) 71.14 (2.23) 79.94 (3.77)

Note: SD ¼ Standard Deviation expressed as þ=� mean.
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understood inmany routine activities of daily living,
including the normal human bipedal gait.4 But,
these motions are too complicated to be assessed in
routine clinical assessments and thus, to examine the
SIJ, a series of tests have been proposed in an open-
chain fashion. Goode et al. have documented ex-
tremely minimal movement of the SIJ and have
questioned the validity and clinical utility of such
movement dysfunction studies, like the Gillet test,
which rely on motion production, in diagnosing the
SIJ pathology.4

Tests for the SIJ basically look at two compo-
nents: (a) mobility of the SIJ in terms of a trans-
latoric glide (movement based tests) and (b)
mobility of the SIJ in terms of traction or com-
pression of the joint surfaces (pain provocation-
based tests). Such tests can also be performed by
loading the joint surfaces for their ability to
transfer loads through the posterior arch system.34

Most of the movement dysfunction tests of SIJ
make it di±cult to stabilize the proximal sacral
component whilst assessing the movement of the
innominate over it. As a closed kinematic system, it
may be di±cult to restrict motions only to the side
being tested and authors feel that there is always a
probability of the motions being transferred/
translated to the contra lateral SIJ as well. But, the
lumbosacral motions, in the absence of clinical
motions in SIJ during hypomobile pathology, can
be used clinically to establish the diagnosis. Dys-
function of the SIJ may occur due to the reduction
in the nutation or counter-nutation motions which
may be presented clinically as SIJ pain (radiating

or non-radiating to the posterior of the thigh) or
rarely as low back pain (due to the transfer of the
shearing forces on the lumbosacral junction).34,35

Thus, there arises a need to identify such SIJ
dysfunctions faster and with good accuracy in
routine clinical practice.

The \Shimpi Prone SIJ test" is based on a
normal versus an abnormal clinical response to SIJ
mobility along with pain provocation. The assessor
checks the movement of the SIJ in a prone position
by asking the patient to actively lift the leg o® the
examination table (Hip extension to 15�). Also, the
patient has to report for the presence of familiar
pain in the SIJ during this motion. When this
movement is performed actively, the gluteus max-
imus, assisted by the hamstrings, lifts the leg o® to
perform hip extension. This can be done only when
the back muscles, the multi¯di and erector spinae,
stabilize the vertebrae thereby allowing the hip
extensors to act on the pelvis and the thigh. The
gluteus connects to the thoracolumbar fascia and
performing the extension motion by the glutei also
adds to the SIJ stability by virtue of force closure
of the pelvis and obtaining a dynamic stability to
it. Also, the deep group of back muscles, the mul-
ti¯di, helps in dynamically stabilizing the spine
thereby preventing any excessive motion in the
vertebral column. Such compressive and transla-
toric forces acting across the SIJ may provoke the
pain within the joint region by stimulating
the intra-articular nociceptive structures within
the joint35–37 and may be the reason for the pain
response in the Shimpi test.

Mobility in the Shimpi test includes movement
at the lumbosacral junction and allows extension of
the hip (acetabulofemoral) joint by causing a
counter-nutation motion of the SIJ. A normal re-
sponse in performing hip extension is the initiation
of extension at the lower lumbar and lumbosacral
regions along with an anterior rotation of the pelvis
(pelvic nutation) and the extension of the hip.
These motions cause the ASIS to move ventrally
and press on the palm of the examiner under the
ASIS (Fig. 6).15,18,35 A dysfunctional SIJ would
have a reduced motion and thus, when active ex-
tension is initiated, the possible movements would
be the extension at the lower lumbar, lumbosacral
regions along with the hip extension.18 The absence
of pelvic nutation would cause the entire ipsilateral
pelvis to get lifted o® the examination table
(Fig. 6). This mechanism, in addition to the elici-
tation of pain, is used in the Shimpi test to assess

Fig. 5. Normal motions of the SIJ.
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SIJ dysfunction. The motion-based tests available
currently attempt to assess the minimal motions in
the SIJ in isolation which is their limitation.4 But,
using the motions of the lumbar and lumbosacral
unit, motion dysfunction at the SIJ can be assessed
by the Shimpi test with repeatability and accuracy
making it a clinically highly reliable (intra- and
inter-rater) and valid (79.9%) motion-based as-
sessment test.

The Shimpi test is fairly identical to the anterior
SLR (ASLR) test which assesses the pelvic girdle
pain by loading the SIJ during an active leg lift to
around 20 cm.38 The ASLR test would be based on
various factors, including the lower limb strength
and the abdominal bracing ability.39 But, as the
range of hip °exion is greater than extension, there is
no incorporation of pelvic motion till later 2/3rd of
its movement. Also, it becomes di±cult to identify
movement dysfunction with this test. Shimpi test,
unlike the ASLR, not only loads the SIJ for elicita-
tion of familiar pain, but also assesses the motion of
the pelvic region by ASIS lift and thus provides a
double check system for diagnosing SIJ pathology.
The Shimpi's test can easily be performed even in
obese patients and does not even require exposure of

the low back and gluteal region which is ethically
acceptable in many cultures. The only pre-requisite
is the skill of identi¯cation and palpation of the
ASIS, which is a bony landmark and an easily rec-
ognizable one in most of the population.33 Also, the
patient lies in a comfortable prone position and does
not possess di±culties for stability or balance con-
cerns. The motion required is just an active 15� hip
extension which can initiate and di®erentiate be-
tween a normal and abnormal response of the SIJ.

The limitations in performance of this test
would be the requirement to lie in a prone position.
This may be a challenge in severely obese patients
or in pregnant females in their 2nd and 3rd tri-
mester who are frequently predisposed to SIJ dys-
function.14,15,35 Also, patients with weaknesses of
the erector spinae, multi¯di or gluteus maximus
and hamstrings may be unable to perform this
movement actively.36 Also, this test largely relies in
the motion of the hip joint and would not be useful
in diagnosing SIJ pathologies in the presence of hip
joint pathologies like Avascular Necrosis or Hip
Osteoarthritis which may limit motions and thus
may not be a good tool for assessment in them. The
assessor may also need to get conditioned to gauging
the pressures exerted by the SIJ during normal and
abnormal motions, especially, in conditions with
lower cross syndromes, etc. But such skills can be
easily gained with training and experience.

Conclusion

The authors would like to conclude by introducing
the \Shimpi Prone SIJ test" as an extremely useful
non-invasive clinical tool having a good intra- and
inter-rater reliability with a substantial rater
agreement and having a good validity and accuracy
for the assessment of the SIJ in patients with SIJ
movement dysfunction.
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Background: Improving lower limb muscle strength is important in preventing progression of osteoarthritis
(OA) and its symptoms. Exercise with branched-chain amino acid (BCAA) supplementation has been
reported to a®ect protein anabolism in young and elderly persons. However, few studies provided daily
BCAAs for patients with OA.
Objective: This study examined the e®ects of combined BCAAs and exercise therapy on physical function
improvement in women with hip OA scheduled for total hip arthroplasty.
Methods: The subjects were 43 women with OA (age: 64.2� 9.4). The participants were randomly divided
into two groups: BCAA (n ¼ 21) and control (n ¼ 22). The combined therapy was carried out for one month.
Exercise intervention involved hip abductor muscle exercise in both groups. For the nutritional intervention,
6 g of BCAAs or 1.2 g of starch were consumed within 10min before starting the exercise.
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Results: There was a marginally signi¯cant di®erence in the main e®ect between the groups in 10-m timed
gait time. The improvement rate in hip abductor muscle strength of the contralateral side was signi¯cantly
greater in the BCAA group.
Conclusion: By combining BCAA intake and exercise therapy, a signi¯cant improvement in hip abductor
muscle strength of the contralateral side was achieved in women with OA.

Keywords: Amino acid supplementation; combined therapy; exercise therapy; muscle strength; osteoarthritis.

Introduction
Hip osteoarthritis (OA) can cause worsening of
mechanical dynamic e±ciency due to shortening of
the lever arm associated with joint deformity.
Moreover, activity restriction due to joint pain and
limited range of motion (ROM) and muscle weak-
ness due to disuse may occur. Liu et al.1 reported a
signi¯cant decrease in cross-sectional area and
length of the gluteus medius muscle in patients
with hip dysplasia compared to the healthy side.
Rosemann et al.2 found that physical activity in OA
patients was a®ected by limited lower limb function,
pain and disease duration. Because decreased lower
limb muscle strength further reduces physical ac-
tivity and function associatedwith disuse, improving
lower limb muscle strength is important in prevent-
ingOAprogression and symptoms. E®ective exercise
therapy for OA includes pool exercises and muscle
strengthening exercises,3 but exercise intensity and
speci¯c regimens have not been established.4

In recent years, the e®ects of amino acid inges-
tion have actively been investigated in nutritional
science, and an e®ect on muscle protein anabolism
has been demonstrated physiologically. Muscle pro-
tein metabolism requires more branched-chain
amino acids (BCAAs), particularly more in older
than in younger persons.5 In addition, the BCAA
uptake response is reduced6 and delayed7 with aging.

In regard to muscle protein synthesis, Burd
et al.8 reported that amino acid uptake into the
vastus lateralis muscle stops after a certain
amount, even though serum amino acid levels re-
main elevated. However, exercise combined with
amino acid ingestion increases this uptake, and this
increase may continue for up to 24 h in recrea-
tionally active men. In terms of muscle strength-
ening, low-load high-volume exercise stimulates
muscle protein synthesis at the vastus lateralis
muscle more than high-load low-volume exercise in
young men.9 Combined treatment using BCAAs
with low-load high-volume exercise, even twice
weekly in frail elderly persons, can e®ectively

strengthen muscles (quadriceps and gluteus max-
imus).10 These studies8–10 suggest that low-load
exercise can strengthen muscles, and when com-
bined with BCAAs, it may be more e®ective in
muscle strengthening.

Therefore, this study investigated the e®ects of
combined treatment with muscle strengthening
exercises and BCAA supplementation on improv-
ing muscle strength in OA patients.

Methods

Subjects

The eligible patients were 55 women with second-
ary hip OA scheduled for primary unilateral total
hip arthroplasty (THA) with a delay of 1.5
months. Exclusion criteria were as follows: patients
with Charnley classes B and C; rheumatoid ar-
thritis; osteonecrosis; untreated OA on the con-
tralateral side hip; previous surgery on the a®ected
hip; disorders of the nervous system and muscles;
dementia; or a schizophrenic disorder. Recruitment
was conducted at Shonan Kamakura Joint Re-
construction Center from February 1, 2015 to June
1, 2015. The follow-up was conducted 1 month
after the pre-intervention period.

This trial was registered at UMIN-CTR clinical
trial as UMIN000016333. The trial protocol of this
paper can be found at https://upload.umin.ac.jp/
cgi-open-bin/ctr/ctr.cgi?function¼brows&action
¼brows&recptno¼R000016333&type¼summary&
language ¼E

The Tokushukai Group Ethics Committee ap-
proved the study protocol (ID: TGE00454-115).
The intervention procedures were fully explained
to all participants, and their written, informed
consent was obtained. Twelve patients were ex-
cluded; 6 met the exclusion criteria, and 6 declined
to participate. The demographic data of the 43
participants (age: 64.2� 9.4 years) are presented in
Table 1.
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Experimental design

A single-blinded, randomized experimental study
was designed. A one-month period of supplemen-
tation was combined with exercise.

The Clinical Trial Center of Shonan Kamakura
Joint Reconstruction Center created the assign-
ment list using computer-generated random num-
bers in advance. Participants were allocated a code
number in order of recruitment. Randomization
was performed using the assignment list and the
code number after recruitment to the study. The
subjects were randomly divided into two groups:
the BCAA group (n ¼ 21) and the control group
(n ¼ 22). The chief-researcher (IK) was informed
of the allocation using the number container
method from the Clinical Trial Center.

Interventions

BCAA supplementation

BCAA supplementation was conducted on the
basis of Kim et al.11 and Ikeda et al.10 A BCAA
supplement was provided every day for partici-
pants in the BCAA group. Within 10min before
the exercise, participants ingested a 6-g tablet
amino acid supplement (6 tablets, amino-vital
tablet, Ajinomoto Co., Inc., Tokyo, Japan). The
supplement contained 500mg of amino acids per
1 g: 260mg of BCAA and 240mg of conditionally
essential amino acids (105mg leucine, 85mg iso-
leucine, 70mg valine, 123mg glutamate and
117mg arginine; the percentage content of leucine
was 21%). Starch was provided for participants in
the control group every day. Within 10min before
starting exercise, participants ingested 1.2-g starch
(6 tablets). BCAA supplements and starch were
taken with 200-mL water. Amino acid supple-
mentation contained 3 g of amino acids per 6 g.

Starch, a polysaccharide, did not contain amino
acids.

A comparison study12 of supplementation before
and after exercise indicated that post-exercise
supplementation had better e®ectiveness than pre-
exercise supplementation. In the present study,
however, supplementation was performed before
exercise to gain a greater e®ect on muscle protein
kinetics13 and to prevent muscle soreness during
and after exercise,14,15 considering the low exercise
tolerance of patients with OA.

Exercise

The exercise intervention was performed as self-
exercise in both groups without any supervision at
home every day for 1 month. Muscle strength
exercises included hip abduction (HA) exercise and
clamshell (CS) exercise and was performed using
an exercise band (TheraBand Latex Free Resis-
tance Bands: yellow color, Hygenic Co., Akron,
OH, USA). An exercise band was placed around
the femur 5 cm proximal to the lateral joint space
of the knee. Exercise was conducted while the
subjects lay in the supine position with their hips in
the neutral position (HA: Fig. 2(a)) or the knee at
90� of °exion (CS: Fig. 2(b)). The exercise protocol
was matched to that of the report of Watanabe
et al.16: low-intensity resistance training with slow
movement and the tonic force generation method
(seated on the muscle training machine, 3 s eccen-
tric, 3 s concentric, and 1 s isometric actions, with
no rest between each repetition). Each exercise
session consisted of 2 sets of 20 repetitions.

Outcome measures

Demographic data were collected from clinical
records and included age, body mass index (BMI),

Table 1. Demographic data of the patients.

BCAA group (n ¼ 21) Control group (n ¼ 22)

Age 63.6 � 8.9 64.8 � 9.9
BMI 24.4 � 4.4 23.9 � 4.5
Comorbidity index 1.3 � 1.9 1.1 � 1.8
FAI 28.3 � 6.6 29.2 � 5.7

JHEQ (score) Pain score 8.6 � 4.7 11.6 � 6.7
Mental score 9.6 � 5.2 12.2 � 6.2

Analgesic medicines (times of doses) Tramadol 5.5 � 17.7 2.7 � 12.2
Acetaminophen 10.9 � 22.9 5.5 � 17.5

NSAIDs 8.0 � 22.1 6.2 � 21.3

E®ect of exercise therapy combined with BCAA supplementation 25

June 19, 2018 11:22:28am WSPC/309-HKPJ 1850003 ISSN: 1013-7025



diagnosis, co-morbidity index, duration of inter-
vention and prescribed analgesic medicine. Eva-
luations were conducted in the pre-intervention
period and the post-intervention period. Investi-
gators assessed muscle strength and the 10-m
timed gait test before and after the intervention.
The Frenchay Activities Index (FAI) and the
Japanese Orthopedic Association Hip-Disease
Evaluation Questionnaire (JHEQ) were evaluated
before the intervention. The compliance rate with
home exercise was measured after the intervention.

Muscle strength

(i) Hip abductor muscle strength
Isometric hip abductor strength on the a®ected
side and the contralateral side was measured in all
patients using a handheld dynamometer (Micro-
FET2, Hoggan Health Industries, Salt Lake City,
UT, USA) in the supine position. The handheld
dynamometer was placed lateral to the ¯bula,
2.5 cm proximal to the malleolus. The torque and
body weight ratio (Nm/kg) were measured using
the spina malleolar distance and body weight.

(ii) Grip strength
The grip strength of all patients was measured
using a Smedley-type grip dynamometer (Grip-D,
Takei Scienti¯c Instruments Co., Ltd., Niigata,
Japan). The grip strengths of the dominant side
and the non-dominant side at maximum e®ort
were measured, and the higher value was used for
analysis.

10-m timed gait test

The 10-m timed gait test was performed using a
16-m straight gait lane that contained a 3-m ap-
proach lane and a 3-m supplement lane. Each test
was done twice, and the lower value was used for
analysis.

Physical activities during activities of daily

living (ADLs)

Physical activities were measured by the FAI.17,18

The FAI evaluates the frequency and intensity of
physical activities in the ADL setting. The FAI
score (0–45 points) ranges from 0 points for a
sedentary lifestyle to 45 points for a very active
lifestyle. Patients completed a questionnaire form
regarding regular activities in the ADL setting
three months before the start of the present study.

Japanese Orthopedic Association Hip-Disease

Evaluation Questionnaire

Hip joint function status measurements of all
patients were performed using the JHEQ score of
two subscales: the pain score and the mental
score.19 The JHEQ score is a self-administered
questionnaire that can be useful in patients who
frequently engage in deep °exion of the hip joint
due to lifestyle and culture.

Compliance rate with self-exercise and

supplementation

Patients were told to do self-exercises and supple-
mentation and to complete the self-report sheet
every day for one month. They were also asked to
collect the self-report sheets at the preoperative
evaluation before THA (one month after the ¯rst
evaluation). The compliance rates with exercises
and supplementation were calculated based on the
number of exercise sessions and supplementation.

Statistical analyses

Statistical analyses were conducted by a co-inves-
tigator (JA) who was independent of the recruit-
ment, intervention and data collection.

On the basis of Pennings et al.,20,21 the minimum
sample size for two-way repeated-measures analysis
of variance (ANOVA) to examine di®erences be-
tween the groups (� ¼ 0:05, power ¼ 0:8, e®ect
size ¼ 0:35) was calculated, and 44 participants
were required. The two groups were created by
random assignment of supplementation: BCAA
group (n ¼ 21) and control group (n ¼ 22) (Fig. 1).

Fig. 1. Flowchart of patients in the randomied, controlled trial
of exercise therapy combined with BCAA supplementation.
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An intention-to-treat analysis was conducted for
the groups. The data of participants who dropped
out of the intervention were replaced by the last
observation carried forward method.

The unpaired t-test was used to determine the
signi¯cance of di®erences between the groups. The
unpaired t-test was used for age, BMI, the duration
of interventions, FAI and JHEQ score. Muscle

strength, the 10-m gait test and grip strength
were analyzed with two-way repeated-measures
ANOVA (group � time). The interaction was
evaluated by the combined BCAA intake and ex-
ercise therapy. The comparison of the BCAA
group with the control group was conducted using
the improvement rate of the muscle strength and
prescribed analgesic medicines; the U test was used

(a)

(b)

Fig. 2. (a) Hip abduction (HA) exercise and (b) Clamshell (CS) exercise.

Notes: An exercise band was placed to the femur, 5 cm proximal to the lateral joint space of the knee. Each exercise session consisted of 2 sets of 20

repetitions in the supine position.
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to evaluate the signi¯cance of di®erences. All data
were analyzed using SPSS software (version 21,
IBM, Chicago, IL, USA).

Results

Demographic data and intervention duration were
similar between the two groups (Tables 1 and 2).
The compliance rates for exercise and supplemen-
tation in each period were at least 80%, and they
did not di®er signi¯cantly between the two groups
(Table 2). The percentage of patients prescribed
non-steroidal anti-in°ammatory drugs (NSAIDs)
as analgesics was approximately 20% (BCAA
group: 19.0%; control group: 18.2%). The times of
doses of analgesic medicines were similar between
the two groups (Table 1).

Four participants were unable to complete the
study after randomization because of kinesalgia
(n ¼ 2), stopped ingesting BCAAs due to the

°avor (n ¼ 1), or falling (n ¼ 1; Fig. 1). No parti-
cipants had adverse events associated with BCAA
supplementation.

There was a marginally signi¯cant di®erence in
the main e®ect between the groups in 10-m timed
gait time (pre- and post-combined therapy:
p ¼ 0:057) (Table 2). There were no signi¯cant
e®ects and interactions between the groups in hip
abductor muscle strength and grip strength.

A comparison of improvement rates for hip
abductor muscle strength showed that the con-
tralateral side rate (BCAA group: 14.2%� 19.4%;
control group: �2.6%� 16.5%) was signi¯cantly
higher in the BCAA group (Table 3). The a®ected
side rate (BCAA group: 8.9%� 21.6%; control
group: �0.3%� 14.2%) did not di®er signi¯cantly
between the two groups (Table 3). The 10-m
timed gait time and grip strength did not show
signi¯cant di®erences between the two groups
(Table 3).

Table 2. Group � time analysis of physical function and compliance rate with interventions.

BCAA group (n ¼ 21) Control group (n ¼ 22)

Hip abductor strength pre-intervention 0.68 � 0.18 0.69 � 0.2
(a®ected side) post-intervention 0.7 � 0.15 0.68 � 0.2

Hip abductor strength pre-intervention 0.78 � 0.15 0.81 � 0.19
(contralateral side) post-intervention 0.87 � 0.14 0.8 � 0.22

10-m timed gait test pre-intervention 8.6 � 2.2 8.3 � 2.3
post-intervention 7.7 � 1.5 7.6 � 1.9*

Grip strength pre-intervention 23.0 � 4.9 23.3 � 5.6
post-intervention 24.7 � 3.2 24.1 � 4.9

Intervention duration (days) 27.8 � 3.5 27.3 � 4.0

Compliance rate (%)
Exercise 85.0 � 22.0 88.2 � 13.1

Supplementation 83.4 � 27.7 92.0 � 11.8

Note: *p < 0:1.

Table 3. Comparisons of the improvement rates of physical function between the groups.

BCAA group (n ¼ 21) Control group (n ¼ 22)

Hip abductor muscle strength (%) 8.9 � 21.6 �0.3 � 14.2
(a®ected side)
Hip abductor muscle strength (%) 14.2 � 19.4 �2.6 � 16.5*
(contralateral side)
10-m timed gait test (%) �10.0 � 13.6 �6.6 � 10.1
Grip strength (%) 8.0 � 14.5 6.1 � 9.4

Note: *p < 0:01.
The percentage of each parameter means the di®erence from baseline. Hip abductor muscle
strength of the contralateral side di®ered signi¯cantly between the groups.

28 T. Ikeda et al.

June 19, 2018 11:22:42am WSPC/309-HKPJ 1850003 ISSN: 1013-7025



Discussion

The present study showed that BCAA supple-
mentation combined with muscle strengthening
exercises showed a marginally signi¯cant e®ect
with 10-m timed gait time. In addition, the im-
provement rate of hip abductor muscle strength on
the contralateral side was signi¯cantly higher in
the BCAA group than in the control group.

Considering the fact that lower limb function
a®ects physical activity of both of the a®ected side
and the una®ected (healthy) side in OA patients,22

lower limb function and physical activity are mu-
tually a®ected. Arai et al.23 reported that muscle
strength of the una®ected lower limb is important
for gait independence after a femoral neck fracture.
In OA, which is also a hip-joint disease, improved
function of the una®ected lower limb contributes to
increased physical activity and prevents a further
decrease in lower limb function due to disuse.

On the other hand, there was no signi¯cant in-
teraction for hip abductor muscle strength, and the
muscle strength improvement rate on the a®ected
side did not di®er signi¯cantly between the groups.
Considering the fact that the combined therapy
showed a marginally signi¯cant e®ect in the 10-m
timed gait time, even though there was no signi¯-
cant interaction between the groups in muscle
strength, the improvement rate for hip abductor
muscle strength on the contralateral side may also
have a®ected 10-m timed gait time. What can be
assumed is that joint deformity or pain with
movement was involved. In regard to joint defor-
mity, most participants with secondary OA
scheduled for THA had shortening of the lever arm
associated with joint deformity.

The JHEQ pain score did not di®er between the
groups when the intervention was started, and one
patient in each group discontinued the interven-
tion because of pain with movement (kinesalgia).
The exercise intervention was performed without
supervision, but this was complemented by self-
report sheets to con¯rm that exercise was per-
formed. The compliance rate for independent
training was � 80% in both groups, so this served
as a type of check function. However, one cannot
exclude the e®ect of joint pain that may also have
a®ected muscle strengthening in the present study.

Moreover, in the 10-m timed gait test, another
related factor besides muscle strength is stride
length. Stride length re°ects the magnitude of

the arc of hip °exion and extension ROM on the
a®ected and una®ected sides during walking. Ex-
ercise intervention in the present study included
muscle strengthening exercises, but without spe-
ci¯c intervention for joint ROM. Although hip
abductor muscle strength did improve, this did not
lead to improvement in the 10-m gait time.

Grip strength results did not show a signi¯cant
main e®ect and, improvement rates from before to
after intervention were not signi¯cantly di®erent.
Ikeda et al.10 reported that combined exercise
therapy twice weekly with BCAA supplementation
in frail elderly patients improved lower limb muscle
strength, but had no e®ect on grip strength. A
common feature in the study by Ikeda et al. and
the present study was the absence of any direct
exercise intervention for grip strength. Kim et al.11

reported that BCAA supplementation alone did
not enhance muscle strength, and even with com-
bined therapy, speci¯c exercise intervention for
target muscles was necessary.

THA is widely performed in OA patients to re-
lieve pain and improve function. However, even
after hip geometry is restored, decreased hip ab-
ductor muscle strength is often prolonged.22,24,25

Disuse muscle atrophy may persist after surgery,
especially in OA patients.26 Rooks et al.27 reported
that preoperative rehabilitation was important.
They found that six weeks of preoperative exercise
therapy in OA patients undergoing THA improved
lower limb function before surgery and greatly
reduced postoperative rehabilitation admission
rates. For smooth gait independence after THA,
muscle strengthening exercises combined with
BCAA supplementation may be useful from the
standpoint of e®ectively improving hip abductor
muscle strength on the una®ected side even before
surgery.

This study has several limitations, including:
(1) muscle strengthening exercises and BCAA
supplementation were not supervised; (2) nutri-
tional parameters based on hematological data
were not evaluated; (3) dietary intake was not
controlled during the study period; (4) some par-
ticipants used NSAIDs regularly or on an as-
needed basis and (5) the duration of combined
treatment was limited to one month, so whether a
longer period would have been more e®ective is
unknown.

Because the nutritional and exercise interven-
tions were not supervised, one cannot exclude the
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fact, even though the compliance rates were high,
that the intake and use of BCAA supplementation
and the implementation and methods of muscle
strengthening exercises may not have been followed
as prescribed. In regard to dietary intake, if caloric
intake does not meet required energy demands,
malnutrition can lead to a high risk of malnutrition-
related sarcopenia. However, the patients in this
study had no underlying diseases associated with a
nutritional disorder or dysphagia. Therefore, the
risk of malnutrition was relatively low.

In regard to NSAIDs, the anti-in°ammatory
activity of NSAIDs is reported to impair satellite
cell activity, which is required for muscle protein
synthesis.28,29 Mikkelsen et al.30 reported that local
NSAID infusion signi¯cantly inhibited satellite cell
activity up to eight days after eccentric muscle
strengthening exercise, and that, in the non-infu-
sion group, satellite cell activity increased up to
about two times higher than the previous exercise.
Therefore, one cannot exclude the fact that NSAID
use, even though the utilization rate of NSAIDs
was approximately 20%, may also have a®ected
muscle strengthening in the present study. NSAID
use, dietary intake control and intervention dura-
tion need to be considered in future studies.

Exercise therapy for OA, exercise intensity and
speci¯c regimens have not been established. Based
on the current ¯ndings, the optimal amount of
BCAA intake and exercise intensity for combined
therapy for OA in the pre-operative period should
be investigated. Future work should be devoted to
a study of the best combination for improving
muscle weakness.

Conclusion

BCAA supplementation combined with muscle
strengthening exercises showed a marginally sig-
ni¯cant e®ect in 10-m timed gait time. There was
no signi¯cant e®ect on hip muscle strength. In
addition, the improvement rate of hip abductor
muscle strength on the contralateral side was sig-
ni¯cantly higher in the BCAA group than in the
control group.
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Background: The inter-rater reliability of the craniocervical °exion test (CCFT) has not been established.
Objective: To investigate the intra-rater and inter-rater reliabilities of the CCFT in asymptomatic subjects.
Methods: Sixty asymptomatic subjects were randomly selected for the study. The CCFT was measured on
each subject by two testers for inter-rater reliability and by one of the testers after a gap of seven days for the
intra-rater reliability. Before testing, the participants were trained for the movement and compensations were
corrected.
Results: The CCFT has high inter-rater reliability (intra-class correlation coe±cient ¼ 0.907, standard error
of mean ¼ 0.735) and high intra-rater reliability (intra-class correlation coe±cient ¼ 0.986, standard error of
mean ¼ 0.287). A Bland & Altman limits of agreement analysis has con¯rmed the high inter- and intra-rater
reliabilities of the test.
Conclusion: The CCFT has high inter-rater and intra-rater reliabilities in asymptomatic subjects.
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Introduction

The human neck is a complex structure that is
highly susceptible to irritation. In fact, 10% of
people will have neck pain in any given month.
Almost any injury or disease process within the
neck or adjacent structures will result in re°exive
protective muscle spasm and loss of motion.
Reported incidence rate increases with age up to 40
to 60 years, and then decreases slightly. Neck pain
is a common and signi¯cant problem in modern
society, with one year prevalence values in world
population varying from 16.7% to 75.1%, with a
mean of 37.2%.1

An understanding of anatomy and physiology
and of their association with the pathogenesis of
neck pain provides a better understanding about
neck pain. The primary function of the cervical
spine is to orient the head against the opposing
forces of gravity while permitting multi-directional
movement. To complete this task, the cervical
spine must be mechanically stable, both in static as
well as dynamic postures. In neutral upright pos-
ture, resistance to cervical spine motion by passive
structures is minimal.2 About 80% of the me-
chanical stability of cervical spine is contributed by
the neck muscles and the remaining 20% by the
osseoligamentous structures.3 All the muscles of
cervical spine play a role in movement and postural
control, however, the di®erent location, attach-
ment, lever arm and ¯ber composition of individual
muscles determine their primary function.4 Deep
and super¯cial axial muscles have di®erent roles in
stabilizing and moving the spine. As the deep axial
muscles have small moment arms and attachment
to adjacent vertebrae, they are believed to stabilize
the spine. The more the super¯cial muscles have
larger movement of arm and attachment to skull
and trunk, thus they are believed to be predomi-
nantly prime movers.

According to Janda, each muscle group has a
predisposition to become either tight or weak. In
particular, postural muscles are prone to tightness,
whereas phasic muscles are prone to weakness.
Janda has described the upper crossed syndrome
and has observed regular impairment of deep neck
°exor muscles in patients with neck pain dis-
orders.5 Likewise, forward head posture is also
considered as one of the postural risk factors
among neck pain patients.6 The reduced range of
upper cervical extension may re°ect a habituated
sitting posture with more extended upper cervical
spine.7 Dysfunction of deep cervical °exors (DCF)

is seen in di®erent conditions like non-speci¯c neck
pain,8 whiplash-associated disorder (WAD)9 and
cervicogenic headache.10 Speci¯c therapeutic
retraining of DCF has demonstrated e±cacy in
management of patients with neck pain and cer-
vicogenic headache.11

Endurance measurement is done by using three
methods: electromyographic method (changes oc-
curring in the EMG signal and in the action po-
tential velocities during a contraction) (usually
questionnaires) to measure perceived e®ort during
sustained contractions (subjective estimation not
fatigue) and clinical tests that measure time-
dependent changes (mechanical fatigue).12 Com-
monly, the craniocervical °exion test (CCFT) is
used. Di®erent methods used to assess DCF func-
tion found in the literature are the CCFT, con-
ventional cervical °exion (a test that instruct the
subjects to \tuck in their chins" (craniocervical
°exion) and then to raise their heads from supine
position), craniocervical °exion dynamometry,
electromyography analysis, digital imaging, mag-
netic resonance imaging and ultrasonography.
Clinically, only the ¯rst three methods can be used.
The conventional cervical °exion and the cranio-
cervical dynamometry (which measures the maxi-
mal voluntary contraction) both assess the
super¯cial and deep °exor muscles. These methods
do not allow clinical di®erentiation between the
super¯cial and deep muscles.

It is important to be aware that the activity of
super¯cial muscles may mask the impaired perfor-
mance of the DCF muscles. From the available
literature, it is seen that CCFT can give speci¯c
information about the DCF. The CCFT developed
by Jull is an easy, non-invasive, low load clinical
test used to assess as well as retrain the DCF.13

This test consists of precise and controlled per-
formance and maintenance of positions of cranio-
cervical °exion. There is no head lift component
which engages the more super¯cial muscles like
sternocleidomastoid and anterior scalene mus-
cles.13 In this method, an air ¯lled pressure sensor
is placed between the testing surface and upper
neck to monitor the °attening of cervical lordosis
along with the contraction of deep cervical °ex-
ors.13 The instrument used is \Stabilizer" Pressure
Biofeedback Unit (PBU), Chattanooga, USA. The
outcome measure used in this study is Cumulative
Performance Index (CPI) which is obtained by
adding preceding score to performance index (PI).
PI is de¯ned as activation score (pressure level the
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subject is able to achieve) * number of successful
repetitions.

This outcome measure is not yet used in Indian
population and it has also not been used till date
for evaluating the inter-rater reliability in any of
the populations. This point is unique to this study.
This study therefore tries to ¯nd the reliability of
the CCFT, moreover, the scoring system used in
this study for measuring the endurance of the deep
cervical °exors is not yet explored among Indian
population.

The purpose of this study is to test the intra-
rater and inter rater reliabilities of the CCFT in
asymptomatic individuals. If reliability of the
CCFT is good, it can be used as an e®ective as-
sessment tool for assessing the DCF endurance.

Methods

In this study, 60 asymptomatic subjects were stud-
ied. Sample size was calculated using the software
Power Analysis and Sample Size 11. Sample size
was estimated based on the 95% con¯dence inter-
val (CI). For an expected ICC of 0.9 with 95% CI,
the minimum sample size required was less than 15.
Sample size calculated using the formula also pro-
vided aminimum sample size requirement of 15 with
95% CI:

SS ¼ Z 2 � ðpÞ � ð1� pÞ
C 2

;

where Z ¼ 1:96 for 95% con¯dence level, P ¼ 0:99,
1� P ¼ 0:01, C ¼ 0:05 (error term).

At the same time, a large sample size would
result in a more precise reliability estimate with a
narrow CI. Hence, 60 subjects were recruited.14

According to the calculation, only ¯ve subjects
should be studied and two observations per subject
should be taken. In practice, there were conven-
tional choices for high statistical power; when the p
value is set at 0.05, and power will generally be
somewhere between 80% and 95%, depending on
the resulting sample size.15 Total three municipal
wards (community blocks are known as wards in
India) were selected out of 38 wards. About 20
subjects were studied in each municipal ward
randomly selected. Subjects were selected ran-
domly from di®erent areas of Surat, India, by using
systematic random sampling. The design of the
study used is cross-sectional study. Inclusion cri-
teria included respondents from ages 20 to 60
years, from either gender as well as subjects with-
out any kind of cervical pathology.

Likewise, history of severe neck pain in the last
12 months, current neck pain, undergone neck
surgery, frequent headaches (> once per month),
previous cervical spine trauma, long-term steroid
usage and those who had undergone dental work in
the previous 12 months and those with any neu-
romuscular conditions (including cervical spondy-
losis) are excluded from the study.

These are easy and non-invasive standardized
tool available for measuring endurance of DCF. It
is also utilized in the previous studies. Hence, this
tool was selected. The Pressure Biofeedback Unit
(PBU) (stabilizer, Chattanooga, USA), along with
a screening form, recording sheet, towel and a stop
watch was used for data collection.

The PBU consists of a non-elastic three-cham-
bered pneumatic bag, a catheter and a manometer
gauge ranging from 0mmHg to 200mmHg, with
an accuracy of � 3mmHg (Fig. 1(a)).16 The out-
come measure was CPI. A PI (AS * number of
successful repetitions) could be calculated.10 How-
ever, an AS of 2mmHg * 10 repetitions and an AS
of 4mmHg * 5 repetitions yielded the same PI.10

Hence, the PI as a quantity could not be exclu-
sively identi¯ed or ranked, and would not comply
with any criteria for classi¯cation as one of the four
main levels of measurement.17 Data obtained were
CPI, which was obtained by adding preceding score
to the PI. Table 1 shows the calculation of CPI.

To avoid any misinterpretation, the preceding
score was added to the PI, thus resulting in a CPI
which re°ects the entire test, not just the position
at which it terminates.18

Both raters were quali¯ed manipulative phys-
iotherapist with more than ¯ve years of academic

Table 1. Calculation of CPI.

Pressure
(mm Hg)

PI (activation
score * repetitions)

Range of
possible scores
at this level

Added
score*

20
22 2� ½1–10] repetitions 0–20 0
24 4� ½1–10] repetitions 24–60 20
26 6� ½1–10] repetitions 66–120 60
28 8� ½1–10] repetitions 128–200 120
30 10� ½1–10] repetitions 210–300 200

*Added score is equivalent to 10 repetitions of the levels
below that of the current activation score. The total score
therefore includes all attempts at all activation scores
achieved.
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and clinical experience in orthopedic and manipu-
lative physical therapy and were well versed in the
CCFT procedures based on the recommended
guidelines.19

Random selection of the subjects for the study
was divided into two steps. In the ¯rst step, three
municipal wards were randomly selected from a
total of 38 municipal wards (community blocks are
known as wards in India) in Surat, Gujarat, India.
In the second step, ¯ve subjects per age group were
selected from each ward by systematic random
sampling method.

One tester performed the test on each subject
twice for the intra-rater reliability and two testers
performed the test on each subject for the inter-
rater reliability. All the subjects completed the
screening form and signed the written informed
consent form.

The following steps for the CCFT were followed:

Subjects were positioned in crook lying position so
that forehead and chin are in a horizontal plane
(Fig. 1(b)). Additionally, layers of towel were used
under the head if the subject needed. De°ated
pressure sensor was placed behind the neck and
then in°ated to a baseline pressure of 20mmHg,
which was a standard pressure su±cient to ¯ll in
the space between the testing surface and the neck,
without pushing the neck into lordosis. The device
provided the feedback and direction to the patient

to perform the required ¯ve stages of the test. The
patients were instructed that the test is not one of
the strengths, but rather one of the precisions.
Subjects were asked to perform gentle and slow
head nodding action, as if saying \yes". All the
participants were advised to place their tongue on
roof of mouth, with lips together and teeth slightly
apart, in order to reduce activity of jaw muscula-
ture.19 Once the set up was done, the dial of PBU is
turned to the subject. Practice session was done to
ensure that the subject properly understood the
required movement. Once the subject learnt how to
perform the craniocervical °exion action, a brief
rest period was given. Subjects were asked to ele-
vate target pressure from 20mmHg to 22mmHg
and hold it for 2 s to 3 s before relaxing and returning
to the starting position (20mmHg) (Fig. 1(c)). This
was repeated through each 2mmHg increment up to
30mmHg, with verbal and visual cueing on correct
technique given by the investigator. The investiga-
tor monitored the movement of head and activity of
super¯cial cervical °exors by observation only.
Compensation strategies like increased super¯cial
cervical °exors activity, overshooting target pres-
sure, dial needle °ickering and neck retraction were
also identi¯ed. If incorrect strategies were identi¯ed,
verbal guidance was given to avoid such faulty
strategies and further practice was given. Pressure
was elevated in 2mmHg increments from a baseline
value of 20mmHg to a maximum of 30mmHg.

(a) \Stabilizer" Pressure Biofeedback Unit (PBU) (b) Subject positioning (c) Position of the PBU dial

Fig. 1. (a) De°ated pressure sensor cu® is placed behind the neck and then in°ated to a baseline pressure of 20mmHg, which is a
standard pressure su±cient to ¯ll in the space between the testing surface and the neck, without pushing the neck into lordosis
and the dial used for visual cueing. (b) Subject is positioned in supine lying with knee °exed to 90� and a walking frame is placed
on top to mount the dial of the pressure feedback unit for visual feedback. The investigators in this position will observe the
movement of head and activity of super¯cial cervical °exors. (c) Pressure sensor unit is mounted on the walking frame and the
in°ated cu® is placed behind the neck along with verbal and visual cueing the subject is asked to elevate target pressure from
20mmHg to 22mmHg and hold it for 2 s to 3 s before relaxing and returning to the starting position (20mmHg). This is repeated
through each 2mmHg increment up to 30mmHg.

36 S. Kotwani et al.

June 19, 2018 11:26:05am WSPC/309-HKPJ 1850004 ISSN: 1013-7025



Ten repetitions were carried out at each 2mmHg
increment and each contraction is held for 10 s.20

Both the therapists simultaneously did the proce-
dure for the inter-rater reliability.

All the subjects were again tested after one week
by one of the testers keeping the time and envi-
ronment same. Data thus obtained were used to
calculate intra-rater reliability of the CCFT. The
same testing procedure and equipment was used
for all the subjects. The above procedure utilized
was the one given by Jull et al.21

Data analysis was done using the SPSS software
(version 20.0). Results are considered to be signif-
icant at p < 0:05 and CI of 95%. An intra-class
correlation coe±cient for intra- and inter-rater
reliabilities was used for the study. Bland–Altman
limits of agreement analysis for assessing the
agreement between two testers' scores were taken
by tester one, twice. Standard error of measure-
ment (SEM) was used to calculate the variability
in measurements of same tester and measurements
taken by two testers.

Results

The mean score for tester one was found to be
10.80� 9.45 and 10.83� 10.07 for tester two. In

the retest, tester one obtained the mean score of
10.83� 9.51. Intra-class correlation coe±cient
(ICC) for both intra- and inter-rater reliabilities
along with the CIs with a p-value of < 0:05 is used.
The ICC value of the study indicated high reli-
ability. The ICC intra-rater reliability was 0.986 at
CI lower 0.977 and CI higher 0.992. For inter-rater
reliability, it is 0.907 at CI lower 0.899 and CI
higher 0.907. Figure 2 shows the Bland–Altman
limits of agreement analysis between two testers.
The Bland–Altman chart is a scatter-plot with the
di®erence of the two measurements for each sample
on the vertical axis and the average of the two
measurements on the horizontal axis. Three hori-
zontal reference lines were superimposed on the
scatter-plot — one line at the average di®erence
between the measurements, along with lines to
mark the upper and lower control limits of plus and
minus 1.96 * sigma, respectively, where sigma was
the standard deviation of the measurement di®er-
ences. When the two methods were comparable,
then di®erences should be small, with the mean of
the di®erences close to 0.22 It showed reasonable
agreement between the testers as most of the
values fell in the range of M� 2SD (p < 0:05). It
indicated excellent reliability. Figure 2 shows
the Bland–Altman limits of agreement analysis
between two testers. The SEM is a measure of

Fig. 2. Bland–Altman limit of agreement analysis between scores taken by the same tester twice. Three horizontal reference lines
are superimposed on the scatter-plot — one line at the average di®erence between the measurements, along with lines to mark the
upper and lower control limits of þ=�1.96 sigma, which is the standard deviation of the measurement di®erences.

Craniocervical °exion testing reliability in healthy adults 37

June 19, 2018 11:26:17am WSPC/309-HKPJ 1850004 ISSN: 1013-7025



absolute reliability — the smaller the SEM, the
more reliable the measurements.18 SEM value cal-
culated for variability in measurements between
two testers was 0.735, which was very small;
whereas the value for variability in measurements
of the same tester was 0.287, which was also very
small. Thus, these measurements were reliable.

The true SEM value for variability in measure-
ments between two testers (0.735 � 1:96 ¼ 1:441)
suggested that any individual value was within the
range of � 1.441 CPI from their measured value.
The true SEM value for variability in measure-
ments of the same tester (0.287 � 1:96 ¼ 0:562)
suggested that any individual value was within the
range of � 0.562 CPI from their measured value.

The smallest real di®erence (SRD) value for
variability of measurements between two testers
(1.96 � p2 � SEM ¼ 2.039) and between the mea-
surement taken by same tester (1.96 � p2 �
SEM ¼ 0.795) was claimed to be capable of repre-
senting \real" clinical change, but these values could
not simply be generalized to a symptomatic
population.

Discussion

This cross-sectional study aimed at investigating
the inter-rater and intra-rater reliabilities of the
CCFT in asymptomatic individuals. The PBU
which was placed behind the neck, monitored the
°attening of cervical spine as the deep neck °exors
were activated. This test was developed because of
interest in functional role of themuscles particularly
in relation to active spinal segmental stabilization
and the clinical need of more speci¯c exercise for
patients with neck pain. For developing the CCFT,
the DCFs primary anatomical action, °exion of the
head on stable cervical spine, is utilized. The result
of this study shows high intra-rater and inter-rater
reliabilities. Reliability refers to consistency or de-
pendability of a measurement technique.23 More
speci¯cally, it is concerned with consistency or sta-
bility of the score obtained from a measure or as-
sessment technique over time and across settings or
conditions.24 Reliability of a test is important as it is
a precursor to test validity. If a test is unreliable, it
will not be valid. Another reason to be concerned
about reliability is that it gives idea about random
measurement error in subject's scores. If a test is
unreliable, subject's scores will consist largely of the
measurement errors. Four studies evaluating intra-
rater reliability10,24–26 and one study evaluating

inter rater reliability20 of the CCFT are available in
the literature. But, one systematic review27 has
questioned the reliability of CCFT because of the
methodological °aws in the previous studies. There
was a lack of information on the examiners,
patients, the number of subjects included and
blinding. In a study that investigated the validity of
PBU instrument has concluded that the PBU pro-
vides valid measures, but their ¯ndings are not
conclusive due to the small sample size (n ¼ 15).28

In a recent low risk of bias study, it was found that
the reproducibility of PBU was observed as ICCs of
0.74 and 0.76 for intra- and inter-examiner repro-
ducibility.16 This study using 60 subjects therefore
establishes the reproducibility of PBU in measuring
CCFT. Arumugam et al. evaluated the inter-rater
reliability of the test.29 But, the scoring system used
andmeasured only the holding capacity and not the
endurance of the DCF. The ICC for inter-rater re-
liability is 0.907 (p < 0:05) whereas for intra-rater
reliability, it is 0.986 (p < 0:05). The ICC is inter-
preted by using the work of Portney andWatkins.22

Although the reliability is good, the subjects have
poor contractile capacity of DCF because the mean
of the scores recorded by one rater is 10.80mmHg
and by another rater is 10.833mmHg. Individuals
could not achieve higher pressure levels and none of
them were able to achieve 30mmHg. The Bland–
Altman agreement analysis also supports these
results. The Bland–Altman plot shows mean
measurements against the di®erences. The result of
this plot shows that most of the readings fall in
M� 2 SD (p < 0:05). The results of this study are
similar to those found by James and Doe, who have
also used CPI as an outcome measure.25 They have
also showed high intra-rater reliability. But the
di®erence between the two studies lies in the
scores. The mean scores of CCFT seen in this study
are very less compared to that seen in study of
James and Doe. Racial di®erences and a wide
variability of age range selected in this study could
be a reason for this di®erence. The results for inter-
rater reliability cannot be compared to any other
study as no study has yet evaluated it using this
CPI outcome measure, either in symptomatic or
asymptomatic individuals. Accuracy of the scores
could be in°uenced by testers' scoring abilities.
For these reasons, the testers' were adequately
experienced and trained in administering the test
procedure. As both the testers scored the test
simultaneously, factors like duration of contraction
or fatigue will have a homogenous e®ect on the
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performance of test. This study shows that the
CCFT is a good method to assess the DCF en-
durance. Common compensations seen in subjects
during the test were chin retraction or taking the
chin down with fast movement. Both these com-
pensations were corrected by properly training the
subjects.

Conclusion

This study shows that the CCFT is a good method
to assess the DCF endurance. The PBU has an
accuracy of � 3mmHg. This can cause random
error between tests. But, this random error must be
reduced by maintaining the same area of contact
between neck and pneumatic bag for all trials.
Common compensations seen in subjects during
the test were chin retraction or taking the chin
down with fast movement. Both these compensa-
tions were corrected by properly training the sub-
jects. Results of this study support the use of
CCFT as an objective outcome measure in evalu-
ating DCF endurance. The results of this study
cannot be generalized as it is done on asymptom-
atic subjects. As this is the ¯rst study evaluating
the inter-rater reliability using the CPI as an out-
come measure, further research needs to be done by
using the same CPI, to make future comparison
possible.
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Background: Muscle energy technique (MET) and strain–counterstrain (SCS) technique are found to be
e®ective as a sole treatment of acute low back pain (LBP), but the combined e®ect of these two techniques has
not been evaluated.
Objective: The purpose of this randomized clinical trial was to evaluate the added e®ect of SCS to MET in
acute LBP patients.
Methods: In this trial, 50 patients were randomly allocated to MET or MET-SCS group to receive the
assigned two treatment sessions for two consecutive days. Oswestry disability index (ODI) and Roland Morris
disability questionnaire (RMDQ), visual analogue scale (VAS), lumbar range of motion (ROM) were recorded
at baseline, after ¯rst and second session.
Results: All the outcome measures showed statistically signi¯cant (p < 0:05) improvement in both the
groups after second session. Between the groups, analysis showed no statistically signi¯cant di®erence
(p > 0:05) after the ¯rst or second session.
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Conclusions: The improvement after second treatment sessions was noted in pain, ROM, and disability in
both the groups, but immediate e®ect was seen only on pain intensity after ¯rst treatment session. When
compared between the groups, no added e®ect of SCS to MET was found in reducing pain and disability and
increasing lumbar ROM in acute LBP patients.

Keywords: Muscle energy technique; strain counterstrain technique; acute low back pain.

Introduction

Low Back Pain (LBP) is de¯ned as tiredness,
discomfort, or pain in the low back region, with or
without radiating symptoms to one or both lower
extremities.1 LBP is an extremely common problem
that most people experience at some point in their
lives.2 The point prevalence of activity-limiting LBP
lasting more than one day is 11:9� 2:0%.3 LBP is
the single largest contributor to musculoskeletal
disability and causes substantial personal, commu-
nity and ¯nancial burden globally.4–8

LBP is a multifactorial condition which can be
associated with risk factors like gender, age, life-
style, psychosocial pro¯le, physical demands of the
workplace, social support, pain perception, etc.9

It may start with an injury and can be exacerbated
by factors like deconditioning, psychological issues,
other chronic illnesses, genetics and even cultural
factors.10 Only 15% of LBP has an identi¯able
cause while the rest of the 85% is non-speci¯c
LBP.11

Approaches use physiotherapy treatment to
manage acute LBP by employing a variety of
interventions such as exercise involving neuro-
muscular re-education, resistance training, thera-
peutic modalities and manual therapy12 to reduce
the chances of developing chronic LBP.11 In the
¯eld of manual therapy, there are many techniques
which include soft tissue mobilization, articulatory
techniques, myofascial release techniques, muscle
energy techniques (MET), functional techniques
and strain–counterstrain technique (SCS) to ad-
dress somatic dysfunctions associated with LBP.13

MET is a versatile technique traditionally used
to address muscular strain, pain, localoedema and
joint dysfunction and to improve range of motion
(ROM), to relieve muscle tension and increase the
strength of the muscle.14,15 It is a direct technique
in that the patient, instead of the care provider,
supplies the corrective force.16,17 SCS is a technique
derived from positional release therapy (PRT)

which uses a pain monitor (trigger points, TrP) to
¯nd the position of the pain when it is no longer felt
at the monitoring point.13,18

MET is found to be e®ective in reducing lum-
bopelvic pain as a sole treatment19 and reducing
disability in acute LBP when combined with neu-
romuscular re-education and resistance training.20

MET has also shown to lead to improvement in
lumbar and cervical ROM in asymptomatic indi-
viduals.21,22 A recent systematic review done on
MET concluded that MET is e®ective in the
treatment of LBP, but needs to be compared with
other manual therapy interventions.23 A case study
on LBP showed that SCS is e®ective in reducing
pain and disability.24 A randomized control trial
showed the equal e®ectiveness of MET and SCS on
pain reduction in acute LBP individuals.25 A study
on SCS for the treatment of trapezius trigger
points found that it can be e®ectively used to re-
duce pain and improve cervical ROM.26 SCS alone
has no immediate e®ect in improving cervical
ROM, but it was found to be e®ective when it was
combined with other osteopathic techniques in-
cluding myofascial release, MET, craniosacral
treatment and high-velocity low amplitude mobi-
lization.27 It was suggested that it could be com-
bined with other osteopathic techniques like MET
to determine its e®ectiveness in the treatment of
conditions, including acute LBP.27

Acute LBP is documented as a substantial cause
of disability. While clinicians have found an in-
creased interest in MET for addressing acute LBP,
SCS had no e®ectiveness as a single treatment in-
tervention. We were interested in determining
whether SCS along with MET had any added e®ect
in reducing pain and disability and increasing
ROM in acute LBP individuals.

The aim of this study is thus to determine the
immediate e®ect of the MET, with and without
the employment of the SCS technique, on pain,
disability and ROM in patients with acute LBP.

42 V.D. Patel et al.

June 19, 2018 11:33:20am WSPC/309-HKPJ 1850005 ISSN: 1013-7025



Methodology

The study was approved by the Institutional Ethics
Committee, Kasturba Medical College, Manipal
Academy of Higher Education, Mangalore.

This study was a randomized clinical trial con-
ducted at tertiary hospitals from June 2014 to
March 2015. The sample size of 25 in each group
was calculated using 95% con¯dence level and 80%
power from the previous study.19

Inclusion criteria for patients were set based on
a previous study of MET on acute LBP.20 These
criteria were a symptom duration of � 6 weeks, age
between 18 and 65 years, initial Oswestry disability
index (ODI) score of 20–60% since a majority of
patients with acute LBP have been found to have
an initial ODI score within this range. Other
inclusion criteria such as unilateral symptoms
proximal to the knee and no bilateral symptoms
were set based on treatment-based classi¯cation
criteria28 since it provides an evidenced-based
framework in the appropriate conservative man-
agement of individuals with LBP. The ¯nal inclu-
sion criterion was con¯rmed lumbar dysfunction
based on MET structured diagnostic protocol.17

Patients were excluded if they had a history of
spinal surgery, spondylolisthesis, lumbar hyper-
mobility, spinal structural deformity, piriformis
and sacroiliac (SI) joint dysfunction.

Consultant-diagnosed cases of acute LBP re-
ferred for physiotherapy were approached and
screened for inclusion and exclusion criteria. The
purpose of the study was explained and informed
consent was taken from willing patients, after
which they were allocated to two groups based on
the sequence generated by the computerized ran-
domization method.

The outcome measure chosen for pain intensity
was visual analogue scale (VAS) which was a 10 cm
long horizontal line with no pain and the worst
possible pain at the extremes of the line, ODI
version 2.0 as advocated by the original author and
the Roland Morris disability questionnaire
(RMDQ) were used to measure disability, and
lumbar ROM was measured with the BaselineTM

Bubble Inclinometer as described by Norkin.29 The
pre-treatment baseline data of pain, disability and
lumbar ROM were collected by a blinded assessor,
who was a physiotherapist but was not involved in
the examination or treatment of the patient.

After completion of self-reported outcome mea-
sures and lumbar ROM assessment, the patients

were examined by another physiotherapist, using a
structured MET diagnostic protocol for lumbar
spine dysfunction as described by Greenman.17

The diagnostic procedure followed the palpatory
assessment of the paired transverse processes of the
lumbar spine from caudal to cephalad. The exam-
iner located the lumbar spinous processes and
moved his thumbs laterally over the area of the
transverse processes. An overall weighted kappa of
0.92 was found for the palpation of nominated
lumbar spinal levels.20 The assessment was per-
formed in neutral prone, forward-bent and sphinx
positions. The patient was ¯rst assessed in neutral
prone position, then sphinx position and last in
forward bending with patient seated on a stool
resting his feet on a °oor. If one transverse process
was fully posterior in the forward bent position and
became symmetrical in the sphinx position, then
the patient was diagnosed with extension dys-
function. If one transverse process was more
prominent in the sphinx position but became
symmetrical in the forward bent position, then the
patient was diagnosed with °exion dysfunction.
Side-bending dysfunction was diagnosed based on
the side of the prominent transverse process. The
same physiotherapist gave two treatment sessions
for two consecutive days to all the patients. He was
not blinded to the treatment groups.

A re-assessment of pain and lumbar ROM was
made immediately after the ¯rst treatment session
and again on the second day of the post-treatment
session. ODI and RMDQ were reassessed only at
the end of the second treatment session. In post-
treatment, all the outcome measurements were
taken by an independent assessor blinded to the
group allocation.

MET group

Subjects randomized to the MET group received
treatment as described by Se±nger13 and Green-
man17 either in the erect sitting posture or lateral
recumbent position. Large patients were treated in
the erect sitting position so that gravity could be
used as an assisting activating force while other
patients were treated in the lateral recumbent
position on the table on the side opposite to their
side-bending dysfunction.17 During MET, patient's
trunk was drawn in to certain available lumbar
ROM, depending upon the dysfunction, until the
barrier was engaged. Dysfunctional barriers such
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as motion barrier is encountered before the physi-
ologic barrier is reached and it shows distinctive
qualities of restriction due to increased myotonus
(neuromuscular barrier) which has a consistent
elastic quality.

MET in sitting position

The patient was seated on the examination table
with arms folded across the chest. The physio-
therapist sat opposite the patient's side-bending
dysfunction. One hand of the physiotherapist
monitored the vertebral segment being treated.
While he placed the axilla of his other arm over the
patient's shoulder, brought his arm in front of the
subject and placed the hand under the patient's
axilla. Then the physiotherapist extended or °exed
the subject depending on the °exion or extension
dysfunction, respectively, by palpating on the
vertebral segment being treated with his hand until
a barrier was engaged. Then the physiotherapist
rotated and side bent the subject towards him until
barrier was engaged.

Then the patient was asked to push his/her
shoulder toward the ceiling using approximately
30% of his/her e®ort against the physiotherapist's
unyielding counterforce and to hold this position
for 3 s to 5 s. The physiotherapist then re-engaged
the barrier by further extending or °exing, rotating
and side-bending the patient. The maneuver was
repeated 3–5 times with a relaxation of 2 s to 3 s
duration in between.

MET in lateral recumbent position

The patient was in the lateral recumbent position
on the side opposite to his/her side-bending dys-
function while the physiotherapist stood facing the
subject. The physiotherapist monitored the lumbar
area with his one hand while with the other hand
°exed the subject's knees and hips until the barrier
was engaged at the vertebral segment being trea-
ted. For °exion dysfunction, the physiotherapist
induced an extension of the spine by pushing hips
and knees posteriorly. The patient was then asked
to straighten his/her bottom leg, and the foot of
the leg positioned above was placed in the bottom
leg's popliteal space. The physiotherapist then
palpated the dysfunctional vertebra and then the
patient was pulled anteriorly and superiorly from
the arm positioned below to introduce a rotation
and side-bending of the lumbar spine until the
barrier was engaged at the vertebral segment being
treated. Then the physiotherapist's other hand was
placed over the upper shoulder of the patient and
the patient was asked to push anteriorly with his/
her shoulder using approximately 30% of their ef-
fort against the physiotherapist's unyielding
counterforce and to hold there for 3 s to 5 s. The
physiotherapist then re-engaged the barrier by
pulling the patient anteriorly and superiorly from
the arm positioned below. The maneuver was re-
peated for 3–5 times with a relaxation of 2 s to 3 s
duration in between (Fig. 1(a)).

To treat the side-bending component, the
physiotherapist °exed both of the patient's hips

(a) (b)

Fig. 1. (a) Muscle energy technique (MET) in lateral recumbent and (b) Strain-counterstrain (SCS) technique.
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and knees and lifted the ankles toward the ceiling
until the barrier was reached. The patient then
asked to push his/her ankles toward the °oor using
approximately 30% of their e®ort against the
physiotherapist's unyielding counterforce. The
barrier was re-engaged by lifting the patient's
ankle further and the maneuver was repeated 3–5
times with a relaxation of 2 s to 3 s duration in
between.

MET with SCS technique group

This group of patients was treated with MET as
described above. In the SCS, speci¯c distal tender
points were localized over the posterior pelvis re-
gion of the lumbar spine, and then the position of
ease was o®ered for the tender points till pain was
reduced by approximately 70%. Clinically, this was
determined by ¯rst asking patients to rate their
initial tenderness to palpation at tender points at
100%. Then, in order to passively arrive at a po-
sition of ease, patients were asked to report if their
tenderness was reduced at the same site by ap-
proximately 70%. Both perceived tissue tension
and the patients' reported tissue tenderness upon
intermittent probing were used to guide the phys-
iotherapist to the appropriate relieving position at
tender points. This position was maintained pas-
sively for 90 s. The same maneuver was repeated
three times with a rest interval of 30 s duration in
between (Fig. 1(b)).

Data Analysis

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA)
was used to analyze the data. Sociodemographic
and clinical characteristics of the participants were
summarized with mean, standard deviation and
percentages of descriptive statistics of frequency
distributions. Data for the lost follow-up patients
on the second day were analyzed using intention to
treat analysis. P value less than 0.05 was consid-
ered statistically signi¯cant.

A repeated measure ANOVA was used to assess
within the group di®erences from baseline to post-
¯rst treatment session and post-second treatment
session for VAS and lumbar ROM. Di®erences
between themean for the time period i.e., baseline to
post-¯rst treatment session and baseline to post-
second treatment session were calculated using
Bonferroni \t" test. For within-group analysis of

mean di®erence at baseline and post-second treat-
ment session for ODI and RMDQ student, \t" test
was used. Independent sample t-test was used to see
the mean di®erence between the two groups for all
the outcome measures at baseline, immediately
post-¯rst treatment session and then after the sec-
ond treatment session.

Results

Figure 2 shows the progress of patients at each
stage of the study. Gender distribution in both
the group was statistically insigni¯cant (p ¼ 1:00)
with male in MET 18 (72%) and MET-SCS 17
(68%), while female in MET 7 (28%) and MET-
SCS 8 (32%). The mean age of participants in
MET (38:32� 14:92 years) and MET-SCS (44:72�
12:82 years) was statistically insigni¯cant (p ¼
0:12). The symptom duration of both the
MET (16:32� 10:53 days) and the MET-SCS
(11:40� 9:17 days) group was also statistically
insigni¯cant (p ¼ 0:05).

Outcome measures at baseline (Table 1) be-
tween the groups were homogenous and not sta-
tistically signi¯cant.

In both the groups, when analysis was done
within the group, a statistically signi¯cant di®er-
ence (p < 0:05) was seen in VAS and lumbar ROM
after the second day post-treatment (Table 2).

Time * group

VAS showed improvement in both the groups after
the ¯rst day post-treatment. Lumbar extension
ROM did not show improvement after the ¯rst day
post-treatment in any group. But lumbar °exion
ROM showed a statistically signi¯cant di®erence in
the MET-SCS group, but not in the MET group
after ¯rst day post-treatment. After second day
post-treatment, both groups showed a statistically
signi¯cant di®erence on ROM and VAS measures
(Table 3).

Disability outcome measures also showed a sta-
tistically signi¯cant di®erence (p < 0:001) within
the groups after the second day post-treatment
in both the MET and the MET-SCS group.

When a between groups' analysis was carried
out for all the outcome measures, no statistically
signi¯cant di®erence (p > 0:05) was noted after the
¯rst day and the second day post-treatment
(Table 4).
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Discussion

The purpose of the study was to compare the added

e®ect of SCS toMET in treating acute LBP patients.

The results showed a signi¯cant improvement in

both groups in VAS, lumbar ROM, ODI and RMDQ
at the end of the treatment. However, no signi¯cant
di®erence was seen between the groups.

The hypothesis of this study was generated
favoring the MET-SCS group. The result of this

Table 1. Outcome measures at baseline.

Variable MET (Mean � SD) MET-SCS (Mean � SD) P -value

VAS (cm) 5.28 � 1.42 5.16 � 1.75 0.932
Lumbar °exion (Degrees) 36.08 � 12.60 30.48 � 12.30 0.148
Lumbar extension (Degrees) 14.16 � 6.79 13.68 � 7.70 0.536
ODI (%) 39.00 � 12.99 36.38 � 11.71 0.445
RMDQ 10.60 � 5.44 6.88 � 5.46 0.491

Fig. 2. Consort °ow diagram.
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study refuted the hypothesis, as there was no

statistically signi¯cant di®erence found between

groups post-treatment, in respect to VAS, lumbar

ROM, ODI and RMDQ.

Pain

At the end of the treatment, the pain scores improved
signi¯cantly within both groups, but there was no
signi¯cant di®erence noted between the groups.

Table 2. Di®erences of VAS and ROM within the group.

Variable Group
Pre-day 1

(Mean � SD)
Post-day 1

(Mean � SD)
Post-day 2

(Mean � SD) F P -value

VAS (cm) MET 5.28 � 1.42 4.08 � 1.65 3.08 � 1.46 40.44 < 0:001*
MET-SCS 5.16 � 1.75 4.04 � 1.67 3.20 � 1.84 37.44 < 0:001*

Flexion (Degrees) MET 36.08 � 12.60 37.88 � 13.31 40.44 � 13.13 5.25 < 0:012*
MET-SCS 30.48 � 12.30 36.08 � 14.30 35.08 � 13.34 12.58 < 0:001*

Extension (Degrees) MET 14.16 � 6.79 13.92 � 9.02 18.12 � 7.56 9.37 < 0:001*
MET-SCS 13.68 � 7.70 14.48 � 7.59 17.92 � 7.64 10.36 < 0:001*

*p < 0:05 signi¯cant.

Table 4. Analyses between MET and MET-SCS groups.

Variable MET MET-SCS P -value

VAS (cm) Post-day 1 4.00, 3.00–5.00 4.00, 3.00–4.50 0.706
Post-day 2 3.00, 2.00–4.00 3.00, 2.00–4.00 0.889

Flexion (Degrees) Post-day 1 38.00, 31.00–47.50 33.00, 25.50–50.00 0.793
Post-day 2 40.00, 30.50–50.00 40.00, 25.00–48.50 0.145

Extension (Degrees) Post-day 1 13.00, 9.00–17.50 15.00, 10.00–18.50 0.681
Post-day 2 16.00, 14.00–22.50 17.00, 12.50–24.50 0.992

ODI (%) Post-day 2 26.00, 15.35–40.00 25.00, 19.00–34.44 0.907

RMDQ Post-day 2 7.00, 4.00–12.00 5.00, 4.00–8.00 0.370

Table 3. Di®erences of VAS and ROM time � group.

Variable Group Factors Mean di®erence Std. error p-value
95% con¯dence

interval

Vas MET Pre-day 1 � Post-day 1 1.20* 0.25 <0.001* 0.55–1.84
Pre-day 1 � Post-day 2 2.20* 0.28 <0.001* 1.48–2.92

MET-SCS Pre-day 1 � Post-day 1 1.12* 0.19 <0.001* 0.62–1.62
Pre-day 1 � Post-day 2 1.96* 0.28 <0.001* 1.24–2.68

Lumbar °exion ROM MET Pre-day 1 � Post-day 1 �1.80 1.10 0.344 �4.63–1.03
Pre-day 1 � Post-day 2 �4.36* 1.50 0.023* �8.21–�0.51

MET-SCS Pre-day 1 � Post-day 1 �5.600* 1.14 <0.001* �8.54–�2.65
Pre-day 1 � Post-day 2 �4.600* 1.08 0.001* �7.38–�1.81

Lumbar extension ROM MET Pre-day 1 � Post-day 1 0.24 1.14 1.000 �2.72–3.20
Pre-day 1 � Post-day 2 �3.96* 1.01 0.002* �6.55–�1.37

MET-SCS Pre-day 1 � Post-day 1 �0.80 0.86 1.000 �3.01–1.41
Pre-day 1 � Post-day 2 �4.24* 1.06 0.002* �6.96–�1.51

*p < 0:05 signi¯cant.
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In this study, the MET technique used was post-
isometric relaxation stretch procedure for the
patient's group of muscles to lengthen a shortened
or contracted muscle, and to mobilize restricted
articulation into its proper position.13 The possible
hypoalgesic e®ect can be explained by golgi tendon
re°ex inhibition, sympathoexcitation evoked by
somatic e®erents and localized activation of peria-
queductal gray matter, which can be produced
by muscle and joint proprioception activation.30

The other possible mechanism for the therapeutic
e®ects of MET may involve a variety of bio-
mechanical mechanisms such as the change in
tissue °uids, altered proprioceptions, motor pro-
gramming and control and neurophysiologic
responses.31

A number of studies have been carried out in
which MET has been used in combination with
other modalities or compared with other forms of
treatment, but these have given mixed results.
These studies have been done in both acute and
chronic LBP patients and hence, the results cannot
be generalized to acute LBP.

One study has shown greater e®ectiveness of
MET combined with neuromuscular re-education
and strength training rather than neuromuscular
re-education and strength training alone, in acute
LBP patients.20 In another study, MET was com-
pared with a sham technique in the management
of lumbopelvic pain, and was found to be e®ective
in reducing pain.19 Another clinical trial concluded
that for improvement and reduction in pain, core
stability exercises are superior to MET. But in
this trial, the groups of LBP patients were het-
erogeneous and treatment-based classi¯cation cri-
teria for manual therapy intervention and
stabilization exercise were not followed. Further
methodology was not clearly de¯ned.32 MET with
interferential therapy (IFT) was found to be better
on VAS, ODI and spinal ROM than IFT alone in
acute LBP.33 MET has been shown to have a
superior e®ect than transcutaneous electrical nerve
stimulation (TENS) in non-speci¯c acute LBP
patients.34 In chronic LBP patients, MET and SCS
have produced similar e®ects after four weeks of
intervention.35

In another study treating SI joint dysfunction,
MET was found to be equally e®ective as SI joint
manipulation,36 but more e®ective than TENS.37

When used in adjunct to conventional physio-
therapy, MET has also been found to be e®ective in
reducing pain in other joints like those of the

shoulder,38,39 the knee,40 temporomandibular joint41

and the cervical spine.30,31,42

To the best of our knowledge, this is the ¯rst
study which compared the added e®ect of SCS to
MET. The results showed that adding SCS to MET
did not have any bene¯cial immediate e®ect on
VAS. In this study, we have followed the therapeutic
approach advocated by MET authors, something
that was not followed by many previously men-
tioned studies using MET for the treatment of acute
LBP.37

When the SCS technique was used in the
treatment of LBP, it showed immediate pain relief,
but there was no short-term (24–72 h) e®ect on
pain.24 Similar results were also shown in our
study. Another study which combined SCS with
exercise in acute LBP did not show any added ef-
fect.43 When SCS and MET were used in the
treatment of acute LBP, both were found to be
equally e®ective in reducing pain after eight days of
intervention.25 SCS shows no better improvement
than the sham protocol in the treatment of cervical
tender points.44 However, SCS is proved to be more
e®ective in the upper trapezius latent trigger points
than ultrasound.45 Large e®ect size was noted in
terms of active mouth opening and pressure pain
threshold when SCS was used for masseter muscle
trigger points.46

Range of motion

Lumbar °exion ROM showed signi¯cant di®erence
immediately after the ¯rst treatment session in the
MET-SCS group, but not for the lumbar extension
ROM. After the second treatment session, both the
MET and the MET-SCS group showed signi¯cant
improvement for lumbar ROM. However, no dif-
ference between the groups was seen in the ROM at
the end of the second treatment session.

The reason for the immediate improvement
could be the combined action of MET and SCS. It
could be that MET produced re°ex muscle relax-
ation and lengthened the shortened muscle of the
back and improved joint function.30 Post-isometric
relaxation could have activated the golgi tendon
organ and inhibited the in°uence on the motor
neuron pool.31 Improved ROM can also be attrib-
uted to a change in the viscoelastic property and
change in stretch tolerance.47

According to the proprioceptive theory, altered
neurophysiologic regulation can lead to aberrant
activity of agonist and antagonist muscle spindles.
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In the SCS technique by passively shortening
dysfunctional agonist muscle, its spindle activity
can be reset and aberrant neuromuscular activity
can be reduced. This may be caused by altered
neurophysiologic regulation. It is also proposed to
be e®ective because it improves local blood circu-
lation in°uenced by the sympathetic nervous sys-
tem. SCS may also a®ect muscle-ligament re°ex by
reducing the strain over the ligament which, in
turn, reduces muscle excitability.48

MET was found to be e®ective in improving the
overall trunk rotation ROM in asymptomatic
volunteers.49 MET and positional release therapy
both showed lumbar extension ROM improvement
when given along with a moist heat pack in acute
LBP individuals.43

Disability questionnaire

The two groups showed a signi¯cant di®erence in
ODI and RMDQ scores. Reduced pain and im-
proved ROMmight be the reason for a reduction in
disability. Both outcome measures have been
found to be used widely for clinical trials to docu-
ment LBP-associated disability. In this study, ODI
was administered as a tool for inclusion criteria and
also as an outcome measure to determine the ef-
fectiveness of the treatment. RMDQ is found to be
used to monitor short-term e®ects of intervention
in mild to moderate LBP. Patients who have a
disability score of 20–60% on ODI are found to be
more suited for MET intervention.19 A change in
the ODI score in our study was found to be 5.84
points which falls in the range of minimum de-
tectable change (MDC) of 4–10 points in the lit-
erature.28 The minimal clinically important
di®erence (MCID) values for RMDQ depend on
the initial score of the patients. The MCID
values are calculated in ¯ve subgroups i.e., 0 to 8
(MCID ¼ 2), 5 to 12 (MCID ¼ 4), 9 to 16
(MCID ¼ 5), 13 to 20 (MCID ¼ 8) and 17 to 24
(MCID ¼ 8).50 In our study the MCID value could
not be achieved (it was 2.92 as against the value of
4 required for a 5–12 initial score of RMDQ).50

This could probably be owing the number of
treatment sessions being restricted to two. A
greater number of treatment sessions may be re-
quired to achieve a clinically signi¯cant di®erence.
Hence, future studies should be done over a longer
period of time to get clinically signi¯cant results in
the treatment of acute LBP.

Limitation

The SCS intervention procedures used in this study
did not conform to the general treatment guidelines
recommended by SCS technique proponents such as
tender points located anteriorly in the abdominal
and pelvic regions. The therapist had no control over
the patients' pain medications.

Conclusion

Examination of the results revealed no added e®ect
of SCS to MET in acute LBP patients. Immedi-
ately following one treatment session, the e®ect of
MET was determined for pain and disability, but
not for lumbar ROM. While MET-SCS showed a
reduction in pain and disability and an increase in
lumbar °exion ROM immediately upon one treat-
ment session, it did not display the same for lum-
bar extension ROM. Both MET and MET-SCS
showed improvement in all the outcome measures
after the second day, post-treatment. When a
comparison was drawn between the groups, both
the MET and MET-SCS groups were found to be
equally bene¯tted in terms of a reduction of pain
and disability. An increase in lumbar ROM was
observed in acute LBP patients following the two
treatment sessions.
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Background: In the previous psychometric analysis paper in our series for identifying the core set of balance
measures for the assessment of balance, we recommended the Berg Balance Scale (BBS) and balance sub-
components of the Scale for the assessment and rating of ataxia (SARAbal) as psychometrically sound
measures of balance for people with cerebellar ataxia (CA) secondary to multiple sclerosis.
Objective: The present study further examined the suitability of BBS and SARAbal for the assessment of
balance in CA with regard to psychometric property strength, appropriateness, interpretability, precision,
acceptability and feasibility.
Methods: Criteria to ful¯ll each factor was de¯ned according to the framework of Fitzpatrick et al. (1998).
Based on the ¯ndings of our previous psychometric analysis, each criterion was further analyzed.
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Results: The psychometric analysis reported good reliability and validity estimates for the BBS and
SARAbal recommending them as psychometrically sound measures; they ful¯lled both criteria for appro-
priateness and interpretability, the measures showed evidence for precision and acceptability, and they were
found to be feasible in terms of the time and cost involved for the balance assessment.
Conclusion: We have provided evidence for the use of the BBS and SARAbal for the assessment of balance
among people with CA.

Keywords: Balance; cerebellar ataxia; multiple sclerosis; psychometric analysis.

Introduction

Poor balance and gait di±culties are hallmarks of
health conditions that result in cerebellar ataxia
(CA).1 Assessment of balance and gait in CA is
challenging as there are no standardized measures
of balance available. Previously, a series of studies
by our research group recommended a set of core
measures. A systematic review2 and a Delphi sur-
vey3 reported the Berg Balance scale (BBS), the
Timed Up and Go (TUG) test, posture and gait
sub-component of the International Co-operative
Ataxia Rating Scale (PG-ICARS) and the gait,
stance and sit sub-components of the Scale for the
Assessment and Rating of Ataxia (SARAbal) as
appropriate measures of balance in CA.2,3 Further, a
psychometric property analysis was done to estimate
constructs of reliability and validity of these four
measures among people with CA secondary to mul-
tiple sclerosis in New Zealand and the United States
of America. The study aimed at proposing the best
outcome measures based on the ¯ndings of the psy-
chometric analysis. The BBS and SARAbal were
recommended as the optimal measures of balance in
people with CA secondary to multiple sclerosis.4

Fitzpatrick et al. reported eight factors to be
addressed while selecting an outcome measure for
clinical trials.5 In the process of choosing a stan-
dardized set of measures for balance in people with
CA, these eight factors were considered. The present
study therefore aimed to examine the psychometric
properties, appropriateness, interpretability, preci-
sion, acceptability and feasibility of the BBS and
SARAbal for people with CA based on the ¯ndings
of the psychometric property analysis done by our
research team earlier.4

Methods

This paper examined eight factors in light with
Fitzpatrick's framework of evaluating a suitable

outcome measure for clinical trials and clinical
practice.5 The ¯ndings of the present study were
based on the outcomes of a psychometric property
analysis of four outcome measures of balance tested
in people with CA secondary to multiple sclerosis.4

For the present study, we grouped reliability, va-
lidity and responsiveness as psychometric proper-
ties.4 The factors are analyzed and their de¯nitions
are listed in Table 1.

Each factor was analyzed based on the set
criteria outlined as follows.

Key ¯ndings of the psychometric analysis of the
BBS and SARAbal were summarized to report the
reliability and validity of these measures in people
with CA. The detailed methodology and results of
this psychometric property analyses are published
elsewhere.4,6 The other reported factors including
appropriateness, interpretability, precision, ac-
ceptability and feasibility we based on the experi-
ence gained during the data collection and
interpretation of results of our previous psycho-
metric analysis study. To summarize, 60 partici-
pants aged 18–65 years with CA secondary to
multiple sclerosis were recruited. Data were collect-
ed at four outpatient units in New Zealand and the
United States of America. All included participants
underwent balance assessment using the BBS,TUG,
SARAbal and PG-ICARS. The participants were
assessed on a single occasion and during the assess-
ment, a video recording was done. The video re-
cording was later used to estimate the intra-rater
and inter-rater reliabilities. The Barthel Index, the
Expanded Disability Status Scale (EDSS), the full
scales of the ICARS and the SARA were also
assessed and disease duration was recorded. The
EDSS was completed by a neurologist. To investi-
gate the intra-rater and inter-rater reliabilities, a
repeat assessment was performed by the same
physiotherapist (intra-rater) or a second physio-
therapist (inter-rater) from the video recording.
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In this study, appropriateness was analyzed
based on two criteria: (i) to judge whether the
contents of the outcome measure suit the target
population and (ii) if the recommended set of
outcome measures has a combination of a condition-
speci¯c tool and a generic tool for the assessment of
balance. Interpretability was analyzed based on
two criteria: (i) to determine how meaningful the
obtained scores were, using the BBS and the
SARAbal and (ii) to determine if the outcome
measures have established normative data. Preci-
sion was analyzed based on two criteria: (i) to de-
termine if the instrument is able to discriminate
between two known sub-groups within the col-
lected samples and (ii) the accuracy of distribution
of numerical values assessed using Rasch analysis
or estimation of unidimensionality of the testing
items using factorial analysis. Acceptability was
determined by estimating the response rate of the
participants to the items of the outcome measures.
In general, the lesser the missing items, the better
the acceptability.5 Feasibility was assessed by
observing the ease of use, cost involved for the
assessment, time taken to complete and training
required for the assessor to complete the balance
assessment using the two outcome measures. The
criteria were organized into a tabular column and
the reviewer marked either \yes" if the criteria
were met or \no" if the criteria were not met or
\unclear" if the answer was ambiguous. Each of
the criterion was independently reviewed by two
authors (SW and CS) and discrepancies in ¯ndings

were discussed. A third reviewer (LC) was involved
for unresolved discrepancies in the ¯ndings be-
tween the ¯rst two reviewers or if the reviewers
marked \unclear" for the criteria.

Balance measures

The BBS is a performance-based measure of bal-
ance7 and has been reported to be the most com-
monly used balance tool by physiotherapists.8 The
BBS is a ¯ve-point ordinal scale scored between 0
and 4 for each task and has 14 tasks in total. The
highest total score a participant may obtain is 56.
This measure is interpreted as better balance with
higher scores. Normative scores for the BBS have
been established among community dwelling older
adults.9 This measure has good inter-rater
(ICC ¼ 0:96) and test retest (ICC ¼ 0:94) reli-
abilities and low standard error of measurement
(SEM).10 The BBS is found to have acceptable
concurrent validity in assessing balance and poor
in discriminating between fallers and non-fallers in
people with multiple sclerosis.11

The SARA is an ataxia severity rating mea-
sure.12 It consists of eight items among which gait,
sitting and the standing sub-components are re-
lated to balance. The full scale is scored out of 40.
The three sub-components of balance are scored
out of 18 (SARAbal). Scoring of the eight sub-
components do not have equal weighting, with
scores ranging between eight for the \gait" sub-
component and four for the \heel-shin glide". The
higher the score obtained, the worse the condition.
The SARA has high test re-test reliability (ICC ¼
0.90), inter-rater reliability (ICC ¼ 0.97) and in-
ternal consistency (� ¼ 0:93).12 Structural validity
has been reported,13 satisfactory convergent va-
lidity when correlated with other ataxia rating
scales12 and adequate responsiveness has been
demonstrated.14 The testing has been done and
conducted with both genetic and acquired forms of
cerebellar disorders.

Results

The review of criteria for each factor resulted in
100% agreement between the reviewers and
therefore the third reviewer was not approached.
The reliability and validity of the measures were
found to be strong and the responsiveness was not
estimated. A summary of the ¯ndings on the

Table 1. Descriptors of the factors analyzed.

Factor Descriptor

Psychometric
properties

Common term that includes reliability,
validity and responsiveness of the
outcome measures

Appropriateness Described as how suitable the contents of the
instrument are for use in people with CA5

Interpretability Indicates how meaningful are the scores
obtained from the outcome measures5

Precision De¯ned as the accuracy of the instrument in
categorizing sub-groups and distribution
of numerical value

Acceptability De¯ned as the level to which the outcome
measure is tolerable for its use in people
with CA5

Feasibility Described as the ease of use of the outcome
measure in terms of administering it, and
the associated ¯nancial cost5
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psychometric properties of the BBS and the SAR-
Abal are highlighted in Table 2. For appropriate-
ness, the measures met both the criteria. With
regards to interpretability, o® the two required
criteria, both the measures met the ¯rst criteria
whereas the BBS met the second criteria and
SARAbal did not. The ¯rst criteria for precision
were met by both the measures however, the sec-
ond criteria were not established as Rasch analysis
and factor analysis were outside the scope of the
psychometric analysis. Both the measures met the
criteria for acceptability and in addition, they were
found to be feasible.

Discussion

This study aimed at identifying the suitability of
using the BBS and SARAbal for the clinical as-
sessment of balance in people with CA. The
framework of Fitzpatrick et al.5 was used to ad-
dress eight independent factors for this recom-
mendation. We have provided evidence for most of
the factors and in addition, recommendations for
future research for strengthening the present ¯nd-
ings have been provided.

Psychometric properties of the
measures of balance

The BBS and SARAbal reported good intra-rater,
inter-rater reliabilities and internal consistency.4

The criterion validity was found to be good for
both the measures (�S > 0:80). The measures were
correlated against disease duration, disease severi-
ty and functional independence to determine con-
struct validity and correlation was moderate
(�S > 0:55). The measures were correlated against
ataxia severity rating scales to estimate convergent
validity which was found to be good. The study
participants were sub-divided into assistive walk-
ing device users and non-users. The ability of the
measures of balance to di®erentiate between users
and non-users of assistive devices was studied to
determine the discriminant validity. The balance
scores showed a statistically signi¯cant di®erence
between the scores of assistive device users and
non-users showing evidence for discriminant va-
lidity. In summary, both the BBS and SARAbal
have good reliability and acceptable validity for
the assessment of balance among people with CA
secondary to multiple sclerosis. The structural

validity and responsiveness of the measures of
balance were not determined.

Appropriateness of the measures
of balance

A straightforward method to determine if the
contents of the outcome measure suit the target
population is to obtain feedback from end users,
the clinicians. The psychometric analysis involved
testing four balance measures of which three were
endorsed by experts through the Delphi survey
done earlier by our research team.3 In the Delphi
survey, neurologists and physiotherapists involved
in research and clinical practice of CA were inter-
viewed. They were asked to indicate the most ap-
propriate measure of balance they might use to
quantify balance de¯cits relating to CA. The
internet-based survey went on for two rounds and
the participants came to a consensus on the use of
the BBS, TUG and SARAbal as the most appro-
priate choice of assessment tool. Two of the mea-
sures recommended as the core set were those
endorsed by the clinical experts in the Delphi study
providing evidence for appropriateness.3

Secondly, it is recommended that an appropri-
ate set of patient outcome measures should have
one condition-speci¯c measure and a generic mea-
sure.5 A condition-speci¯c measure identi¯es chan-
ges that are in close relation or \proximal" to the
disease such as di±culty in performing tandem
walking in CA and the generic measure identi¯es
changes that are slightly less proximal or \distal" to
the health condition,18 such as altered stepping sec-
ondary to coordination de¯cits in CA. Among the core
set of measures, the SARAbal is condition-speci¯c
and the BBS is a generic measure of balance.2

Interpretability of the measures
of balance

In order to identify a meaningful score, the most
signi¯cant approach may be to relate the scores
achieved to the minimal clinically important dif-
ference (MCID).5 The MCID is described as the
smallest di®erence in the score following an inter-
vention that the patient perceives as bene¯cial.19

Since the psychometric analysis did not involve a
repeat assessment, where arguably a change in
score could be expected, determining the MCID
score was not possible. However, we established the
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minimal detectable change (MDC) for the BBS
and the SARAbal.

The MDC is described as the smallest change
that an outcome measure detects due to a notable
change in the participants' performance. The
established MDC is a re°ection of the SEM for the
measures of balance and could be considered as a
\proxy" for the MDC. The term \proxy" in sta-
tistics refers to a value that is probably not in itself
of any great interest, but from which a variable of
interest can be obtained. The MDC was estimated
using a data-driven method proposed by Wyrwich
et al.20 The Cronbach alpha of the measures of
balance was used to estimate the SEM that
re°ected the MDC. Therefore, the derived MDC
provides meaningful information on the expected
change in score that may be perceived to be clini-
cally meaningful for the patient following inter-
vention. Future studies may use the obtained
MDC as reference scores for reporting their results.

The second method of assessing interpretability
is to compare the scores with normative data in a
way that the di®erence in the score re°ects the
magnitude of di®erence between the tested sample
and an age-matched healthy peer. The BBS has
established normative data among community
dwelling healthy older adults.9 Being condition-
speci¯c and relatively new, the SARA does not
have established normative data. Future studies
are recommended to establish the normative scores
for the SARAbal among healthy older adults.

Acceptability of the measures
of balance

The response rate to the outcome measures was
high for the psychometric analysis and there were
no missing items in our data providing evidence for
acceptability.5 Acceptability can also be demonstrated
by determining the °oor and ceiling e®ect of the tool.
These estimates report on the level of ease to complete
the items i.e., were the contents of the tool too easy or
too di±cult or tolerable for the tested population?
Determining the acceptability was outside the scope of
the psychometric analysis; however, based on the
¯ndings of the psychometric analysis, the answer to
this question may be partially resolved. Of the 60
participants, only one (2%) had di±culty in com-
pleting all four assessments due to fatigue providing
some evidence for acceptable °oor e®ect. The parti-
cipants were able to complete all four tests. Eight
(13%) participants obtained full score for BBS and

¯ve (8%) for the SARAbal. However, we hesitate to
comment on the question \were the contents too easy
to complete?" Future studies are recommended to
estimate the °oor and ceiling e®ect for these measures
of balance.

Precision of the measures of balance

The psychometric property analysis estimated
discriminant validity by sub-dividing the partici-
pants into assistive device users and non-users.
Mann–Whitney U test was used to determine the
group di®erences between the two known groups
(assistive device users and non-users). The ¯ndings
of this analysis revealed a statistically signi¯cant
(p < 0:01) di®erence between the two groups for
both the measures of balance providing evidence
for precision.4 Secondly, it is recommended that
the precision could be derived by estimating the
unidimensionality of the measures under consider-
ation. However, unidimensionality estimation was
outside the scope of the psychometric analysis.
Therefore, we recommend future studies to con-
duct Rasch analysis or factorial analysis to provide
evidence for unidimensionality for these measures
in future.

Feasibility of the measures of balance

Based on the experience gained during data col-
lection, the two measures of balance took 15–20
min to complete. They did not require the use of
sophisticated equipment and are available at free
of cost. In addition, formal training is not needed
to perform these tests (the measures include
instruction). However, the examiners who con-
ducted these tests were quali¯ed physiotherapists
and therefore, the feasibility of administration is
limited to quali¯ed physiotherapists. With regard
to patient safety, it is recommended that the as-
sessment room is well-lighted, surface is non-slippery,
and adequate rest breaks are given between the
assessment sessions. There were no adverse events
documented during data collection providing evidence
for feasibility of the measures.

Generalizability of the ¯ndings

The ¯ndings of the present study are based on the
outcomes of a psychometric analysis conducted
earlier. As reported, the psychometric property
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analysis recruited people with CA secondary to
multiple sclerosis. The recruited sample was het-
erogeneous in terms of disease course of multiple
sclerosis which enables the generalizability of
¯ndings to all types of multiple sclerosis. In addi-
tion, the sample was homogenous in terms of the
type of lesion. The included participants with
multiple sclerosis were restricted to primary cere-
bellar impairment. Therefore, these recommenda-
tions may be considered for people with other types
of cerebellar ataxic lesions.

Conclusion

The ¯ndings of this study suggests that the BBS
and SARAbal are psychometrically sound, appro-
priate, interpretable, precise, acceptable and fea-
sible for the assessment of balance in people with
CA and multiple sclerosis. Future studies are
warranted to estimate the structural validity,
responsiveness, MCID, plus °oor and ceiling e®ect
for these measures to strengthen the present ¯ndings.
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Background: Most trials on symptom-modifying e®ects of glucosamine are limited to administration
through oral route with dearth of empirical data on the use of electromotive force.
Objective: The study determined the e®ects of glucosamine sulphate (GS) iontophoresis (IoT) on radio-
graphic parameters of patients with knee osteoarthritis (OA).
Methods: Fifty-three patients were randomly assigned to three groups. About 1 g each of GS was admin-
istered using IoT and cross-friction massage (CFM) for participants in groups 1 (IoT) and 2 (CFM), re-
spectively. Group 3 ((Combined therapy) CoT) received 1 g of GS using both IoT and CFM. Interventions
were twice a week for 12 weeks. Analysis of variance (ANOVA) was used to analyze the data (p < 0:05).
Results: After 12 weeks, the medial joint space width (JSW) of the CFM group was signi¯cantly higher than
that of IoT and CoT groups (p ¼ 0:005 and p ¼ 0:004). Lateral JSW of IoT group was signi¯cantly higher
than both CFM (p ¼ 0:001) and CoT groups (p ¼ 0:01). There were signi¯cant decreases in pain intensities;
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increase in knee °exion and physical functions across the groups (F ¼ 9:33; p ¼ 0:01;F ¼ 3:23; p ¼ 0:01;
H ¼ 4:97; p ¼ 0:01, respectively).
Conclusion: It was concluded that there were signi¯cant decreases in the degenerative changes at the knee
joint.

Keywords: Osteoarthritis; glucosamine; electromotive administration; degenerative changes.

Introduction
Osteoarthritis (OA) is the most common arthritis
with about 3.8% a®ecting the knee and hip joints.1

Approximately 10% and 18% of men and women,
respectively, present with multifarious symptoms
and radiological evidence in more than 50% of
people over 65 years of age.2,3 There is an in-
creasing prevalence of OA with resultant decrease
in functional capacities of patients.4 The earliest
signs of knee OA are narrowing of the medial
compartment of the joint, sub-chondral sclerosis,
cystic changes in the articular surfaces, and spur
formation on the tibia spine.5 The measurement of
the distance between the distal femur and the
proximal tibia is the joint space width (JSW) and
it is an indirect way of measuring cartilage thick-
ness. The JSW is reproducible for the assessment of
progressive knee cartilage degenerations, and
evaluation of disease-modifying e®ects of thera-
pies.6,7 The diagnosis of OA is based on the com-
bination of typical mechanical pain symptoms and
physical ¯ndings in the joints. OA has traditionally
been diagnosed with radiographs that demonstrate
JSW and osteophytes.8

The main goal of managing OA includes alle-
viation of pain and improving functional abilities
and main drugs of choice are non-steroidal anti-
in°ammatory drugs (NSAIDs), but the oral and
injectables are not without potential hazards. The
adverse e®ects include gastrointestinal disorders
and reduction in body immunity, particularly in
the elderly.9 In view of this, there is an increasing
quest in medical technology towards establishing
safer and e®ective means of delivering medications
beside these common methods. Hence, drug
administration using electromotive forces (ionto-
phoresis (IoT) and phonophoresis) are being con-
sidered as alternatives in clinical physiotherapy
practice. Although, pharmacokinetic parameters of
most of these drugs have not been analytically
established after administration through the use of
electromotive forces, the successes attached to

the ¯ndings are clinical indications in which the
medications are delivered in su±cient amount to
the targeted tissues.4,10,11 In IoT, there is percu-
taneous absorption through three main pathways:
the intercellular (paracellular) pathway between
the conneocytes along the lamellar lipids, the in-
tracellular (transcellular) pathway through the
cells or the appendageal (shunt) pathway via hair
follicles, sweat ducts and secretary glands.12

Patients with OA should receive a combination
of non-pharmacologic and pharmacologic treat-
ment.13 Amongst drugs which have been specu-
lated to be disease-modifying are glucosamine and
chondroitin, but the magnitude of their e®ects
remains unclear and controversial. The e®ective-
ness of administration of glucosamine on slowing
progression of OA is still shrewd with specula-
tion.14 The evidence that it can modify the struc-
ture of joints is still early and inconclusive. Some
clinical trials have shown that glucosamine may
prevent or slow down the loss of cartilage rather
than re-growing it.15,16 Speculation still surrounds
the e®ectiveness of topical application of glucos-
amine sulphate (GS) cream using massage to al-
leviate pain and slow down degenerative changes
in patients with OA and it appears that there is
inadequate data on the electromotive administra-
tion of glucosamine. However, it is unknown if
electromotive force will drive in more GS to hasten
pain relief and also reduce joint degenerative
changes faster than massage, hence, this study is
needed.

The primary aim of the study was to investigate
the e®ect of GS IoT on selected radiographic
parameters (JSW, inter-condylar thickening (ICT)
tibia width, pain intensity, range of motion (ROM)
and physical function in patients with knee OA.
It was hypothesized that there would be no sig-
ni¯cant di®erence in the selected radiographic
parameters, pain intensity, ROM and physical ac-
tivity of patients with knee OA among patients
who received GS through cross-friction massage
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(CFM) only, IoT only; and a combination of both
CFM and IoT in administering GS.

Methods

Participants

The 53 participants were patients with knee osteo-
arthritis, receiving treatment at the Out-Patient
Physiotherapy Clinic of a Nigerian University
Teaching Hospital in South West Nigeria.

Research design

This study was a randomized controlled trial
(pre-test and post-test) experimental design.

Inclusion and exclusion criteria

The major inclusion criteria were that the partici-
pants must have knee OA with history not less
than three months. There must also be radiological
evidences of grade III on Kellegren classi¯cation.
Excluded from the study were patients with his-
tory of knee surgery or replacement, patient with
neuromuscular and musculoskeletal diseases; car-
diac disorder, those using cardiac pacemaker,
on intra articular steroid therapy within two
months before the commencement of this study
and participants with impaired skin sensation.

Sampling techniques

A total of 60 participants were recruited for the
study with 20 in each group using purposive sam-
pling technique. The sample size for this study was
predetermined considering standard normal devi-
ation to be 1.96, 0.02� of accuracy, power estimate
of 80% and knee OA prevalence of 60% in adults.
The probability of Type I error is considered as
level of signi¯cance. The sample size was computed
to be 18 participants per group but to give room for
attrition, 20 participants were recruited for each
group totaling 60 participants for the study. They
were randomly assigned to three groups using ¯sh
bowl technique. Sixty separate slips, labeled groups
1, 2 and 3 with 20 for each group were mixed and
pooled into a box. Each patient was instructed to
pick a slip without looking into the box. Whatever
group was picked would be the group that the
patient was allotted. The °ow chart is presented in
Fig. 1.

Instruments

The instruments and test items included bathroom
weighing scale, a modi¯ed height meter, an elec-
trical stimulator (Model: Endomed 582, India),
70% alcohol and GS cream (glucosamine 8%w/w),
(Urah). Amongst the test items are the following: a
10-point visual analogue scale (VAS), a plastic
semi-circle Goniometer (Model E-Z ReadTM),
Western Ontario and Mcmaster University —

WOMAC OA index Questionnaire, X-ray ¯lm
report, pointing divider, Vernier caliper and
magnifying lens (Roger Bacon, Model No AC099).

Procedure for data collection

Ethical approval was obtained from the Health
Research and Ethics Committee, Institute of
Public Health, Obafemi Awolowo University, Ile
Ife. All the patients consented to participate in the
study. Participants in group 1 (IoT) received only
1 g (2 Finger-Tip Unit (FTU)) of GS cream which
was administered via IoT. Group 2 (CFM) parti-
cipants also received 1 g (2 FTU) of GS only, but it
was administered using CFM while group 3 (com-
bined therapy (CoT)) participants had interven-
tions using 1 g of GS cream through both IoT
and CFM.

A 10-point VAS was used to rate the pain. The
VAS had been established to be reliable and
e®ective in assessing knee pain arising from OA.17

Pain intensities were rated on three occasions: on
active and passive knee °exions, and on patellar
grinding. The active knee °exion was measured in
prone lying position using a standard procedure.
Physical function was assessed using the WOMAC
OS Questionnaire.18 The physical function sub-
scale was used to assess functional abilities of
patients in this study. There are 17 items on the
physical function sub-scale, it was rated on a
5-point Likert scale, ranging from 0 to 4 whereby
\0 ¼ none and \4 ¼ extreme". The minimum
obtainable score was \0" indicating best physical
function while the maximum obtainable was \68"
indicating poor physical function. The obtained
score for physical function was divided by total
possible score and multiplied by 100 and reported
in percentage. Lower value depicts better physical
function performance.

The JSW and inter-condylar thickening (ICT)
were measured using standard procedures adopted
by Deep et al.19 and Lequesne.20 The JSW was also
measured manually using the method described by
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Lequesne.20 Using the anteroposterior view of the
X-ray ¯lm of each patient, the horizontal distance
between the superior tip of the lateral and medial
condyles of the tibial was divided into two while
the lateral JSW was measured at the mid point of
the ¯rst half and the medial JSW was measured at
the mid point of the second half. The dividing
pointer was used to prick the two inter-bone dis-
tances on the radiograph with the aid of a magni-
fying lens and then pricked a sheet of paper. The
caliper was used to measure the inter-bone distance
between the pricks.20 The ICT on the X-ray ¯lm
was measured manually as the distance between
the tip of the anterior and posterior margins of the
inter-condylar eminence used the method described
by Lequesne, and the points of the caliper were
used to measure inter-margin distance with the aid
of a magnifying lens. The tibia width was measured
from the superior tip of the lateral tibia condyle
to that of the medial horizontally using pointing

divider and vernier caliper with the aid of magni-
fying lens. Prior to this, the reliability of the
method was determined by using ¯ve X-ray ¯lms of
patients with knee OA. The test–re-test interval
was one week. The Pearson's product moment
correlation reliability coe±ciency obtained for the
method of measuring the tibial width was found to
be 0.87.

About 1 g of GS was placed on positive electrode
(being positively charged) for patients in the
IoT group.21,22 An electrical stimulator machine
(Model: Endomed 582, India) was used to deliver
GS through the skin with the aid of electrodes. The
Galvanic current mode in the Electrical Stimulator
(Endomed 582) was used. The dose applied was
2mA-min (2mA� 20min) for each subject in
groups 1 and 3.23 The active (positive) electrode
was placed on the side where the participants ex-
perienced higher pain intensity (that is medial
or lateral side of the knee joint). The pain intensity

78 Par�cipants invited

60 Par�cipants 

18 did not meet inclusion criteria 

Group 1 n=20

53 completed the study and u�lized 
for data analysis  

Group 1 n=20Group 1 n=20

18 18 17 

Transfer from office 1
Office work pressure 1 

Personal reason 1
Office work Pressure 1

Reloca�on from
residence 3

 A�ri�on

Fig. 1. Flowchart for recruitment.
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was ascertained using valgus and varus ligamen-
tous stress tests; and appley's compression tests.
The skin areas where electrodes were fastened
were cleansed with methylated spirit (70% alcohol)
to minimize the risk of burns.24 Transarthral elec-
trode placement technique was used. The indi®er-
ent electrode was placed on the opposite side for
subject in groups 1 and 3. Both electrodes were
held in place by an adhesive strap. Each subject
had intervention(s) twice a week for 12 weeks.

The intention-to-treat (ITT) principle was
adopted in this study but last data measured were
not carried forward for the seven patients that
dropped out because the attrition happened in the
¯rst and second weeks of the protocols. We ob-
served that the recorded data at the time of ter-
mination did not di®er from the values obtained at
baseline, hence, they were excluded from data
analysis. The rate of attrition was almost uniform
in three groups and the drop-out was not due
to increase in severity, symptoms, group assign-
ment or drug side e®ects. However, all the patients
were followed up for another six weeks after the
end of the study.

Data analysis

Descriptive statistics were used to summarize the
data obtained. Levene's test was used to compare
the homogeneity of age, weight, height and body
mass index (BMI) across the groups. Repeated
Analysis of Variance (ANOVA) was used to
compare pain intensity, knee ROM, and selected
radiographic parameters across the groups. It was
also used to compare within group values at
baseline, 6 weeks and 12 weeks. Where between
groups, variance was observed at baseline, Analy-
sis of co-variance was used to compare the di®er-
ences. Post-hoc analysis (LSD) was used to
determine the trend of di®erences in the groups.
Kruska–Wallis test was used to compare physical
functions across the three groups. Alpha level was
set at p ¼ 0:05.

Results

The result showed that eight (47.1%) of the par-
ticipants who received GS IoT only have right knee
OA and two (11.8%) are male. The a®ected sides
for other groups are in Table 1. The age and

selected anthropometric parameters of patients in
IoT, CFM and CoT are presented in Table 2. The
Levene's test for homogeneity showed that there
was no signi¯cant di®erence in the selected
anthropometric parameters.

Comparison of radiographic
parameters of participants
across the groups at baseline,
6th and 12th weeks

The means of JSW on medial side of the knee in the
IoT group were 0:54� 0:08, 0:55� 0:07 and 0:59�
0:09 at baseline, 6th and 12th weeks, respectively.
There was no signi¯cant di®erence in the medial
JSW across the three groups at baseline and 6th
week, but there was signi¯cant di®erence at the
12th week. (F ¼ 6:00; p ¼ 0:01). There was signif-
icant di®erence in lateral JSW and ICT across the
three groups at baseline (F ¼ 4:34; p ¼ 0:02).
Other mean values are presented in Table 3. There
was signi¯cant di®erence in lateral JSW across the
three groups at baseline (F ¼ 4:34; p ¼ 0:02). At
the 6th week, there were no signi¯cant di®erences
in all the selected parameters. However, at the 12th
week, there were signi¯cant di®erences in the
medial and lateral JSW compared to baseline
and 6th week (F ¼ 6:00;P ¼ 0:01 and F ¼ 12:32;
p ¼ 0:001, respectively) (Table 3).

Table 1. Gender and distribution of a®ected sides
of patients in the three groups.

Groups N %

IoT Gender Male 2 11.8
Female 15 88.2

A®ected knee Right 8 47.1
Left 9 59.9

CFM Gender Male 4 22.2
Female 14 77.8

A®ected knee Right 10 55.6
Left 8 44.4

CoT Gender Male 4 22.2
Female 14 77.8

A®ected knee Right 7 38.9
Left 11 61.1

Note: 1 ¼ IoT group, 2 ¼ CFM group and 3 ¼ CoT
group.
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The result of the post-hoc analysis (LSD) at
baseline showed that there were no signi¯cant
di®erences in the baseline parameters excluding the
lateral JSW between CoT and IoT; and between
ICT of participants in IoT and CFM groups
(Table 4). The medial JSW of participants in CFM
group was signi¯cantly higher than that of parti-
cipants in IoT and CoT groups (p ¼ 0:005 and
p ¼ 0:004, respectively) at the 12th week,
(Table 5). The lateral JSW of IoT group was sig-
ni¯cantly higher than that of CFM group
(p ¼ 0:001) and that of CoT group (p ¼ 0:01), but
that of later was higher than that of the former
(p ¼ 0:04) (Table 5).

Comparison of pain intensity
and ROM of participants at
baseline, 6th and 12th weeks

The mean of pain intensity on active knee °exion
was 4:94� 1:30 on a 10-point rating scale (VAS)
for participants in IoT group (GS IoT) at baseline.
The mean pain intensities on active knee °exion
at 6th and 12th weeks are also presented in
Table 6. The result of ANOVA showed that there
were signi¯cant di®erences in pain intensities on
active and passive knee °exion; and patellar
grinding within the IoT group participants
(F ¼ 43:00; p ¼ 0:001; F ¼ 53:54; p ¼ 0:001; and

Table 2. Comparison of anthropometric parameters and onset duration
of participants across the three groups.

IoT CFM CoT
Levene (p)

Mean SD Mean SD Mean SD sig

Age 63.53 11.35 49.78 13.19 58.11 9.91 0.35
Weight 80.47 9.49 75.78 8.47 76.00 9.08 0.62
Height 1.52 1.61 0.96 0.49 1.63 0.86 0.73
BMI 35.57 4.13 29.55 4.01 28.39 4.76 0.93
Duration 11.47 7.80 8.72 6.17 11.11 7.28 0.26

Note: 1 ¼ IoT group, 2 ¼ CFM group and 3 ¼ CoT group.
*Levene Test for Equality of Variances.

Table 3. Comparison of radiographic parameters of all the participants at baseline, 6th and
12th weeks in the three groups.

Group 1 Group 2 Group 3

Mean SD Mean SD Mean SD F P

Medial JSW Baseline 0.54 0.08 0.49 0.15 0.51 0.11 0.72 0.49
6th week 0.55 0.72 0.52 0.17 0.51 0.10 0.49 0.62
12th week 0.59 0.09 0.79 0.30 0.58 0.15 6.00 0.01

Lateral JSW Baseline 0.82 0.14 0.73 0.17 0.68 0.11 4.34 0.02*
6th week 0.81 0.17 0.82 0.26 0.11 0.68 2.73 0.08*
12th week 0.84 0.16 0.57 0.18 0.68 0.13 12.32 0.001*

ICT Baseline 1.05 0.39 0.94 0.19 1.08 0.36 3.97 0.03*
6th week 1.19 0.39 0.94 0.19 1.02 0.31 2.99 0.06*
12th week 1.24 0.42 0.94 0.19 1.13 0.35 3.60 0.04*

Tibia width Baseline 6.71 1.38 7.47 0.62 6.84 1.09 2.54 0.09
6th week 6.76 1.33 7.41 0.62 6.83 1.12 1.83 0.17
12th week 6.66 1.34 7.42 0.61 6.78 1.13 2.57 0.09

*Analysis of co-variance.
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F ¼ 12:81; p ¼ 0:001, respectively). The mean pain
intensities on active and passive knee °exion; and
patellar grinding for CFM and CoT groups are
presented in Table 6. The post-hoc analysis (LSD)
showed that the pain intensity on active knee
°exion on a 10-point rating scale (VAS) at the 6th
week of IoT group participants was signi¯cantly
lower than that of baseline (p ¼ 0:001), with fur-
ther decrease at 12th week (p ¼ 0:001). Similarly,
the pain intensity on active knee °exion at 12th
week for IoT participants was signi¯cantly lower
than that of 6th week (p ¼ 0:001). The same

trends were observed on passive knee °exion and
patellar grinding at 6th and 12th weeks,
(p ¼ 0:001) (Table 7). The mean ROM (active
knee °exion) was 107:35� 12:18 at onset for
participants in the IoT group while at the 6th and
12th weeks, the mean of ROMs was 114:06� 10:80
and 122:94� 0:81, respectively. The result of
ANOVA showed that there was signi¯cant di®er-
ence in ROM within IoT group participants
(F ¼ 9:11; p ¼ 0:001) (Table 6).

For participants in the CFM group, the mean
pain intensities on active and passive knee °exions
were 4:72� 2:22; 3:39� 1:65 and 1:83� 1:15, re-
spectively, on a 10-point rating scale (VAS) at
baseline, 6th and 12th weeks. The result of
ANOVA showed that there were signi¯cant dif-
ferences in pain intensities on active and passive
knee °exions at baseline, 6th and 12th weeks
within the CFM group participants (F ¼ 12:59;
p ¼ 0:001; F ¼ 15:55; p ¼ 0:001, respectively)
(Table 6). The post hoc analysis (LSD) showed
that the pain intensity on active knee °exion at 6th
week for CFM group participants was signi¯cantly
lower than that of baseline (p ¼ 0:025) while at the
12th week, it was also signi¯cantly lower than at
baseline (p ¼ 0:001). Similarly, the pain intensity
on active knee °exion at 12th week for the CFM
group was signi¯cantly lower than at 6th week
(p ¼ 0:009). The result of post hoc analysis (LSD)
showed that the ROM at 12th week of CFM group
was signi¯cantly higher than that of baseline
(p ¼ 0:001) (Table 8).

The result showing comparison of mean of pain
intensities and ROMs for other groups are pre-
sented in Table 6. The result of the post hoc
analysis (LSD) showed that the pain intensity on
active knee °exion on a 10-point rating scale
(VAS) at 6th week of CoT group participants was
signi¯cantly lower than that of baseline
(p ¼ 0:001) and also the pain intensity on active
knee °exion on a 10-point rating scale (VAS) at
12th week in CoT group was signi¯cantly lower
than that of baseline (p ¼ 0:001). Similarly, the
pain intensity on active knee °exion on a 10-point
rating scale (VAS) at 12th week in CoT group was
signi¯cantly lower than that of 6th week
(p ¼ 0:01). Other post hoc analysis (LSD) results
are shown in Table 9.

There was signi¯cant di®erence in pain intensity
on active knee °exion on a 10-point pain rating
scale across the three groups (VAS) (F ¼ 9:33;
p ¼ 0:01) and same trend was found for passive

Table 5. Result of post hoc (LSD) analysis of radio-
graphic parameters of all the participants across the
three groups after 12th week.

I J Mean di®erence (I � J) P

Medial JSW 1 2 �0.20 0.005
3 0.01 0.94

2 3 0.21 0.004

Lateral JSW 1 2 0.27 0.001
3 0.15 0.01

2 3 �0.11 0.04

ICT 1 2 0.30 0.01
3 0.11 0.32

2 3 �0.18 0.10

Tibia width 1 2 �0.75 0.14
3 �0.12 0.73

2 3 0.63 0.08

Note: 1 ¼ IoT group, 2¼ CFM group and 3 ¼ CoT group.

Table 4. Result of post hoc (LSD) analysis of baseline
radiographic parameters of all the participants across
the three groups.

I J Mean di®erence (I � J) P

Medial JSW 1 2 0.05 0.24
3 0.03 0.45

2 3 0.02 0.67

Lateral JSW 1 2 0.84 0.08
3 0.14 0.05

2 3 0.06 0.24

ICT 1 2 0.31 0.01
3 0.17 0.13

2 3 �0.14 0.20

Tibia width 1 2 �0.76 0.08
3 �0.14 0.70

2 3 0.62 0.09

Note: 1 ¼ IoT group, 2 ¼ CFM group and 3 ¼ CoT group.
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knee °exion and patellar grinding at baseline for
participants in the three groups (Table 10). The
post hoc analysis (LSD) showed that the pain in-
tensity on active knee °exion for IoT group parti-
cipants was signi¯cantly lower than that of CoT
group (p ¼ 0:001) and CFM group (p ¼ 0:001).
Similar trends were also observed for passive knee
°exion and on patellar grinding (Table 11).

Comparison of physical function

of participants across the three

groups at baseline, 6th and

12th weeks

The physical function of participant in IoT group
at baseline was 28:31� 6:19 on a WOMAC scale.

Table 6. Comparison of pain intensity and ROM of participants at baseline, 6th and 12th weeks within the groups.

Baseline 6th week 12th week

Mean SD Mean SD Mean SD F P

IoT Pain intensity OAKF 4.94 1.30 2.94 0.97 1.77 0.66 43.00 0.001*
OPKF 6.41 1.33 3.77 0.97 2.94 0.66 53.54 0.001*
OPG 3.88 1.50 1.88 1.32 2.24 0.75 12.81 0.001*

ROM OAKF 107.35 12.18 114.06 10.80 122.94 8.81 9.11 0.001*

CFM Pain intensity OAKF 4.72 2.22 3.39 1.65 1.83 1.83 12.59 0.001*
OPKF 5.83 1.98 4.00 1.65 2.83 1.15 15.55 0.001*
OPG 3.83 1.58 3.33 1.09 3.00 0.91 2.11 0.130

ROM OAKF 104.22 17.25 113.89 14.24 121.61 10.18 6.78 0.002*

CoT Pain intensity OAKF 6.83 1.02 3.39 1.04 2.50 0.92 93.79 0.001*
OPKF 7.33 1.37 4.12 1.15 3.06 1.06 61.58 0.001*
OPG 5.67 1.65 3.39 1.38 2.56 0.78 26.84 0.001*

ROM OAKF 97.33 14.38 102.28 10.25 116.00 11.69 11.27 0.001*

Notes: �Signi¯cant at p < 0:05.
OAKF: On Active Knee Flexion, OPKF: On Passive Knee Flexion, OPG: On Patellar Grinding, 1 ¼ IoT, 2 ¼ CFM
and 3 ¼ CoT.

Table 7. Post hoc analysis (LSD) of pain intensity and
ROM of all the participants at baseline, 6th and 12th weeks
within IoT group.

I J

Mean
changes
(I � J) P -value

Pain intensity OAKF 1 2 2.00 0.001*
3 3.18 0.001*

2 3 1.18 0.001*
OPKF 1 2 2.65 0.001*

3 3.47 0.001*
2 3 0.82 0.020*

OPG 1 2 2.00 0.001*
3 1.65 0.001*

2 3 �0.35 0.410
ROM OAKF 1 2 �6.71 0.070

3 �15.59 0.001*
2 3 �8.88 0.020*

Notes: *Signi¯cant at p < 0:05.
1 ¼ Baseline, 2 ¼ 6th week and 3 ¼ 12th week, OAKF: On
Active Knee Flexion, OPKF: On Passive Knee Flexion,
OPG: On Patellar Grinding.

Table 8. Post hoc analysis (LSD) of pain intensity and
ROM of all the participants at baseline, 6th and 12th weeks
within CFM group.

I J

Mean
changes
(I � J) P

Pain intensity OAKF 1 2 1.33 0.030*
3 2.89 0.001*

2 3 1.56 0.001*
OPKF 1 2 1.83 0.001*

3 3.00 0.001*
2 3 1.17 0.040*

OPG 1 2 0.50 0.230
3 0.83 0.050*

2 3 0.33 0.420

ROM OAKF 1 3 �9.67 0.050*
3 �17.34 0.001*

2 3 �7.72 0.110

Notes: *Signi¯cant at p < 0:05.
1 ¼ Baseline, 2 ¼ 6th week and 3 ¼ 12th week, OAKF: On
Active Knee Flexion, OPKF: On Passive Knee Flexion,
OPG: On Patellar Grinding.
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The physical functions of participants in the CFM
and CoT groups are presented in Table 12. The
result of Kruskal–Wallis showed that there were
signi¯cant di®erences in physical function among
the participants across the three groups at baseline
(H ¼ 4:97; p ¼ 0:01). The physical functions of
participants in IoT, CFM, CoT groups at the 6th

week are presented in Table 12. There were also
signi¯cant di®erences in physical functions among
the participants across the three groups at 6th and
12th weeks (H ¼ 9:19; p ¼ 0:01; H ¼ 3:23; p ¼
0:01, respectively) (Table 12).

Discussion

Topical delivery of medication permits the avoid-
ance of ¯rst pass metabolism by the liver and it
also by-passes the gastric system providing higher
levels and quicker tissue saturation.11,25 It is widely
acknowledged that transdermal delivery improves
patient compliance.25 Levene's test was used to
determine if the three groups have equal variances.
Comparability across samples is called homogene-
ity of variance. The result of Levene test in this
study con¯rmed that the anthropometric para-
meters of patients in the three groups were com-
parable in age, weight, height and (BMI), hence
di®erences observed in this study could not be
attributed to the parameters. Chronicity of dis-
eases could also a®ect the outcome of interven-
tions, however, there was no signi¯cant di®erence
in the duration of onset of knee OA of patients in
the three groups.

Measurement of changes in JSW is currently the
gold standard in evaluation of structured modify-
ing drugs in OA.26 This current study evaluated
both medial and lateral JSWs because OA may

Table 9. Post hoc (LSD) analysis of pain intensity and
ROM of all the participants at baseline, 6th and 12th weeks
within CoT group.

I J

Mean
changes
(I � J) P

Pain intensity OAKF 1 2 3.44 0.001*
3 4.33 0.001*

2 3 0.89 0.010*
OPKF 1 2 3.17 0.001*

3 4.28 0.001*
2 3 1.11 0.008*

OPG 1 2 2.28 0.001*
3 3.11 0.001*

2 3 0.83 0.060

ROM OAKF 1 2 �4.94 0.230
3 �18.67 0.001*

2 3 �13.72 0.001*

Notes: *Signi¯cant at p < 0:05.
1 ¼ Baseline, 2 ¼ 6th week and 3 ¼ 12th week, OAKF: On
Active Knee Flexion, OPKF: On Passive Knee Flexion,
OPG: On Patellar Grinding.

Table 10. Comparison of pain intensity and ROM of all the participants across the three groups after 12th week.

IoT CFM CoT

Mean SD Mean SD Mean SD F P

Pain intensity OAKF: Base 4.94 1.30 4.72 2.22 6.83 1.04 9.34 0.001*
6th 2.94 0.97 3.39 1.65 3.35 1.06 0.66 0.520

12th 1.76 0.66 1.83 1.15 2.50 0.92 3.33 0.040*
OPKF: Base 6.41 1.33 5.83 1.98 7.33 1.37 4.07 0.020*

6th 3.77 0.97 4.00 1.65 4.12 1.17 0.33 0.720
12th 2.94 0.66 2.83 1.15 3.06 1.06 0.23 0.780

OPG: Base 3.88 1.50 3.83 1.58 5.67 1.65 7.84 0.001*
6th 1.88 1.32 3.33 1.09 3.35 1.41 7.51 0.001*

12th 2.23 0.75 3.00 0.91 2.56 0.78 3.86 0.030*

ROM AKF: Base 107.35 12.18 104.22 17.25 97.33 14.38 2.12 0.130
6th 114.06 10.80 113.89 14.24 01.53 10.04 6.27 0.004*

12th 122.94 8.81 121.61 10.18 116.00 11.69 2.26 0.120

Notes: *Signi¯cant at p < 0:05.
OAKF: On Active Knee Flexion, OPKF: On Passive Knee Flexion, OPG: On Patellar Grinding, Base: Baseline.
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involve either medial and lateral tibiofemoral or
patellafemoral compartments according to the lo-
calization of cartilage deterioration.27 At baseline,
the three groups were comparable in medial joint
space and tibial widths. At the 6th week, there
were no signi¯cant changes in all the radiographic
parameters. However, at the 12th week (after three
months), there were di®used e®ects of di®erent
interventions on JSWs. There was signi¯cant in-
crease in the medial joint space when massage was
used to administer GS cream while there was a
signi¯cant increase in lateral joint space when GS
cream was administered through the process of
IoT. The combined therapies improved the lateral

joint space that makes use of CFM technique only.
In knee OA, tight muscle increases the compression
of joint while tightening of quadriceps, hamstring
and calf muscle results in poor coordination and
slower reaction time.28 The tightening of quadri-
ceps, hamstring, calf muscle and poor °exibility
associated with knee OA may likely have a com-
bined closing e®ect on the 1knee joint space. The
administration of GS cream through massage
might have loosened and relaxed soft tissues at the
knee joint; and these might be the reason for the
increased medial joint space at the knee joint. The
use of massage is an age-old process that involves
stimulations of tissues by rhythmically applying
both stretching and pressure.29

CFM had been reported to stimulate blood °ow
and also breaks down cross-bridge; and the fric-
tional pressure is applied at right angle thereby
stretching apart the musculo-tendinous tissues.30

The stretching and pressure at the knee joint might
improve the °exibility of the quadriceps and ham-
string muscles which subsequently open up the
joint space of the knee in patients with OA. Flexi-
bility is related to the extensibility of musculo-
tendinous units that cross a joint. Onigbinde et al.31

reported that transdermal massage of glucosamine
was very e®ective in improving hamstring °exibil-
ity and increasing knee °exion ROM among
patients with knee OA. The reported improvement
in medial joint space might be attributed to the
contributions of the manipulative e®ects of CFM
and transdermal application of GS cream which
both improve °exibility. This study corroborated
that of Reginster et al.32 who also observed an in-
crease in the JSW in patients with OA. Also,
Dahmers and Schiller33 reported the increase in
medial compartment of tibia femoral joint space
following the administration of GS after 12 weeks of

Table 11. Post hoc (LSD) analysis of pain intensity and
ROM of all the participants across the three groups at
baseline.

I J

Mean
changes
(I � J) p

Pain intensity OAKF 1 2 2.19 0.690
3 �1.89 0.001*

2 3 �2.11 0.001*
OPKF 1 2 0.58 0.290

3 �0.92 0.090
2 3 �1.5 0.010*

OPG 1 2 0.05 0.930
3 �1.78 0.002*

2 3 �1.83 0.001*
ROM OAKF 1 2 3.13 0.530

3 10.01 0.050*
2 3 6.89 0.170

Notes: *Signi¯cant at p < 0:05.
1 ¼ IoT, 2 ¼ CFM, 3 ¼ CoT, OAKF: On Active Knee
Flexion, OPKF: On Passive Knee Flexion, OPG: On
Patellar Grinding.

Table 12. Comparison of physical function of participant across the three
groups at baseline, 6th and 12th weeks.

Physical function

IoT CFM CoT
Mean � SD Mean � SD Mean � SD H P

Baseline 28.31 6.19 34.08 10.82 37.96 9.50 4.97 0.010*
At 6th week 17.85 4.98 22.70 5.83 23.37 6.64 9.19 0.010*
At 12th week 11.27 2.64 16.61 6.63 14.82 8.23 3.23 0.010*

Notes: *Signi¯cant at p < 0:05.
IoT: iontophoresis, CFM: cross-friction massage, CoT: combined therapy.
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intervention. Also, in a recent study, Durmus
et al.34 evaluated the e®ect of GS on the cartilage
repair, and found an increase in the medial JSW.

This study observed that at baseline, the ICT of
patients who had intervention using CFM was
signi¯cantly lower than that of those who received
GS IoT only at baseline, however, after 12 weeks of
intervention, the ICT remained lower for the for-
mer. There was no signi¯cant di®erence in the tibia
width across the three groups at baseline, 6th and
12th weeks. This implied that there was no pro-
gression in the degeneration of bone margins of the
tibia condyle after three months. The within
groups assessment showed that knee OA patients
who received GS via CFM only had increased lat-
eral JSW at 12th week than at baseline. Also, the
lateral JSW at 12th week was signi¯cantly higher
than that at baseline and 6th week. The signi¯cant
increase in the medial and lateral JSW of the knee
joints corroborated the ¯ndings of Reginster et al.32

This study observed no signi¯cant di®erence in the
medial JSW, lateral JSW, ICT and tibia width of
patient who received GS IoT only and similar trend
was observed for patients who had both glucos-
amine through IoT and massage. The clinical im-
plication of this is that there was neither regression
nor progression in degenerative changes in the ra-
diographic features of patients who received either
IoT only or combined interventions. Besides, it is
also suggestive of the importance of using plain
radiograph to monitor progress made in the man-
agement of knee OA using JSW, ICT and tibia
width as indices for outcome measures.

This study rated pain intensities on active and
passive movements; and during patellar grinding.
It was observed that after 12 weeks of interven-
tions, the administration of glucosamine via IoT
signi¯cantly reduced the pain intensity on active
knee °exion and patellar grinding. The pain in-
tensity experienced by patients who had CoT was
signi¯cantly higher at baseline compared to that of
those who received massage only. However, after
12 weeks, there was no signi¯cant di®erence be-
tween levels of intensities between the groups. This
implied that combination of GS IoT and massage
was more e®ective in managing pain associated
with knee OA. This corroborated the reported de-
crease in pain intensity of patient with knee OA
after administration of GS.22,26 This current study
further lent credence to the e®ectiveness of ad-
ministration of GS in alleviating pain in patient 6
with knee OA as reported by Graig.26 and

Reginster et al.32 Furthermore, Onigbinde et al.11

reported that the administration of 1 g of GS cream
was e®ective in alleviating pain experienced by
knee OA patients. GS IoT has been severally ob-
served to modulate and signi¯cantly reduce pain
immediately after use.11,35

There was signi¯cant increment in knee °exion
at six weeks of interventions across the groups.
However, after 12 weeks of intervention, there was
no signi¯cant di®erence in the ROMs. This implied
that patients who had CoT might have reached a
plateau in ROM at the 12th week. This current
¯nding supported the report of Onigbinde et al.
who observed that patients who had GS IoT had
signi¯cantly better active knee °exion compared
with those who had the topical medication through
massage because the duration of their intervention
was also within six weeks.11 However, within the
groups, there was signi¯cant increase in active knee
°exion. This is in consistent with ¯ndings of
Onigbinde et al. who also reported that there was
an increase in the ROM of patient with knee OA
following the administration of GS.22

OA of the knee is the most common cause of
chronic disability among the elderly worldwide.36

The degree of °exibility of the quadriceps and
hamstring group of muscles contributes to smooth
and precise ambulatory functions. Most subjects
with OA usually experience functional limitations
in activities of daily living.37 The current ¯ndings on
physical functions showed that after 12 weeks of
intervention, there was signi¯cant improvement
across the groups, but participants in the IoT group
showed improved physical function compared to
the other groups. This corroborated the previous
study that showed that GS alleviates pain and
subsequently improves the physical functions of
patients.22 Also, Braham et al. reported that glu-
cosamine supplementation provides degree of pain
relief and further improved the function in persons
who experience regular knee pain, which may be
caused by prior cartilage injury and/or OA.22,38

Conclusion

We concluded that at the 12th week, there were
signi¯cant decreases in the degenerative changes at
the knee joints of patients with knee OA. The ad-
ministration of GS using IoT alone signi¯cantly
increases the lateral JSW than other interventions
while CFM only signi¯cantly increases the medial
JSW. However, none of the three interventions was
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superior in their e®ects on ICT and degeneration
of tibia bone margin after 12 weeks. Also, GS
administration through CFM alleviated pains, in-
creased active and passive knee °exion better than
the use of IoT alone or combination of both inter-
ventions. Furthermore, the administration of GS
using IoT only increased the physical functions
than CFM or combination of both interventions.
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