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Background: Clinical outcomes are very important in clinical assessment, and responsiveness is a compo-
nent inside the outcome measures that needs to be investigated, particularly in chronic nonspeci¯c low back
pain (CNSLBP).
Objective: This study aimed to investigate the responsiveness of pain, functional capacity tests, and dis-
ability in individuals with CNSLBP.
Methods: Twenty subjects were assessed in pain using the following methods: visual analog scale (VAS) and
numeric pain rating scale (NPRS), functional capacity tests: functional reach test (FRT), ¯ve-time sit-to-stand
test (5 TSST), and two-minute step test (2 MST), and disability level: modi¯ed Oswestry Disability Ques-
tionnaire (MODQ), Thai version before and after 2-week intervention session. For interventions, the subjects
received education, spinal manipulative therapy, and individual therapeutic exercise twice a week, for a total of
two weeks. The statistics analyzed were change scores, e®ect size (ES), and standardized response mean (SRM).
Results: The most responsive parameter for individuals with CNSLBP was pain as measured by numeric pain
rating scale (NPRS) (ES �0.986, SRM �0.928) and ¯ve-time sit-to-stand test (5 TSST) (SRM �0.846).
Conclusion: This study found that NPRS pain and 5 TSST were responsive in individuals with CNSLBP at
two weeks after the beginning of interventions.
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Introduction

Low back pain (LBP) is a major health problem
internationally characterized by a range of bio-
physical, psychological, and social dimensions af-
fecting functioning, societal participation, and
personal ¯nancial prosperity.1,2 The reported
prevalence of LBP was high, especially for chronic
nonspeci¯c low back pain (CNSLBP), approxi-
mately 15.4% (Ref. 3) of which chronic low back
pain was about 2.5 times more prevalent in work-
ing population compared to nonworking group.4

Nonspeci¯c low back pain is labeled so when the
speci¯c nociceptive source cannot be found5 while
chronic is de¯ned so when the duration that the
pain persists is longer than 3 months.6 As afore-
mentioned impacts are caused by LBP, the out-
come assessments for individuals with LBP should
therefore cover pain assessment, and also related
activities and disability.

Responsiveness is very important for clinicians
to consider when the outcome measures are used
clinically, by which the responsiveness is the ability
of the outcome measures to detect the patient's
recovery or health status over time.7 The recom-
mended methods for statistical analysis to repre-
sent the responsiveness consist of change score,
e®ect size (ES), and standardized response mean
(SRM).8–11 It has been reported that for the indi-
viduals with acute nonspeci¯c low back pain, the
responsive outcomes were pain and disability as
reported with ES. In addition, it was found that
most of the patients recovered in 2 weeks,12 to be
comparable to the patients with acute LBP, the
duration of 2 weeks between the baseline and after-
intervention assessments gains attention for the
study in the patients with chronic LBP. For
patients with chronic LBP, the responsiveness has
been studied in various outcome measures such as
SF-36 and cooperative (COOP) chart system,13

Oswestry Disability Index (ODI), EuroQol
(EQ-5D), and Shuttle Walking Test (SWT).14

However, the previous studies had the heteroge-
neity of the recruited patients, di®erent time in-
terval examinations, and various statistical
analyses.13,14 In addition, the test such as SWT has
some limitations for clinical use because of the ac-
ceptability to patients and the cost for adminis-
tration.14 However, the functional tests are very
important for the assessment because they can
represent the individual's capacity for performing
particular activities. The concepts of functional
capacity tests have been developed by Simmonds

et al., by using the standardized pattern of func-
tional tests, while minimal equipment is needed
and the administration and interpretation are
simple. The exemplary functional capacity tests
are functional reach test (FRT), 5 TSST, and 2
MST.15 These functional capacity tests have
advantages for clinical use, but the responsiveness
of each test needs to be investigated.

This study was therefore conducted to examine
the responsiveness of pain, functional capacity test,
and disability level in individuals with CNSLBP on
2-week interval of pre-test and post-test assess-
ments for determining the responsiveness of the
selected clinical outcome measures.

Materials and Methods

Subjects

Twenty individuals with CNSLBP with the dura-
tion of their symptoms being at least 3 months
with mild to moderate pain intensity (1–6 cm on
visual analog scale, VAS) were recruited from
Physical Therapy Center, Faculty of Physical
Therapy, Mahidol University. The exclusion cri-
teria were speci¯c for radicular LBP, neurological
or cardiovascular diseases, history of previous sur-
gery at the spine or lower extremity, pregnancy,
and on menstruation. Written informed consent
was obtained from each individual before partici-
pation. The study protocol and informed consent
have been approved by Mahidol University-
Central Institutional Review Board (MU-CIRB),
COA no. 2017/155.2808.

Outcome measures

Pain intensity: Visual analog scale (VAS) with
10 cm horizontal line anchored by `no pain' on the
left end and `worst pain imaginable' on the right
was used. NPRS from 0 to 10 representing pain
intensity verbally was also used in this study.16,17

The individuals with CNSLBP reported their pain
intensity on worst movement or activity on the
tested day by marking on VAS and verbal
expression for NPRS.

Functional capacity tests

There were three functional capacity tests in this
study comprising functional reach test, ¯ve-time
sit-to-stand test, and two-minute step test. The
individuals with CNSLBP in comfortable clothes
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and canvas shoes were given an explaination and
saw the demonstration before the test.

FRT was used for assessing dynamic balance
and °exibility of the trunk muscle. The researcher
attached a ruler to the wall at participant's
shoulder height and provided feet placement marks
on the °oor. The individuals with CNSLBP stood
sideways next to the wall without leaning against
the wall, feet apart as shoulder width, and raised
both hands to 90�, kept elbows straight and hands
¯sting and the 3rd metacarpal head on the ruler
was recorded as the starting position. They were
then instructed to reach forward with arm out-
stretched remaining in shoulder height, as far as
possible without stepping three times, the best
distance reached was then recorded.18

5 TSST was used for assessing back and lower
limb strength. The researcher placed a chair
against the wall for ¯xing the tested location. The
individuals with CNSLBP were seated in the
middle of the chair, back straight without support
on the backrest and feet °at on the ground, both
arms crossed to the chest. They were instructed to
rise to fully stand and then returned to a fully
seated position as fast as possible ¯ve times. The
time spent to complete ¯ve times was recorded.19

2 MST was used to measure the endurance
during dynamic weight shifting activity. The re-
searcher measured the stepping height of each in-
dividual which was equal to the mid-thigh level,
halfway between the iliac crest and patella, and
marked the level on the wall. The individual was
then informed to step in the provided place with
moving the knee up to the predetermined mark on
the wall alternately, started with the right leg and
continued as many steps as possible within 2
minutes. The researcher counted the number of
times the right knee reached the mark. If needed,
the individual could be allowed to place one hand
on the table for balance.19

Disability level: The total score of modi¯ed
Oswestry Disability Questionnaire (MODQ), Thai
version, has been used by summarizing from 10
items; pain intensity, personal care, lifting, walk-
ing, sitting, standing, sleeping, social life, travel-
ing, employment/home making, which is
categorized into 6 levels of each item starting from
0 (no disability) to 5 (highest disability) and
multiplied with two to gain the percentage of
disability level.20 It can imply how pain a®ects
various activities of daily living.20–22 The higher

percentage represented a greater level of disability
de¯ned as follows: 0–20 minimal disability, 21–40
moderate disability, 41–60 severe disability, 61–80
crippled, and 81–100 bed bound or symptom
magni¯er.21

Procedures

The individuals were assessed two times, the ¯rst
time was at the beginning of the intervention
program, baseline or pre-test assessment. The
second was at the end of the 2-week program, post-
test assessment. The assessments were pain inten-
sity during worst movement by VAS and NPRS,
functional capacity tests comprising FRT 5 TSST,
and 2 MST, and disability level by MODQ, Thai
version. All assessments had been done by a
physical therapist who has been trained for all
assessments for 1 week of didactic period and
training session before this study. After ¯nishing
pre-test assessment, the results were taken away
and kept by another researcher. The physical
therapy intervention program was conducted in
interim between the two-time assessments. The
intervention program comprising education, spinal
manipulative therapy and therapeutic exercise23

including stretching and strengthening for lower
back twice a week lasted for two weeks.

Statistical analysis

The descriptive statistics for demographic data of
the subjects were shown in number, means and
standard deviations, and percentage. The respon-
siveness in this study consisted of change score,
e®ect size, and standardized response mean.
Change scores were calculated by subtracting post-
test value from pre-test value, representing the
magnitude of the di®erence between pre-test and
post-test, the greater the magnitude, the greater
the responsiveness or change. In this study, the
change score was calculated as post-test data
minus baseline data. ES has been recommended for
determining the responsiveness.24 The calculation
is the change score divided by standard deviation
of the baseline score,25 the value below 0.2 is con-
sidered small, 0.5 moderate, and 0.8 large accord-
ing to previous studies.8,10,11 SRM is similar to ES,
which is calculated by the change score divided by
standard deviation of the change. Therefore, SRM
indicates an estimate of change, which is stan-
dardized relative to the variability in change
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scores. The consideration for the calculated values
is the same as ES, or 0.2, 0.5, and 0.8 representing
small, moderate, and large, respectively.9 To com-
pare the change scores between VAS and NPRS,
the independent t-test was used since the data were
normally distributed with SPSS program version
23 (IBM Corp., Armonk, NY), the statistical sig-
ni¯cance was set at p-value less than 0.05.

Results

Demographic data of all subjects are reported in
Table 1. Baseline and post-test data of the subjects
are shown in Table 2. The results of change score,
ES, and SRM for all parameters are provided in
Table 3. The change scores of pain intensity were
�1.3 cm and �1.6 cm in VAS and NPRS, respec-
tively. The change scores of functional capacity
tests were 0.9 cm for FRT, �1:5 s for 5TSST, and
14.5 repetitions for 2MST, respectively. The
change score of disability as measured by MODQ
total score was �5:1%.

For the ES, the most responsive parameters
were pain measured by NPRS (ES ¼ �0:986), and
VAS (ES ¼ �0:789). While 5TSST had the highest
responsiveness for functional capacity test
(ES ¼ �0:510).

For the SRM, the most responsive parameter
was NPRS (SRM ¼ �0:928), followed by 5TSST
(SRM ¼ �0:846), and VAS (SRM ¼ �0:781).

The comparison of the change scores between
VAS and NPRS showed no signi¯cant di®erence,
t ¼ 0:559, p-value was 0.580.

Discussion

This study aimed to investigate the responsiveness
of clinical outcomes regarding pain, functional ca-
pacity tests, and disability level in individuals with
CNSLBP over the period of 2weeks. The results of
this study showed that pain as reported by VAS
and NPRS were responsive according to their
change scores, ES, and SRM. Using Cohen's sug-
gestions,8 the value of 0.8 or more is considered
large for ES and SRM. The ES and SRM of NPRS
were �0:986 and �0:928, respectively. These
values were therefore construed as large and

Table 1. Demographic data of the subjects.

Characteristics Summary

Female/Male, number 13/7
Age, years 43:15� 2:03
Weight, kg 57:80� 2:06
Height, cm 161:40� 1:69

BMI, kg/m2 22:18� 0:60

Duration of symptom, months 32:30� 35:50
Location of LBP, %
Left or Right
Left side

35%

Right side 20%
Both sides or Centralized 45%
Sacroiliac joint involvement
Yes 15%
No 85%
Working tasks, %
Doing housework 10%
Working in prolonged sitting 65%
Working in prolonged standing 25%

Table 2. Baseline and post-test data of the subjects.

Parameters Baseline Post-test

Pain
Visual analog scale (VAS), cm 3:2� 1:6 1:9� 1:9
Numeric pain rating scale

(NPRS), (0–10)
4:0� 1:6 2:4� 1:9

Functional capacity test
Functional reach test (FRT), cm 34:4� 5:7 35:3� 6:1
Five-time sit to stand test

(5 TSST), sec
11:3� 3:0 9:8� 3:2

Two-minute step test (2 MST),
rep

77:4� 34:0 91:9� 23:7

Disability
MODQ total score, % 14:0� 11:3 8:9� 7:9

Table 3. Change score, e®ect size, and standardized response
mean of each parameter.

Parameters
Change
score

E®ect
size

Standardized
response
mean

Visual analog scale (VAS) �1:3 �0:789 �0:781
Numeric pain rating scale

(NPRS)
�1:6 �0:986 �0:928

Functional reach test
(FRT)

0.9 0.158 0.184

Five-time sit to stand test
(5 TSST)

�1:5 �0:510 �0:846

Two-minute step test
(2 MST)

14.5 0.424 0.583

MODQ total score �5:1 �0:448 �0:487
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responsive. While VAS was little lower than NPRS
in terms of change score, ES, and SRM. However,
the comparison of the change scores between VAS
and NPRS showed no signi¯cant di®erence. In
addition, it has been proved that VAS and NPRS
have good agreement when using both in acute
pain assessment.26 The pain assessment in patients
with chronic LBP contains multiple factors. This
study therefore used the functional capacity tests
and the disability level additionally for better un-
derstanding of the changes in the patients with
CNSLBP.

The functional capacity tests, according to
SRM, 5TSST were proved to be most responsive
rather than FRT and two-minute step test. This
result might be because 5TSST involves the
strength of knee extensor in performing standing
up together with the activity of back extensor
muscles for adjusting the trunk upright by extensor
moment.27 This responsiveness could be hypothe-
sized such that the function of back extensor
muscles was perhaps better at the post-test ex-
amination on the period of 2 weeks owing to de-
creased pain contributing to increased speed of
movement, however, the change of back extensor
strength should be investigated for further study.

While FRT and 2MST had small to moderate
responsiveness reported as ES and SRM. FRT
involves the dynamic postural control for shifting
the center of mass (COM) towards the front edge
of the base of support as needed.18,28 Also, 2MST
was used to investigate the dynamic postural con-
trol together with aerobic endurance requiring
weight shifting, lower limb movement, and stabil-
ity of the spine.19 Their lower responsiveness
results could indicate that the improvement of
dynamic postural control needs longer period than
2 weeks for this training in individuals with
CNSLBP, the results therefore suggested the
practitioners or therapists to understand the re-
covery and set proper therapeutic time frame since
the responsiveness in dynamic postural control
would take longer time to follow-up as measured by
FRT and 2 MST. In addition, the intervention
program in this study did not include the dynamic
postural control training, the active portion of the
program was back stretching and strengthening
exercise. The small responsiveness data might
represent the exercise speci¯city while the back
strengthening exercise had minimal cross-over
e®ect to dynamic postural control. The interven-
tion program for future study might include also

the dynamic postural control training if the as-
sessment pertaining to the dynamic postural con-
trol is included.

For disability level, the responsiveness data
using MODQ total score as reported with change
score, ES, and SRM were �5:1, �0:448, and
�0:487, respectively, which were smaller than the
previous study12 with change score �16:2 and ES
�0:930. The result could clearly be concluded as
that the individuals with CNSLBP had slower re-
covery as represented by decreased disability level.
Therefore, the future study should provide longer
duration of post-test assessment for better result of
responsiveness in disability level. This study was
designed to be 2-week interval assessment in order
to be comparable to the previous study,12 by which
using the same methods of statistical analysis for
responsiveness, also, the clinical setting and inter-
vention program were also as same as the previous
study to investigate the behavior of the change in
individuals with CNSLBP compared to the acute
patients that had been taken as reference. The
results in this study were therefore can be con-
cluded such that the responsiveness in individuals
with CNSLBP was lower than patients with acute
LBP in the clinical outcomes such as pain and
disability level.

One of the limitations in this study is the re-
sponsiveness analyses, which was internal respon-
siveness. The external responsiveness was not
studied since another relevant outcome measure
was needed for correlation. However, the indivi-
duals with CNSLBP had many clinical aspects
which were di±cult to determine, requiring an-
other relevant outcome to cover all. Another con-
sideration was the time interval. The future study
should take longer period for the responsiveness
analysis to see greater change representing larger
responsiveness.

Conclusion

This study investigated the responsiveness of the
clinical outcomes used to measure the changes in
individuals with CNSLBP at 2 weeks after the
beginning of interventions.

The most responsive parameter in this study
was pain as presented with the highest values in ES
and standardized response mean. While the func-
tional capacity tests were less responsive than
pain, the longer duration of physical therapy in-
tervention aiming to promote functional capacity
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is needed which is also suggested for further
investigation.
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