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Abstract

Background: There is evidence that people with persistent shoulder pain exhibit findings consistent with the presence of
sensorimotor dysfunction. Sensorimotor impairments can manifest in a variety of ways, and further developing our
understanding of sensorimotor dysfunction in shoulder pain may improve current models of care. The Fremantle Back
Awareness Questionnaire (FreBAQ) has been developed to assess disturbed body perception specific to the back. The
purpose of the present study was to develop a shoulder-specific self-perception questionnaire and evaluate the questionnaire
in people with persistent shoulder pain.

Methods: The Fremantle Shoulder Awareness Questionnaire (FreSHAQ-J) was developed by modifying the
FreBAQ. One hundred and twelve consecutive people with persistent shoulder pain completed the FreSHAQ-J.
Thirty participants completed the FreSHAQ-J again two-weeks later to assess test-retest reliability. Rasch analysis
was used to assess the psychometric properties of the FreSHAQ-J. Associations between FreSHAQ-J total score
and clinical status was explored using correlational analysis.

Results: The FreSHAQ-J has acceptable category order, unidimensionality, no misfitting items, and excellent test-
retest reliability. The FreSHAQ-J was moderately correlated with disability and pain catastrophization.

Conclusions: The FreSHAQ-J fits the Rasch measurement model well and is suitable for use with people with shoulder
pain. Given the relationship between the FreSHAQ-J score and clinical status, change in body perception may be worth
assessing when managing patients with shoulder pain.
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Background
Shoulder pain is the third most common musculoskel-
etal disorder [1]. Between 7 and 34% of adults experi-
ence shoulder pain at any one time [2], and only half of
new episodes of shoulder pain completely recover within
the first six-months [3, 4]. Shoulder pain can lead to

functional limitations and negatively impacts health-
related quality of life [5, 6].
Data suggest that sensorimotor dysfunction could play

an important role in shoulder pain [7–10]. People with
persistent shoulder pain exhibit findings consistent with
the presence of central sensitization [11], and neuro-
physiology studies have shown alteration in motor cor-
tex function in people with shoulder problems [12–14].
Proprioceptive impairments have been demonstrated in
people with rotator cuff pathology and with shoulder in-
stability [15–18]. Furthermore, in healthy individuals,
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tactile acuity and motor imagery performance were asso-
ciated with the physical performance of the shoulder
[19]. Most importantly, studies have shown that inter-
ventions targeting sensorimotor function, such as motor
control retraining exercises [20], proprioceptive exercise
[21, 22], mirror therapy [23], and a combination of pain
neuroscience education, tactile discrimination, and
graded motor imagery [24] may increase function and
reduce shoulder pain intensity.
Sensorimotor impairments can manifest in a variety of

ways and thus further developing our understanding of
sensorimotor dysfunction in shoulder pain may improve
current models of care. One manifestation of sensori-
motor dysfunction is disturbed body perception. This is
a complex phenomenon that is attributed to multiple
factors; as Pazzaglia and Zantedeschi elegantly describe
[25]: “knowledge of the body is filtered by perceptual in-
formation, recalibrated through predominantly innate
stored information, and neurally mediated by direct
sensory-motor information.” Evaluation of disturbed self-
perception therefore represents a way of capturing the
conscious correlate of disruption across a range of sen-
sorimotor processes. In addition, as pain may be viewed
as a reflection of an individual’s apprehension of threat
to their bodily or existential integrity [26], consciously-
perceived body perception may be viewed as the basis
for the appearance of pain.
Researchers have previously developed questionnaires to

measure perceptual impairment in complex regional pain
syndrome affecting the upper limb [27, 28]; however, so
far, no method to evaluate impaired body perception in
people with shoulder pain is ready for clinical implemen-
tation. The Fremantle Back Awareness Questionnaire
(FreBAQ) was developed to evaluate body perception spe-
cific to the back in people with chronic low-back pain
[29]. The initial development of the FreBAQ was based on
the Galer and Jensen [27] complex regional pain syn-
drome questionnaire, with the addition of items derived
from the results of more up-to-date perceptual research
[29]. The FreBAQ has since been translated into Japanese
[30], Dutch [31], and German [32]. The questionnaire is
composed of nine items investigating, neglect-like symp-
toms, reduced kinesthetic acuity, and perceived body
shape and size. The FreBAQ score is related to pain inten-
sity and disability and it has acceptable psychometric
properties [29, 30, 33]. A knee-specific body perception
questionnaire, the Fremantle Knee Awareness Question-
naire - Japanese (FreKAQ-J), was also developed [34]. The
FreKAQ-J has acceptable psychometric properties and is
also significantly associated with knee pain intensity and
knee pain-related disability [34].
We were interested in investigating whether people

with persistent shoulder pain would also endorse symp-
toms consistent with body perceptual deficits and

whether any perceptual impairment relates to clinical
status. Changing the key wording of items to allow for
use across other musculoskeletal pain issues is one of
the methods available to modify a questionnaire, al-
though thorough psychometric testing is essential before
adopting the questionnaire into clinical practice. For ex-
ample, the Keele STarT Back Screening Tool [35–38]
and the Fear-Avoidance Beliefs Questionnaire [39–42]
for low-back pain were modified for other musculoskel-
etal disorders including lumbar stenosis and knee, shoul-
der, and neck pain. Therefore, the aims of this study
were to modify the FreBAQ-J by replacing ‘back’ with
‘shoulder’ to enable use for people with shoulder pain,
determine whether people with shoulder pain report
impairments in self-perception specific to the shoulder,
assess the psychometrics of the scale, and investigate
whether the scores on this scale relate to clinical status.

Methods
Participants
One hundred and twelve participants with persistent
shoulder pain were consecutively recruited from an
orthopedic outpatient clinic by an orthopedic shoulder
surgeon. Participants were included according to the fol-
lowing criteria: (1) age between 20 and 80 years, (2) uni-
lateral shoulder pain for > 3 months, (3) the presence of
a positive result for at least three of the following tests:
Hawkins impingement sign, Neer’s impingement sign,
painful arc sign, Jobe’s test, Whipple’s test, and shoulder
pain induced by resisted muscle testing in shoulder ab-
duction or external rotation; and (4) sufficient profi-
ciency in Japanese to complete the questionnaires. All
patients underwent an initial radiography examination
to screen for fracture, dislocation, degenerative joint dis-
ease, and calcific tendinopathy. Participants were ex-
cluded according to the following criteria: (1) a history
of shoulder surgery or scheduled shoulder surgery, (2)
history of shoulder fracture, dislocation, degenerative
joint disease of the shoulder, rotator cuff calcific tendi-
nopathy, or complete rotator cuff rupture; (3) active
shoulder range of movement < 90 degrees of flexion or
abduction or < 0 degrees external rotation, (4) cervical
radiculopathy or cervical repeated movement testing af-
fecting shoulder pain and/or range of motion, or (5)
other severe orthopedic issue. Forty-eight healthy partic-
ipants without a history of shoulder pain and matched
for age and sex (ratio) with the enrolled patients were
recruited as controls. Given the anticipated recruitment
challenges, we aimed to recruit in excess of 100 patients
to ensure item calibration stability within ±0.5 logits
with 95% confidence [43]; this is in keeping with previ-
ously established recommendations for minimum sam-
ple sizes for Rasch analyses [44]. The calculation for
establishing the size of the control group was based on
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detecting a difference in mean total score between pa-
tients and healthy participants. The calculation was
undertaken using G*Power 3.1 (University of Kiel,
Germany) with a large Cohen effect size, significance set
at α = 0.01, and an expected power of (1 − β) = 0.8. This
resulted in a sample size of n = 39. We aimed to recruit
a minimum of 39 healthy participants.

Development of the Fremantle shoulder awareness
questionnaire-Japanese (FreSHAQ-J)
Before changing the FreBAQ we received copyright per-
mission from the developer of the FreBAQ questionnaire.
Initially, a Japanese version of the FreBAQ was developed
(FreBAQ-J) using a method of forward–backward transla-
tion [34]. To develop a shoulder specific version, the
Fremantle Shoulder Awareness Questionnaire-Japanese
(FreSHAQ-J), the Japanese character for ‘back’ was re-
placed with the one for ‘shoulder.’ Question 9 in the
FreBAQ-J (‘My back feels lopsided’) was considered re-
dundant because the sense of asymmetry does not apply
to the shoulder (e.g., the right shoulder alone cannot feel
lopsided). This question was adapted to reflect left and
right perceptual differences, similar to the knee-specific
version [34]. The translation of Question 9 from Japanese
to English reads “My shoulders feel different between right
and left (in terms of size and shape).”

Procedure
All participants provided demographic data (age, sex,
height, weight). Duration of pain, pain severity, pain-
related catastrophizing and shoulder pain-related disability
were recorded in participants with shoulder pain since
previous studies indicate that these factors are correlated
with perceptual impairment [29–34]. Shoulder pain inten-
sity with movement was assessed using a visual analog
scale (VAS) anchored at the left with “0 = no pain” and at
the right with “100 = unbearable pain.” The level of pain-
related catastrophizing was assessed using the Japanese
version of the Pain Catastrophizing Scale (PCS) [45, 46].
Functional disability was assessed using the Japanese-
validated version of the Quick Disability of the Arm,
Shoulder, and Hand (QuickDASH) questionnaire for pa-
tients with shoulder pain [47, 48]. All participants also
completed the FreSHAQ-J. For those with shoulder pain
the instructions used when completing the FreSHAQ-J
read ‘please indicate the degree to which your shoulder
feels this way when you are experiencing shoulder pain’
and for control participants ‘please indicate the degree to
which your shoulder feels this way today.’

Rasch analysis
We evaluated psychometric properties of the FreSHAQ-
J using Rasch analyzes as per the procedures used in
previous studies [30, 34]. Rasch analysis enables

comparison of ordinal FreSHAQ-J data with probabilis-
tic mathematical models based on the basic principles of
measurement [49, 50]. The Rasch model applied here as-
sumes participants with relatively frequent perceptual
deficits are more likely to support all of the FreSHAQ-J
items and that all participants are more likely to support
the items that represent relatively mild perceptual defi-
cits. Rasch analysis was carried out with the program
Winsteps (v3.90.2, Chicago, IL) using Andrich rating
scale models. The FreSHAQ-J data was analyzed to
evaluate the following components.

Category order
Rasch analysis facilitates assessment of the FreSHAQ
Likert scale, ensuring the categories are used as
intended. The FreSHAQ-J has five response categories
(0 = Never, 1 = Rarely, 2 = Occasionally, 3 = Often, 4 =
Always) and thus four “step calibrations” – the thresh-
olds in which the likelihood of supporting one category
is equal to the likelihood of supporting the next category
in a properly functioning rating scale. Visual inspection
of the Category Probability Curves was conducted to
identify category disordering indicative of underutilized
categories or misinterpretation of the category labels.

Targeting
Targeting refers to the degree to which the FreSHAQ-J
items target the participant (persons). Rasch Analysis al-
lows for comparison between the relative item endorsi-
bility and the person agreeability; a scale considered to
be well-targeted would one in which the mean item
endorsibility, anchored at 0 logits by default, is similar to
the mean person agreeability. The distribution of person
and item thresholds were analyzed visually and the sum-
mary statistics compared to determine how well the
items targeted the persons across the range of agreeabil-
ity. Floor or ceiling effects less than 15% were considered
appropriate as indicating by the COSMIN criteria.

Internal consistency
Rasch analysis software provides a Person Reliability
Index, in additional to the traditional Cronbach’s alpha,
as indicators of internal consistency [51], both of which
should exceed 0.7 [52].

Unidimensionality
Unidimensionality is an assumption of a scale designed
to be summed as a measure of a construct. Individual
FreSHAQ-J items should contribute to measurement of
this unidimensional construct of disturbed body percep-
tion but be sufficiently distinct so as not to replicate
other items and potentially inflate reliability estimates.
Item fit statistics were examined to identify items that
deviate from the expected; excessively large fitting
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residuals (> 1.4 logits) indicate a large difference in the
expected and observed performance of the item [53] and
that the item assesses constructs other than the intended
one. If the fit residuals are too small (< 0.6 logits), the
items behave too predictable [53]. We compared both
the infit (information-weighed) and outfit (outlier-sensi-
tive) statistics and tested the item-characteristic curves
of the misfitting items to determine how they behave
against participants of different agreements. As multidi-
mensionality may be too subtle to detected by item fit
statistics alone, a Principal Component Analysis (PCA)
of residuals was also conducted. Residuals refer to the
other activity in the data once the Rasch dimension has
been accounted for; if the data fit the model the analysis
would expect random noise. Eigenvalues of up to two
most likely represent accidental relationships in the data.
Eigenvalues larger than two (i.e. the strength of two
items) were explored as they could be indicative of a sec-
ond dimension [54]. Response dependencies between
items were investigated by inspecting the residual correl-
ation matrix [55] for pairs of items with correlations
greater than 0.4 [56, 57].

Person fit
Persons with outfit residuals larger than 1.5 logits were
compared with those with outfit statistics using the exact
significance test of Fisher [58] (for sex) or the Mann-
Whitney U test (for age, pain severity, pain duration,
and FreSHAQ-J score). The response strings of missfit-
ting persons were also analyzed to identify whether any
response patterns were present.

Construct validity
All FreSHAQ-J items share the same Likert scale but
contribute differently to measurement of perceptual dis-
turbances. A recent assessment of the FreBAQ [33]
found that items differed in terms of endorsability and
that the hierarchical ordering of items supported theor-
etical constructs underlying perceptual disorders, provid-
ing evidence of validity [30, 33]. The FreSHAQ-J should
function in a manner similar to the original low-back
version (FreBAQ J). In the present study, we evaluated
the order of items by analyzing the relative endorsability
of the items using published FreBAQ-J data [30].

Differential item function (DIF)
Items are expected to function in a similar manner for
all participants with a similar degree of consistency. DIF
analysis identifies individual items that may be biased by
factors other than the construct to be measured. DIF
was evaluated across five subgroups: sex (males, fe-
males), age (<=60, > 60 years), intensity of pain with
movement (<=50, > 50mm, 100 mm VAS, 50 mm), dur-
ation of pain (<=12, > 12 months), and disability (median

sprit; QuickDASH, <=23, > 23). DIF was tested using the
Mantel-Haenszel chi-square test, and the significance
was p = 0.01 for each item. Item bias was investigated
when there was a statistically significant difference, 0.5
logits or greater, between subgroups [59].

Test-retest reliability
The FreSHAQ-J was re-administered to participants who
reported a change less than 10mm on a 100mm visual
analogue scale measuring pain intensity at two-week fol-
low up. Test-retest reliability was established on the as-
sumption of a relationship between the frequency of pain
intensity and perceptual impairments [29, 30, 33]. Intra-
class correlation coefficient (ICC) binary mixed models of
absolute agreement were calculated. Reliability was classi-
fied as poor (ICC3, 1 < 0.40), moderate to good (ICC3, 1 =
0.40–0.75), or excellent (ICC3, 1 = 0.75–1.00) [60].

Relationship with clinical status
The Statistical Package for Social Sciences Version 22
(IBM SPSS Statistics for Windows, Version 22.0.
Armonk, NY: IBM Corp.) was used to evaluate compari-
sons between patient and control groups and correl-
ational analyses within the patient group. Kolmogorov-
Smirnov’s test was used to test for homovariance of data
distributions. Student’s t-test was used to compare age,
height, weight, and FreSHAQ-J scores between the
shoulder pain group and the control group. To verify
that sex was not a confounder, we examined sex differ-
ences between the shoulder pain group and the control
group using Fisher’s exact test. We performed a series of
univariate correlations examining the relationships be-
tween the FreSHAQ-J total scores and pain intensity,
disability, and pain catastrophizing in the shoulder pain
group only. Correlations were examined using appropri-
ate parametric or non-parametric tests. The strength of
the relationships was interpreted using the recommenda-
tions of Cohen [61], namely small (r = 0.10), medium
(r = 0.30), and large (r = 0.50). Five separate analyses
were performed, and thus the α was adjusted to 0.01.

Results
Table 1 summarizes the characteristics of the two
groups. All participants were native Japanese speakers.
Of the shoulder pain participants, 40 (35.7%) were
women, the mean age ± SD was 56.2 ± 11.7 years, the
mean severity of pain ± SD was 52.9 ± 21.3 and the
mean duration of pain ± SD was 12.8 ± 13.4 months.
The response frequency for each item of the FreSHAQ-J
is listed in Table 2. All nine items were endorsed by pa-
tients at some level, though the recorded frequency var-
ied across items. Items 9 had the highest endorsement
and Item 7 had the least endorsement. No one endorsed
“always” for items 5 and 8.

Nishigami et al. BMC Musculoskeletal Disorders           (2021) 22:98 Page 4 of 11



Rasch analysis of the FreSHAQ-J
Category order
Visual analysis of the Category Probability Curves dem-
onstrated clear step calibrations suggesting the Likert
rating scale functioned as expected (Fig. 1).

Targeting
Figure 2 shows the association between the FreSHAQ-J
items and person logit ratings. Table 3 shows the in-
ternal sensitivity thresholds for each item. This sample
was not sufficient as a target for the FreSHAQ-J. Persons
had a mean agreeability of − 1.21 logits (SD 0.81, range
− 3.42 to 1.39), greater than the default item

endorsability mean of 0 logits (SD 0.61, range− 1.25 to
0.97). Person agreeability was shifted to the left com-
pared to item endorsibility, indicating that participants
with relatively infrequent episodes of body perceptual
impairment were not successfully targeted by the scale.
Item 9 was endorsed the most by participants. Item 7
was the most difficult to endorse. No participant with
shoulder pain scored zero on the questionnaire and
none recorded the maximum score.

Internal consistency
The personal reliability index was 0.65, and Cronbach’s
alpha was 0.71.

Unidimensionality
Table 3 summarizes the fit statistics for the FreSHAQ-J
items. No items showed excessive positive and negative
infit or outfit. PCA of residuals revealed no clusters of
items in the matrix and an eigenvalue of 1.8 units, indi-
cating unidimensionality. No excessive positive or nega-
tive correlations (> 0.4) were found between items in the
assessment of local dependence.

Person fit
Person fit analysis identified 15 (13.3%) participants as
having excessive positive outfit (> 1.5 logits). There were
no significant differences in age (p = 0.85), sex (p = 0.56),
pain intensity during motion (p = 0.41), pain duration
(p = 0.57), disability (p = 0.11), or FreSHAQ-J scores (p =
0.35) between patients fitting the Rasch model and those
not fitting the model.

Table 1 Participant characteristics. QuickDASH: Quick Disability
of the Arm, Shoulder, and Hand, PCS: Pain Catastrophizing Scale

Characteristics Shoulder pain
(n = 112)

Control
(n = 48)

Mean (SD) or N (%) Mean (SD)
or N (%)

Demographic information

Gender (female) 40 (35.7%) 24 (50.0%)

Age (years) 56.2 (11.7) 52.8 (19.9)

Height (cm) 162.0 (8.0) 163.7 (8.5)

Weight (kg) 58.6 (10.8) 61.7 (14.0)

Duration of pain (months) 12.8 (13.4)

Pain intensity during
motion (0–100)

52.9 (21.3)

Disability (QuickDASH 0–100) 27.8 (19.1)

Pain Catastrophization (PCS 0–52) 21.1 (10.5)

FreSHAQ-J (0–36) 9.1 (5.0) 2.5 (3.6)

Table 2 Frequency of responses to each item of the FreSHAQ-J

Item Never
N (%)

Rarely
N (%)

Occasionally
N (%)

Often
N (%)

Always
N (%)

Median Mean
(SD)

1. My sore shoulder feels as though it is not part of the
rest of my body

26 (23.2) 39 (34.8) 31 (27.7) 8 (7.1) 8 (7.1) 1 1.4

2. I need to focus all my attention on my sore shoulder
to make it move the way I want it to

42 (37.5) 34 (30.4) 17 (15.2) 13 (11.6) 6 (5.4) 1 1.1

3. I feel as if my sore shoulder sometimes moves involuntarily,
without my control

51 (45.5) 33 (29.5) 13 (11.6) 13 (11.6) 2 (1.8) 1 0.9

4. When performing everyday tasks I don’t know how much
my sore shoulder is moving

52 (46.4) 27 (24.1) 22 (19.6) 8 (7.1) 3 (2.7) 1 0.9

5. When performing everyday tasks I am not sure exactly
what position my sore shoulder is in

52 (46.4) 37 (33.0) 16 (14.3) 7 (6.3) 0 (0) 1 0.8

6. I can’t perceive the exact outline of my sore shoulder 61 (54.5) 27 (24.1) 17 (15.2) 5 (4.5) 2.(1.8) 0 0.7

7. My sore shoulder feels larger than it appears 82 (73.2) 20 (17.9) 5 (4.5) 3 (2.7) 2.(1.8) 0 0.4

8. My sore shoulder feels smaller than it appears 64 (57.1) 33 (29.5) 11 (9.8) 4 (3.6) 0 (0) 0 0.5

9. My shoulders feel different between left and right
(in terms of size and shape)

10 (8.9) 23 (20.5) 38 (33.9) 30 (26.8) 11 (9.8) 2 2.0

Total 9 9.1 (5.0)
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Fig. 1 Rasch model category probability curves for the 5-category Japanese version of the Fremantle Shoulder Awareness Questionnaire. (C0, never;
C1, rarely; C2, occasionally; C3, sometimes; C4, always)

Fig. 2 Item-person threshold map. The upper histogram represents the distribution of the person response categories threshold estimates. The
lower histogram represents the distribution of the item response categories threshold estimates
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Construct validity
The results suggested that the items on the extremities
of the scale were stable and that there was some disorder
in the intermediate items (Fig. 3). The greatest difference
in item function was found for item 3.

Differential item function
No items were shown to be significantly biased by any of
the assessed variables.

Test-retest reliability
Thirty participants reported a minimal change in pain
intensity and their data were included for analysis. Excel-
lent test-retest reliability was found for the total score,

with an ICC3, 1 of 0.84 [95% confidence interval (CI)
0.70–0.92].

Relationship with clinical status
There was no significant difference in age (p = 0.24) or
sex (p = 0.11) between the shoulder pain and control
groups. The shoulder pain group scored significantly
higher on the FreSHAQ-J than the control group (p <
0.001, mean difference = 6.6, 95% CI = 4.9–8.1). The
FreSHAQ-J was significantly and moderately correlated
with the QuickDASH (rho = 0.38, p < 0.01) and PCS
(rho = 0.49, p < 0.01) (Table 4). However, the FreSHAQ-J
did not correlate significantly with pain intensity during
movement (rho = 0.20; p = 0.03) (Table 4).

Discussion
The aims of the present study were to develop a
shoulder-specific body perception questionnaire, to in-
vestigate whether people with shoulder pain experience
shoulder-specific self-perception deficits, evaluate the
psychometric properties of the scale and explore the
scales relationship with clinical status. Our results sug-
gested that the newly developed FreSHAQ-J has accept-
able categorical order, unidimensionality, no misfitting
items, and excellent test-retest reliability. The formation
of a unidimensional scale of nine items suggests that the
scores can be summed to obtain a measure of perceptual
impairment. This scale does not produce bias by age or
sex and clinical characteristics such as pain intensity,
pain duration, or disability. The category rating scale

Table 3 Fit statistics from Rasch analysis

Item Measure (Logits) SE Infit (mmsq) Outfit (mmsq)

9 -1.25 0.10 1.00 1.05

1 −0.54 0.10 1.10 1.04

2 −0.27 0.10 0.99 0.91

4 0.00 0.11 0.86 0.76

3 0.01 0.11 1.12 1.27

5 0.22 0.12 0.77 0.70

6 0.30 0.12 1.06 1.06

8 0.57 0.13 1.28 1.21

7 0.97 0.15 1.13 1.05

Fig. 3 Difference between the FreBAQ-J and FreSHAQ-J. The broken line represents a trend-line through the average of both sets of items, and
the solid lines represents the upper and lower 95% confidence bands
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functions as expected. We observed no floor or ceiling
effects in the clinical sample as participants with the
lowest or highest possible score were less than 15% of
the sample, in fact no participant with shoulder pain re-
corded either the lowest or highest possible score.
Altogether, the FreSHAQ-J showed sufficient psycho-
metric properties to be used for assessing disturbed body
perception in people with shoulder pain in a Japanese
population.
This is the first study to suggest that people with

shoulder pain endorse symptoms consistent with dis-
rupted self-perception and adds some weight to the sug-
gestion that distorted body perception should be
targeted as part of the management of people with per-
sistent shoulder pain. How we experience our body is a
complex issue with various terms and taxonomies used
to try and capture different aspects of body representa-
tion. Three main criteria are generally used to distin-
guish between the different ways the body is viewed and
experienced. Firstly, distinction is made between short-
term representations and longer-term, more stable rep-
resentations. Secondly, body representations can be dis-
tinguished by their availability to consciousness. Some
representations are quite implicit and operate largely
outside of consciousness whereas others are unequivo-
cally conscious representations. Lastly, distinction is
made about functional role, particularly whether the rep-
resentation is action orientated or perception orientated
[62]. A recent scoping review sought to map and exam-
ine the range of literature on functional representations
of the body in people with musculoskeletal pain disor-
ders [63]. This group considered the three key domains
of body representation pertinent to musculoskeletal
pain, the perception of the body (how the body feels to
the person), the perception of the space around the body
and the sense of ownership of the body, and reviewed
both implicit and explicit ways of assessing these do-
mains [63]. Under this taxonomy the FreSHAQ-J would
be regarded as measure of explicit body perception, with
reasonable face validity as it employs a subjective self-
reported scale to measure a subjective consciously felt
construct.
The mean availability of the FreSHAQ-J (− 1.21 logits)

was consistent with those of the FreBAQ-J (− 0.88 logits)

[30] and the FreKAQ-J (− 0.92 logits) [34]. The FreSHAQ-
J, similar to the FreBAQ-J, covers moderate and high
levels of distortion of body perception and is most suitable
for use in people experiencing frequent perceptual dys-
function. In contrast, participants with lower levels of per-
ceptual impairment were not successfully targeted by the
FreSHAQ-J. The results suggest that from a psychometric
perspective, the addition of new items is needed to assess
more subtle impairments. However, it remains to be de-
termined whether low levels of perceptual impairment do
in fact impact on clinical status.
The person reliability index was 0.65. This is slightly

below the acceptable level of 0.70 and lower than that
seen in people with low back pain (FreBAQ-J person re-
liability index = 0.76) [30] and in people with knee osteo-
arthritis (FreKAQ-J person reliability index = 0.81) [34].
The person reliability index depends on how targeted
the scale is. Low person reliability suggests that ques-
tionnaires have limited ability to distinguish distinct
classes of perceptual impairment. Sensitivity to change
in the questionnaire may also not be ideal. That is, the
questionnaire may not be able to detect changes when
the patients with high-level body perception disturbance
experience improvement in body perception because the
FreSHAQ-J does not include questions targeting low-
level body perception disturbance. Again, adding scale
items that are more easily endorsed and assess lower
levels of disturbance should improve the tool. However,
Cronbach’s alpha was 0.71, which is higher than the ac-
ceptable level of 0.7. There are some differences between
Cronbach’s alpha and the person reliability index. Cron-
bach’s alpha is calculated using all scores, including the
maximum and minimum scores, while the estimate of
the person reliability index requires extrapolated values
for extreme scores. This difference in computation may
impact the difference seen between the Cronbach’s alpha
and the person reliability index. A minimum value of 0.7
for the Person Reliability Index is recommended for
population use and 0.85 for personal use [52]. Therefore,
the FreSHAQ-J may be better suited to group use, for
example comparing body perception between people
with two different conditions, than to use with individual
patients.
There were no items showing excessive infit or outfit,

and no item bias was observed. Unidimensionality is a
key prerequisite for summing a set of items [55, 64, 65].
The present study demonstrated that the scale showed
unidimensionality, suggesting that distorted body per-
ception, including three dimensions (neglect-like symp-
toms, reduced kinesthetic acuity, and perceived body
shape and size), was the only construct in people with
shoulder pain. Therefore, the FreSHAQ-J allows mean-
ingful comparisons of the degree of body perceptual
distortion.

Table 4 Correlations between the FreSHAQ-J total score and
clinical status

Correlation
coefficient (R)

P value

Pain intensity during motion 0.20 0.03

Disability (QuickDASH) 0.49 < 0.001

Pain Catastrophization Scale (PCS) 0.38 < 0.001
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Item hierarchy in the FreSHAQ-J was similar but not
identical to that in the FreBAQ-J. The greatest discrep-
ancy between the FreSHAQ J and FreBAQ J was found
in item 3 (I feel as if my sore shoulder sometimes moves
involuntarily, without my control). Participants with
shoulder pain (0.01 logits) endorsed Item 3 to a higher
degree than did the participants with low-back pain
(0.91 logits). Item 3 was based on symptoms of motor
neglect frequently observed in participants with complex
regional pain syndrome. Although motor deficits are
commonly found in participants with low-back pain
[66–68], motor neglect may be observed to a higher de-
gree in participants with limb pain than with low-back
pain, and it is certainly plausible that involuntary move-
ment is a more common percept in the limbs than in
the trunk.
The ICC of 0.84 (95% CI 0.70–0.92) showed that the

FreSHAQ-J has excellent test-retest reliability, confirm-
ing the findings of the previous FreBAQ-J study with
people with low-back pain (0.81, 95% CI 0.67–0.89) [30]
and the FreKAQ-J study assessing people with knee
osteoarthritis (0.76, 95% CI 0.52–0.89) [34].
The marked differences in the FreSHAQ-J total scores

between the shoulder pain group (mean 9.1) and the
control group (mean 2.5) and the relationship with dis-
ability and pain catastrophizing, support previous sug-
gestions that perceptual impairment is associated with
clinical status in persistent pain [69]. Conversely, unlike
the FreBAQ [29, 30, 33] and the FreKAQ [34], this study
did not show a relationship between body perceptual
disturbance and pain intensity during motion when we
corrected for multiple comparisons. Pain intensity in
participants with shoulder pain (52.9 ± 21.3 mm) was
higher than that in participants with low-back pain
(49.1 ± 27.1 mm) [30] and knee osteoarthritis (43.5 ±
24.1 months) [34], whereas the FreSHAQ-J scores in
participants with shoulder pain (9.1 ± 5.0) were relatively
lower than those in participants with low-back pain
(11.7 ± 6.4) or knee osteoarthritis (12.4 ± 7.6). These dif-
ferences may have influenced the relationship between
pain intensity and body perceptual impairment and sug-
gest different impacts of body perceptual dysfunction
across different clinical presentations.
Limitations of this study need to be considered. First,

the sample size of this study is relatively small. Previous
studies suggest that small sample size (n < 100) particu-
larly impact on category disorder, targeting, and misfit-
ting items [44]. One hundred and twelve participants
contributed data to the Rasch analysis and this may im-
pact on the confidence in some of the results. Some of
the issues reported above regarding targeting and misfit-
ting may be less apparent in testing in larger samples.
Second, the duration of pain in subjects with shoulder
pain (12.8 ± 13.4 months) was shorter than that in

subjects with low-back pain (88.8 ± 106.8 months) [30]
and knee osteoarthritis (57.7 ± 88.4 months) [34]. Differ-
ent results to those observed here may be seen in shoul-
der pain populations with greater chronicity. Third, the
sample was derived from an orthopedic outpatient clinic
and participants were referred into the study by an
orthopedic shoulder surgeon. Further research, particu-
larly including people from primary care, is needed to
evaluate the generalizability of the reported findings.
Fourth, we did not lodge and lock our protocol and stat-
istical analysis plan prior to data collection. When we
commenced this study, such practice was uncommon in
our field, but now it is recommended, and is among
those at the forefront of this push [70]. Failure to do this
clearly represents a shortcoming in transparency and
reporting. Lastly, we chose pain intensity as the factor to
determine clinical stability for the test-retest part of the
study as pain related variables were key inclusion criteria
and our previous work has shown consistent relation-
ships between pain intensity and body perception. This
relationship was not upheld in this study and an alter-
nate measure such as global perceived effect may be
more useful in future investigations.

Conclusion
The Fremantle Shoulder Awareness Questionnaire, a
shoulder-specific body awareness and perception scale
was developed by modifying the Fremantle Back Aware-
ness Questionnaire. The FreSHAQ-J fits well to Rasch
metric models for people with shoulder pain and has ex-
cellent test-retest reliability. The level of disruption in
body perception were significantly associated with the
clinical status of people with shoulder pain and may be
worthwhile assessing when managing this population.

Abbreviations
DIF: Differential item function; FreBAQ: Fremantle Back Awareness
Questionnaire; FreKAQ-J: Fremantle Knee Awareness Questionnaire; FreSHAQ-
J: Fremantle Shoulder Awareness Questionnaire-Japanese; ICC: Intraclass
correlation coefficient; PCA: Principal component analysis; PCS: Pain
Catastrophizing Scale; QuichDASH: Quick Disability of the Arm, Shoulder, and
Hand; VAS: Visual analog scale

Authors’ contributions
All authors have read and approved the manuscript. Study design: TN, BMW.
Data collection: AW, TM, HS. Data analysis: TN, AM, MJC. Drafting manuscript:
TN, BMW, TRS, MJC, GLM. Approving final version of manuscript: TN, AW, TM,
HS, AM, BMW, MJC, TRS, GLM.

Funding
TRS supported by National Health & Medical Research Council Career
Development Fellowship (ID1141735). GLM supported by a Leadership
Investigator Grant from the National Health and Medical Research Council of
Australia (ID 1178444).GThe authors received no specific funding for this
work.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author.

Nishigami et al. BMC Musculoskeletal Disorders           (2021) 22:98 Page 9 of 11



Ethics approval and consent to participate
Ethical approval was obtained from the institutional ethics committee of
Konan Women’s University. Written informed consent was obtained from all
participants before the study and the study was conducted in accordance
with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
GLM has received support from: ConnectHealth UK, Seqirus, Kaiser
Permanente, Workers’ Compensation Boards in Australia, Europe and North
America, AIA Australia, the International Olympic Committee, Port Adelaide
Football Club, Arsenal Football Club. No entities influenced this study.
Professional and scientific bodies have reimbursed GLM for travel costs
related to presentation of research on pain at scientific conferences/
symposia. GLM has received speaker fees for lectures on pain and
rehabilitation and receives book royalties from NOIgroup publications,
Dancing Giraffe Press & OPTP for books on pain and rehabilitation.

Author details
1Department of Physical Therapy, Faculty of Health and Welfare, Prefectural
University of Hiroshima, 1-1, Gakuen-chou, Mihara, Hiroshima 723-0053,
Japan. 2Department of Rehabilitation, Machida Orthopaedics, Kochi, Japan.
3Department of Rehabilitation, Utsumi Orthopaedics Clinic, Kagawa, Japan.
4Department of Rehabilitation, Miura internal Medicine Michiko Pediatrics
Clinic, Kagawa, Japan. 5Department of Nursing and Physical Therapy, Konan
Woman’s University, Kobe, Hyogo, Japan. 6The School of Physiotherapy, The
University of Notre Dame Australia, Fremantle, WA, Australia. 7Innovation,
Implementation and Clinical Translation in Health (IIMPACT in Health),
University of South Australia, Adelaide, SA, Australia. 8Neuroscience Research
Australia, Sydney, NSW, Australia.

Received: 24 February 2020 Accepted: 2 January 2021

References
1. Urwin M, Symmons D, Allison T, et al. Estimating the burden of

musculoskeletal disorders in the community: the comparative prevalence of
symptoms at different anatomical sites, and the relation to social
deprivation. Ann Rheum Dis. 1998;57:649–55. https://doi.org/10.1136/ard.57.
11.649.

2. Luime JJ, Koes BW, Hendriksen IJ, Burdorf A, Verhagen AP, Miedema HS,
et al. Prevalence and incidence of shoulder pain in the general population;
a systematic review. Scand J Rheumatol. 2004;33:73–81. https://doi.org/10.
1080/03009740310004667.

3. Croft P, Pope D, Silman A. The clinical course of shoulder pain: prospective
cohort study in primary care. Primary care rheumatology society shoulder
study group. BMJ. 1996;313:601–2.

4. Van der Windt DAWM, Koes BW, Boeke AJ. Shoulder disorders in general
practice: prognostic indicators of outcome. Br J Gen Pract. 1996;46:519–23.

5. Johansson K, Oberg B, Adolfsson L, Foldevi M. A combination of systematic
review and clinicians’ beliefs in interventions for subacromial pain. Br J Gen
Pract. 2002;52:145–52.

6. Seitz AL, McClure PW, Finucane S, Boardman ND 3rd, Michener LA.
Mechanisms of rotator cuff tendinopathy: intrinsic, extrinsic, or both? Clin
Biomech. 2011;26:1–12. https://doi.org/10.1016/j.clinbiomech.2010.08.001.

7. Paul TM, Soo Hoo J, Chae J, Wilson RD. Central hypersensitivity in patients
with subacromial impingement syndrome. Arch Phys Med Rehabil. 2012;93:
2206–9. https://doi.org/10.1111/papr.12502.

8. Coronado RA, Simon CB, Valencia C, George SZ. Experimental pain
responses support peripheral and central sensitization in patients with
unilateral shoulder pain. Clin J Pain. 2014;30:143–51. https://doi.org/10.1097/
AJP.0b013e318287a2a4.

9. Sanchis MN, Lluch E, Nijs J, Struyf F, Kangasperko M. The role of central
sensitization in shoulder pain: a systematic literature review. Semin Arthritis
Rheum. 2015;44:710–6. https://doi.org/10.1016/j.semarthrit.2014.11.002.

10. Bachasson D, Singh A, Shah SB, Lane JG, Ward SR. The role of the peripheral
and central nervous systems in rotator cuff disease. J Shoulder Elb Surg.
2015;24:1322–35. https://doi.org/10.1016/j.jse.2015.04.004.

11. Noten S, Struyf F, Lluch E, D’Hoore M, Van Looveren E, Meeus M. Central
pain processing in patients with shoulder pain: a review of the literature.
Pain Pract. 2017;17:267–80.

12. Berth A, Pap G, Awiszus F, Neumann W. Central motor deficits of the
deltoid muscle in patients with chronic rotator cuff tears. Acta Chir Orthop
Traumatol Cechoslov. 2009;76:456–61.

13. Fyhr C, Gustavsson L, Wassinger C, Sole G. The effects of shoulder injury on
kinaesthesia: a systematic review and meta-analysis. Man Ther. 2015;20:28–
37. https://doi.org/10.1016/j.math.2014.08.006.

14. Bradnam L, Shanahan EM, Hendy K, Reed A, Skipworth T, Visser A, et al.
Afferent inhibition and cortical silent periods in shoulder primary motor
cortex and effect of a suprascapular nerve block in people experiencing
chronic shoulder pain. Clin Neurophysiol. 2016;127:769–78. https://doi.org/
10.1016/j.clinph.2015.03.012.

15. Smith RL, Brunolli J. Shoulder kinesthesia after anterior glenohumeral
dislocation. Phys Ther. 1989;69:106–12.

16. Jerosch J, Wüstner P. Effect of a sensorimotor training program on patients
with subacromial pain syndrome. Unfallchirurg. 2002;105:36Y43.

17. Swanik KA, Lephart SM, Swanik CB, Lephart SP, Stone DA, Fu FH. The effects
of shoulder plyometric training on proprioception and selected muscle
performance characteristics. J Shoulder Elb Surg. 2002;11:579–86. https://doi.
org/10.1067/mse.2002.127303.

18. Anderson VB, Wee E. Impaired joint proprioception at higher shoulder
elevations in chronic rotator cuff pathology. Arch Phys Med Rehabil. 2011;
92:1146–51. https://doi.org/10.1016/j.apmr.2011.02.004.

19. Botnmark I, Tumilty S, Mani R. Tactile acuity, body schema integrity and
physical performance of the shoulder: a cross-sectional study. Man Ther.
2016;23:9–16. https://doi.org/10.1016/j.math.2016.02.001.

20. Worsley P, Warner M, Mottram S, Gadola S, Veeger HE, Hermens H, et al.
Motor control retraining exercises for shoulder impingement: effects on
function, muscle activation, and biomechanics in young adults. J Shoulder
Elb Surg. 2013;22:e11–9. https://doi.org/10.1016/j.jse.2012.06.010.

21. Lephart SM, Warner JP, Borsa PA, Fu FH. Proprioception of the shoulder
joint in normal, unstable and surgical individuals. J Shoulder Elb Surg. 1994;
3:371Y80. https://doi.org/10.1016/S1058-2746(09)80022-0.

22. Marzetti E, Rabini A, Piccinini G, Piazzini DB, Vulpiani MC, Vetrano M, et al.
Neurocognitive therapeutic exercise improves pain and function in patients
with shoulder impingement syndrome; a single blinded randomized
controlled trial. Eur J Phys Rehabil Med. 2014;50:255Y64.

23. Louw A, Puentedura EJ, Reese D, Parker P, Miller T, Mintken PE. Immediate
effects of Mirror therapy in patients with shoulder pain and decreased
range of motion. Arch Phys Med Rehabil. 2017;98(10):1941–7. https://doi.
org/10.1016/j.apmr.2017.03.031.

24. Sawyer EE, McDevitt AW, Louw A, Puentedura EJ, Mintken PE. Use of pain
neuroscience education, tactile discrimination, and graded motor imagery
in an individual with frozen shoulder. J Orthop Sports Phys Ther. 2018;48:
174–84. https://doi.org/10.2519/jospt.2018.7716.

25. Pazzaglia M, Zantedeschi M. Plasticity and awareness of bodily distortion.
Neural Plast. 2016;2016:9834340. https://doi.org/10.1155/2016/9834340.

26. Cohen M, Quintner J, van Rysewyk S. Reconsidering the International
Association for the Study of Pain definition of pain. Pain Rep. 2018;3:e634.
https://doi.org/10.1097/PR9.0000000000000634.

27. Galer GS, Jensen M. Neglect-like symptoms in complex regional pain
syndrome: results of a self-administered survey. J Pain Symptom Manag.
1999;18(3):213–7.

28. Lewis JS, Schweinhardt P. Perceptions of the painful body: the relationship
between body perception disturbance, pain and tactile discrimination in
complex regional pain syndrome. Eur J Pain. 2012;16(9):1320–30. https://doi.
org/10.1002/j.1532-2149.2012.00120.x.

29. Wand BM, James M, Abbaszadeh S, George PJ, Formby PM, Smith AJ, et al.
Assessing self-perception in patients with chronic low back pain:
development of a back-specific body-perception questionnaire. J Back
Musculoskelet Rehabil. 2014;27:463–73. https://doi.org/10.3233/BMR-140467.

30. Nishigami T, Mibu A, Tanaka K, Yamashita Y, Shimizu ME, Wand BM, et al.
Validation of the Japanese version of the Fremantle Back awareness
questionnaire in patients with low Back pain. Pain Pract. 2018;18:170–9.
https://doi.org/10.1111/papr.12586.

31. Janssens L, Goossens N, Wand BM, Pijnenburg M, Thys T, Brumagne S. The
development of the Dutch version of the Fremantle Back awareness
questionnaire. Musculoskelet Sci Pract. 2017;32:84. https://doi.org/10.1016/j.
msksp.2017.09.003.

Nishigami et al. BMC Musculoskeletal Disorders           (2021) 22:98 Page 10 of 11

https://doi.org/10.1136/ard.57.11.649
https://doi.org/10.1136/ard.57.11.649
https://doi.org/10.1080/03009740310004667
https://doi.org/10.1080/03009740310004667
https://doi.org/10.1016/j.clinbiomech.2010.08.001
https://doi.org/10.1111/papr.12502
https://doi.org/10.1097/AJP.0b013e318287a2a4
https://doi.org/10.1097/AJP.0b013e318287a2a4
https://doi.org/10.1016/j.semarthrit.2014.11.002
https://doi.org/10.1016/j.jse.2015.04.004
https://doi.org/10.1016/j.math.2014.08.006
https://doi.org/10.1016/j.clinph.2015.03.012
https://doi.org/10.1016/j.clinph.2015.03.012
https://doi.org/10.1067/mse.2002.127303
https://doi.org/10.1067/mse.2002.127303
https://doi.org/10.1016/j.apmr.2011.02.004
https://doi.org/10.1016/j.math.2016.02.001
https://doi.org/10.1016/j.jse.2012.06.010
https://doi.org/10.1016/S1058-2746(09)80022-0
https://doi.org/10.1016/j.apmr.2017.03.031
https://doi.org/10.1016/j.apmr.2017.03.031
https://doi.org/10.2519/jospt.2018.7716
https://doi.org/10.1155/2016/9834340
https://doi.org/10.1097/PR9.0000000000000634
https://doi.org/10.1002/j.1532-2149.2012.00120.x
https://doi.org/10.1002/j.1532-2149.2012.00120.x
https://doi.org/10.3233/BMR-140467
https://doi.org/10.1111/papr.12586
https://doi.org/10.1016/j.msksp.2017.09.003
https://doi.org/10.1016/j.msksp.2017.09.003


32. Ehrenbrusthoff K, Ryan CG, Grüneberg C, Wand BM, Martin DJ. The
translation, validity and reliability of the German version of the Fremantle
Back awareness questionnaire. PLoS One. 2018;13:e0205244. https://doi.org/
10.1371/journal.pone.0205244 eCollection 2018.

33. Wand BM, Catley MJ, Rabey MI, O'Sullivan PB, O'Connell NE, Smith AJ.
Disrupted self-perception in people with chronic low Back pain. Further
evaluation of the Fremantle Back awareness questionnaire. J Pain. 2016;17:
1001–12. https://doi.org/10.1016/j.jpain.2016.06.003.

34. Nishigami T, Mibu A, Tanaka K, Yamashita Y, Yamada E, Wand BM, et al.
Development and psychometric properties of knee-specific body-
perception questionnaire in people with knee osteoarthritis: the Fremantle
knee awareness questionnaire. PLoS One. 2017;12:e0179225. https://doi.org/
10.1371/journal.pone.0179225.

35. Azimi P, Shahzadi S, Azhari S, Montazeri A. A validation study of the Iranian
version of STarT Back screening tool (SBST) in lumbar central canal stenosis
patients. J Orthop Sci. 2014;19(2):213–7. https://doi.org/10.1007/s00776-013-
0506-y.

36. Butera KA, Lentz TA, Beneciuk JM, George SZ. Preliminary evaluation of a
modified STarT Back screening tool across different musculoskeletal pain
conditions. Phys Ther. 2016;96:1251–61. https://doi.org/10.2522/ptj.20150377.

37. Hill JC, Afolabi EK, Lewis M, et al. Does a modified STarT Back tool predict
outcome with a broader group of musculoskeletal patients than back pain?
A secondary analysis of cohort data. BMJ Open. 2016;6:e012445. https://doi.
org/10.1136/bmjopen-2016-012445.

38. Bier JD, Ostelo RWJG, Koes BW, Verhagen AP. Validity and reproducibility of
the modified STarT Back tool (Dutch version) for patients with neck pain in
primary care. Musculoskelet Sci Pract. 2017;31:22–9. https://doi.org/10.1016/j.
msksp.2017.06.006.

39. van Baar ME, Dekker J, Oostendorp RA, et al. The effectiveness of exercise
therapy in patients with osteoarthritis of the hip or knee: a randomized
clinical trial. J Rheumatol. 1998;25:2432–9.

40. George SZ, Fritz JM, Erhard RE. A comparison of fear-avoidance beliefs in
patients with lumbar spine pain and cervical spine pain. Spine (Phila Pa
1976). 2001;26:2139–45.

41. George SZ, Stryker SE. Fear-avoidance beliefs and clinical outcomes for
patients seeking outpatient physical therapy for musculoskeletal pain
conditions. J Orthop Sports Phys Ther. 2011;41:249–59.

42. Scopaz KA, Piva SR, Wisniewski S, Fitzgerald GK. Relationships of fear,
anxiety, and depression with physical function in patients with knee
osteoarthritis. Arch Phys Med Rehabil. 2009;90:1866–73.

43. Linacre JM. Sample size and item calibration stability. Rasch Meas Transac.
1994;7:328.

44. Chen WH, Lenderking W, Jin Y, Wyrwich KW, Gelhorn H, Revicki DA. Is Rasch
model analysis applicable in small sample size pilot studies for assessing
item characteristics? An example using PROMIS pain behavior item bank
data. Qual Life Res. 2014;23(2):485–93.

45. Sullivan MJ, Bishop SR, Pivik J. The pain catastrophizing scale: development
and validation. Psychol Assess. 1995;7:524–32.

46. Matsuoka H, Sakano Y. Assessment of cognitive aspect of pain:
development, reliability, and validation of Japanese version of pain
Catastrophizing scale. Jpn J Psychosom Med. 2007;47:95–102.

47. Beaton DE, Wright JG, Katz JN. Development of the QuickDASH: comparison
of the three item-reduction approaches. J Bone Joint Surg Am. 2005;87:
1038–46. https://doi.org/10.2106/JBJS.D.02060.

48. Imaeda T, Toh S, Wada T, Uchiyama S, Okinaga S, Kusunose K, et al.
Validation of the Japanese Society for Surgery of the hand version of the
quick disability of the arm, shoulder, and hand (QuickDASH-JSSH)
questionnaire. J Orthop Sci. 2006;11:248–53. https://doi.org/10.1007/s00776-
006-1013-1.

49. Linacre JM. Optimizing rating scale category effectiveness. J Appl Meas.
2002;3:85–106.

50. Bond TG, Fox CM. Applying the Rasch model: fundamental measurement in
the human sciences. 2nd ed. Mahwah: Lawrence Erlbaum Associates Inc; 2007.

51. Cronbach LJ, Shavelson RJ. My current thoughts on coefficient alpha and
successor procedures. Educ Psychol Meas. 2004;64:391–418. https://doi.org/
10.1177/0013164404266386.

52. Tennant A, Conaghan PG. The Rasch measurement model in rheumatology:
what is it and why use it? When should it be applied, and what should one
look for in a Rasch paper? Arthritis Rheum. 2007;57:1358–62. https://doi.org/
10.1002/art.23108.

53. Wright BD, Linacre JM. Reasonable mean-square fit values. Rasch
Measurement Transactions. 1994;8:370.

54. Linacre JM. A User’s guide to WINSTEPS. Chicago: Winsteps.com; 2005.
55. Tennant A, McKenna SP, Hagell P. Application of Rasch analysis in the

development and application of quality of life instruments. Value Health.
2004;7(Suppl 1):S22–6. https://doi.org/10.1111/j.1524-4733.2004.7s106.x.

56. Ramp M, Khan F, Misajon RA, Pallant JF. Rasch analysis of the multiple
sclerosis impact scale MSIS-29. Health Qual Life Outcomes. 2009;7:58.
https://doi.org/10.1186/1477-7525-7-58.

57. Moreton BJ, Walsh DA, Turner KV, Lincoln NB. Rasch analysis of the chronic
pain acceptance questionnaire revised in people with knee osteoarthritis. J
Rehabil Med. 2015;47:655–61. https://doi.org/10.2340/16501977-1977.

58. Fisher RA. On the interpretation of χ2 from contingency tables, and the
calculation of P. J R Stat Soc. 1922;85:87–94.

59. Hungi N. Employing the Rasch modelto detect biased items. In: Alagumalai
S, Curtis D, Hungi N, editors. Applied Rasch measurement: a book of
exemplars. Dordrecht: Springer; 2005.

60. Fleiss JL. Reliability of measurement. In: Fleiss JL, editor. The design and
analysis of clinical experiments. New York: John Wiley & Sons, Inc; 1999.

61. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed.
Hillsdale: Erlbaum; 1998.

62. de Vignemont F. Body schema and body image--pros and cons.
Neuropsychologia. 2010;48(3):669–80.

63. Viceconti A, Camerone EM, Luzzi D, Pentassuglia D, Pardini M, Ristori D,
et al. Explicit and implicit Own's body and space perception in painful
musculoskeletal disorders and rheumatic diseases: a systematic scoping
review. Front Hum Neurosci. 2020;14:83.

64. Streiner DL, Norman GR. Health measurement scales: a guide to their
development and use. 3rd ed. New York: Oxford University Press Inc.; 2003.

65. Mallinson T. Why measurement matters for measuring patient vision
outcomes. Optom Vis Sci. 2007;84:675–82. https://doi.org/10.1097/OPX.
0b013e3181339f44.

66. van Dieen J, Selen LPJ, Cholewicki J. Trunk muscle activation in low-back
pain patients, an analysis of the literature. J Electromyogr Kinesiol. 2003;13:
333–51. https://doi.org/10.1016/S1050-6411(03)00041-5.

67. Hodges PW. Pain and motor control: from the laboratory to rehabilitation. J
Electromyogr Kinesiol. 2011;21:220–8. https://doi.org/10.1016/j.jelekin.2011.
01.002.

68. Bowering KJ, Butler DS, Fulton IJ, Moseley GL. Motor imagery in people with
a history of back pain, current back pain, both, or neither. Clin J Pain. 2014;
30:1070–5. https://doi.org/10.1097/AJP.0000000000000066.

69. Lotze M, Moseley GL. Role of distorted body image in pain. Curr Rheumatol
Rep. 2007;9:488–96. https://doi.org/10.1007/s11926-007-0079-x.

70. Lee H, Lamb SE, Bagg MK, Toomey E, Cashin AG, Moseley GL. Reproducible
and replicable pain research: a critical review. Pain. 2018;159(9):1683–9.
https://doi.org/10.1097/j.pain.0000000000001254.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Nishigami et al. BMC Musculoskeletal Disorders           (2021) 22:98 Page 11 of 11

https://doi.org/10.1371/journal.pone.0205244
https://doi.org/10.1371/journal.pone.0205244
https://doi.org/10.1016/j.jpain.2016.06.003
https://doi.org/10.1371/journal.pone.0179225
https://doi.org/10.1371/journal.pone.0179225
https://doi.org/10.1007/s00776-013-0506-y
https://doi.org/10.1007/s00776-013-0506-y
https://doi.org/10.2522/ptj.20150377
https://doi.org/10.1136/bmjopen-2016-012445
https://doi.org/10.1136/bmjopen-2016-012445
https://doi.org/10.1016/j.msksp.2017.06.006
https://doi.org/10.1016/j.msksp.2017.06.006
https://doi.org/10.2106/JBJS.D.02060
https://doi.org/10.1007/s00776-006-1013-1
https://doi.org/10.1007/s00776-006-1013-1
https://doi.org/10.1177/0013164404266386
https://doi.org/10.1177/0013164404266386
https://doi.org/10.1002/art.23108
https://doi.org/10.1002/art.23108
https://doi.org/10.1111/j.1524-4733.2004.7s106.x
https://doi.org/10.1186/1477-7525-7-58
https://doi.org/10.2340/16501977-1977
https://doi.org/10.1097/OPX.0b013e3181339f44
https://doi.org/10.1097/OPX.0b013e3181339f44
https://doi.org/10.1016/S1050-6411(03)00041-5
https://doi.org/10.1016/j.jelekin.2011.01.002
https://doi.org/10.1016/j.jelekin.2011.01.002
https://doi.org/10.1097/AJP.0000000000000066
https://doi.org/10.1007/s11926-007-0079-x
https://doi.org/10.1097/j.pain.0000000000001254

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Development of the Fremantle shoulder awareness questionnaire-Japanese (FreSHAQ-J)
	Procedure
	Rasch analysis
	Category order
	Targeting
	Internal consistency
	Unidimensionality
	Person fit
	Construct validity
	Differential item function (DIF)

	Test-retest reliability
	Relationship with clinical status

	Results
	Rasch analysis of the FreSHAQ-J
	Category order
	Targeting
	Internal consistency
	Unidimensionality
	Person fit
	Construct validity
	Differential item function

	Test-retest reliability
	Relationship with clinical status

	Discussion
	Conclusion
	Abbreviations
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

