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ABSTRACT
Purpose. To evaluate the reliability and validity of the 15-item Visual, Musculoskeletal, and Balance Complaints Ques-
tionnaire (VMB) for people with visual impairments, using confirmatory factor analysis (CFA) and with Rasch analysis for use
as an outcome measure.
Methods. Two studies evaluated the VMB. In Study 1, VMB data were collected from 1249 out of 3063 individuals
between 18 and 104 years old who were registered at a low vision center. CFA evaluated VMB factor structure and Rasch
analysis evaluated VMB scale properties. In Study 2, a subsample of 52 individuals between 27 and 67 years old with
visual impairments underwent further measurements. Visual clinical assessments, neck/scapular pain, and balance as-
sessments were collected to evaluate the convergent validity of the VMB (i.e. the domain relationship with other, the-
oretically predicted measures).
Results. CFA supported the a priori three-factor structure of the VMB. The factor loadings of the items on their respective
domains were all statistically significant. Rasch analysis indicated disordered categories and the original 10-point scale was
subsequently replaced with a 5-point scale. Each VMB domain fitted the Rasch model, showing good metric properties,
including unidimensionality (explained variances Q66% and eigenvalues G1.9), person separation (1.86 to 2.29), reliability
(0.87 to 0.94), item fit (infit MnSq’s 90.72 and outfit MnSq’s G1.47), targeting (0.30 to 0.50 logits), and insignificant dif-
ferential item functioning (all DIFs but one G0.50 logits) from gender, age, and visual status. The three VMB domains
correlated significantly with relevant visual, musculoskeletal, and balance assessments, demonstrating adequate conver-
gent validity of the VMB.
Conclusions. The VMB is a simple, inexpensive, and quick yet reliable and valid way to screen and evaluate concurrent
visual, musculoskeletal, and balance complaints, with contribution to epidemiological and intervention research and
potential clinical implications for the field of health services and low vision rehabilitation.
(Optom Vis Sci 2016;93:1147Y1157)
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V isual impairment is a major health issue,1 and people with
visual impairments are at higher risk for visually related
complaints, pain in the neck/scapular area, poor postural

control, and accompanying fear of moving and risk for falls
compared to people with normal vision.2Y5 These problems may
limit participation in work, leisure, and social activities, which can
result in increased isolation and decreased quality of life. In ad-
dition, the costs of these problems to the individuals, as well as to
the health services and social insurance providers, are substantial.6

The prevalence of these problems has clinical implications, such as
management and treatment of people with visual impairments,
often requiring highly specialized services. Consequently, it is
important to develop and improve treatment and prevention
programs aimed at reducing these problems. In this endeavor,
high quality screening instruments are a prerequisite for successful
research and clinical practice.7Y9
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Studies report effects of vision on neck/scapular muscle activ-
ity10,11 and prehension12 as well as on postural sway,13 demonstrating
the importance of vision on the musculoskeletal and balance sys-
tems. Furthermore, distant and near visual impairments are found
to be independently associated with poor quality of life (QoL), with
poorer QoL for near vision activities (e.g. reading) than distant vi-
sion activities (e.g. mobility) among those with severe visual im-
pairments.14 During near visual activities, accommodation/vergence
overload may adversely impact on trapezius muscle activity.15,16

Deficient near work may also contribute to non-neutral and/or
static work postures. These and other mechanisms give rise to an
unfavorable load on the eye-neck/scapular area muscles, which over
time may result in musculoskeletal discomfort and pain.17 Con-
sequently, a focus on near visual activities in studying visual,
musculoskeletal, and balance complaints is highly warranted.

A variety of self-report questionnaires directed at the functional
level in the visual, musculoskeletal, and balance areas are available.
Among the most notable is the National Eye Institute Visual
Functioning Questionnaire 25 (VFQ-25)18 in the visual area, the
Neck Disability Index (NDI)19 in the neck/scapular area, and the
Activities-specific Balance Confidence (ABC) scale20 in the bal-
ance area. However, psychometrically evaluated questionnaires
measuring the complaints per se that people with visual impairment
experience in these areas are few. In the area of visual complaints,
the questionnaires are predominantly directed at dry eye21 or sets of
diverse eye symptoms.22,23

With regard to musculoskeletal and balance complaints, there is
as yet no psychometrically evaluated questionnaire specifically
developed for the visually impaired. Most importantly, there is no
questionnaire measuring these complaints in a similar way (i.e.
similar in terms of wording, number of items, and response scale)
that is sufficiently short for people with low vision to complete,
and consequently suitable for large-scale screening and epidemi-
ological studies. Therefore, the aim of the present study was to
evaluate the reliability and validity of a newly developed instru-
ment, the Visual, Musculoskeletal, and Balance Complaints Ques-
tionnaire (VMB) for people with visual impairments.

The VMB was developed from clinical practice in consultation
with patients and a review of the literature on visual and mus-
culoskeletal complaints during near work and the relationship
between visuomotor coordination and balance. Items were refined
after patient and expert reviews to achieve face validity. From a pool
of items, 15 were deemed representative by the research group and
were tested on patients with age-related macular degeneration.24

Principal component analysis (PCA) resulted in a three-factor
solution comprising visual, musculoskeletal, and balance com-
plaints. All three domains showed adequate internal consistency;
Cronbach’s alpha varied between 0.81 and 0.88. However, sub-
sequent exploratory factor analysis (EFA) showed that some of the
items designed to measure balance cross-loaded on other domains.
These items were replaced with new ones in the revised version.

Rather than an exploratory approach, as used in the previous
study,24 the present study validated the revised VMB using a
confirmatory process following the notion that unless the in-
struments can be converted to interval scales, the summing of
patient ratings does not yield true measurements.7 The main ob-
jectives of this study were, therefore, to (1) assess the dimensions of
the 15-item VMB using confirmatory factor analysis (CFA) and

Rasch analysis to validate the factors of the best-fitting model as
viable traits for measuring visual, musculoskeletal, and balance
complaints in people with visual impairments, and (2) evaluate
the VMB domain relationships with other theoretically predicted
measures. The evaluation was conducted in two studies. In Study 1,
the VMB was distributed to all individuals with visual impairments
in a geographical region. In Study 2, a sample of individuals with
visual impairments underwent visual function, neck/scapular pain,
and balance assessments. In the following, the two studies are
presented separately, followed by a concluding discussion.

STUDY 1VCONSTRUCT VALIDITY, RELIABILITY,
AND SCALE PROPERTIES OF THE VISUAL,
MUSCULOSKELETAL, AND BALANCE
COMPLAINTS QUESTIONNAIRE METHODS

Target Population

All individuals Q18 years of age who were registered at the Low
Vision Center at Örebro County Council and lived in the county
of Örebro in Sweden were sent an invitation to participate in the
study. Altogether, 3063 individuals between 18 and 104 years old
were registered at the center. This is approximately 1.4% of the
population in Örebro County in this age range.

The study adhered to the tenets of the Declaration of Helsinki
and was approved by the Regional Ethics Review Board in
Uppsala, Sweden.

Measures

The VMB consists of 15 items, with 5 questions each for the
visual (VMB-V), musculoskeletal (VMB-M), and balance (VMB-B)
complaint domains. Items are rated on Likert-type scales from
1 (‘‘no problem at all’’) to 10 (‘‘always a problem’’). The original
Swedish version was used in this study. The Swedish version was
translated into English by a professional translator and then back
translated into Swedish independently by two other professional
translators. The translations were compared and the few differences
that emerged consisted mainly of synonymous words or different
sentence structure. Hence, the English translation, shown in Table 1,
was deemed adequate.

Procedures

Among the 3063 registered individuals at the Low Vision
Center, 1467 (47.9%) agreed to participate in Study 1. The VMB
was sent to the participants’ home addresses and subsequently
returned by mail. Of the 1467 returned questionnaires, 1143 had
no missing items. For 106 who had a maximum of one missing
item per subscale, we imputed missing data (see below). The
remaining 218 questionnaires, with more than one missing item
per subscale, were deleted from the analysis. The final sample con-
sisted of 1249 individuals between 18 and 104 years old (424 men
[M = 63.4 years, SD = 18.07] and 825 women [M = 63.8 years,
SD = 17.07]). The proportion of men/women in the final sample
was similar to that in the total population (W2 = 1.7, p 9 0.20). The
proportion of those older than 80 years in the final sample, how-
ever, was lower compared to that in the total population (29 and
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37%, respectively; W2 = 89.45, p G 0.001). Characteristics of the
study group are shown in Table 2.

Data and Statistical Analysis

Before the analysis, imputation was performed by replacing
missing data points with the participants’ mean item value for the
subscale concerned. Descriptive statistics were conducted using
SPSS 21 (SPSS Inc., Chicago, IL, USA).

Confirmatory factor analysis tested the tenability of the a priori
three-factor structure model of the VMB. Items 1 to 5, items 6 to
10, and items 11 to 15 were assumed to represent visual, muscu-
loskeletal, and balance complaints, respectively. The CFA was
conducted using LISREL 8.8.25 As data were ordinal, weighted least
squares were used on the asymptotic covariance matrices and the
polychoric and polyserial correlation matrix, which were obtained
using the PRELIS program.26 The adequacy of the models was
evaluated using the Satorra-Bentler scaled chi-squared test in ad-
dition to the comparative fit index (CFI), the standardized root
mean square residual (SRMR), and the root mean square of ap-
proximation (RMSEA). Values equal to, or greater than, 0.90 and
0.95 for the CFI, and equal to, or lower than, 0.10 and 0.08 for the
SRMR, and lower than 0.08 and 0.05 for the RMSEA constituted
an adequate and excellent level of goodness of fit, respectively.27Y29

The polytomous Rasch rating scale model30 with Winsteps
3.81.031 was used to test each of the VMB domains. Rasch analysis
has been explained in detail elsewhere.32 Briefly, Rasch analysis
converts rank-ordered data into interval logit measures and gen-
erates item measures that represent the item difficulties, and person

measures that represent the person abilities. The analysis enables
identification of items that may be misunderstood or used in
unintended ways. The model started with calibrating person mea-
sures and item measures. A person measure represents the degree of
visual, musculoskeletal, or balance discomfort any person may
perceive. An item measure represents the degree of discomfort any
item may measure. Equivalence across gender (men/women), age
(G80 years/Q80 years), and visual impairment (deaf-blind/severe
visual impairment/moderate visual impairment/medical use con-
tact lens/presbyopia) was tested using differential item functioning
(DIF). The quality of the VMB was evaluated using the criteria
recommended for assessment of ophthalmic questionnaires.8

RESULTS

Descriptive

Of the 1249 participants, 768 (61.5%) reported complaints in
all three subscales. In the VMB-V, 1153 (92.3%) individuals
reported some complaints; in the VMB-M, 905 (72.5%) in-
dividuals reported some complaints; and in the VMB-B, 1018
(81.5%) individuals reported some complaints. Only 43 (3.4%)
individuals reported no complaints at all.

Factor Structure of the Visual, Musculoskeletal, and
Balance Complaints Questionnaire

The CFA of the a priori model showed a significant chi-square
value (S-B W

2 = 1009.73, df = 87, p G 0.001), a CFI = 0.98, an

TABLE 1.

Summary statistics of confirmatory factor analysis (CFA) of the Visual, Musculoskeletal, and Balance Complaints
Questionnaire (VMB)

M (SD) Loading

Visual complaints
1. Do you experience blurred or double vision when doing near activities? 3.03 (1.45) 0.66
2. Do you feel irritation or smarting pain in the eyes when reading or performing near activities? 2.78 (1.35) 0.81
3. Do you have trouble focusing when you read a newspaper or book? 3.21 (1.44) 0.66
4. Do you get headaches after concentrated visual tasks? 2.26 (1.29) 0.86

5. Do you get feelings of dizziness or nausea during concentrated near visual activities? 1.85 (1.18) 0.89
Musculoskeletal complaints
6. Do you experience tingling, numbness, or a burning sensation in your neck muscles with concentrated

near activities?
2.29 (1.33) 0.94

7. Do you experience tingling, numbness, or a burning sensation in your neck muscles when you have to
concentrate your attention on your vision, such as at the theater or during lectures?

2.03 (1.28) 0.94

8. Do you experience pain, tingling, or numbness of the jaw, arms, or lumbar spine with concentrated
near activities?

2.28 (1.32) 0.87

9. Do you ever need to massage or knead your neck, arms, or shoulders to be able to continue with
concentrated near activities?

2.33 (1.30) 0.90

10. Are you forced to interrupt a task, such as reading the newspaper, because you feel tingling or pain
from your neck or shoulder muscles?

1.98 (1.27) 0.92

Balance complaints
11. Do you have trouble finding your balance when rising from a sitting to a standing position? 2.38 (1.38) 0.91
12. Do you have difficulty getting up from the floor? 2.76 (1.55) 0.86
13. Are you afraid of falling? 2.48 (1.53) 0.88
14. Do you have difficulty holding your balance when you stand without support? 2.24 (1.44) 0.93
15. Do you ever experience difficulty finding your balance after rapid head movements, such as when

crossing a street?
2.34 (1.43) 0.90

N = 1249. M = mean, SD = standard deviation.
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RMSEA = 0.092 (95% CI = 0.087Y0.097), and an SRMR =
0.070, indicating an excellent goodness of fit, except for the S-B W

2

and the RMSEA result. Inspection of the modification indices
indicated a large error covariance among items 1 and 3 in the
visual complaints subscale. It should be noted that correlated error
variance terms are common in empirical research; however, there
remains controversy in the CFA literature regarding interpret-
ability and cause. For example, Bentler and Chou33 commented
that model specification, which forces all error terms to be
uncorrelated, is rarely appropriate with real data. Hence, incor-
poration of these correlated error terms into CFA models does not
weaken the factorial validity. Rather, it provides a more realistic
factorial representation of the observed data structure. Conse-
quently, a reanalysis of a revised model, including correlating
errors between items 1 and 3, was performed. This resulted in a
significant chi-square value (W2 = 677.67, df = 86, p G 0.001), a
CFI = 0.99, an RMSEA = 0.074 (95% CI = 0.069Y0.079), and an
SRMR = 0.068. Hence, with only 1 degree of freedom less
compared to the initial model, the revised model was a significant
improvement; the chi-square decreased by 33% and all other

indices showed excellent fit except RMSEA, which showed an
adequate fit. Consequently, the revised three-factor model was
regarded as an adequate representation of the factor structure of
the VMB.

Rasch Analysis

The Rasch analysis was first performed on all 15 items of the
VMB. The data converged with the Rasch model in a few itera-
tions and, as expected, the PCA of the residuals suggested that a
unidimensional solution would be inappropriate for the data. The
PCA of the residuals showed a variance explained by the measures
of 55.7% and an eigenvalue of the first contrast of 4.1. Therefore,
the result supported the CFA and, consequently, the three do-
mains of VMB were analyzed separately.

All categories of all items were selected by at least 10 persons.
Each item within each VMB domain fulfilled the criteria of the
rating scale, except that some thresholds were disordered, although
average measures for all items increased monotonically. Hence,
respondents were somewhat unable to reliably discriminate be-
tween the different levels of response options, which was not
unexpected given the 10-point response scale. We therefore
evaluated the threshold locations and identified the response
categories that were not behaving as expected. We collapsed two or
more of the offending categories as appropriate and reevaluated
the model fit. Tests of 3- and 4-point scales showed larger
threshold differences but worse measurement precision, item fit,
and targeting compared to a 5-point scale. The 5-point scale
structure was deemed to be an optimal solution and appropriate
for the VMB domains although some of the threshold differences
were below the recommended logit of 1 for 5-point scales.34

Therefore, scoring option 1 was left unchanged. Options 2 and 3
were collapsed into 2; options 4, 5, and 6 into 3; and options 7, 8,
and 9 into 4. Option 10 was recoded into 5.

The reanalysis of the recoded VMB showed threshold differ-
ences (1 vs. 2, 2 vs. 3, and 3 vs. 4) of 0.90, 0.72, and 1.70 for
VMB-V; 1.40, 1.35, and 3.70 for VMB-M; and 1.22, 0.77, and
1.31 for VMB-B. The probability curves of the VMB domains are
shown in Figs. 1 to 3. The PCA of the residuals showed a variance
explained by the measures and an eigenvalue of the first contrast of
66.2% and 1.9 for VMB-V, 68.6% and 1.6 for VMB-M, and
67.3% and 1.6 for the VMB-B, respectively, demonstrating that
each subscale was unidimensional.

Person separation indices and > reliability were 1.86 and 0.87
for the VMB-V, j2.29 and 0.94 for the VMB-M, and 2.04 and
0.93 for the VMB-B domain. All item infit mean square (MnSq)
and outfit MnSq values were within the prescribed 0.50 to 1.50
range. The infit MnSq values for the VMB-V, VMB-M, and VMB-B
varied between 0.75 and 1.30, 0.72 and 1.47, and 0.77 and 1.31,
respectively. The corresponding outfit MnSq values varied between
0.82 and 1.22, 0.83 and 1.43, and 0.81 and 1.22, respectively.

The items were relatively closely grouped, with few gaps. The
item distribution of each domain was relatively well balanced
around the mean. The targeting was within the recommended T1
logit range (8) for all items in all VMB domains. The targeting was
j0.25 logits, j0.57 logits, and j0.30 logits for the VMB-V,
VMB-M, and VMB-B, respectively. Person-item maps are shown
in Figs. 4 to 6.

TABLE 2.

Study 1 sample characteristics (N = 1249)

Age (yr)
Mean T SD 63.6 T 17.4

Range 18Y104
Gender
Men 424 (34%)

Women 825 (66%)
Highest education level
Elementary school 538 (43%)
Upper secondary school 240 (19%)
College (G3 yr) 200 (16%)
University (Q3 yr) 251 (20%)

Missing data 20 (2%)
Occupation
Remunerative employment 484 (39%)
Self-employment 22 (2%)
No employment 18 (1%)
Student 19 (2%)
Sick leave 86 (7%)
Disability pension 20 (2%)
Retirement pension 515 (41%)
Other (housewife, parental benefit, etc.) 16 (1%)

Missing data 69 (6%)
Visual status*
Deaf-blind (i.e. Usher syndrome) 9 (1%)
Severe visual impairment (ICD-10
categories 2Y5; 20/200 or worse)

77 (6%)

Moderate visual impairment (ICD-10
category 1; 20/80 or worse)

557 (44%)

Medical use contact lens 201 (16%)
Presbyopia 405 (31%)

*Visual status according to the Low Vision Center, Örebro,
categorization.

ICD-10 = International Classification of Diseases and Related
Health Problems, 10th revision; SD = standard deviation.
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The three VMB domains showed no DIF (G0.5 logits) from
sex, age, or visibility status, except for a minimal DIF in that
participants with severe visual impairment rated the VMB-M item
4, ‘‘Do you ever need to massage or knead your neck, arms, or
shoulders to be able to continue with concentrated near activi-
ties?,’’ 0.55 logits easier relative to other VMB-M items, compared
to those with presbyopia. Hence, by all practical means, the VMB
items function the same way across sex, age, and visual status.

TestYRetest Reliability of the Visual, Musculoskeletal,
and Balance Complaints Questionnaire

Forty-two of the participants were retested and the results
demonstrated adequate testYretest reliability of the VMB-V,
VMB-M, and VMB-B, as indicated by an intraclass correlation
coefficient (ICC) of 0.85 (95% CI = 0.78Y0.91), 0.84 (95% CI =
0.87Y0.95), and 0.87 (95% CI = 0.81Y0.92), respectively.

STUDY 2VCONVERGENT VALIDITY OF THE
VISUAL, MUSCULOSKELETAL, AND BALANCE
COMPLAINTS QUESTIONNAIRE METHODS

Participants

Fifty-two patients (10 men and 42 women) with a mean age of
52.9 years (SD = 10.4) and a body mass index (BMI) ranging from
19.6 to 38.6 (M = 25.9, SD = 3.85) participated in the study. They
were recruited among patients who were registered at the Low
Vision Center at the Örebro County Council, Örebro, Sweden.
Each participant had one to four (Md = 3) different ophthalmic
diagnoses. The most prevalent (910%) were presbyopia (N = 22),
myopia (N = 9), retinopathy (N = 9), cataract (N = 7), keratoconus
(N = 6), and optic atrophy (N = 5). None of the participants had
binocular blindness, whereas nine had monocular blindness (i.e.
worse than 20/2000 on one eye). Best-corrected visual acuity
ranged from 20/2000 to 20/12.5. All but one participant were
right handed.

The study adhered to the tenets of the Declaration of Helsinki.
All participants provided written informed consent. The study was
approved by the Regional Ethics Review Board in Uppsala.

Measurement and Procedure

Visual, Musculoskeletal, and Balance Complaints

Given the results of Study 1, the VMB questionnaire was
regarded as an adequate measure of visual, musculoskeletal, and
balance complaints in people with visual impairments. Mean
logits based on the 5-point scale was used in Study 2.

Visual Assessments

Visual clinical assessments: Visual acuity was assessed under
normal luminance by an optometrist using an illuminated Early
Treatment of Diabetic Retinopathy Study (ETDRS) chart or the
four-letter Low Vision Acuity Chart (Lågvisustavlan)35 with

FIGURE 2.
Category probability curves of five response categories for the musculo-
skeletal, complaints domain of the VMB.

FIGURE 3.
Category probability curves of five response categories for the balance
complaints domain of the VMB.

FIGURE 1.
Category probability curves of five response categories for the visual com-
plaints domain of the VMB.
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Hedin and Olsson36 optotypes for those with a visual acuity worse
than 20/400. Best-corrected visual acuity was converted to the
logarithm of the minimum angle of resolution (logMAR). In

FIGURE 4.
Person-item map for the visual domain in the VMB instrument.

FIGURE 5.
Person-item map for the musculoskeletal domain in the VMB instrument.
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addition, preferred reading distance (cm) using best correction
and minimal readable font size (pt), as used in previous research,24

was recorded. Minimal readable font size was ln transformed due
to a large right-skewed distribution.

Visual function: We used the National Eye Institute’s Visual
Function Questionnaire-Near Activities Subscale (NEI-VFQ-
NAS) to assess the participants’ self-rated visual quality.18 The
NEI-VFQ-NAS is a valid and reliable tool for assessing visual
function37Y39 consisting of six items dealing with near activities.
Each item is rated on a 5-point scale from 0 to 100 in equal steps
(i.e. 0, 25, 50, 75, and 100). The mean scores from the six items
were used to represent a total near activity score. In addition, there
is a sixth alternative to mark if the item is not relevant. This al-
ternative does not contribute to the total score.

Musculoskeletal Pain Assessments

The Neck Disability Index (NDI)19 is a 10-item, condition-
specific, self-report measure that pertains to pain intensity,
personal care, lifting, reading, headaches, concentration, work,
driving, sleeping, and recreation, with the aim of illustrating the
impact on the activities of daily living and social life. Due to the
participants’ visual impairments, items concerning driving a car
were provided with an additional alternative: ‘‘not applicable.’’
Each item is rated on a 6-point scale (0Y5); thus, total NDI
scores can vary from 0 to 50.

The SF-36 Bodily Pain Scale (SF36-BPS) is based on two pain
related items in the SF-3640 with a score range of 0 to 100. Higher
scores represent greater functionality and wellbeing; therefore,
higher scores represent less severe and debilitating pain. Previous
research on the SF36-BPS showed good reliability in the general
population in the USA41 and Sweden.42

Perceived pain intensity was measured using a visual analog scale
(VAS)43 where 0 = no pain and 100 = unbearable pain. The pain
measurements were taken during palpation of the left and right
occipital muscle, trapezius muscle, and levator scapulae muscle
locations performed by a trained physiotherapist who was
blinded to the participants’ self-reported pain symptoms (i.e.
VMB, SF-36, and NDI). TestYretest reliability of the VAS score
in 46 of the present participants, who were retested on a later
occasion, was excellent, as indicated by an ICC of 0.92 (95%
CI = 0.87Y0.95).

Balance Assessments

Postural sway. Center of pressure (COP) path length (mm) was
measured using a Wii Balance Board (WBB) (Nintendo, Kyoto,
Japan) interfaced with a laptop computer using custom-written
software. The WBB exhibited high concurrent validity for COP
assessment with laboratory grade force platforms.44 Participants
were tested while standing with eyes open. The task was performed
by participants for 3 minutes with their feet together, placed at the
center of the WBB and arms crossed over the chest. Because the
trials were registered for a fixed time interval, the path length
parameter is analogous to average COP velocity.45

Functional balance assessments: Five functional balance tasks
were chosen based on their varying difficulty and common use in
clinical practice. All tasks were performed with eyes open.

FIGURE 6.
Person-item map for the balance domain in the VMB instrument.
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The 10 meter timed walk test (10MTWT):46 The average time,
number of steps, and number of steps outside the line were
recorded while participants walked on a 10-m-long and 5-cm-
wide strip placed on the floor, trying to place each step on the
strip, and when reaching the end, turned around and walked back
to the starting point.

Timed Up and Go (TUG):47 The participants were timed while
rising from an armchair, walking 3 m, turning, walking back, and
sitting down again.

One Limb Standing Test (OLST):48 The time standing on the
left and right leg, respectively, for up to 30 seconds was recorded.

Timed Lying Down and Rising (TLDR): The participants lay
down in a supine position on a mattress and rose to a standing
position. The time from lying down to standing up was recorded.

Functional Reach (FR):49 Participants reached forward with
their hands and arms extended, parallel to a yardstick mounted on
the wall at shoulder height. They were instructed to ‘‘reach as far as
you can without taking a step.’’ The difference (cm) between the
starting and end position was recorded.

Statistical Analyses

Descriptive statistics were conducted using the statistical soft-
ware package SPSS 21 (SPSS Inc., Chicago, IL, USA). To examine
convergent validity, the relationship between the VMB domain
subscales and each of the visual, musculoskeletal pain, and balance
assessments was analyzed. Univariate association of variables was
tested by Pearson correlation coefficients (r). The level of signif-
icance was 0.05.

RESULTS

Visual Complaints

The mean score of the VMB-V correlated with visual clinical
assessment data and VFQ-NAS (Table 3). Greater visual acuity
loss (monocular and binocular) and more difficulties performing
near visual activities resulted in greater visual complaints.

Musculoskeletal Complaints

The mean scores of the VMB-M correlated with perceived pain
during palpation of muscular areas on the right, but not the left,

side (Table 4). The correlation was most pronounced at the tra-
pezius area and to some extent at the levator scapulae, but least in
the occipital area. It should be noted that all but one participant
were right handed. Moreover, VMB-M correlated with the SF36-
BPS and the NDI. Hence, the greater the VMB-M score, the more
pain was perceived during palpation of muscles in the neck/scapular
area, the lower the SF36-BPS scores (i.e. indicating more pain), and
the greater the scores on the NDI (i.e. indicating more pain).

To compare the VMB-M ability to predict palpated pain to the
ability of the SF36-BPS and NDI, additional correlation analyses
on these variables were performed. There were no significant

TABLE 3.

Descriptive visual assessment statistics and their correlation with the Visual, Musculoskeletal, and Balance Complaints
Questionnaire (VMB), visual complaints subscale (VMB-V)

Visual assessment

VMB-V

M SD r

Visual acuity, left eye (logMAR; Snellen) 0.57; 20/75 0.69 0.41**
Visual acuity, right eye (logMAR; Snellen) 0.60; 20/80 0.69 0.37**
Visual acuity, binocular (logMAR; Snellen) 0.40; 20/50 0.50 0.31*
Reading distance (cm) 28.9 12.4 j0.25
Minimal readable font size, ln(pt) 1.9 0.6 0.36**
NEI-VFQ-NAS (0Y100) 55.6 24.2 j0.58***

*p G 0.05; **p G 0.01; ***p G 0.001.
M = mean; NEI-VFQ-NAS = National Eye Institute Visual Function Questionnaire-Near Activities Subscale; SD = standard deviation.

TABLE 4.

Descriptive pain assessment statistics and their correlation
with the Visual, Musculoskeletal, and Balance Complaints
Questionnaire (VMB), musculoskeletal complaint subscale
(VMB-M)

Pain assessment M SD

VMB-M

r

Palpation, total 38.2 21.7 0.16
Palpation, left side 33.6 23.6 0.03
Occipital, left 28.7 24.3 0.03
Trapezius, left 33.3 28.3 0.05

Levator scapulae, left 38.8 30.4 j0.01
Palpation, right side 42.8 23.2 0.27
Occipital, right 32.9 26.6 0.17
Trapezius, right 46.2 29.0 0.28**

Levator scapulae, right 49.4 27.9 0.22

SF-36 Bodily Pain Scale 52.0 25.2 j0.43**
NDI, total 12.7 5.6 0.44**
NDI-Pain intensity 1.7 0.9 0.31*
NDI-Personal care 0.5 0.6 0.31*
NDI-Lifting 1.4 1.0 0.18
NDI-Reading 1.7 1.1 0.46**
NDI-Headaches 2.3 1.5 0.24
NDI-Concentration 0.7 0.6 0.13
NDI-Work 0.8 0.7 0.34*
NDI-Drivinga 1.6 1.2 0.22
NDI-Sleeping 1.7 1.3 0.20
NDI-Recreation 1.3 1.1 0.28
an = 16;
*p G 0.05; **p G 0.01; ***p G 0.001.
M=mean;NDI =NeckDisability Index; SD = standard deviation.
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correlations between the SF36-BPS and palpated pain for any of the
muscles (r varied from j0.23 to j0.03, all p-values 90.10). Total
NDI (r = 0.38, p = 0.014), as well as specific NDI items, such as
NDI-Recreation (r = 0.40, p = 0.011), NDI-Concentration (r =
0.37, p = 0.017), and NDI-Reading (r = 0.36, p = 0.024), corre-
lated with level of pain from the right occipital area. Surprisingly,
the NDI-Work item correlated negatively with level of pain from
the left levator scapulae area (r = j0.33, p = 0.036), indicating that
the less pain the participants perceived from the levator scapulae
area, the more the ability to work was affected by pain. There were
no significant correlations between any of the NDI items and
perceived pain at palpation of the trapezius areas.

Balance Complaints

The mean VMB-B correlated significantly with most static
and dynamic balance assessment parameters (Table 5). The greater
the number of steps and time walking 10 meters, the time to
perform TLDR, shorter functional reach, and shorter time in one
limb standing, the greater the reported VMB-B were reported.

DISCUSSION

The VMB has been designed to capture visual, musculoskeletal,
and balance complaints relevant to individuals with visual im-
pairments. Using CFA, the results strongly supported the a priori
proposed three-factor structure of the VMB. The Rasch analysis
provided further evidence that the VMB questionnaire is a reliable
measure and that the three domains possess viable measurement
characteristics to assess specific aspects of visual, musculoskeletal,
and balance complaints for people with visual impairments. The
three VMB domains correlated moderately to highly with relevant
visual, musculoskeletal, and balance assessments, demonstrating
adequate concurrent and convergent validity of the VMB.

In our initial study,24 we used exploratory methods whereas the
present study used a confirmatory approach and a much larger
sample. It is likely that the larger sample provided a better capacity
to perform a CFA, as small datasets do tend to generalize less well. A

case to item ratio of 5:1 is regarded adequate.50 In the current study,
the ratio was 83:1 compared to the 3:1 in the original study.24 The
use of Rasch analysis in the present study enabled a detailed ex-
amination of the operation of each VMB domain, corresponding
with the notion that Rasch analysis is an important tool in in-
strument development in vision science.51 With regard to criteria
recommended for assessment of ophthalmic questionnaires,8,9 the
VMB met the highest dimensionality requirements, measurement
precision (reliability), item fit, DIF, and targeting. The only cri-
terion not met was the low person separation (G2.0) found for the
VMB-V. This implies that the VMB-V may be less sensitive in
distinguishing more than two groups, i.e. those perceiving high and
low degree of visual complaints, and that more items may be
needed,52 although a longer questionnaire would be less desirable
for people with large impairments. Alternatively, person separation
could probably be improved by changing some of the items to more
difficult and easier ones.34

In Study 2, all VMB domains showed good concurrent and
convergent validity. The VMB-V subscale was related to visual
acuity and near visual activities including a moderate relationship
with the VFQ-NAS total score. This was expected, considering both
questionnaires concern everyday activities. However, the VFQ-
NAS addresses the impact on vision-related functioning, whereas
the VMB-V addresses the experiential aspects (i.e. expressed as
complaints) of having impaired visual function, indicating that the
VMB-V subscale captures aspects not addressed by the VFQ-NAS.

The VMB-M and NDI showed a similar magnitude of corre-
lation with palpated pain, but in different muscular areas. An
unexpected negative correlation between the NDI-Work item and
pain from the left levator scapulae area was observed, which may
indicate some problem with this NDI item in the current sample or
just be an effect of chance alone. Further research may shed some
light on this inconsistency in the NDI. Apart from that, the result is
consistent with the fact that the NDI specifically addresses com-
plaints in the neck area, whereas the VMB-M addresses complaints
in the scapular area as well. This suggests that the VMB-M is in level
with the NDI regarding convergent validity. Despite distinct pos-
itive correlations between the VMB-M and the SF36-BPS, the
latter did not significantly correlate with palpated pain.

The VMB-B showed moderate correlations with both static and
dynamic balance assessments (moderate correlations being typi-
cally observed correlation magnitudes among balance assessments),53

in line with those observed for the VMB-V and VMB-M and their
corresponding validity scales.

Overall, expressions of complaints may not solely be a direct
consequence of low functional ability. Other factors, such as
personality, physical and mental health, and socioeconomic fac-
tors, can mediate or moderate the relationship. The present study
was not aimed to investigate this, but the VMB is highly suitable
to be used in such studies both epidemiologically and clinically.

The testYretest reliability was adequate, demonstrating stability
of the measure. With regard to VMB factor structure evaluation,
an error covariance was observed, which was likely due to simi-
larity of wording. Even if error covariance is expected in empirical
research,33 replacing one of the questions should be considered in
future revisions.

Despite the strength of using a total population approach, some
limitations in data collection should be noted. The proportion of

TABLE 5.

Descriptive static and dynamic balance assessment statistics
and their correlation with the Visual, Musculoskeletal, and
Balance Complaints Questionnaire (VMB), balance com-
plaints subscale (VMB-B)

Balance assessment

VMB-B

M SD r

Postural sway (mm) 376.7 212.2 0.26
10 m walking, number of steps 22.5 6.4 0.31*
10 m walking, time (s) 16.0 8.9 0.30*
10 m walking, steps outside line 2.1 6.4 0.23
Timed Up and Go (s) 9.8 3.6 0.22
One limb standing (s) 18.2 11.9 j0.46***
Timed lying down and rising (s) 9.9 4.5 0.36**
Functional reach (cm) 30.7 6.1 j0.36*

*p G 0.05; **p G 0.01; ***p G 0.001.
M = mean; SD = standard deviation.
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participants older than 80 was lower than expected based on their
distribution in the study population. Although a telephone in-
terview was an option, many among the very old had pronounced
hearing or cognitive problems (e.g. dementia) and were unable to
complete the VMB. Hence, invitees with the largest impairments
could not complete the questionnaire. However, there was no DIF
between those older and younger than 80 years, suggesting a
negligible age-related attrition bias in the measurement of visual,
musculoskeletal, and balance complaints.

In conclusion, the VMB is a simple, inexpensive, and quick yet
highly reliable and valid way to screen and evaluate visual, mus-
culoskeletal, and balance complaints in people with visual im-
pairments. The VMB is suitable for large-scale assessments in
epidemiological research as well as in clinical situations, thus
potentially contributing to health care improvement in the field of
health services and low vision rehabilitation.
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