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Abstract

Purpose To assess the test-retest and inter-rater reliability of goniometry and fleximetry in measuring cervical range
of motion in individuals with chronic neck pain.

Methods A reliability study. Thirty individuals with chronic neck pain were selected. Cervical range of motion

was measured by goniometry and fleximetry at two time points 7 days apart. To characterize the sample, we used
the numerical pain rating scale, Pain-Related Catastrophizing Thoughts Scale, and Neck Disability Index. Intraclass
correlation coefficient (ICC), standard error of measurement (SEM) and minimum detectable change (MDC) were
calculated. Correlations between goniometry and fleximetry measurements were performed using Spearman’s cor-
relation coefficient (rho).

Results For goniometry, we found excellent test-retest reliability (ICC>0.986, SEM < 1.89%, MDC < 5.23%)

and inter-rater reliability (ICC>0.947, SEM <3.91%, MDC < 10.84%). Similarly, we found excellent test-retest reliability
(ICC=0.969, SEM <2.71%, MDC < 7.52%) and inter-rater reliability ICC>0.981, SEM < 1.88%, MDC < 5.20%) for flexime-
try. Finally, we observed a strong correlation between the goniometry and the fleximetry for all cervical movements
(rho>0.993).

Conclusion Goniometry and fleximetry measurements are reliable for assessing cervical range of motion in individu-
als with chronic neck pain.
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Introduction

Chronic neck pain is a multifactorial condition with vari-
able clinical features [1, 2]. Therefore, in addition to the
use of scales or questionnaires to measure, for example,
pain intensity and disability, cervical range of motion
should be part of the physical examination performed
in individuals with chronic neck pain to allow a better
understanding of the clinical characteristics, in addi-
tion to being a measure moderately correlated with pain
intensity, disability, and fear of movement [3].

Various instruments for measuring cervical range of
motion have been reported in the scientific literature,
such as a smartphone app [4], cervical range of motion
tools [5], goniometry [6], and gravity inclinometry. In
Brazil, fleximetry is gravity inclinometry with Velcro fas-
tening system [7]. The goniometry is a low-cost instru-
ment commonly used to measure range of motion of
multiple joints. Regarding the evaluation of the reliability
of the goniometry in measuring cervical range of motion,
Farooq et al.[6] and Rondoni et al. [8] identified ade-
quate reliability for measuring cervical range of motion
in healthy individuals, with intraclass correlation coeffi-
cient (ICC) ranging from 0.79 to 0.98, and Chaves et al.
[9] used a goniometry in healthy individuals, identifying
moderate reliability for all cervical movements, with an
ICC ranging from 0.44 to 0.54.

The fleximetry is an instrument specially used in Brazil
[7], due to the robust commercialization of this equip-
ment by several companies. It has evaluation character-
istics similar to those of the goniometry; however, it uses
Velcro to attach the device to the body. Among the few
published studies on the cervical region, the most impor-
tant one found test—retest and inter-rater reliability rang-
ing from moderate to excellent for the use of a fleximetry
in healthy individuals [7].

Previous research in healthy individuals cannot be
extrapolated to individuals with chronic neck pain [6, 7].
Previous studies indicate that individuals with chronic
neck pain have lower cervical range of motion compared
to healthy individuals, and psychological aspects related
to chronic pain imply lower cervical range of motion,
such as kinesiophobia [10, 11]. Furthermore, there is a
consensus in the literature regarding the influence of
sample characteristics on the measurement properties of
instruments, which justifies the need for research on cer-
vical range of motion [12].

The cervical range of motion (CROM) device has good
reliability and is widely used in clinical and research set-
tings [13]. However, it is more expensive than the regu-
lar goniometry and fleximetry. Therefore, the greater
the number of reliable instruments, the greater the
clinical assessment repertoire. Therefore, the purpose
of this study was to assess the test—retest and inter-rater
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reliability of goniometry and fleximetry in measuring
cervical range of motion in individuals with chronic neck
pain.

Methods

Design and ethics aspects

This is a reliability study whose report is based on the
Guidelines for Reporting Reliability and Agreement Stud-
ies (GRRAS) [14]. Individuals signed an informed con-
sent form prior to participation. The study was approved
by the institution’s human research ethics committee
(opinion number 2.935.437).

Individuals and eligibility criteria

Individual recruitment occurred after the study’s disclo-
sure by means of posters, pamphlets, social networks,
and messaging apps from August 2020 to July 2021.
The data collection was performed in a private, well-lit,
temperature-controlled room, without external noises,
located in a physiotherapy clinic in the city of Sdo Luis
(Maranhdo, northeast of Brazil).

A priori sample size calculation was performed con-
sidering a confidence coefficient of 0.95 and an ampli-
tude of the confidence interval for the ICC of 0.30. The
calculation was performed to detect moderate reliability
(ICC=0.75) according to the study conducted by Fleiss
[15]. Therefore, a minimum sample size of 24 individu-
als was estimated. The calculation of the sample size was
performed based on the study by Bonett [16].

The inclusion criteria were: age between 18 and
59 vyears; either sexes; verbal reports of neck pain for
more than ninety days; and a score in the numerical pain
rating scale (NPRS)>3 points [17]. The exclusion crite-
ria were: the presence of specific neck pain (neck pain
attributable to a specific and identifiable cause, such as a
history of spinal surgery and/or vertebral fractures; spon-
dylosis and spondylolisthesis; the presence of radicu-
lopathy and/or herniated disc confirmed by imaging and
neurological impairment by physical examination with
the presence of altered sensitivity, reflex and/or muscle
strength); a history of physical therapy interventions for
neck pain in the last ninety days or medication (anti-
inflammatory, painkillers and/or muscle relaxants) in the
last seven days; a medical diagnosis of cancer, rheumato-
logical, neurological, psychiatric, cardiovascular or meta-
bolic diseases; and pregnancy [18, 19].

Pain assessment

We used three instruments to characterize the chronic
neck pain of the individuals within the biopsychosocial
context. Thus, pain intensity, disability, and catastro-
phizing were assessed to allow an understanding of the
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main components related to the multidimensional pain
assessment.

The NPRS is a scale used to quantify pain intensity by
means of a sequence of eleven numbers (0 represents
"no pain" and 10 indicates "the worst pain you can imag-
ine"). For pain with movement, we asked the individual
to perform flexion, extension, lateral flexion to the left
and right, and rotation to the left and right. After that,
we evaluated the highest pain intensity perceived by the
individual, regardless of which movement evoked the
pain. This scale was previously validated in Portuguese [17].

The Pain-Related Catastrophizing Thoughts Scale
(PCTS) is composed of nine items arranged on a Likert
scale that varies in a numerical measure from 0 to 5 asso-
ciated with the words "almost never" and "almost always".
The total score is obtained by the sum of the total score,
divided by the number of items answered. The final scores
range from O to 5 points, with higher scores indicating a
higher occurrence of catastrophic thoughts according to
the version adapted to the Brazilian population [20].

The Neck Disability Index (NDI) is a questionnaire that
has been adapted and validated for the Brazilian popula-
tion, which is capable of measuring disability in individu-
als with chronic neck pain. It consists of 10 items with
6 response possibilities, ranging from 0 to 5. The total
score varies from 0 to 50 points; the higher the value, the
greater the disability [21].

Page 3 of 9

The Baecke Habitual Physical Activity Questionnaire
(BHPAQ) was used to assess the individuals’ habitual
physical activity.!* It is an instrument that has already
been validated for the Brazilian population, which meas-
ures physical activity in the occupational, sports, and
leisure dimensions. The score for each domain varies
between 1 and 5 points, with no cutoff points. Lower
scores correspond to less active individuals [22].

Data collection flow

After application of the eligibility criteria and evalu-
ation of neck cervical by an independent researcher
(not involved in the measurement of cervical range of
motion), the first rater measured the cervical range of
motion (flexion, extension, lateral flexion to the left, lat-
eral flexion to the right, rotation to the left, and rotation
to the right) using a goniometry or fleximetry (the choice
of instrument order was defined by drawing lots, i.e., first
goniometry followed by fleximetry or vice versa).

After 10 min of rest, the second rater performed the
same measurement. After 10 min of rest, the first rater
measured the movements using the instrument that was
not previously used and, finally, after 10 min of rest, the
second rater also carried out the evaluation with the sec-
ond instrument (Fig. 1). For the reliability analysis, the
raters repeated the procedure after a seven-day interval
between the test sessions [23]. The order of movements

Day 1

| = |

Day 7

O

Initial assessment (personal and clinical characteristics),
pain measurement (NPRS, PCTS and NDI) and physical
activity (BHPAQ)

Examiner 1: cervical ROM measurement with the first
instrument (drawn choice)

| 10 minutes of rest |

Examiner 2: cervical ROM measurement with the first
instrument

| 10 minutes of rest |

Examiner 1: cervical ROM measurement with the second
instrument (drawn choice)

| 10 minutes of rest |

Examiner 2: cervical ROM measurement with the second
instrument

N

Examiner 1: cervical ROM measurement with the first
instrument (drawn choice)

| 10 minutes of rest |

Examiner 2: cervical ROM measurement with the first
instrument

| 10 minutes of rest |

Examiner 1: cervical ROM measurement with the second
instrument (drawn choice)

| 10 minutes of rest |

Examiner 2: cervical ROM measurement with the second
instrument

Fig. 1 Flowchart for data collection. NPRS: Numerical pain rating scale; PCTS: Pain-Related Catastrophizing Thoughts Scale; NDI: Neck Disability
Index; BHPAQ: Baecke Habitual Physical Activity Questionnaire (BHPAQ); ROM: Range of motion
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to be measured was defined by drawing lots before start-
ing the data collection.

The raters have at least three years of clinical experi-
ence in evaluating and treating individuals with chronic
neck pain. Also, the two raters performed four weeks
of training prior to the study: lectures were carried out
informing the technical details of the equipment; the
raters handled the instrument; there was standardiza-
tion of the approach and verbal command during data
collection; a safety protocol established to proceed in the
face of adverse reactions (such as increased pain through
repetitive movements, nausea and dizziness).

Goniometry

We measured the cervical range of motion for flexion,
extension, lateral flexion and rotation with the individual
seated according to Marques [24]. Flexion and exten-
sion: the axis of the goniometer was positioned at the
level of the seventh cervical vertebra, with the fixed arm
kept perpendicular to the ground, and at the end of the
movement, the mobile arm was aligned with the earlobe.
Lateral flexion (right/left): the axis of the goniometer was
positioned over the spinous process of C7, the fixed arm
was perpendicular to the ground, and the mobile arm was
on the midline of the cervical spine. Rotation (right/left):
the goniometer axis was positioned at the center of the
head, the fixed arm was positioned at the center of the
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head, and at the end of the movement, the mobile arm
was aligned with the nose. Figure 2 shows the measure-
ment of cervical range of motion using the goniometer.

Fleximetry

We measured the cervical range of motion for flexion,
extension, lateral flexion and rotation according to Flo-
réncio et al. [7]. Flexion/extension: the volunteer was
placed in a seated position, with feet flat on the floor, and
fleximeter in the right temporal region. Lateral lateral
flexion (right/left): we used the same individual position-
ing and fleximeter in the central occipital region. Rota-
tion (right/left): we place the individual supine, with their
head off the stretcher, and the fleximeter in the upper
central region of the skull. Figure 3 shows the measure-
ment of cervical range of motion using fleximetry.

Statistical analysis

The intraclass correlation coefficient (ICC) and 95% of
confidence interval were used to determine the test—
retest and inter-rater reliability in the measurement of
cervical spine movements performed by means of goni-
ometry and fleximetry, considering two-way mixed
effects, absolute agreement, multiple raters/measure-
ments [25]. We also used the standard error of measure-
ment (SEM) and minimum detectable change (MDC) at
95% of confidence interval [26].

Fig. 2 Measurements with goniometer of range of motion for flexion (A), extension (B), rotation to the right (C), lateral flexion to the right (D),
lateral flexion to the left (E), and rotation to the left (F). Before and during the movements, all individuals were instructed not to compensate
the movement with the trunk (thoracolumbar region), thus isolating the movement specifically to the cervical region
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Fig. 3 Measurements with fleximetry of range of motion for flexion (A), lateral flexion to the right (B), rotation to the left (C), extension (D),
lateral flexion to the left (E), and rotation to the right (C). Before and during the movements, all individuals were instructed not to compensate
the movement with the trunk (thoracolumbar region), thus isolating the movement specifically to the cervical region

The classification to ICC was based on Fleiss [15]: val-
ues below 0.40 indicate low reliability; between 0.40
and 0.75, moderate reliability; between 0.75 and 0.90,
substantial reliability; and greater than 0.90, excellent
reliability. Interpretation of the SEM value was as fol-
lows: <5%=very good;>5% and<10%=good;>10%
and <20% = doubtful; and > 20% = negative [27].

For the correlations between the goniometry and flexi-
metry, we initially applied the Shapiro—Wilk test, fol-
lowed by the Spearman’s correlation coefficient (rho). We
consider correlations adequate when above 0.7 [12]. Data
processing was performed using the SPSS software, ver-
sion 17.0 (Chicago, IL, USA), and a significance level of
5% was adopted in all analyses.

Results

Thirty-two individuals were recruited for the study, two
of whom were excluded for not attending the retest ses-
sion. Thus, the final sample consisted of thirty individu-
als. Table 1 describes the characteristics of the study
individuals. The majority are female (70%, n=21), with a
body mass of 66.24 and a stature of 1.61 (+0.07).

For goniometry (Tables 2 and 3), we found excel-
lent test-retest reliability (ICC>0.986, SEM <1.89%,
MDC<5.23%) and inter-rater reliability (ICC>0.947,
SEM <£3.91%, MDC<10.84%). Similarly, for fleximetry

Table 1 Clinical and demographic characteristics of the sample
with chronic neck pain (n=30)

Variables Minimum Maximum Mean Standard
deviation

Age (years) 18.0 46.0 30.86 8.81
Body mass (kg) 482 100.0 66.24 12.30
Stature (m) 147 1.75 161 0.07
Body mass index (kg/m2) 20.24 38.28 2532 401
Chronicity (months) 3 240 3483 47.27
Pain intensity (NPRS)

at rest 4 10 6.36 1.40

pain with movement 5 10 7.90 126
Pain catastrophizing (PCTS) 0.11 333 161 1.00
Disability (NDI) 5 43 1113 693
Physical activity (BHPAQ)

occupational 1.62 3.75 2.56 0.61

sport 1.25 4.25 250 082

recreation 1.75 3.75 2.74 0.64

NPRS Numerical pain rating scale, PCTS Pain-Related Catastrophizing Thoughts
Scale, NDI Neck Disability Index, BHPAQ Baecke Habitual Physical Activity
Questionnaire (BHPAQ)

(Tables 4 and 5), we found excellent test—retest reliability
(ICC>0.969, SEM <£2.71%, MDC <£7.52%) and inter-rater
reliability (ICC>0.981, SEM <1.88%, MDC <5.20%).
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Table 2 Test-retest reliability of cervical spine motion goniometry measurements in chronic neck pain sample (n=30)

Movement Test Retest ICC SEM SEM MDC MDC
(©) mean (SD) mean (SD) (95% ClI) (°) (%) (°) (%)
Flexion 53.52(10.01) 54.62 (9.98) 0.991 (0.780, 0.998) 0.95 1.75 263 4.86
Extension 58.89 (15.75) 59.83 (15.68) 0.998 (0.806, 1.000) 0.70 1.18 1.95 328
Lateral flexion (left) 46.59 (7.32) 46.94 (7.60) 0.986 (0.971, 0. 993) 0.88 1.89 245 523
Lateral flexion (right) 45.08 (6.96) 45.38(7.27) 0.996 (0.989, 0.998) 045 0.99 1.25 2.76
Rotation (left) 64.47 (14.19) 64.63 (14.27) 1.00 (0.999, 1,000) 0.90 1.39 249 386
Rotation (right) 64.24 (14.22) 64.36 (14.28) 1.00 (0.999, 1,000) 0.90 1.40 2.50 3.89

SD Standard deviation, ICC Intraclass Correlation Coefficient, C/ Confidence Interval, SEM Standard Error of Measurement, MDC Minimum Detectable Change

Table 3 Inter-rater reliability of cervical spine motion goniometry measurements in chronic neck pain sample (n=30)

Movement Rater 1 Rater 2 ICC SEM SEM MDC MDC
(°) mean (SD) mean (SD) (95%Cl) (°) (%) ©) (%)

Flexion 53.52(10.01) 54.15(9.82) 0.990 (0.974, 996) 0.99 1.84 2.75 5.11
Extension 58.89 (15.75) 59.62 (15.69) 0.998 (0.981,0.999) 1.57 265 4.36 7.35
Lateral flexion (left) 46.59 (7.32) 47.58(7.72) 0.947 (0.880,0.976) 1.84 391 511 10.84
Lateral flexion (right) 45.08 (6.96) 46.20 (6.67) 0.984 (0.258,0.997) 0.86 1.89 239 5.24
Rotation (left) 64.47 (14.19) 65.20 (13.84) 0.997 (0.980, 0.999) 0.77 1.18 213 3.28
Rotation (right) 64.24 (14.22) 64.71 (13.88) 0.998 (0.994, 0.999) 0.63 0.97 1.74 2.70

SD Standard deviation, ICC Intraclass Correlation Coefficient, C/ Confidence Interval, SEM Standard Error of Measurement, MDC Minimum Detectable Change

Table 4 Test-retest reliability of cervical spine motion fleximetry measurements in chronic neck pain sample (n=30)

Movement Test Retest ICC SEM SEM MDC MDC
(°) mean (SD) mean (SD) (95% ClI) (°) (%) (°) (%)
Flexion 56.07 (9.83) 56.78 (10.04) 0.987 (0.967, 994) 1.13 2.01 3.14 5.56
Extension 65.94 (11.54) 66.87 (11.55) 0.991 (0.961,0.997) 1.10 1.65 3.04 4.57
Lateral flexion (left) 47.56 (7. 48) 49.04 (7.40) 0.969 (0.583,992) 1.31 2.71 363 7.52
Lateral flexion (right) 46.81 (6.41) 46.93 (6.53) 0.997 (0.995, 0.999) 0.35 0.76 0.98 2.10
Rotation (left) 72.81(845) 73.16 (8.29) 0.996 (0.989, 998) 0.53 0.73 147 2.01
Rotation (right) 74.05 (9.56) 74.62 (9.59) 0.997 (0.962, 0.999) 0.52 0.71 145 1.96

SD Standard deviation, ICC Intraclass Correlation Coefficient, C/ Confidence Interval, SEM Standard Error of Measurement, MDC Minimum Detectable Change

Table 5 Inter-rater reliability of cervical spine motion fleximetry measurements in chronic neck pain sample (n=30)

Movement Rater 1 Rater 2 ICC SEM SEM MDC MDC
(°) mean (SD) mean (SD) (95%Cl) (°) (%) (°) (%)
Flexion 56.07 (9.83) 56.74 (9.85) 0.996 (0.959, 0.999) 0.62 1.10 1.73 3.06
Extension 65.94 (11.54) 66.67 (11.43) 0.996 (0.957,0.999) 0.73 1.10 2.01 3.04
Lateral flexion (left) 47.56 (7. 48) 4858 (7.16) 0.985 (0.738,0.996) 0.90 1.87 249 517
Lateral flexion (right) 46.81 (6.41) 47.92 (6.49) 0.981 (0423, 0.996) 0.89 1.88 246 520
Rotation (left) 72.81(845) 73.65 (8.07) 0.989 (0.916,0.997) 0.87 1.18 240 3.28
Rotation (right) 74.05 (9.56) 74.78 (9.23) 0.994 (0.950, 0.998) 0.73 0.98 2.02 2.71

SD Standard deviation, ICC Intraclass Correlation Coefficient, C/ Confidence Interval, SEM Standard Error of Measurement, MDC Minimum Detectable Change
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Table 6 Correlation between goniometer and fleximeter
measurements (n=30)

Movement Goniometer versus fleximeter
Flexion rho=0.993, p<0.00
Extension rho=1.000, p<0.00

Lateral flexion to the left rho=0.995, p<0.00

1
1
1
Lateral flexion to the right rho=0.997, p<0.001
Rotation to the left rho=1.000, p<0.001

1

Rotation to the right rho=1.000, p<0.00

We observed a strong correlation between the goni-
ometry and the fleximetry for all cervical movements
(rho >0.993), proving that the instruments are in agree-
ment (Table 6).

Discussion

The instruments tested in this study (goniometry and
fleximetry) have excellent reliability in individuals with
chronic neck pain when using different times and raters
to assess cervical range of motion.

In addition to the goniometry’s reliability for cervical
range of motion in healthy individuals [6], the literature
presents the following results for other joints: shoulder
[28, 29], hip [30], knee [31], ankle [32], finger [33], wrist
[34], and lower back [35]. For the fleximetry, in addi-
tion to the reliability study in healthy individuals [7, 36],
only one reliability study was conducted with chronic
shoulder pain [28, 29]. In our study, we observed higher
ICC values (greater than 0.90), which can be explained
by 2 reasons: 1) the clinical experience of the raters and
their prior training prior to data collection, which leads
to standardization in the scoring and consequently to
similar values in the measurement of cervical range of
motion; and 2) the use of the mean of 3 repetitions in the
statistical analysis, which leads to less scatter.

In addition to the ICC, we found adequate SEM (<5%)
and MDC values. According to a previous study, SEM val-
ues less than 5% are very good, but for MDC, no inter-
pretative values have been established in the literature
[27]. From previously published reliability studies of cer-
vical range of motion in healthy subjects, Farooq et al. [6]
found SEM values < 3.35°, while Floréncio et al. [7] did not
calculate SEM. MDC was not calculated in either study.

Regarding clinical interpretation, Gajdosik and Bohan-
non [38] state that range of motion is just range of
motion, although the relationship between cervical range
of motion and disability has been described previously
[37]. Therefore, measurement of this joint aspect needs
to be complemented by other clinical measures such as
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pain intensity, disability, and kinesiophobia in individuals
with chronic neck pain.

The high magnitude correlations between the goniom-
etry and fleximetry found in the present study, in addi-
tion to the excellent reliability of the two instruments,
support clinical professionals in choosing which instru-
ment to use in their routine assessment of individuals
with chronic neck pain.

Our study has some limitations that need to be
described. Our study used analog devices, so it is not
possible to extrapolate these results to digital devices for
measuring cervical range of motion [38, 39]. Further-
more, our results do not support the reliability of goni-
ometry and fleximetry to assess range of motion of other
spinal regions. Our study did not assess the clinical sta-
bility of individuals’ symptoms at retest, and this should
be considered when analyzing the results found here. We
suggest that future studies use self-report instruments
specifically adapted to the sample of interest, investigate
whether the quantity of joint movements affects the qual-
ity of the measure under investigation, and whether other
methods of measurement are reliable.

Conclusion

Goniometry and fleximetry measurements are reliable
for assessing cervical range of motion in individuals with
chronic neck pain.
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