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Background In clinical setting, the cervical range of motion (ROM) is commonly used to identify
movement impairment and assess function of neck. For assessing and improving the cervical
ROM and proprioception, we developed the device using the digital goniometer with inertial
measurement unit.
Purpose The purpose of this study was to determine the intra-rater reliability and validity of
cervical ROM measurement using the digital goniometer and Cervcial Range-of-Motion (CROM)
device.
Study design Cross-sectional study.
Methods Fifteen healthy subjects without neck pain were participated in this study. The measurements of flexion, extension, side-bending (right/left), and rotation (right/left) were made with
CROM device and digital goniometer in sitting. Two trials of cervical ROM measurement (6
movements) were performed for each subject. Validity and intra-rater reliability were determined
using Spearman correlation coefficient and intra-class correlation coefficient (ICC3,1) for digital
goniometer and CROM, respectively.
Results The digital goniometer demonstrated good (Spearman ρ=0.88–0.98, p<0.01) validity for
CROM. The intra-rater reliability was demonstrated for cervical flexion (ICC3,1=0.99), extension
(ICC3,1=0.99), right (ICC3,1=0.99) and left (ICC3,1=0.99) lateral flexion, right (ICC3,1=0.99) and
left (ICC3,1=0.99) rotation.
Conclusions The digital goniometer was found to be reliable and valid for measuring cervical
ROM in three planes for normal subjects. However, before using the digital goniometer as an
outcome measure in clinical settings, studies should be performed on subjects with neck pain.
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INTRODUCTION
Neck pain is a common musculoskeletal disorder that
affects approximately from 16.7% to 75.1% of world’s
population annually.1 The abilities and quality of life of
patients with neck pain were reduced and results in high
costs for society.2 The majority of neck pain is classified as

https://doi.org/10.29273/jmst.2020.4.1.25

“nonspecific” that have a various factors causing symptoms.3
Because the goal of intervention for non-specific patients is
to improve the mobility of the neck, physical therapists or
manual therapists commonly measure the range of motion
(ROM) of the cervical spine during physical examination.
The evaluation of the ROM of the cervical spine helps to
decide the clinical diagnosis, prognosis, and intervention
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goals.4 In addition, the ROM of the cervical spine is an
essential and objective measure for monitoring patients
through treatment. Therefore, it is required to develop a
reliable and valid measurement method.
The ROM of neck is measured by the movements of the

for neck problems during the last 2 years. This study was

three planes: flexion-extension in sagittal plane, side-bending

Instrumentation

in coronal plane, and rotation in horizontal plane. There are

To measure the ROM of neck, developed a digital
goniometer and CROM device (Performance Attainment
Associates, Roseville, MN) were used. A digital goniometer

various methods for measuring ROM of cervical spine, such
as tape, Cervcial Range-of-Motion (CROM) device, single/
double inclinometers, electrogoniomter, spine motion analyzer.5 The CROM device is commonly one of tools to
measure the cervical ROM in clinical setting, consisting of
a plastic frame embedded two inclinometers and one compass goniometer. This device have a disadvantage that
simultaneously is not able to record the ROM of neck for
movements in three plane. The inclinometer, called as gravity
goniometer, cannot measure the rotation ROM of neck.
Although the spine motion analyzer can measure the ROM
of neck movement in three planes, it takes a long time to

approved by the Institutional Review Board of Joongbu
University. All participants read the protocol and a written
consent was obtained from all participants.

consists of three-axis acceleration sensor in the X, Y, and Z
directions, three-axis gyro in the pitch, roll, and yaw directions, and geomagnetic sensor, secured to a light plastic
frame (Figure 1). The measured data can be transmitted to
the display in real time. To confirm the validity of digital
goniometer, ROM measurement of neck were taken with
CROM. The CROM consists of three inclinometers secured
to a lightweight. Two gravity inclinometers used for measuring flexion/extension and side-bending. The magnetic

install and measure, is expensive to purchase, and requires

inclinometer used for measuring rotation.
.

expertise to measure ROM of spine. Therefore, the purposes

Procedure

of this study are to develop a new type of digital goniometer

Subjects was seated in a fixed chair with both feet flat on
the ground to measure ROM of cervical spine using a
digital goniometer and CROM device randomly. The digital
goniometer or CROM like spectacle were fixed to head on
the nose and on both ears using a strap, and the back of
subject was straightened to allow the front to look naturally,
and both hands were gently stretched and placed on the
thigh (Figure 2). The participants closed eyes to remove the
reflexive movement caused by visual stimulation.
The measured active movement directions of neck were
flexion/extension, side bending (left and right), and rotation
(left and right). After a brief instruction and demonstration,

by supplementing the limitations or disadvantages of the
existing tools for measuring the ROM of neck and assess
the reliability and validity of the developed digital goniometer.

METHODS
Subjects
Fifteen asymptomatic participants (mean±SD; age, 27.8±
0.4 years, weight, 75.4±7.7 height, 177.9±5.0) were recruited for this cross-sectional study. Participants were
obtained by poster advertisement and word of mouth from
Joongbu university and the community. Exclusion criteria
for subject were as follows: (1) previous history of neck
surgery, (2) cervical spine trauma or neck pain (3) treatment

subjects were asked to make the each movement twice in
maximum ROM. The subjects were allowed to rest 1 min
between measurements of digital goniometer and CROM
device.

Figure 1. The front, side, and back view of digital goniometer using acceleration, gyro, and geomagnetic sensors.
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The intra-rater reliability was demonstrated for cervical
flexion (ICC3,1=0.99), extension (ICC3,1=0.99), right (ICC3,1=
0.99) and left (ICC3,1=0.99) lateral flexion, right (ICC3,1=
0.99) and left (ICC3,1=0.99) rotation.

DISCUSSION
This study investigated the test-retest reliability and validity of newly developed digital goniometer using inertial
measurement system. Both CROM device and digital
goniometer, the intra-rater reliability was excellent above
0.96 for six active movements. This reliability is satisfactory

Figure 2. Cervical ROM measurement using CROM
device (left) and digital goniometer (right).
Statistical analysis
Statistical analysis was conducted using SPSS program
(ver. 21.0; SPSS, Inc., Chicago, IL, USA).
Descriptive statistics for measures of ROM for each
movement are reported for the CROM and digital goniometer using mean (standard deviation). The intra-rater reliability for CROM and digital goniometer were estimated with
intraclass correlation coefficient (ICC3,1). Spearman correlation coefficient was used to estimate the validity of the
digital goniometer in comparison to CROM device. It has
been suggested that ICC below .60 indicate poor reliability, .70–.79=moderate, .80–.89=good, .90–.99=excellent.6

RESULTS
The digital goniometer demonstrated good (Spearman
ρ=0.88–0.98, p<0.01) validity for CROM device (Table 1).

based on the existing ultrasound motion analysis (0.62 to
0.87),7 Android phone application,8 electromagnetic tracking
device (0.91 to 0.95),9 and digital inclinometer (0.82 to
0.94).10 Considering that each of the above-described devices
has their respective disadvantages, such high reliability
suggests that this digital goniometer using acceleration,
gyro and geomagnetic sensors can be used as a more
practical and reliable device.
For measurement of digital goniometer, the ROM values
of rotation on the horizontal plane were 65.2° to the left and
68.2° to the right. A total of 133.3° of rotation of neck was
observed. In the same way, a total average of 109.9° of
ROM on the sagittal plane was observed with extension of
58.9° and a flexion of 51.0°, and a total average of 85.7° of
ROM of side-bending on coronal plane was measured with
a left ROM of 43.4° and a right ROM of 42.3°. In similar to
ROM values of CROM, total ROM values in sagittal,
coronal, and horizontal planes were 108.1°,85.0°, and 130.9°,
respectively. In previous studies, ROM values for six active

Table 1. Mean (SD), ICC, and correlation for six active movements of neck using CROM device and digital goniometer
CROM

DG

Mean (SD)

50.3° (6.6°)

51.0° (6.5°)

ICC

0.98

0.99

Mean (SD)

57.8° (11.7°)

58.9° (12.4°)

ICC

0.99

0.99

Mean (SD)

42.5° (8.3°)

43.4° (8.4°)

ICC

0.96

0.99

Mean (SD)

42.5° (8.7°)

42.3° (9.0°)

ICC

0.96

0.99

Mean (SD)

64.3° (11.1°)

65.2° (11.3°)

ICC

0.98

0.99

Mean (SD)

66.6° (8.7°)

68.1° (8.6°)

ICC

0.97

0.99

Flexion

Spearman’s ρ
0.94

Extension

0.97

Left side-bending

0.88

Right side-bending

0.96

Left rotation

0.96

Right rotation

0.98

CROM, cervical range-of-motion; DG, digital goniometer; SD, standard deviation; ICC, intraclass correlation coefficient.
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movement were measured using CROM device in similar to
our results.9,11,12 Fletcher and Bandy11 reported that ICC3,1
for the subjects without neck pain ranged from 0.87 for
flexion to 0.94 for the left rotation and standard error of the
measurement ranged from 2.3° to 4.0°. The digital goniometer demonstrated good validity for CROM device.
When compared to the CROM device, gold standard, newly
developed digital goniometer is valid and reliable to measure
ROM of cervical spine.
Although neck pain can be caused to traumatic disorders
or inflammatory disorders, the majority of neck pain is
considered idiopathic having no noticeable cause.13 There
are some conservative interventions for managing chronic
neck pain such as therapeutic exercise and manual therapy.14
Also, clinical practices recommend the assessment and

Findings The digital goniometer demonstrated good validity
and high reliability for cervical flexion, extension, lateral
flexion, and rotation.
Meaning Before using the digital goniometer as an outcome
measure in clinical settings, studies should be performed on
subjects with neck pain.
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management of proprioceptive dysfunction for patients with
neck pain. Joint position sense or joint position error is
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