Journal of Pain Research

Dove

ORIGINAL RESEARCH

Effects of Proprioceptive and Craniocervical
Flexor Training on Static Balance in University
Student Smartphone Users with Balance
Impairment: A Randomized Controlled Trial

Saw Wah Wah®'?

Rungthip Puntumetakul
4,5

2,3
Rose Boucaut

'Human Movement Sciences, School of
Physical Therapy, Faculty of Associated
Medical Sciences, Khon Kaen University,
Khon Kaen, 40002, Thailand; 2Research
Center in Back, Neck, Other Joint Pain
and Human Performance, Khon Kaen
University, Khon Kaen, 40002, Thailand;
3School of Physical Therapy, Faculty of
Associated Medical Sciences, Khon Kaen
University, Khon Kaen, 40002, Thailand;
“4International Centre for Allied Health
Evidence, University of South Australia,
Adelaide, SA, 5001, Australia; *University
of South Australia: Allied Health and
Human Performance, Adelaide, SA, 5001,
Australia

Correspondence: Rungthip Puntumetakul
Research Center in Back, Neck, Other
Joint Pain and Human Performance,
KhonKaen University, 123 Mitraphab
Road, Muang District, Khon Kaen, 40002,
Thailand

Tel +66 83 419 6186

Fax +66 43 2020 856

Email rungthiprt@gmail.com

Purpose: University student smartphone users adopt flexed neck postures during smartphone
use, creating an increased compressive load on their neck structures. This study was conducted to
compare the effects of proprioceptive and craniocervical flexor training with a control group on
static balance in a group of university student smartphone users with balance impairment.
Methods: A double-blinded, randomized controlled trial was conducted involving 42 uni-
versity students (19.67+1.68 years old) with balance impairment. Participants were rando-
mized into a proprioceptive training (ProT) group (n=14), a craniocervical flexor training
(CCFT) group (n=14), and a control group (CG; n=14) for a 6-week intervention. The
balance error scoring system (BESS), cervical joint position sense (CJPS), craniocervical
flexion (CCF) test, and visual analog scale (VAS) for neck pain were evaluated using
univariate analysis of covariance (ANCOVA).

Results: After 6 weeks of intervention, the ProT group showed significantly greater
improvement of CJPS than the CG (p=0.000) and the CCFT group significantly improved
of CCF test than CG (p=0.002). Findings, at 4 weeks after intervention, were (i) the ProT
group had significantly more improvement in BESS than the CCFT group (p=0.014) and CG
(p=0.003), (ii) the ProT group had significantly more improvement of CJPS than the CG
(right and left rotate) (p=0.001, p=0.016, respectively) and CCFT group (right rotate)
(p=0.004), (iii) the CCFT group had significantly more improvement of craniocervical flexor
strength than CG (p=0.004), and (iv) the ProT group and CCFT group had significantly more
decreased pain than CG (p=0.015, p=0.033, respectively). No adverse effects occurred during
or after training in any group.

Conclusion: ProT is important for regaining static balance and CJPS, while CCFT
improved craniocervical flexor strength. Moreover, both ProT and CCFT can reduce neck
pain. We recommend performing ProT to improve static balance, CJPS and to reduce neck
pain in smartphone users with static balance impairment.

Clinical Trail Registration Number: TCTR20190909003.

Keywords: smartphone users, neck pain, cervical proprioception, craniocervical flexion
strength

Introduction

The smartphone is an element of a comfortable life today; a smartphone typically has
a touchscreen; mobile internet access via Wi-Fi or a cellular network; capacity to
install smartphone applications; other functions, such as media players, digital

Received: 23 March 2021
Accepted: 2 June 2021
Published: 25 June 2021

Journal of Pain Research 2021:14 1935-1947 1935
© 2021 Wah et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-5429-1876
http://orcid.org/0000-0002-3343-5313
mailto:rungthiprt@gmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Wah et al

Dove

positioning (GPS) based

navigation;' and the ability to send and receive e-mails,

cameras, global system
store data, and play computer games.” Because of this con-
venience, worldwide smartphone use has increased rapidly,
but at the same time, the prevalence of neck pain has also
increased,” especially in university students.”*

The prevalence of neck pain in 18- to 24-year-old
smartphone user university students has been reported as
68.2% in Hong Kong® and 90% in Thailand.® Smartphones
lead users to adopt awkward static postures and engage in
repetitive work.® More than 91% of university students
who are smartphone users adopt a flexed neck posture
during smartphone use’ with increased compressive loads
on neck structures.® Prolonged smartphone use not only

5,6,9-11

increases neck pain and cervical joint position sense

(CIPS) error*'? but also decreases dynamic balance.'!*!4
University students are reported as having the highest
smartphone addiction rates compared with users of other
age groups.® Therefore, we expect that university students
may have impaired balance.

Balance is necessary to maintain an upright stance and
perform activities of daily living."> Balance control
depends on proprioceptive information from mechanore-
ceptors, as well as vestibular and visual input to the central
nervous system.'> Static balance is the ability to maintain
posture and orientation of the center of mass over the base
of support with the body at rest.'® Dynamic balance is the
ability to maintain posture and orientation of the center of
mass over the base of support while the body parts are in
motion."” Many daily activities involve static balance
activities with low muscle force.'® A deficiency of cervical
proprioceptive inhibition of nociceptors contributes to
impaired balance.'®

Craniocervical flexor training (CCFT) controls pain
and improves muscle strength, function, and balance in
patients with cervical degenerative disc disease."”
Strengthening the craniocervical flexors maintains struc-
tural integrity.”” The muscle receptors play a major role in
detecting joint movement and position sense for appropri-
ate reflexive and voluntary movements.”'

Proprioceptive training (ProT) involves fine control of
neck movement involving the suboccipital muscles,** control
of muscle tone™ and spatial orientation of voluntary
movement.** The goal of ProT is to improve motor control
and cervical proprioception.>® ProT is superior to CCFT in
reducing neck pain and disability, improving craniocervical

19,25-27

flexor strength and neuromuscular coordination, and

improving cervical proprioception.”> For university students

with impaired balance, there is limited evidence on the effect
of ProT on static balance and the comparative effects, if any,
between ProT and CCFT.

The main purpose of the current study was to compare
the effects of ProT and CCFT on static balance in univer-
sity student smartphone users with neck pain and balance
impairment. The secondary purpose was to compare the
effects of ProT and CCFT on cervical joint repositioning
sense error, craniocervical flexor strength, and pain in this
cluster of smartphone users. The hypothesis was that the
ProT group would be superior to or equal to the CCFT
group and superior to the control group (CG) in terms of
static balance.

Materials and Methods
Study Design

A double-blinded, stratified randomized controlled trial
was conducted involving 42 neck pain university student
smartphone users with impaired balance.

Participants
The study was conducted after gaining approval from the
Khon Kaen University Ethics Committee for Human
Research following the Declaration of Helsinki (HE
612,374); the Yangon University of Medical Technology,
Myanmar (IRB Approval No. 1/2019-1); the University of
Public Health-Institutional Review Board, Myanmar (UPH-
IRB 2019/Research/35); and the Thai Clinical Trial
Registry (TCTR20190903003). University students who
met the eligibility criteria were recruited for the study.
The inclusion criteria were as follows: 1) Neck pain with
recurrent episodes and low-grade neck dysfunction not hav-
ing regular treatment in the last 7 days; 2) Age of 18-25
years; 3) Balance impairment as determined by a balance
error scoring system (BESS) score > 15;*%2° 4) Body mass
index (BMI) < 30 kg/m?; 5) Experience of smartphone use
for more than 6 months and smartphone screen time of at
least 2 hours per day; 6) Neck disability index score
between 5/50 and 14/50; 7) Pain rated as mild to moderate
on a visual analog scale (VAS; 5-74 mm); and 8) Voluntary
participation and ability to read and understand English.
Participants with any one of the following conditions
were excluded: 1) Visual, auditory, vestibular, or neurologi-
cal deficits; 2) Traumatic injuries or surgical interventions of
the spine or lower limbs within the prior year; 3) Medical
conditions that could have a negative effect on balance; 4)
Chronic musculoskeletal diseases, lower limb fractures, and
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injuries; 5) Participation in any neck muscle strengthening
and balance training over the past 12 months; 6) A Beck
Depression Inventory (BDI) score > 30/63; 7) A Dizziness
Handicap Inventory (DHI) score > 30/100; and 8) Taking
any sedative drug or alcohol within the past 48 hours.

The DHI is the most widely used self-report measure
of dizziness disability and has been translated into more
than 17 languages.®' It has 25 items with three response
levels, which are sub-grouped into functional, emotional,
and physical domains. A total DHI score of 0-30 indicates
mild, 31-60 moderate, and 61-100 severe dizziness
handicap.32 The DHI is a reliable (r = 0.92-0.97), valid,
comprehensive, and clinically useful tool to measure self-
perceived handicap associated with dizziness symptoms
from a variety of causes.” It also has good correlation
with specific objective balance measures.’*?*>

The BDI is a 21-item self-report rating inventory that
assesses characteristic attitudes and depressive symptoms,
with each corresponding to the major depressive symp-
toms in the preceding 2 weeks.*® Internal consistency of
the BDI ranges from 0.73 to 0.92 with a mean of 0.86.%%>”
In addition, the BDI demonstrates high internal consis-
tency values of 0.86 and 0.81 for the psychiatric and
nonpsychiatric population, respectively.*®

Screening Procedure

Participants were recruited via posted invitations on notice
boards at Yangon University of Medical Technology. Each
participant was screened by a general physician from that
university and a research assistant based on a checklist for
neck pain signs and symptoms® and eligibility criteria.
Before the study, informed written consent was provided
by all eligible participants. A researcher (SWW) assessed
each participant using a self-report questionnaire that was
tailored specifically for smartphone users and evaluated
with outcome measures, including the BESS, CJPS, cra-
niocervical flexion (CCF) test, and VAS.

Randomization Procedure

A researcher (RP) generated a random allocation sequence
to assign participants to the intervention. Participants were
stratified randomly using block sizes of 6 and 9 created by
a randomization list (Sealed Envelope™) program.
Following Iverson et al, stratification was performed
using BESS scores as follows: 15-17, 18-23, and above
24.°% Each participant selected a preferred pre-coded
envelope to allocate them into one of the three following
groups: the ProT group, CCFT group, or CG.

Interventions

Before the intervention, a researcher (SWW) provided 3
hours of training about the relevant interventions to three
assistant researchers, each with at least 5 years of muscu-
loskeletal physiotherapy experience. Each researcher gave
relevant interventions to their participants for 6 weeks.
Finally, assessment was conducted at 4 weeks after the
intervention—that is, after the end of the 6-week interven-
tion—to determine any lasting effects on balance control
in the ProT group, CCFT group, and CG; the results were
statistically analyzed by the researcher (SWW; Figure 1).
Participants in the ProT and CCFT groups were trained to
perform their 20-minute exercise routine on three alternate
days per week for up to 6 weeks according to their allo-
cated intervention group. Participants from each group
were requested to perform their daily home exercise ses-
sion twice per day for 6 weeks. Exercise compliance was
monitored in each of the three groups; participants were
asked to record their exercise details in a booklet over the
duration of the study. A weekly phone call was made to all
participants (by researcher SWW) to encourage them to
continue their home exercises during the trial period.

Proprioceptive Training (Experimental
Group)

ProT targets the improvement of overall proprioceptive
function by using somatosensory signals from the suboc-
cipital muscles to improve both conscious perceptual and
unconscious proprioception. A training period of 6 weeks
is enough to produce improvement in cervical
proprioception.®

In the present study, ProT consisted of the three follow-
ing types of tailored active exercises: CJPS (head reloca-
(kinesthetic),

oculomotor control (gaze stability). Exercises were started

tion), cervical movement sense and
sitting on a chair in an erect posture, with a laser attached
to the center of a forehead band, which enabled partici-
pants to use their head to point to a target located on a wall
90 cm away as the natural head posture (NHP). This
starting position was used for all participants in this
group.®”

In weeks 1 and 2, the CJPS exercises were per-
formed by the participants relocating their heads back
to the NHP from active neck movements (flexion, exten-
sion, rotation, and lateral flexion) with eyes open, using
feedback from the laser attached to their heads. During

weeks 3 and 4, exercises were progressed with pupillary
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Figure | Study flow diagram and follow-up evaluation.
glasses preventing pupillary excursion, and finally, the During weeks 1 and 2, the cervical movement sense

exercises were done with participants’ eyes closed dur- exercises involved tracing a line with laser feedback in

ing weeks 5 and 6 for three sets of five repetitions to all ~ a vertical and horizontal plane with the eyes open. During

weeks.>’

weeks 3 and 4, exercise progressed to slowly tracing
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a figure eight with laser feedback, and finally, to tracing
a figure eight with laser feedback with increased speed
during weeks 5 and 6 for three sets of five repetitions to all
weeks.””

The oculomotor control (gaze stability) exercises were
started with eyes following a target on the outstretched hand
at slow speed while keeping the head still (vertical/horizon-
tal) during weeks 1 and 2. It involved head moving while
fixing eyes on a target (vertical’horizontal) during weeks 3
and 4, and eyes and head moving together in the same
direction on a target (vertical/horizontal) during weeks 5
and 6 for three sets of five repetitions to all weeks.*”

Craniocervical Flexor Training

(Experimental Group)

CCFT improves tonic postural function of the deep cervi-
cal flexors and minimizes activation of the superficial
cervical flexors.*” It focuses on motor control training of
the deep craniocervical flexors, decreases neck pain,'®"’
and improves cervical proprioception after 6 weeks of
training.*>*'

The CCFT exercise program consisted of co-
contraction of the deep and superficial cervical flexors,
strengthening exercises of the cervical flexors, and
strength and endurance of the CCF movement pattern.
Initially, each patient was taught to perform the CCF
movement in a slow and controlled manner in crook
lying. The physiotherapist identified the target level that
the patient could hold steadily for 5 seconds without any
retraction, use of the superficial neck flexors, or quick and
jerky CCF. The target goal of exercise progression was
based on the timeframe and exercise program of Izquierdo
et al,” but it was individually tailored based on the parti-
cipant’s performance pressure score to prevent treatment
soreness and adverse effects. Tailored home instructions
prescribed by the physiotherapist were given to each
participant.

Co-contraction exercises of the deep and superficial
cervical flexors started from a slow and controlled nodding
action facilitated by eye movement in crook lying during
weeks 1 and 2. During weeks 3 and 4, the exercise pro-
gressed in a controlled head movement pattern through
a range of extension and returned to neutral in sitting.
Finally, isometric resisted CCF was given with the
strength of the participant’s right thumb at the inferior
aspect of the chin with cervical extension in sitting during
weeks 5 and 6.

Strengthening exercises of the cervical flexors started
in supine lying on the plinth, with hands resting beside the
body. Exercises were progressed by lifting the head off 2
pillows during weeks 1 and 2, lifting the head off one
pillow in supine lying during weeks 3 and 4, and lifting the
head off the plinth without a pillow during weeks 5 and 6.

Strength/endurance of the CCF movement pattern was
started as a sustained CCF movement with pressure bio-
feedback under the neck at 2022 mmHg in crook lying
for weeks 1 and 2. For each target level, the contraction
was increased to 10 seconds hold, 5 seconds rest between
each of the 10 repetitions. One set of 10 repetitions of 10
seconds was achieved at one target level twice a day. This
exercise progressed as a repeated and sustained CCF
movement with pressure biofeedback under the neck at
24-26 mmHg in crook lying for weeks 3 and 4 and 28-30

mmHg in crook lying for weeks 5 and 6.2

Advice Group (Control Group)

All participants in the CG received individual instruction
once per week from an experienced physiotherapist on
their specific neck exercise program. The program con-
sisted of free active neck range of motion exercises,
stretching cervical erector spinae, and neck extensor
strengthening.** Participants were also given advice to
perform these exercises twice daily for 6 weeks without
any provocation of neck pain. Participants were instructed
to stop the exercises if pain was provoked or any adverse
effects occurred during or after exercise and to inform the
researcher SWW if this was the case. A booklet of the
specific sequential neck exercise program with diagrams
(neck range of motion exercises followed by stretching
and strengthening exercises of neck extensors) was pro-
vided to each participant. The exercise program was an
individualized, progressive, submaximal program designed
to improve each participant’s ability. All participants were
provided with an explanation of the benefits of their spe-
cific neck exercise program and how to use an ice pack if
pain provocation of more than 50/100 mm (VAS)
occurred. They were also given instructions about how
and what to record in their exercise diaries—the intensity,
duration, and frequency of exercise and pain, as well as the
frequency of ice application if used.

Free active neck range of motion exercises were per-
formed in the pain-free range by rotating the head to left
and right; flexing the head forward and backward; and side
flexing the head to left and right. Exercise setting and
intensity of free active neck range of motion exercises
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were the same during weeks 1 to 6 (10 repetitions for each
movement, rest 10 seconds between each movement, twice
daily for 6 weeks).

Stretching the cervical erector spinae was started by
upright sitting on a chair, bending the head slightly to the
front with both hands behind the occiput and within the
limits of pain. The exercise intensity was set as hold 10
seconds, rest 10 seconds for three repetitions, twice daily
for the whole 2-week period. The exercise program pro-
gressed up to hold 20 seconds, rest 10 seconds, three
repetitions, twice daily for weeks 3 and 4 and hold 30
seconds, rest 10 seconds for three repetitions twice daily
during weeks 5 and 6.

Neck extensor strengthening exercises were started by
firmly pushing the head down over a pillow for 5 seconds
to strengthen the neck extensors in supine lying during
weeks 1 and 2. This exercise was progressed to pushing
the head firmly against a wall for 5 seconds in erect
standing with the upper back touching the wall and feet
apart during weeks 3 and 4. During weeks 5 and 6,
exercise progressed to prone lying over a pillow under
the abdomen while lifting the head from the bed for 5
seconds to strengthen the neck extensors. The exercise
intensity was set as hold 5 seconds, rest 10 seconds, 10
repetitions, twice daily during weeks 1-6.

Outcome Measurements
Static Balance
Static balance, the primary outcome measure, was
assessed using the BESS score. BESS is a continuously
scaled outcome measure; lower scores indicate better static
balance control, and higher scores indicate worse control
from possible scores of 0—60. The total BESS score of >
15 is the cutoff point of balance impairment for partici-
pants aged 18-25 years.”® BESS is becoming the gold
standard measure in clinical settings to evaluate balance
deficits.***** BESS has shown adequate to excellent criter-
ion validity when used to measure force-plate target sway
(r =0.31 to 0.79), test—retest reliability, intraclass correla-
tion coefficient (ICC) = 0.70 (Bell et al, 2011) and intra-
rater reliability (intraclass coefficient [ICC] = 0.92).*°
For the BESS assessment, barefoot participants were
instructed to maintain standing balance (stand with hands
on the hips) while performing the six BESS sub-tests with
eyes closed for 20 seconds. Participant position was dou-
ble-leg stance with feet together, single-leg stance on the
non-dominant foot, and tandem stance with the non-
dominant foot behind on firm and foam surfaces for each

of three tests. Each condition was scored by counting the
errors of the participant’s deviation from the designated
test position. If several errors occurred at the same time,
the inability to remain in the proper test position for more
than 5 seconds was counted as the error. Errors consisted
of moving hands off the iliac crest, opening eyes, footstep
stumble or fall, hip abduction or flexion more than 30
degrees, lifting the forefoot or heel off the test surface,
or inability to remain in the designated test position for
more than 5 seconds. A total BESS score comprised the
addition of the number of errors per condition in each of
the six conditions.?®** In the current study, the ICC for the
intra-rater reliability measures ranged from 0.98 to 0.99,
and the inter-examiner reliability ranged from 0.97 to 0.99.

Cervical Joint Position Sense

CJPS, or cervical proprioception, was assessed using
a special type of cervical range of motion (CROM) mea-
surement device (CROM Deluxe USA, EN-121,156).¢
CROM has been shown to have excellent concurrent valid-
ity (r = 0.93-0.98), excellent test—retest reliability (ICC =
0.89-0.98) using 3D Fastrack,*” as well as excellent cor-
relation (r = 0.78-0.86) and substantial to excellent test—
retest reliability (ICC = 0.74-0.96) using the VICON
motion capture system.** A CJPS error > 4.5 degrees
indicates impaired CJPS.*’

To assess CJPS, the CROM device was aligned on the
nose bridge and ears, and it was fastened to the partici-
pant’s head with a Velcro strap; the head was positioned
with the horizontal, sagittal, and compass meters each
reading zero degrees. The participant was blindfolded
and sitting upright on a chair, hands on thighs, feet resting
on the floor, with hip and knee flexion at 90 degrees.
Practice recognizing the CJPS and the NHP was per-
formed for 3 seconds before the test trials.*>>* The aver-
age of three trials to relocate the NHP from each cervical
movement was recorded in degrees of CJPS.* In the
present study, the ICC for the intra-rater reliability mea-
sures ranged from 0.78 to 0.99 and inter-examiner relia-
bility from 0.77 to 0.99.

Craniocervical Flexion Test

The craniocervical flexion (CCF) test was used to evaluate
craniocervical flexor function, endurance or strength, and
coordination of the deep and superficial neck flexors.*
The activation pressure score was the highest pressure
that the participant could achieve and maintain for 10

seconds while properly performing the CCF, from
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a baseline of 20 mmHg. The performance pressure score
was the highest target pressure that the participant could
achieve and hold for 10 seconds, starting at a baseline of
20 mmHg and increasing by 2 mmHg at each phase, with
a total of five phases and a top value of 30 mmHg (target
pressures of 22, 24, 26, 28, and 30 mmHg). For example,
if a participant could achieve the second level of the test
(24 mmHg) and perform six repetitions of 10-second holds
with the correct action of CCF, then the performance index
was 4x6 = 24 mmHg. Possible performance pressure
scores of CCF ranged from 0 to 100 mmHg?>*>'>?
Dysfunction of the craniocervical flexors was indicated
by a decreased performance pressure score of CCF < 24
mmHg >

To assess CCF, the participant was positioned in crook
lying (supine with 45° hip flexion and 90° knee flexion).
A feedback device “stabilizer” (Chattanooga Group, Inc.,
Hixson, TN, USA) and a towel were placed under the
patient’s suboccipital region. CCF was described by the
physiotherapist as flexion of the head from the upper
cervical region without any flexion of the middle or
lower cervical region. Two CCF items were measured in
two tests—activation pressure score and performance pres-
sure score.”” In this study, ICC for the intra-rater reliability
measures ranged from 0.91 to 0.99 and inter-examiner
reliability from 0.88 to 0.99.

Visual Analog Scale
A VAS of 100 mm in length was used as a self-reported
measure of pain intensity. This scale is simple to use
(Hawker et al, 2011), with a higher VAS score indicating
greater pain intensity. The categories used were no pain
(04 mm), mild pain (544 mm), moderate pain (45—
74 mm), and severe pain (75-100 mm).>*>>

To assess the VAS, participants were asked to place
a line perpendicular to the VAS line at the point that
represented their pain intensity. The VAS score was

recorded as the distance (mm) from the zero anchor.’®>’

Sample Size

The sample size estimation was conducted based on
detecting a mean difference of the BESS scores of 2 points
and a pooled variance estimation (0® = 2.389%) between
the ProT and CCFT groups in the 6-week intervention
after the pilot study. Jirawatkul’s formula®® was used
with a statistical power of 80% and an alpha level of
0.05. Allowing for a dropout rate of 10%, we required at

least 14 participants for each group; the total sample size
in this study was 42.

Statistical Analysis

Data were analyzed using STATA version 13.1 (STATA,
College Station, TX, USA). All analyses were performed
on an intention-to-treat basis. The descriptive statistics are
presented as frequency and percentage for categorical
variables and as mean and standard deviation for contin-
uous variables. The data distribution was assessed using
the Kolmogorov—Smirnov goodness-of-fit test, and data
were measured repeatedly at the following points: at base-
line, after the 6-week intervention, and at 4 weeks after the
intervention (follow-up after the end of the 6-week inter-
vention). Univariate analysis of covariance (ANCOVA;
adjusted for baseline) was used to determine differences
between groups with a 95% confidence interval (CI) for all
outcome measures. Bonferroni corrections were used.
A p-value < 0.05 was considered statistically significant
normality.

Results

A total of 48 smartphone users with balance impairment
were screened for eligibility. Reasons for exclusion of six
participants are depicted in Figure 1. There were 14 parti-
cipants in each group after stratified randomization.
Recruitment began on March 22, 2019; follow-up of all
42 participants was completed on August 30, 2020, when
the trial ended. Participants performed the 20-minute exer-
cise program three times per week for up to 6 weeks, and
they were measured at 4 weeks after the intervention
(follow-up). All 14 participants in each group completed
the study (Figure 1). Except for gender, the demographic
characteristics of the participants were similar in each
group. Two male participants were included in both the
ProT and CCFT groups, but no male participant was
allocated to the CG because of the randomization process.
Participants’ stage of neck pain, daily smartphone use
hours, years, daily visual display terminal (VDT) use
hours, and BESS scores are described in Table 1.

Static balance in the ProT group improved significantly
(shown by reduced balance error score) compared with the
CG (p = 0.003) and the CCFT group (p = 0.014) after 4
weeks of intervention (Table 2).

Error in CJPS (right rotation) reduced significantly more
in the ProT group compared with the CCFT group after 4
weeks (p = 0.004). Error in CJPS (right rotation) was signifi-
cantly reduced in the ProT group compared with the CG after
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Table | Participants Characteristics (n=42)

Characteristics Proprioceptive Training Craniocervical Flexor Training Control Group (n=14)
(n=14) (n=14)
Age (years), mean (SD) 19.78 (1.71) 19.57 (1.82) 19.57 (1.86)
Gender, n (%)
Male 2 (14.29) 2 (14.29) 0 (0.00)
Female 12 (85.71) 12 (85.71) 14 (100)
Stage neck pain, n (%)

Subacute 10 (71.43) 9 (64.29) 8 (57.14)
Chronic 4 (28.57) 5(35.71) 6 (42.86)
Weight (kg), mean (SD) 49.17 (5.69) 48.22 (11.60) 47.78 (7.07)
Height (m), mean (SD) 1.60 (0.06) 1.60 (0.05) 1.59 (0.05)
BMI (kg/m?), mean (SD) 18.98 (1.72) 19.66 (3.19) 19.33 (2.81)
DHI, mean (SD) 9.64 (8.68) 8.86 (7.67) 7.71 (4.83)
BDI, mean (SD) 7.07 (6.00) 421 (4.82) 4.29 (4.50)
Daily smartphone use hours, mean (SD) 6.43 (1.09) 5.07 (1.00) 5.57 (1.55)
Years of smartphone use, mean (SD) 4.36 (1.08) 4.07 (1.14) 4.36 (1.34)
Daily VDT use hours, mean (SD) 1.07 (1.38) 0.86 (1.10) 1.29 (2.40)
BESS 26.21 (6.15) 26.00 (5.71) 25.21 (6.75)

Abbreviations: SD, standard deviation; kg, kilogram; m, meter; BMI, body mass index; kg/mz, kilogram per meter square; DHI, Dizziness Handicap Inventory; BDI, Beck
Depression Inventory; VDT, visual display terminal; BESS, balance error scoring system.

the 6-week intervention (p = 0.005) and at the 4-week follow-
up (p = 0.001). Error in CJPS (left rotation) reduced signifi-
cantly more in the ProT group compared with the CCFT
group after the 6-week intervention (p = 0.001). Error in
CJPS (left rotation) reduced significantly more in the ProT
group compared with the CG after the 6-week intervention
(p = 0.000) and 4-week follow-up (p = 0.016; Table 2). The
CCF test results improved significantly in the CCFT group
compared with the CG after the 6-week intervention (p =
0.002) and at the 4-week follow-up (p = 0.004; Table 2).
VAS scores in the ProT group and CCFT group decreased
significantly more than those of the CG at the 4-week follow-
up (p =0.015 and p = 0.033, respectively; Table 2).

Discussion

The results after the 6-week intervention demonstrated the
following: (i) the ProT group improved in CJPS signifi-
cantly more than the CG (p = 0.000) and the CCFT group
did (p = 0.001), and (ii) the CCFT group improved in
craniocervical flexor strength significantly more than the
CG did (p = 0.002). The 4-week follow-up results showed
the following: (i) the ProT group’s BESS improved signifi-
cantly compared with the CG (p = 0.003) and the CCFT
group (p = 0.014); (ii) the ProT group’s CJPS improved
significantly compared with the CG on both sides of rotation

(Rt. rotate, p = 0.001; Lt. rotate, p = 0.016) and CCFT group
only in right rotation (p = 0.004); (iii) the ProT and CCFT
groups reported significantly reduced pain compared with
the CG (p = 0.015 and p = 0.033, respectively); and (iv) the
CCFT group significantly improved in craniocervical flexor
strength compared with the CG (p = 0.004). All the findings
supported our primary and secondary objectives and
revealed that the BESS and CJPS outcomes of the ProT
group were superior to those of the CCFT group in univer-
sity student smartphone users with neck pain and balance
impairment.

The ProT group was superior to the CCFT group and
the CG in improving static balance. Balance control
depends on proprioceptive information from mechanore-
ceptors and vestibular and visual input to the central ner-
vous system.' Several possible mechanisms may explain
the improvement of balance control in the ProT group.
Cervical muscle spindles are the important proprioceptors
in maintaining balance control.® The enhancement of
suboccipital muscles on ProT is responsible for accurate
kinesthesia and proprioception.”” Suboccipital muscles
modulate the postural reflexes, which are important for
eye—head coordination and balance control.°* The suboc-
cipital muscles are part of the same superficial back line of
myofascial chains with the hamstring and calf muscles; all
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these muscles are involved in maintaining balance
control.®! Training the suboccipital muscles has been
recommended for improving gait in children with cerebral
palsy because of the coordinated movement of the suboc-
cipital muscles with the hamstring and the calf muscles.®
This study demonstrated that ProT targeting the subocci-
pital muscles was effective in improving static balance
control at the 4-week follow-up in persons with neck pain.

Additional reasons for the superior and significant
improvement of balance in the ProT group over the
CCFT group at the 4-week follow-up may have arisen
from the progressive exercise programs of the ProT
group during weeks 5 and 6 of the intervention. The
CJPS exercise progressed from relocating the neutral
head posture with eyes open to eyes closed during weeks
5 and 6. ProT targets improvement of proprioceptive affer-
ents in the absence of vision to improve conscious percep-
tual and unconscious sensorimotor function.”® The ProT
progressed from a slow speed to a very fast speed during
weeks 5 and 6. Very fast movements principally rely on
feedforward control mechanisms, whereas slower move-
ments also include feedback control. The frontal and par-
ietal areas of the brain control balance.®®

Possible reasons for the lack of significant difference
between participant balance control in the ProT and CCFT
groups on balance control after 6 weeks of intervention are
as follows: (i) suboccipital muscles provide postural stabi-
lity from ProT,*® whereas craniocervical flexors provide
segmental stability from the CCFT,** and (ii) suboccipital
muscles regulate eye—head coordination,®® whereas cranio-
cervical flexor muscles improve coordination of the deep
and superficial cervical flexors.?”

The ProT group showed improved CJPS both after 6
weeks of intervention and at the 4-week follow-up com-
pared with the CCFT group and CG. These findings fol-
lowing ProT (head relocation) could reflect that relocation
practice in the proprioceptive training program directly
trained the impairment’' and the outcome measure of
cervical joint positioning error. Second, the program
addressed the cervical afferent input in its functional role
by the inclusion of eye movement exercises.”> Generally,
specific ProT was designed to target the deep muscles,
particularly the suboccipital muscle,?? because this muscle
has the highest density of receptors relative to other parts
of the body. Because of this important feature, it has an
important role in control and spatial orientation.®> Thus,
retraining  incorporating

proprioceptive eye—head

coordination may specifically influence the suboccipital
cervical receptors and muscles.*

Improvement in the CCF test was found when compar-
ing the CCFT group and CG. Several mechanisms may
explain improvements in craniocervical flexor muscle
strength following CCFT. First, CCFT directly activates

the deep cervical flexor musculature,®*%

and the repeated
contractions in CCFT may improve muscle spindle func-
tion. Second, the CCFT biofeedback was provided by
a pressure sensor under the neck as the participant prac-
ticed precise holding of progressive inner range positions.
Third, CCFT decreases stress placed on the joints and

192067 and restores

other structures of the cervical region
normal cervical curvature.'®**%” Researchers have found
that CCFT improves muscle strength and function, alters
ascending pain signals, and modifies motor neuronal
discharge."’

There was no significant difference in pain after the
6-week intervention between the CG and both training
groups. This is consistent with findings from a prior
study,®® which showed that strengthening exercises, endur-
ance exercises, and stretching exercises of the cervical
muscles each proved effective in reducing neck pain.
Another consideration may be that the intervention dura-
tion was not prolonged in the current study. In addition,
the CG participants were provided with diagrams and
a text explanation of their program, as well as ice packs.

All interventions chosen for this study proved equally
effective in reducing pain for up to 6 weeks of interven-
tion. These results are in accordance with some prior
studies”>%% but conflict with other studies that showed
superior effects of ProT on VAS scores.>>°

The ProT group showed superior effects to the CCFT
group and CG in terms of improving BESS, our key out-
come. This may be explained in that ProT reduced pain
and muscle tension via changes in suboccipital muscle
spindle activity;*? consequently, CJPS also improved. In
addition, there are many receptors in the deep suboccipital
muscles that create reflex and central communication with
vestibular, visual, and postural control sys‘[ems.71 Thus,
the results of the current study were considered general-
izable to university student smartphone users with neck
pain and balance impairment aged 18-25 years.

Limitations

The DHI and BDI questionnaires were used as inclusion
screening criteria; in hindsight, applying them for outcome
measurement may have provided more evidence. For
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additional objective findings, future investigation is sug-

gested to compare the muscle properties of suboccipital

muscles and the craniocervical flexors using electromyo-

graphy (EMG) or rehabilitative ultrasound imaging

(RUSI) in smartphone users with balance impairment.

Additional male volunteers in this study would have pro-

vided a more balanced participant gender ratio.

Conclusion
Both ProT and CCFT are important for static balance
control. The ProT group was significantly superior to the

CCFT group and CG in improving static balance and

cervical proprioception. We recommend performing ProT

to improve static balance, craniocervical flexor function,

and cervical proprioception and to reduce neck pain in

people with neck pain and static balance impairment.
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