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Abstract 

Background: Somatosensory motor control training (SS-
MCT) has increased attention in the management of chronic 
mechanical neck dysfunction (CMND), as well as the usual 
physical therapy program. 

Aim of Study: To determine whether adding SSMCT to a 
conventional physiotherapy program is beneficial for patients 
with CMND or not. 

Patients and Methods: This randomized controlled trial re-
cruited 56 patients with a moderate score on the neck disability 
index (NDI) who had been complaining of CMND for at least 
three months. 

Patients and Methods: Patients were randomly allocated to 
either group A, which received the conventional physical ther-
apy program consisting of hot packs, stretching, and strength-
ening exercises, or group B, which underwent a combination 
of SSMCT and the conventional physical therapy program (n= 
28 in each group). The treatment program was applied for four 
weeks, three times a week. The assessment was applied to all 
patients before and after the intervention, including neck pain 
severity evaluated by the visual analog scale (VAS), deep neck 
flexor activation level evaluated by the craniocervical flexion 
test, and neck function evaluated by the NDI. 

Results: There was no significant difference between the 
two groups in the pre-test of VAS, NDI, or neck flexor acti-
vation level. The VAS, NDI, and deep neck flexor activation 
levels increased significantly in both groups. There was also a 
significant difference in favor of the study group when compar-
ing the two groups at the post-test (p-value <0.05). 

Correspondence to: Dr. Mai A.A. Altabeay, The Department 
of Physical Therapy for Musculoskeletal Disorders and 
its Surgeries, Faculty of Physical Therapy, Cairo University 

Conclusions: From the results of this clinical trial, it can 
be concluded that SSMCT can be more efficient in managing 
CMND than a conventional physical therapy program alone. 
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Introduction 

NECK Pain (NP) is categorized by pain at the back 
of the neck that travels to the head, arms, and chest 
wall [1]. There are two types of neck pain: non-me-
chanical neck pain (NMNP) and mechanical neck 
pain (MNP). The MNP accounts for 80.0% of NP 
cases; the discomfort outspreads posteriorly from 
the nuchal line to the thoracic area without caus-
ing neurological symptoms. Globally, NP affects 
approximately two-thirds of the population, with 
females more susceptible than males. NP affects up 
to 78.3% of the world’s population, ranging in prev-
alence from 2.6% to 14.6% [2]. 

The syndrome known as chronic mechanical 
neck dysfunction (CMND) affects the cervical 
spine and is typified by sporadic cervical pain and 
discomfort when the cervical musculature is pal-
pated without any pathologythat extends from the 
region between the superior nuchal line and the first 
thoracic vertebra [3]. 

Neck dysfunction, or NP, ranks fourth in terms 
of contributing factors to disability, following joint 
pain, low back pain, and depression. Neck dysfunc-
tion, or NP, has a high chronicity and recurrence 
rate. Thirty-one percent of patients with NP experi-
ence chronic symptoms for longer than six months, 
and thirty-four percent experience symptoms for 
more than a year [4]. 
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The pathogenesis of CMND is still unclear. 
Physical disorders such as neck/shoulder region-re-
lated myofascial disorders, genetic and psychoso-
cial predispositions, and/or improper lifestyle pos-
tures, as well as changes in the neck muscles, are 
typically linked to the persistence of pain in patients 
with CMND [5]. Compared to healthy individuals, 
those with CMND have weaker and/or worse mus-
cle endurance [6], dysfunction or pain, a restricted 
cervical range of motion (ROM), exhaustion or fa-
tigue, weakened muscles, impaired eye movement 
control or coordination, aberrant joint position error, 
impaired postural control, headache, and dizziness, 
which is strongly linked to the CMND-induced pain 
and disability [7]. 

For the treatment of persistent CMND-associ-
ated pain, exercise therapy combined with physio-
therapeutic techniques (manual therapy, hot packs, 
education, and electrotherapy) is thought to be ben-
eficial. It is currently unknown whether a particular 
kind of exercise is conventional for the management 
of CMND patients in terms of enhancing proprio-
ception acuity, reducing pain, and reducing disabil-
ity [8]. 

Patients with NP who received sensory-motor 
control training showed improvements in cervical 
spine ROM, precision, velocity, fine motor control, 
and coordination. It is thought that in patients expe-
riencing NP, this type of training could simultane-
ously trigger the vestibular, visual, and sensorimo-
tor control systems [9]. 

The study aimed to assess the efficacy of adding 
SSMCT to traditional physiotherapy programs for 
patients with CMND. 

Patients and Methods 

Study design: Pre-post test, randomized control 
clinical trial. All details about the nature of the study 
(assessment and treatment program) were described 
to the patients before they signed the consent form. 
The Ethical Committee of Cairo University’s Fac-
ulty of Physical Therapy approved this study under 
the number: PT/REC/012/003765. The study was 
conducted from July 2023 to March 2024 atphys-
iotherapy outpatient clinic of the General Medical 
Center in New Damietta, Egypt. 

Inclusion criteria: Fifty-six patients of both gen-
ders with an age range of 25 to 45 years old, diag-
nosed as CMND for more than three months [10], 
with a BMI between 18.5 and 29.9 [11], and a score 
of 30-48% on the neck disability index (NDI), were 
involved in the study. All patients were diagnosed 
and referred by an orthopedic surgeon. 

Exclusion criteria: Patients with acute NP, 
history of neck fractures, surgery, cervical spon-
dylolisthesis, disc herniation, cervical stenosis or 
spondylolysis [11], vestibular pathology, vertigo or  

dizziness, hypertension, migraine, vertebrobasilar 
insufficiency, congenital anomalies, and balance/ 
stability disorders weren’t included in the study [12]. 

Sample size calculations: G*POWER statistical 
programming (the German software used for sample 
size calculation with its version No. 3.1.9.2) detect-
ed the effect size (d = 0.76) of the primary outcome 
(deep cervical muscular activation level) extracted 
from the craniocervical flexion test (CCFT) at 80% 
power. For this SSMCT trial, the appropriate sam-
ple size was N = 56, 28 for each group. 

Randomization and blinding: Sixty patients 
were assessed for eligibility from the physiotherapy 
outpatient clinic of the General Medical Center in 
New Damietta, Egypt. Four patients were excluded 
(did not meet inclusion criteria), and fifty-six were 
randomly allocated to equal groups (A and B) (Fig. 
1). Both the subjects and the statistical researcher 
were blinded. The treatment duration was 12 ses-
sions, three times per week [7]. 

Outcome measures: 
All patients in both groups were evaluated be-

fore and after the completion of the treatment pro-
gramusing the following variables: 

Visual analogue scale: 
The Visual Analogue Scale (VAS) was utilized 

to quantify pain levels. The linearly scaled VAS 
marked patients’ pain from 0 to 10 (zero indicates 
no pain, while 10 indicates maximal pain percep-
tion) [13]. 

Neck disability index: 
The extent of neck pain-induced disability was 

assessed in patients by the 10-question neck disa-
bility index (NDI). Every question within the NDI 
was assessed via a 6-point scale. The self-reported 
NDI examined patients’ sleep, pain, headache, daily 
life, concentration, lifting objects, reading, driving, 
work, and leisure. A higher NDI score was a marker 
for a more induced functional disability. NDI scores 
have been classified into four categories: 0–4 = no 
disability; 5–14 = mild disability; 15–24 = moderate 
disability; 25–34 = severe disability; and >35 = total 
disability [14]. 

Craniocervical flexion test: 
Deep cervical muscular activation level was test-

ed using a craniocervical flection test (CCFT) via a 
pressure biofeedback device (Chattanooga Group 
Device, Inc.-Hixson, TN) (Fig. 2). The cuff was po-
sitioned behind the patient’s neck and inflated to a 
pressure level equal to 20mmHg. Then, while sus-
taining stability in the posterior aspect of the head, 
the patient was instructed to perform craniocervical 
flexion at a progressed level at five various succes-
sive pressure levels (22, 24, 26, 28, and 30mmHg). 
Each level should be held for 10 seconds, with 10 
seconds of rest in between [15]. 



Allocation 

Excluded (4 patients) 
• 2 were above 45 years 

old. 
• 2 were having 

radicular symptoms. 

Randomized CMND patients (56 patients) 

Group A (28 patients) 
received conventional 
physical therapy, three 

times per week for 
4 weeks 

Group B (28 patients) 
received somatosensory 
motor control training 

plus conventional physical 
therapy, three times per 

week for 4 weeks 

Follow-up 

Analysis 

Loss of CMND 
patients during 

follow-up (n=0) 

Analysed 
(28 CMND patients) 

Loss of CMND 
patients during 

follow-up (n=0) 

Analysed 
(28 CMND patients) 

Fig. (1): Flow chart of patients with chronic mechanical neck 
dysfunction (CMND). 

Enrollment Assessed CMND patients for 
eligibility (60 paients) 
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Intervention: 
The treatment duration was 12 sessions, three 

times per week [7]. Patients in group A received a 
conventional physiotherapy program (hot packs for 
20 minutes [16], stretching for the upper fibers of 
the trapezius, sternocleidomastoid scalene, and le-
vator scapulae muscles, each stretch was held for 
20s and repeated 2 to 3 times with no extra pain 
[2]. After 5 minutes of rest, they started isometric 
exercises for extensors, bilateral side bending mus-
cles, and bilateral neck rotators. Each exercise was 
repeated 5 times for three sets [17], the hold time 
was 6s, with 6s of rest in between [18]. Patients in 
group B received the same protocol as in group A 
as well as SSMCT in the form of proprioceptive, 
oculomotor, and balance training. The following 
exercises were performed up to 10 repetitions ac-
cording to the patient’s tolerance without causing 
extra pain. (1) Proprioceptive training (cervical po-
sition sense and cervical movement sense) using 
a LASER pointer fixed to the patient’s head via a 
head strap (Fig. 3), (2) Oculomotor training such as 
(a) Eye follow (by moving the laser pointer’s light 
in the right-to-left direction followed by an above-
to-down direction across the facing wall and he/she 
was ordered to follow the light only by eyes with a 
steady head) and (b) Gaze stability (by maintaining 
their gaze on a specific target during the active or 
passive movement of the head in all directions with 
open and closed eyes and in different body positions 
such as supine, sitting, standing, or standing on an 
unstable surface). For more challenge, change the 
focus point to be more complicated, like written 
words; (c) Eye-head coordination exercises (move-
ment of the patient’s eyes and head simultaneously 
to a new localized focus point and then advance by 
starting both-eye movement followed by the pa-
tient’s head movement in the same direction). To be 
more challenging, the target and the head are moved 
into opposite directions while focusing on the target 
with the eyes, and (3) Balance training progressions 
including single leg stance/support, tandem stance, 
and standing on a balance board which were done 
in conjunction with eye coordination exercises [19]. 
All patients were told to continue with their regular 
lifestyle and not to exercise at home [7]. 

Fig. (2): Craniocervical flexion test. Fig. (3): Cervical movement sense. 
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Results 

Age, gender, and BMI did not differ statistically 
significant (p-value >0.05), according to the sub-
jects’ demographic data (Table 1). 

Overall effect: 
Between group comparison: Baseline and after 

four weeks: At baseline, there were no statistical-
ly significant changes (p-value >0.05) among both 
groups in any of the evaluated variables; after fol-
lowing a four-week intervention, all evaluated var-
iables showed statistically significant changes be-
tween both groups, with group B benefiting more 
(p-value <0.05) (Table 2). 

Within-group comparison: The results of the 
before and post-intervention showed statistically 
significant differences (p-value <0.0001) in all out- 

come measures within group B (study group) and-
group A (traditional group), with the study group 
benefiting more. 

Table (1): Demographic characteristic of patients (N=56) *. 

Group A 
±SD 

Group B 
±SD 

p-
value 

Age (years) 34.54±6.46 35.32±5.97 0.64 
BMI (kg/m2) 24.5±2.87 23.73±2.56 0.29 

Gender, n (%): 
Female 17 (60.7%) 15 (53.57%) 0.5 
Male 11 (39.3%) 13 (46.43%) 9 

: Data were expressed as mean ± Standard deviation. 
: Number. 
: Probability. 
: Body mass index. 
: Non-significance difference. 

* 
N 
P 
BMI 
a 

Table (2): Within and between group analysis for CCFT, VAS and NDI. 

Variables Group B Group A MD (95% CI) p-value 
(between groups) 

n2 

CCFT (mmHg) 

Pre-treatment 2.2±24.21 1.91±23.57 0.64 (-0.46 to 1.75) 0.25a 0.35 
Post-treatment 1.83±28.21 25.5±1.93 2.71 (1.71 to 3.72) 0.001b 
p-value (within-group) 0.001b 0.001b 

VAS (cm) 

Pre-treatment 6.18±1.47 6.82±1.54 -0.64 (-1.45 to 0.16) 0.12a 0.3 
Post-treatment 4±1.25 5.75±1.48 -1.75 (-2.48 to -1.02) 0.001b 
p-value (within-group) 0.001b 0.001b 

NDI (Score) 

Pre-treatment 37.86±5.1 39.43±5.78 -1.57 (-4.49 to 1.35) 0.29a 0.19 
Post-treatment 19.64±4.29 24.57±6.06 -4.93 (-7.74 to -2.12) 0.001b 
p-value (within-group) 0.0001b 0.001b 

CCFT : Craniocervical flexion test. 
mmHg : Millimeter of mercury. 
VAS : Visual analogue scale. 
NDI : Neck disability index. 
p-value: Probability. 

a : Non-significance difference. 
b : Significance difference. 
CI : Confidence interval. 
MD: Mean difference. 
n2 : Partial eta squared. 

Discussion 

Both groups (group A received a conventional 
physiotherapy program) and (group B received the 
same regimen as group A plus SSMCT) showed sig-
nificant effects on pain intensity, neck function, and 
deep neck flexor activity level, with group B bene-
fiting more. 

The study’s findings agree with the following 
studies regarding pain intensity, neck function, and 
deep neck flexor strength. 

Oculomotor training and joint position sense 
maneuvers (as part of SSMCT) further improve the 
sensitivity and response of the deep cervical mus-
cles’ spindles, maximize the effectiveness of the 
neuromuscular control system, mediate the reflex- 

ive interaction between cervical-ocular and vestibu-
lar-ocular reflexes that elevates patients’ endurance 
of deep neck muscles, decreases over-activation of 
superficial long muscles, and thereby decreases pain 
[7]. 

As a primary component of sensorimotor con-
trol training, balance training concentrated on var-
ious static and dynamic balance exercises that re-
quired anticipatory whole-body postural reactions 
and changes. Balance training enhances neuroplas-
ticity in various brain regions, including the senso-
ry-motor and vestibular systems (the putamen and 
hippocampal regions) [20]. 

The enhanced deep neck flexor activation shown 
in the combined exercise group (receiving proprio-
ceptive training as part of SSMCT) may be associ- 
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ated with highly expressed fine control of neck mo-
tion throughout various joint position exercises. The 
numerous tasks performed in joint position exercis-
es were delicate, precise motions with a relatively 
low force and high execution that were appropri-
ate for repeatedly discharging the deep neck mus-
cles of patients’ various motor units that are below 
the threshold. Lower threshold motor units supply 
small muscle fibers, which are rich in capillary beds 
that can withstand fatigue. Consequently, SSMCT 
may enhance patients’ deep neck flexor activation 
by activating small muscle fibers [21]. 

Our results are linked with those of Humphreys 
et al. [22]. We found that 4-week eye-head-neck co-
ordination exercises could help lower the chronic 
NP-related impairment level and the rates of func-
tional impairment in patients with chronic NP. 

Patients with chronic neck pain experienced sig-
nificant improvements in pain, functional disability 
(measured by NDI), and endurance of deep neck 
flexors after completing a 2-month cervical propri-
oceptive training program that comprised exercises 
like head relocation, eye-follow training, gaze sta-
bility, eye-head coordination, and oculomotor exer-
cises spread over six sessions [21]. 

Neck disability indexand pain intensity (meas-
ured by VAS) significantly improved when patients 
with chronic NP were randomly allocated to a group 
of 3-week conventional physical therapy (n = 20 pa-
tients) or a group of the conventional program plus 
gaze-directing recognition exercise (as propriocep-
tive training). According to the proprioceptive train-
ing group’s results, NDI and pain levels were shown 
to be higher than those of the traditional physical 
therapy group [11]. Also, individuals with cervical 
radiculopathy who received an 8-week program of 
SSMCT experienced a significant reduction in both 
their NDI and pain perception, which is matched 
with our study’s results of VAS and NDI [23]. 

Patients with persistent non-specific NP showed 
improved endurance of deep neck muscles, VAS, 
and NDI with a combination of SSMCT and physi-
cal therapy exercises, as compared with convention-
al exercises separately [7]. 

Outcomes of chronic NP patients were found 
to be significantly improved by adding 6-week SS-
MCT to traditional physiotherapy procedures. This 
was found to be more effective than a convention-
al physical program in terms of both pain severi-
ty (measured by VAS) and disability (measured by 
NDI) [19]. 

Individuals with chronic NP often exhibit defi-
cits in sensorimotor control, especially in head and 
eye motion control and postural balance, despite 
the onset of symptoms. Changes in cervical input  

and subsequent alterations to sensorimotor incor-
poration of integrated visual, vestibular, and pro-
prioceptive inputs are thought to be the cause of 
the problems. The patient’s symptoms appear to be 
somewhat influenced by these changes. As such, it 
is recommended that managing difficulties related 
to neck pain involves acknowledging and resolving 
these deficiencies. Research has shown that targeted 
instruction for correcting problems related to head 
and eye movement control enhances sensorimotor 
function and reduces complaints from patients [24]. 

However, due to the low-quality evidence of the 
analyzed studies, a 2014 systematic review did not 
recommend adding proprioceptive training to a tra-
ditional physiotherapy program for treating chronic 
neck or back pain. This contrasts with the current 
positive findings of proprioceptive training as an 
adjunct to sensorimotor control training in this trial 
[25]. Future research is necessary to assess the acti-
vation level of deep neck flexors, pain, and disabil-
ity in CMND patients with a severe score of NDI, 
across various age groups, and to evaluate the long-
term follow-up to the presented results of this study. 

Conclusions: 
From the findings of this clinical trial, it can 

be concluded that there is more efficient improve-
ment in neck function, pain intensity, and deep neck 
flexor activation level with a 4-week combination 
treatment of SSMCT and conventional physiother-
apy program than with conventional physiotherapy 
program alone in CMND patients. 
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