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Abstract

spondylosis.

disability caused by cervical spondylosis.

Background: Neck pain and disability is a significant public health problem with only very few evidence-based treat-
ment option. The aim of this study was to evaluate the effect of isometric exercise on pain and disability of cervical

Methods: Twenty four patients with cervical osteoarthritis and neck pain (22 females and 2 males; mean age,
46.70+ 13.71 years) were recruited and randomly allocated into 2 arms: neck isometric exercises (n=12) and con-
servative management without exercise (n =12). The Neck Disability Index (NDI) and Neck Pain and Disability Scale
(NPAD) were used to assess participants at baseline and after 4 weeks.

Results: Basic characteristics, NDI score and NPAD score were not significantly different between groups at baseline.
The exercise arm demonstrated significantly lower scores regarding NDI (mean, 17.41 vs. 25.58; P-value =0.035) and
NPAD (mean, 25.33 vs. 66.67; P <0.001), compared to the control arm after 4 weeks. The exercise arm also showed
significant within group reduction considering NDI and NPAD scores after 4 weeks (Both, P <0.001).

Conclusion: Our findings suggested that isometric exercises might be a beneficial treatment for improving pain and

Trial registration This study was registered at irct.ir (Iranian Registry of Clinical Trials) with the code
IRCT20220206053950N1, 07.05.2022, retrospectively registered.

Keywords: Isometric exercise, Cervical spondylosis, Neck pain, Disability

Background

Being a very common and often debilitating musculo-
skeletal complaint, neck pain is considered a serious
public health problem [1]. According to the statistics,
chronic neck pain is responsible for 14.6% of all cases of
musculoskeletal problems and annually, 50% of the adult
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population experience it to some extent [2]. Cervical
spondylosis is the most important cause of mechanical
neck pain. Also, the most common sites of spondylosis
are the joints of the cervical and lumbar vertebrae [4].

Neck pain not only imposes a notable burden on
individuals in the society, but also affects families, the
healthcare and economic systems of countries. In 2017,
age-standardized prevalence, annual incidence, and years
lived with disability from neck pain were estimated at
3551, 807, and 352 per 100,000 population worldwide,
respectively [3].
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Currently, there are several therapeutic approaches,
either pain relievers or non-medicinal treatments for
the management of cervical spondylosis and its associ-
ated pain and disability. Pain medications mainly include
non-steroids anti-inflammatory drugs and narcotics with
exercise therapy, massage, physiotherapy, and local injec-
tions are among the most common non-medicinal thera-
pies. Evidence suggests that exercise therapy plays a role
in improving neck pain and disability of patients with
cervical spondylosis. Besides, thanks to being non-inva-
sive and profitable, exercise therapy is commonly used in
patient rehabilitation [2, 5].

Therapeutic exercises include various workouts such
as proprioceptive exercises, stability exercises, strength
exercises (dynamic and isometric) and endurance exer-
cises [1, 6].

Isometric exercises (static exercises) strengthen weak
muscles without stimulating pain-sensitive structures
such as ligaments, tendons, or neck joints, making them
more acceptable to the patient. They cause contraction
in a specific group of muscles without changing muscle
length, impeding involved joints’ movement [7]. Further-
more, ease of use and feasibility make them possible to be
done anywhere with no equipment. As for isometric neck
exercises which are simple, easy to use and cost-effective,
so that may provide patients with a good adherence to
the treatment.

Apart from the fact that clinical guidelines suggest
therapeutic exercises as an integral part of managing
neck pain and disability, prescribing the most advanta-
geous exercise therapy has yet been controversial and
even current guidelines do not offer specific recommen-
dations on the preferred type and dosage of exercises
[8]. For instance, however, there is some evidence that
progressive resistance training of the neck and shoul-
der muscles may be favorable in reducing neck pain and
disability, a recent Cochrane study found that yet there
is insufficient evidence to clarify it [8]. Therefore, there
seems to be still a need for further studies to evaluate the
effect of exercise therapy on improving neck pain and
disability so that we decided to design a clinical trial to
investigate such effects.

Methods and material

Trial design and participants

This was a single-blind randomized clinical trial with
a control group (1:1). A total of 42 patients with mild
to moderate cervical spondylosis referred to the Rheu-
matology Clinic of Val-E-Asr Hospital in Zanjan, Iran
between January and February 2017 were evaluated for
eligibility. The protocol of the present study has been
approved by the Research Ethics Committee of Zanjan
University of Medical Sciences [ZUMS.REC.1395.222].
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Written informed consent was obtained from all partici-
pants. This study was conducted in line with Declaration
of Helsinki. It should be noted that the control group was
also trained exercise programs at the end of the study.

Group allocation

Microsoft Excel software was used to allocate partici-
pants randomly to each group using Blocked randomiza-
tion with randomly varying blocks (block size 4 and 8).
Concealed opaque envelopes identifying the assignments
to each group were randomly chosen by participants.
Data analysts and the outcome assessor were masked.
The intervention group received home-based isomet-
ric strength exercises and the control group received no
intervention. Consolidated Standards of Reporting Trial
(CONSORT) diagram is shown in Fig. 1.

Inclusion and exclusion criteria

Patients over 18 years with clinical findings of cervi-
cal spondylosis such as stiffness, chronic neck weak-
ness, radicular or non-radicular neck pain for at least
3 months, without acute cervical nerve root compres-
sion, no surgical indications, with a physical examina-
tion and signs on cervical magnetic resonance imaging
compatible with cervical spondylosis, who had not been
receiving exercise therapy or physiotherapy during the
6 weeks prior to the study were included. The diagnosis
of cervical spondylosis was made by a board-certified
rheumatologist.

We excluded all patients with a history of neck surgery
over the past year, a history of inflammatory diseases
involving the neck joints, myelopathy, a history of frac-
tures or dislocations of the cervical vertebrae, pregnant
women, either patients who did not have a good compli-
ance with the intervention or had difficulty following the
study.

Interventions

Exercise therapy group performed home-based neck
isometric strengthening exercises 6 days a week for
4 consecutive weeks as 3 sets/day (morning, after-
noon, evening), each set consisted of 6 movements,
holding each movement for 10 s, and repeating each 5
times with a 5-s rest between each of them. The con-
trol group did not receive the intervention during this
period. Exercise programs were taught to patients
with details by an experienced physiotherapist at the
beginning of the study. In addition, they were provided
with handouts clearly explaining the procedure of the
exercises. In order to monitor patients’ adherence to
the intervention, they were telephoned once a week.
Patients in both groups were matched regarding the
pain medication consumption and they were asked to
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[ Enrollment ]

Assessed for eligibility (n= 42)

Excluded (n= 18)

+ Not meeting inclusion criteria (n= 7)
*| + Declined to participate (n= 11)

+ Other reasons (n=0)

Randomized (n= 24)

l

Fig. 1 The CONSORT flow diagram
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[ 4 week Follow-Up ] v
J
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Discontinued intervention (n= 0) Discontinued (n= 0)

v [ Analysis ] v
Analysed (n=12) Analysed (n=12)
+ Excluded from analysis (n= 0) + Excluded from analysis (n= 0)

take only 500 mg of paracetamol in case of experienc-
ing an unbearable cervical pain.

To do exercises, patients sat in an upright posture.
Each set of neck isometric strengthening exercises
comprised 6 movements, as follows:

1. Cervical flexion: Lean the neck slightly forward, place
palm of both hands on forehead and push the head
towards the hands while resisting the movement with
hands.

2. Cervical extension: Keep the neck straight, put palm
of both hands behind the head, push the head back-
wards the hands while resisting the movement with
hands.

3. Right Lateral Flexion: Keep the neck straight, put
palm of right hand on right side of the head, push
the head towards the hand to bring head down to the
right shoulder while pushing the hand vice versa.

4. Left Lateral Flexion: Keep the neck straight, put palm
of left hand on left side of the head, push the head

towards the hand to bring head down to the left
shoulder while pushing the hand vice versa.

5. Right Rotation: Put palm of right hand on right side
of face, rotate the head slightly to the right while
resisting the movement with hand.

6. Left Rotation: Put palm of left hand on left side of
face, rotate the head slightly to the left while resisting
the movement with hand.

Outcome measures

Neck pain and disability were two main parameters for
appraising study outcomes which were measured once at
baseline and again 4 weeks later using both Neck Disabil-
ity Index (NDI) and the Neck Pain and Disability Scale
(NPAD). Questionnaires were completed by patients
under the supervision of the researcher. The validity
and reliability of these questionnaires have already been
proved [9]. In Iran, these questionnaires were translated
and culturally adapted by Mousavi et al. In 2007 and their
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validity and reliability were evaluated and introduced as
appropriate questionnaires to evaluate the effect of ther-
apeutic interventions on pain and disability caused by
neck disorders among Iranian population [10].

NPAD questionnaire

NPAD is a multi-dimensional questionnaire consist-
ing of 20 items in 4 dimensions of neck problems, pain
intensity, effect of neck pain on emotion, and its effect on
life activities. Each item is represented by a 10-cm visual
analog scale (VAS), on which the patient could mark the
severity of pain specific to each item. A score of 0 to 5 has
been given to each item; 0 indicates no pain and 5 indi-
cates maximum pain intensity perceived by patients. The
total score of the NPAD questionnaire is 100, with lower
scores indicating less pain [10]. Cronbach o coefficient
of the Persian version of the NPAD sub-scales has been
reported to be 0.94, 0.92, 0.84 and 0.75, for neck prob-
lems, pain intensity, effect of neck pain on emotion, and
its effect on life activities, respectively [10].

NDI questionnaire

This questionnaire consists of 10 questions, each of
which assesses an aspect of disability/pain. These 10
items include pain intensity, personal Care (washing,
dressing, etc.), lifting, reading, headaches, concentration,
work, driving, sleeping, and recreational activities. The
score of each question is calculated from zero to 5. Zero
shows no pain/disability and 5 indicates maximum pain/
limitation in activity. The total score of the questionnaire
is 50 and a higher score indicates a greater disability. For
further interpretation, the degree of disability can be cat-
egorized according to the score obtained (0—4, no disabil-
ity; 5-14, mild; 15-24, moderate; 25—34, severe and > 34,
complete disability) [10]. The test—retest reliability of the
Persian version of the NDI has been shown to be excel-
lent. Cronbach a coefficient of the Persian version of NDI
was reported to be 0.88 [10].

Sample size

G*Power version 3.1 was used to obtain the sample size.
The sample size was calculated for both variables of neck
pain and disability and the greater sample size was deter-
mined based on the study of Hu et al. [11]. For the NDI
variable (u1=12.97, u2=17.25, SD1=2.98, SD2=3.31).
With regard to a power of 80%, two-tailed o of 0.05 and
a B of 1.35, 11 subjects were calculated per group, which
according to the 15% probability of drop-out, at least 12
participants were included in each group.

Statistical analysis
Data were entered into SPSS software version 18.
Descriptive statistics were reported as mean =+ standard
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deviation (SD), if data followed normal distribution, and
median (25th, 75th) if data was not distributed normally.
Number (%) was used for categorical data. To compare
the basic characteristics between the control and inter-
vention groups, Fisher’s exact test was performed. For
between-group comparison, we used Mann—Whitney U
test for NDI and NPAD sub-scales and independent sam-
ples t-test for total scores of NDI and NPAD with mean
difference (MD) and 95% confidence interval (95%CI).
We examined within-group comparison using Wilcoxon
signed-rank test for NDI and NPAD sub-scales and
paired samples t-test for total scores of NDI and NPAD.
For all statistical analysis, a two-tailed alpha level of <0.05
was considered statistically significant.

Results

In this study, 24 patients with cervical spondylosis (range,
27 to 50 years) including 22 females (91.7%) and 2 males
(8.3%) participated. Each group consisted of 1 male
(8.3%) and 11 females (91.7%). The mean=+SD age of
total participants was 46.70+13.71 years. With regard to
the basic characteristics of the patients, there was no sta-
tistically significant difference between two groups (All,
P>0.05). (Table 1).

NPAD score

The average pre-intervention NPAD total score was
61.67+6.56 and 68.25+23.36 for the intervention and
control groups, respectively.

Between-group analysis

At the beginning of the study, no statistically significant
difference was found between two groups in terms of
neither NPAD total score (t (22)=—0.94, mean differ-
ence (MD) =—6.58; 95% CI, —21.11, 7.94, P=0.358) nor
NPAD sub-scales scores (All, P>0.05).

After 4 weeks, the patients who received the interven-
tion (Mean=25.33, SD=6.81) compared to the patients
in the control group (Mean=66.67, SD=21.51) reported
significantly better total NPAD scores, t(22)=—6.34,
P<0.001 (Fig. 2). Also, the patients who received the
intervention represented significantly lower scores in
all sections of the NPAD questionnaire compared to the
patients in control group (All, P <0.05) except for the sev-
enth question (interfering with driving or riding in a car)
(P=0.058) (Table 2).

Within-group analysis

Regarding the intervention group, the results from the
pre-intervention (Mean=61.67, SD=6.56) and post-
intervention (Mean=25.33, SD=6.81) showed that
receiving exercise therapy resulted in an improvement in
NPAD total score, t(11)=—11.58, P<0.001. In accretion,



Sadeghi et al. BMC Sports Science, Medicine and Rehabilitation

Table 1 Basic characteristics of the participants
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Variables Intervention group Control group Total P-value*
N (%) / mean £ SD N (%) / mean +SD N (%) / mean £ SD
Gender
Male 1(83) 1(83) 2(83) 1.000
Female 11(91.7) 11(91.7) 22(91.7)
Age, years 496241543 43.70+11.65 46.70£13.71 0.300
Height 159.00+7.02 161.01+£645 160.11+6.70 0458
Weight 64.52+£12.20 69.55+£10.61 67.02£11.52 0.305
Marital status
Single 2(16.7) 0(0) 2(83) 0478
Married 10(83.3) 12 (100) 22(91.7)
Education
HSD > 9(75.0) 7(58.3) 16 (66.7) 0.676
HSD 2(16.7) 3(25.0) 5(20.8)
BS< 1(8.3) 2(16.7) 3(12.5)
Income
Not sufficient 3(25.0) 5(41. 8(33.3) 0.667
Sufficient 9(75.0) 7(583) 16 (66.7)
Workload
Medium 11091.7) (75.0) 20 (83.3) 0.590
Heavy 1(83) (25.0) 4(16.7)
Type of job
Mental 2(16.7) 2(16.7) 4(16.7) 0.659
Physical 7 (583) 5(41.6) 12 (50.0)
Both 3(25.0) 5(41.6) 8(33.3)
PDH
Yes 7(58.3) (41.7) 2(100) 0.684
No 5(41.7) 7(5823) 2(100)
SD, Standard Deviation; HSD, High School Diploma; BS, Bachelor’s Degree; PDH, Past Disease History
*P <0.05, obtained from Fisher’s Exact test
==@=Control =@ Intervention

NPAD score

100

80

60

40

20

68.25£23.36

66.67£21.51

@—

61.67+6.56

Weeks

Fig. 2 Between-group NPAD scores pre and post-intervention. NPAD, Neck Pain and Disability Scale

—

25.33+6.81
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all NPAD sub-scale scores demonstrated a significant
reduction among the patients in the intervention group
(All, P<0.05).

In contrast, within-group analysis of the control group
revealed no statistically significant improvement consid-
ering NPAD total score (68.25+23.36 Vs. 67.08 +21.37,
t(11) =0.86, P=0.405). (Table 3).

NDI score

The mean pre-intervention NDI total score was
27.08£9.78 among patients of the intervention group
and 25.41 4 10.78 for patients of the control group.

Between-group analysis

In terms of pre-intervention NDI total score, an inde-
pendent samples t-test revealed no statistically significant
difference between two groups, t (22) =0.39, MD = 1.66;
95% CI, —7.04, 10.38, P=0.696. Furthermore, none of
the pre-intervention NDI sub-scales scores were sig-
nificantly different between two groups (All, P>0.05).
(Table 4).

After 4 weeks, patients of intervention group reported
statistically significantly lower scores in comparison
with control group (17.41+7.10 Vs. 25.58+10.38, t
(22)=—-2.24, MD=-8.16; 95% CI, —15.70, —0.63,
P=0.035). Moreover, a Mann—Whitney test uncov-
ered that pain Intensity (Median (Mdn), 1.00 vs. 3.00,
U=31.50, Z=—-2.43, P=0.017), headaches (Mdn, 1.50
vs. 3.00, U=22.00, Z=—3.00, P=0.003), and driving
(Mdn, 2.00 vs. 3.00, U=31.50, Z=—2.47, P=0.017)
sub-scales scores of patients in intervention group were
statistically significantly lower than those in patients
of control group with large effect sizes (pain Intensity,
d=1.08, headaches, d=1.45, driving, d =1.08). (Table 4)
(Fig. 3).

Within-group analysis

Patients in the intervention group reported significantly
lower NDI total scores after 4 weeks of receiving exercise
therapy (Mean=27.08, SD=9.78) compared to the pre-
intervention scores (Mean=17.41, SD="7.10), £(11) =6.5
8, p<0.001). Nevertheless, considering the control group,
patients showed no improvement in NDI total score after
4 weeks, (Mean+SD, 25.41+10.78 vs. 25.58+10.38,
#(11)=—0.35, P=0.732).

A Wilcoxon signed-rank test indicated that exercise
therapy resulted in a statistically significant decrease in
all NDI sub-scales scores among patients in the interven-
tion group after 4 weeks (All, P<0.05), whereas, patients
in the control group indicated no significant decline
in terms of all NDI sub-scales scores (All, P>0.05).
(Table 5).
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NDI total scores were interpreted (no disability, 0—4;
mild, 5-14; moderate, 15-24; severe, 25—34; complete,
above 34). As can be seen in Table 6, however, at base-
line, 8 patients (66.7%) of the intervention group were in
severe disability category and one (8.3%) was in complete
disability category, After 4 weeks, only one patient devel-
oped severe disability and no one experienced a complete
disability.

Discussion

We revealed that performing neck isometric strength
exercises for 4 consecutive weeks significantly alleviated
neck pain and disability among patients suffering from
chronic neck pain.

We conducted a randomized trial with control group
receiving no therapeutic exercise. In a Cochrane review
study, Gross et al. [7] stated that inclusion of trials com-
paring a single exercise intervention with either a con-
trol group (No exercise therapy) or a comparative group
(Exercise plus another intervention) might optimize
assessing the therapeutic effect of exercise interventions.
As there are numerous studies in which the intervention
group/groups were compared with the control group,
undergoing either health promotion activities or no exer-
cise [12-18].

Since neck pain and disability tend to be recurrent in
patients, it is generally accepted that the effectiveness
of exercise therapy as a therapeutic approach should be
considered a top-priority for researchers to investigate
[19].

It has been shown that in patients with chronic neck
pain, deep neck flexors and extensors atrophy and altered
electromyography activity is evident. In other words, it
is believed that these structural and functional altera-
tions of deep cervical muscles are a reason for chronic
and recurrent neck pain [20]. These group of muscles can
gain strength thanks to isometric exercises.

A recent study has demonstrated that isometric neck
exercises failed to significantly enhance neck strength of
elite women’s football-code athletes after a 12-week fol-
low-up period in comparison to the control group [21].
In another study, as evidenced by Sowmya, neck pain
and disability significantly improved after 3 weeks among
both intervention groups (dynamic and isometric neck
exercises) compared with the control group, however,
dynamic neck exercises were found to be much more
beneficial in this regard [22].

The majority of studies indicate a significant effect of
isometric neck exercises in reducing neck pain and dis-
ability. Nevertheless, there is still a lack of evidence to
propose the optimal dosage in order to achieve a clinical
efficacy.
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Fig. 3 Between-group NDI scores pre and post-intervention. NDI, Neck Disability Index
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Gupta et al. compared the effectiveness of deep cer-
vical flexor (DCF) training with conventional neck iso-
metric training (CIT) among 30 patients with chronic
neck pain. They revealed that after four weeks How-
ever, DCF was more significantly effective in com-
parison to CIT, in within-group analysis both exercise
therapies were significantly beneficial for reducing neck
pain and disability. Similarly, in our study patients also
were followed for 4 weeks and we both used NDI to
assess disability, while Gupta et al. measured the neck
pain using VAS score in spite of our study which NPAD
was used for this purpose. Our results is in line with the
aforementioned study, as we both found the CIT to play
a significant role in relieving neck pain and disability
among patients with chronic neck pain [20].

In a randomized controlled trial (RCT) of 30 patients
with non-specific neck pain that is in line with the find-
ings of our study, Shoukat et al. reported that although,
after a 6-week follow-up duration, multiple-angle neck
isometrics were significantly more favorable in improv-
ing neck pain and disability than isometric neck exer-
cises in neutral spine, both interventions decreased
significantly neck pain and disability. They used VAS
and NDI to evaluate study outcomes and had a slightly
longer follow-up period than ours [23].

The effectiveness of velocity-specific exercise pro-
gram and isometric exercise program were examined
in a 6-week follow-up RCT. The authors of said study
found that there was no statistically significant differ-
ence between two interventions, both resulting in a

considerable improvement in terms of cervical muscles
function and performance [24].

Khan et al. compared the effects of isometric neck
exercises with general neck exercises in a 12-week RCT
by applying VAS and north wick Park neck pain ques-
tionnaire to assess neck pain and disability in patients
with chronic non-specific neck pain. Even though, they
demonstrated that either intervention had a significant
impact on reducing neck pain and disability, Isometric
exercises reported to be clinically more beneficial than
general exercises [25].

In most studies that outcomes have been measured
at different time points, a significant impact of exercise
therapy has been shown at the end of the shortest dura-
tion (i.e. 4 weeks) along with the further time points
(i.e. 6, 8 weeks) as has been shown in Chung et al. and
Li et al. studies [26, 27]. In fact, this observation implies
that therapeutic exercises may be significantly effective in
a short duration as we also revealed in the present study.

Chung et al. in a study to assess the effectiveness of
Cranio-cervical flexion exercise in comparison with neck
isometric exercise in patients with chronic neck pain,
found that both interventions significantly improved
pain (VAS score) and perceived disability (NDI score) in
patients, after 4 and 8 weeks of undergoing exercisers and
there were not any significant differences between two
groups considering neck pain and disability [26].

In Li’s study women with chronic neck pain were allo-
cated into three groups including, progressive resist-
ance training (PRT), fixed resistance training (FRT),
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Table 6 NDI total score interpretations by Intervention and control groups pre and post-intervention

Pre-intervention Post-intervention
Disability* Intervention group Control group Total Intervention group Control group Total

N (%) N (%) N (%) N (%) N (%) N (%)
No disability 1.0(83) 0(0) 1.0 (4.2) 1.0(8.3) 0(0) 1.0(4.0)
Mild 0(0) 20(16.7) 20(83) 20(16.7) 20(16.7) 4.0(16.7)
Moderate 20(16.7) 4.0(333) 6.0 (25.0) 8.0 (66.7) 4.0(333) 12.0 (50.0)
Severe 8.0 (66.7) 3.0(25.0) 11.0 (45.8) 1.0(8.3) 3.0(25.0) 4.0(16.7)
Complete 1.0 (8.3) 3.0(25.0) 4.0(16.7) 0(0) 3.0(25.0) 30(12.7)

*No disability, 0-4; mild, 5-14; moderate, 15-24; severe, 25-34; complete, above 34

and control group (No intervention). The outcomes
of neck pain and disability were measured using VAS
and NDI. They reported that both intervention groups
(PRT, FRT) were significantly superior to the control
group at either 4 or 6 weeks of receiving therapeutic
exercises [27].

Most studies have evaluated the effectiveness of exer-
cise therapy by means of measuring neck pain and disa-
bility using VAS and NDI scores. However, in the present
study, the NPAD was used to examine neck pain, which
covers various aspects of the patients’ pain, so that in
spite of the VAS score, is not limited to the patient’s per-
ceived pain in its general sense.

Limitations

This study has some limitations. We considered only one
end-point time (4 weeks) to follow up patients instead
of various time-points (6, 8 weeks or 1 year) to measure
study outcomes. Another limitation of the study, may
be relying on the self-report questionnaires to measure
study outcomes only, which may be a potential source
of bias in the study. For instance, considering methods
of measuring the strength, function and active range of
motion of the muscles in addition to utilizing self-report
questionnaires seems more reliable.

Conclusion

Together, the results of the present study showed that
isometric neck exercises had a significant impact on
reducing cervical pain and disability among patients
with cervical spondylosis, within 4 weeks of receiving the
exercises.
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