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Chronic neck pain (CNP) is a major concern for pain therapists. Many drugs including antidepressants such as amitriptyline have
been used in the management of CNP. This study compared the efficacy and safety of 2 different doses of amitriptyline (5 mg and
10 mg at bedtime) in patients with CNP. A total of 80 patients of both sexes with idiopathic CNP, ranging in age from 18 to 75
years, were divided into 2 groups that received 5 or 10 mg oral amitriptyline at bedtime for 120 days. The primary outcome
measure was neck pain disability index (NPDI). Neck pain intensity, Athens Insomnia Scale score, Hospital Anxiety and
Depression Scale (HADS), side effects of the drug, and patient satisfaction were secondary outcome measures. NPDI decreased by
71.9% + 13.4% in the 10 mg group compared to 47.3% + 17.3% in the 5 mg group, representing a statistically significant difference
(95% confidence interval: 27.3-12.6). Additionally, the 10 mg group showed greater mean reductions in pain score and HADS
scores (both the anxiety and depression subscales), as well as improvement in sleep disturbance compared to the 5mg group. A
higher dose (10 mg) of amitriptyline at bedtime significantly reduced neck pain intensity, sleep disturbance, and anxiety and
depression compared to a lower dose (5 mg) in patients with idiopathic and nontraumatic CNP after 120 days of treatment, with
no significant difference between groups in the rate of side effects.

1. Introduction

Although idiopathic chronic neck pain (CNP) is a common
and debilitating condition, its management is not always
optimal. CNP is a musculoskeletal disorder characterized by
continuous or recurrent pain lasting at least 3 months [1]
that affects 10%-20% of the general population and is more
common in women and people affected by psychosocial
stress, specific neck and shoulder injuries, and repetitive
physical strain, with a peak prevalence between the ages of 55
and 64 years [1]. CNP has a considerable socioeconomic
impact and is associated with disability and reduced quality
of life in patients [2, 3].

CNP has been shown to be associated with increased
sympathetic activity [4]; abnormal changes in heart rate

during sleep reflecting autonomic dysregulation were ob-
served among workers with chronic neck and shoulder pain
[5], with similar findings reported in individuals with CNP
[6, 7]. Most individuals with CNP have no history of trauma
but biomechanical, psychological, and cognitive factors can
induce a shift from acute to CNP [1, 6, 8]. Chronic mus-
culoskeletal pain has different underlying mechanisms in-
cluding amplification of nociceptive input from myofascial
A-delta and C fibers, second-order spinal neuron sensiti-
zation, stimulation of supraspinal neurons that facilitates
pain conduction, and decreased activation of descending
antinociceptive pathways [9]. These mechanisms are likely
interrelated, as central sensitization can be achieved by
sustained nociceptive inputs from peripheral myofascial
tissues [10].
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Nonsteroidal anti-inflammatory drugs, acetaminophen,
and muscle relaxants have been shown to be effective in the
management of acute neck pain; however, they rarely
provide adequate pain relief in CNP. Thus, there are cur-
rently no effective treatments for CNP [11]. Chronic pain
and depression are highly prevalent conditions with over-
lapping symptoms, with numerous studies reporting a re-
ciprocal association between emotional disorder (especially
depression) and pain [12, 13].

Although evidence-based strategies are used for the
clinical management of CNP, a standardized treatment
protocol is lacking [14, 15]. Tricyclic antidepressants (TCAs)
are recommended for the management of some chronic pain
syndromes including chronic tension-type headache
(CTTH), fibromyalgia, and neuropathic pain [16]. These
disorders, especially CTTH, are associated and even share
clinical and pathophysiologic features with CNP, suggesting
that they can be effectively managed using the same strat-
egies [1, 16-18].

Amitriptyline was previously shown to be the most ef-
fective antidepressant for the treatment of CTTH [19] and
was found to be superior to other drugs in preventing
migraine [20]. Although amitriptyline has multiple unde-
sirable effects at high doses, these are minimized at lower
doses and gradually disappear over time, although its an-
algesic effects are long-lasting [18, 19]. Consequently, this
drug has frequently been used to manage CNP even in the
absence of evidence of its efficacy and safety from clinical
trials [17], although a low dose (5mg) of amitriptyline was
found to be effective in alleviating idiopathic CNP with fewer
side effects compared to a placebo [2].

This prospective, randomized, double-blind comparative
study was carried out in order to compare the efficacy and
tolerability of low doses of amitriptyline (5 and 10 mg) in
patients with idiopathic CNP.

2. Materials and Methods

2.1. Patients. The study protocol was approved by the In-
stitutional Ethics Committee of El Fayoum University
Hospitals. A total of 80 patients of both sexes with idiopathic
CNP, ranging in age from 18 to 75 years, were recruited at 2
centers: the Pain Outpatient Clinic at Al-Fayoum University
Hospitals and a private pain clinic in El-Fayoum City, Egypt.
The study has been registered in the Pan African Clinical
Trial Registry (identification number
PACTR202003721200086).

Patients underwent both general and neurologic ex-
aminations, which were performed by the same neurologist
and pain consultants. Cervical spine radiographs (ante-
roposterior and lateral views) were obtained for all patients
during their first visit and were evaluated by the same 2
radiologists. Patients with CNP for more than 15 days per
month and lasting at least 3 months, without a history of
trauma or other neurologic disorders, with normal neuro-
logic function (as assessment by a neurologist), and without
any abnormalities on imaging except for a loss of cervical
lordosis were included.
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Patients who had any other neurologic conditions; had
abnormal imaging findings; had a history of cervical disc
disease, migraine headaches, trauma, or major depressive
disorder; abused analgesics or experienced side effects of
tricyclic or tetracyclic antidepressants; had existing psy-
chiatric illnesses or a history of glaucoma, arrhythmia, or
severe constipation; or were taking medications for CNP
(except nonsteroidal anti-inflammatory drugs or para-
cetamol) in the preceding month; as well as pregnant women
and patients with prostatic symptoms were excluded. Neck
pain was defined as pain in the posterior aspect of the neck
and anatomical projection to the trapezius muscle, some-
times involving the head without any arm pain. A flow
diagram of the patient selection process is shown in Figure 1.

2.2. Study Design. The study was designed as a double-blind,
prospective, comparative, randomized clinical trial. Patients
who met the inclusion and exclusion criteria were provided
with a protocol information document and consent form
stating that they would receive either 5 or 10 mg of ami-
triptyline. Enrolled patients were allocated (by computer-
generation block randomization) to either the 5 or 10 mg
amitriptyline groups (n=40 patients per group). The pa-
tients were given 120 pills of 5 or 10 mg amitriptyline in a
box, to be taken at bedtime. To ensure double-blinding,
neither the patients nor the attending physician was aware of
group assignment. No extra medications were allowed
during the 4-month trial.

Compliance with the drug regimen was monitored at
visits to the outpatient clinic every 2 weeks by counting the
number of amitriptyline pills in each patient’s box. Patients
who experienced side effects were considered intolerant to
the drug and allowed to discontinue treatment and were
excluded from the analysis. The final assessment was per-
formed at the end of the 4-month trial period by a senior
resident who was blinded to group allocation.

2.3. Clinical Assessment and Measured Parameters.
Clinical assessment of the patients was performed at en-
rollment and at the end of the 4-month trial. The primary
outcome measure was the neck pain disability index (NPDI),
which reflects disability secondary to pain [21]. The NPDI
questionnaire was adapted and validated for the Egyptian
population and comprised 10 items, each scored from 0 to 5
for a maximum score of 50. The original index had the
following scoring intervals: 0-4 =no disability; 5-14 = mild
disability; 15-24 = moderate disability; 25-34 = severe dis-
ability; >34 = very severe disability.

Secondary outcome measures were also evaluated before
and at the end of the 4-month treatment period. Neck pain
intensity was measured using the visual analog scale (VAS),
with 0 indicating no pain and 10 indicating the worst pain
imaginable. Insomnia was assessed using the Athens In-
somnia Scale (AIS), which is a self-administered test with
symptom-related questions [22]. Anxiety and depression
symptoms were evaluated with the Hospital Anxiety and
Depression Scale (HADS), with scores from 0 to 21 [23].
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FIGURE 1: CONSORT flow diagram of patient selection.

Side effects of the 2 doses of amitriptyline were measured
and recorded. At the end of the 4-month trial, the patient’s
subjective satisfaction was measured on a scale from 0 to 10,
with 0 indicating complete dissatisfaction and 10 indicating
complete satisfaction. Patients missing more than 5 out of
the 120 days of treatment were excluded from the analysis.

2.4. Sample Size Calculation. The sample size for this trial
was calculated using a power of 80% and 5% level of error.
The mean percent improvement in the primary outcome
measure (NPDI) with 5 mg amitriptyline was 42% + 15% in a
previous study [2]. An additional 10% improvement with a
higher dose (10 mg) was considered satisfactory. The min-
imum calculated sample size was 35 per group based on the
following equation: nl=(012+022/K) (z1—-a/2+z1-f3)2/
A2. We therefore recruited 40 patients per group, increasing
the sample size by 12% to compensate for potential
dropouts.

2.5. Statistical Analysis. Demographic and baseline char-
acteristics of the patients were summarized as means and
standard deviations for numeric data and as frequency
distributions for categorical data. Data for the 2 treatment

groups were analyzed for any imbalances after randomi-
zation. The primary analysis included comparisons of the
main outcome measure (improvement in NPDI after 4
months of treatment) between groups using the independent
samples t-test, which was also used to analyze secondary
outcomes. The difference in the rate of side effects in each
group was evaluated with the chi-squared test. The corre-
lation between patient satisfaction and other outcomes was
assessed with Pearson’s correlation coeflicient. Statistical
significance was set at P <0.05. Data were analyzed with
SPSS v24 software (IBM, Armonk, NY, USA).

3. Results

3.1. Baseline Characteristics of the Study Population. A total
of 80 patients were enrolled in the study, with 40 patients
each receiving 5 and 10 mg amitriptyline for 4 months. Ten
patients were excluded from the final assessment because of
intolerance to side effects or loss to follow-up. Baseline
patient characteristics and demographic data were compa-
rable between the 2 groups (Table 1). At baseline, there were
no differences in age, body mass index, NPDI, pain score,
AIS, and HADS anxiety and depression subscales (HAD-A
and -D, resp.) between the 2 groups (Table 2).
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TaBLE 1: Demographic and baseline characteristics of the study participants.
Group Total P value'
5 mg 10 mg
Sex 1.000
F 26 (74.3) 26 (74.3) 52 (74.3)
M 9 (25.7) 9 (25.7) 18 (25.7)
Occupation 0.882
Doctor 0 (0.0) 1(2.9) 1(1.4)
Engineer 1(2.9) 1(2.9) 2 (2.9)
Farmer 8 (22.9) 8 (22.9) 16 (22.9)
Healthcare worker 9 (25.7) 7 (20.0) 16 (22.9)
Laboratory technician 2 (5.7) 1(2.9) 3 (4.3)
Merchant 1(2.9) 0 (0.0) 1(1.4)
Nurse 3 (8.6) 3 (8.6) 6 (8.6)
Officer 2 (5.7) 2 (5.7) 4 (5.7)
Retired 1(2.9) 0 (0.0) 1(1.4)
Student 0 (0.0) 1(2.9) 1(1.4)
Teacher 2 (5.7) 5 (14.3) 7 (10.0)
Laborer 6 (17.1) 6 (17.1) 12 (17.1)
Physical activity 0.955
High 10 (28.6) 9 (25.7) 19 (27.1)
Moderate 12 (34.3) 13 (37.1) 25 (35.7)
Low 13 (37.1) 13 (37.1) 26 (37.1)
Income level 0.580
High 1(2.9) 2 (5.7) 3 (4.3)
Middle 10 (28.6) 13 (37.6) 23 (32.9)
Low 24 (68.6) 20 (57.1) 44 (62.9)
Duration of pain (months) 0.403
<3 5 (14.3) 3 (8.6) 8 (11.4)
3.6 18 (51.4) 13 (37.1) 31 (44.3)
6-12 8 (22.9) 12 (34.3) 20 (28.6)
>12 4 (11.4) 7 (20.0) 11 (15.7)
Loss of neck lordosis 0.632
Yes 18 (51.4) 16 (45.7) 34 (48.6)
No 17 (48.6) 19 (54.3) 36 (51.4)
ASA grade 0.919
I 19 (54.3) 20 (57.1) 39 (55.7)
i 12 (34.3) 12 (34.3) 24 (34.3)
11 4 (11.4) 3 (8.6) 7 (10.0)

Data are expressed as 1 (%). "Between 5 and 10 mg groups. ASA, American Society of Anesthesiologists.

TABLE 2: Select baseline demographic and clinical characteristics of
patients.

Group P value'
5mg 10 mg
Age 47.0 (11.0) 46.2 (10.7) 0.776
BMI 28.1 (3.1) 27.8 (3.2) 0.650
NPDI 28.5 (4.7) 29.1 (3.5) 0.547
Pain 7.6 (1.1) 7.9 (1.1) 0.230
AIS 12.6 (3.5) 13.3 (3.3) 0.418
HAD-A 12.2 (2.4) 12.4 (2.3) 0.650
HAD-D 10.2 (1.8) 10.7 (1.8) 0.247

Data are shown as mean (SD). "Between 5 and 10 mg groups.

AIS, Athens Insomnia Scale; BMI, body mass index;
HAD-A, Hospital Anxiety and Depression Scale-anxiety
subscale; HAD-D, Hospital Anxiety and Depression Scale-
depression subscale; NPDI, neck pain disability index.

3.2. Effects of Amitriptyline on CNP and Other Symptoms.
The changes in outcome measures following treatment with
amitriptyline are shown in Figure 2. NPDI, the primary
outcome measure, decreased by 71.9% + 13.4% in the 10 mg
group, which was greater than the decrease in the 5mg
group (47.3% +17.3%) (P <0.001). The mean reduction in
pain scores was 5.7 + 1.4 in the 10 mg group and 3.8+ 1.2 in
the 5mg group, representing a statistically significant dif-
ference. Similarly, VAS decreased to a greater extent in the
10mg group than in the 5mg group (71.4% +13.7% vs
50.3% + 15.9%) (Table 3).

AIS, Athens Insomnia Scale; HAD-A, Hospital Anxiety
and Depression Scale-anxiety subscale; HAD-D, Hospital
Anxiety and Depression Scale-depression subscale; NPDI,
neck pain disability index; VAS, visual analog scale.

The higher dose of amitriptyline yielded a greater im-
provement in sleep, as measured by the AIS (72.1% + 12% for
10 mg group vs 57.7% + 10.2% for 5 mg group) (Table 3).
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FIGURE 2: Changes in outcome measures following treatment with amitriptyline.
TaBLE 3: Outcomes of patients with chronic neck pain treated with 5 and 10 mg amitriptyline.
Group .
P value Mean difference 95% CI
5 mg 10mg
NPDI change 48.3 (17.2) 68.2 (13.4) <0.001* 19.9 27.3, 12.6
Pain decrease 3.8 (1.2) 5.7 (1.4) <0.001* 1.9 2.5, 1.3
VAS % change 50.3 (15.9) 71.4 (13.7) <0.001* 211 28.2, 14.0
AIS % change 57.7 (10.2) 72.1 (12.0) <0.001* 15.4 20.7, 10.1
HAD-A % change 67.4 (7.1) 75.1 (6.9) <0.001* 7.7 11.1, 4.4
HAD-D % change 60.1 (7.4) 73.6 (8.8) <0.001* 13.6 17.4, 9.7
Patient satisfaction 6.5 (1.3) 7.0 (1.2) 0.117 0.5 1.1, -0.1

Data are expressed as n (%). * P <0.05.

Treatment with 10 mg amitriptyline also led to a greater
decrease in HADS scores compared to the 5 mg dose (HAD-
A: 751% +12% vs 67.4% +7.1%; HAD-D: 73.6% + 8.8% vs
60.1% + 7.4%) (P < 0.05 for both). There was no difference in
patient satisfaction between the 2 groups at the end of the
treatment period.

There were no significant differences in the rate of
complications between the 2 groups (Table 4). NPDI and
other outcome measures showed a strong positive correla-
tion with VAS; weak positive correlations with AIS, HDAD-
A, and HAD-D; and no correlation with patient satisfaction
(Table 5). Meanwhile, VAS and other outcome measures
showed a strong positive correlation with NPDI, moderate
positive correlation with HAD-D, weak positive correlations
with HAD-A and AIS, and no significant correlation with
patient satisfaction (Table 5).

4. Discussion

Antidepressants have been shown to be effective for pain
management; for example, the selective serotonin reuptake
inhibitor (SSRI) paroxetine has been used to treat fibro-
myalgia [24], while the SSRI zimelidine significantly

alleviated chronic pain [25]. A recent review reported that
SSRIs such as fluoxetine, fluvoxamine, and escitalopram
were effective in the treatment of chronic pain [26]. TCAs
are not recommended in current international guidelines for
the management of chronic pain, but low-dose amitriptyline
may be effective based on its action in other pain syndromes
[27, 28] such as chronic facial pain and somatic pain (in-
cluding CNP and different types of chronic headache); and
many patients favor TCAs for their availability, low cost, and
effectiveness [18, 29].

In clinical practice, it is important to establish the
minimum effective dose of a drug to reduce side effects. To
this end, in the present study we compared the efficacy of 2
different doses of amitriptyline for the treatment of idio-
pathic and nontraumatic CNP. The results showed that the
higher of the 2 doses (10 mg) relieved pain and improved
emotional disorder (anxiety and depression) to a greater
extent than the lower dose (5mg) without increasing the
occurrence of side effects.

The mechanism of action of amitriptyline in CNP is not
known, as this drug exerts multiple effects on the nervous
system and the pathophysiology of CNP is unclear. Animal
studies have shown that amitriptyline may antagonize the
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TaBLE 4: Incidence of side effects in patients with chronic neck pain treated with 5 and 10 mg amitriptyline.
Grou
Side effect P Total P value
5 mg 10 mg
CVS 0.629
0 21 (60.0) 19 (54.3) 40 (57.1)
1 14 (40.0) 16 (45.7) 30 (42.9)
CNS 0.334
0 22 (62.9) 18 (51.4) 40 (57.1)
1 13 (37.1) 17 (48.6) 30 (42.9)
Anticholinergic 0.629
0 21 (60.0) 19 (54.3) 40 (57.1)
1 14 (40.0) 16 (45.7) 30 (42.9)
Allergic 1.000
0 28 (80.0) 28 (80.0) 56 (80.0)
1 7 (20.0) 7 (20.0) 14 (20.0)
Hematologic 0.780
0 27 (77.1) 26 (74.3) 53 (75.7)
1 8 (22.9) 9 (25.7) 17 (24.3)
GIT 0.454
0 24 (68.6) 21 (60.0) 45 (64.3)
1 11 (31.4) 14 (40.0) 25 (35.7)
Endocrine 0.110
0 31 (88.6) 25 (73.5) 56 (81.2)
1 4 (11.4) 9 (26.5) 13 (18.8)
Weight changes 0.434
0 26 (74.3) 23 (65.7) 49 (70.0)
1 9 (25.7) 12 (34.3) 21 (30.0)
Alopecia 0.101
0 32 (91.4) 27 (77.1) 59 (84.3)
1 3 (8.6) 8 (22.9) 11 (15.7)
0= Absence of side effects; 1 = presence of side effects. CNS, central nervous system; CVS, cardiovascular system; GIT, gastrointestinal tract.
TaBLE 5: Correlations between NPDI, VAS score, and other outcome measures.
Correlation with NPDI Patient satisfaction AIS HAD-A HAD-D VAS
Pearson correlation coeflicient 0.238* 0.248* 0.245* 0.281* 0.861"*
P Value 0.047 0.038 0.041 0.018 <0.001
Correlation with VAS Patient satisfaction AIS HAD-A HAD-D NPDI
Pearson correlation coefficient 0.213 0.279* 0.241% 0.411** 0.861"*
P Value 0.076 0.020 0.045 <0.001 <0.001

*P<0.05. **P<0.01. AIS, Athens Insomnia Scale; HAD-A, Hospital Anxiety and Depression Scale — anxiety subscale; HAD-D, Hospital Anxiety and
Depression Scale-depression subscale; NPDI, neck pain disability index; VAS, visual analog scale.

N-methyl-p-aspartate receptor, thereby inhibiting the firing
of second-order neurons [30]. Additionally, it has been
suggested that amitriptyline inhibits serotonin and nor-
epinephrine reuptake to enhance the action of endogenous
opioids on descending antinociceptive pathways, leading to
pain suppression [17]. A previous study examining the ef-
fects of 25 mg amitriptyline on chronic back pain found a
significant improvement in disability at 3 months with
minimal adverse events [31], and a recent meta-analysis
showed that amitriptyline is also an effective prophylactic
against migraine [20].

We used the NPDI as the primary outcome measure, as
most of our patients were workers who were functionally
incapacitated in their work as a result of CNP. NPDI im-
proved to a greater extent with 10 mg amitriptyline than with

the 5 mg dose. In a previous study, 5mg amitriptyline
decreased NPDI by 42.22% + 15.5% in patients with CNP
[2], which is comparable to the improvement observed in
our patients who were treated with the same dose
(47.3% + 17.3%).

The mean decreases in VAS and pain score and im-
provement in AIS were greater with 10 mg amitriptyline as
compared to the 5mg dose. The mean percent reduction in
VAS in the 5 mg group in our study (50.3% + 15.9%) was also
similar to the previously reported value [2], which lends
validity to our results. Sleep disorders and chronic pain are
mutually dependent [32, 33], and a significant correlation
has been reported between the degree of sleep improvement
and pain relief [2]. Low doses of amitriptyline may have a
minor sedative effect that could alleviate sleep instability in
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addition to reducing pain intensity. In our study, AIS score
increased by 57.7% + 10.2% in the 5 mg amitriptyline group,
which is higher than the previously reported improvement
0f 34.89% + 22.98% [2]. This discrepancy may be attributable
to the different instruments that were used; Maarrawi
et al.[2] used the Bergen Insomnia Scale (BIS) while we used
the AIS, which we found easier to administer to our patients.
Additionally, differences in cultural background, social class,
and education level between the 2 study populations may
have contributed to the divergent findings.

Anxiety and depression in our CNP patients, as evalu-
ated by HAD-A and -D, respectively, were improved to a
greater extent by 10 mg as compared to 5 mg amitriptyline.
However, despite these and other positive effects associated
with the higher drug dose, there was no difference in the
level of satisfaction between the 2 groups for reasons that
remain unclear. We observed positive correlations between
VAS and HAD-A and -D scores in patients treated with
10 mg amitriptyline, although the correlations were weak
and moderate, respectively. In the study by Maarrawi et al.,
there was no correlation between the primary outcome
measure for CNP (VAS) and anxiety and depression scores
[2], suggesting that the positive effects of amitriptyline on
pain and emotional disorder occur via distinct mechanisms.
This is supported by the observation that the SSRI sertraline
improved the emotional state of patients with pelvic pain
while having no clinically meaningful effect on pain intensity
[34].

5. Conclusions

A higher dose of amitriptyline (10 mg) was more effective
than a lower dose (5 mg) in alleviating neck pain, disability,
sleep problems, and anxiety and depression symptoms in
patients with idiopathic and nontraumatic CNP, without
increasing the rate of adverse effects. Based on these findings,
we recommend 10 mg amitriptyline for the clinical man-
agement of CNP.

Data Availability

The data presented in this work are available from the
corresponding author on reasonable request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

This work was funded in part by Fayoum University Hos-
pitals (Fayoum, Egypt) and by the authors’ personal
resources.

References

[1] M. Guez, “Chronic neck pain. An epidemiological, psycho-
logical and SPECT study with emphasis on whiplash-asso-
ciated disorders,” Acta Orthopaedica, vol. 77, pp. 3-33, 2006.

[2] J. Maarrawi, J. Abdel Hay, S. Kobaiter-Maarrawi, P. Tabet,
R. Peyron, and L. Garcia-Larrea, “Randomized double-blind
controlled study of bedtime low-dose amitriptyline in chronic
neck pain,” European Journal of Pain, vol. 22, no. 6,
pp. 1180-1187, 2018.

[3] S. D. Daffner, A. S. Hilibrand, B. S. Hanscom, B. T. Brislin,
A. R. Vaccaro, and T. J. Albert, “Impact of neck and arm pain
on overall health status,” Spine, vol. 28, no. 17, pp. 2030-2035,
2003.

[4] A. D. Santos-de-Aradjo, A. V. Dibai-Filho, S. N. Dos Santos
et al., “Correlation between chronic neck pain and heart rate
variability indices at rest: a cross-sectional study,” Journal of
Manipulative and Physiological Therapeutics, vol. 42, no. 4,
pp. 219-226, 2019.

[5] D. M. Hallman, A. H. Ekman, and E. Lyskov, “Changes in
physical activity and heart rate variability in chronic neck-
shoulder pain: monitoring during work and leisure time,”
International Archives of Occupational and Environmental
Health, vol. 87, no. 7, pp. 735-744, 2014.

[6] D. M. Hallman, S. E. Mathiassen, and E. Lyskov, “Long-term
monitoring of physical behavior reveals different cardiac
responses to physical activity among subjects with and
without chronic neck pain,” BioMed Research International,
vol. 2015, pp. 1-11, 2015.

[7] J.-H. Kang, H.-S. Chen, S.-C. Chen, and F.-S. Jaw, “Disability
in patients with chronic neck pain,” The Clinical Journal oF
Pain, vol. 28, no. 9, pp. 797-803, 2012.

[8] P.R. Croft, M. Lewis, A. C. Papageorgiou et al., “Risk factors
for neck pain: a longitudinal study in the general population,”
Pain, vol. 93, no. 3, pp. 317-325, 2001.

[9] L. Bendtsen, “Central sensitization in tension-type headache-
possible pathophysiological mechanisms,” Cephalalgia,
vol. 20, no. 5, pp. 486-508, 2000.

[10] C. J. Woolf, “Central sensitization: implications for the di-
agnosis and treatment of pain,” Pain, vol. 152, pp. S2-S15,
2011.

[11] D. G. Borenstein, “Chronic neck pain: how to approach
treatment,” Current Pain and Headache Reports, vol. 11, no. 6,
pp. 436-439, 2007.

[12] M. K. Boettger, C. Schwier, and K.-J. Bdr, “Sad mood increases
pain sensitivity upon thermal grill illusion stimulation: im-
plications for central pain processing,” Pain, vol. 152, no. 1,
pp. 123-130, 2011.

[13] M. Roy, M. Piche, J.-I. Chen, I. Peretz, and P. Rainville,
“Cerebral and spinal modulation of pain by emotions,”
Proceedings of the National Academy of Sciences, vol. 106,
no. 49, pp. 20900-20905, 2009.

[14] R. Bryans, P. Decina, M. Descarreaux et al., “Evidence-based
guidelines for the chiropractic treatment of adults with neck
pain,” Journal of Manipulative and Physiological Therapeutics,
vol. 37, no. 1, pp. 42-63, 2014.

[15] S. Brockhusen, A. Bussieres, S. French, H. Christensen, and
T. Jensen, “Managing patients with acute and chronic non-
specific neck pain: are Danish chiropractors compliant with
guidelines?” Chiropractic & Manual Therapies, vol. 25, p. 17,
2017.

[16] W. Héuser, K. Bernardy, N. Ugeyler, and C. Sommer,
“Treatment of fibromyalgia syndrome with antidepressants,”
JAMA, vol. 301, no. 2, p. 198, 2009.

[17] P. Dharmshaktu, V. Tayal, and B. S. Kalra, “Efficacy of an-
tidepressants as analgesics: a review,” The Journal of Clinical
Pharmacology, vol. 52, no. 1, pp. 6-17, 2012.



[18] J. L. Jackson, W. Shimeall, L. Sessums et al., “Tricyclic anti-
depressants and headaches: systematic review and meta-
analysis,” BMJ, vol. 341, no. 1, Article ID ¢5222, 2010.

[19] G. E. Tomkins, J. L. Jackson, P. G. O’Malley, E. Balden, and
J. E. Santoro, “Treatment of chronic headache with antide-
pressants: a meta-analysisl1Disclaimer: the views in this
article reflect those of the authors and are not intended to
represent in any way those of the U.S. Army or the De-
partment of Defense,” The American Journal of Medicine,
vol. 111, no. 1, pp. 54-63, 2001.

[20] J. L. Jackson, E. Cogbill, R. Santana-Davila et al., “A com-
parative effectiveness meta-analysis of drugs for the pro-
phylaxis of migraine headache,” PloS One, vol. 10, no. 7,
Article ID e0130733, 2015.

[21] H. Vernon and S. Mior, “The Neck Disability Index: a study of
reliability and validity,” Journal of Manipulative and Physi-
ological Therapeutics, vol. 14, no. 7, pp. 409-415, 1991.

[22] C. R. Soldatos, D. G. Dikeos, and T. J. Paparrigopoulos,
“Athens Insomnia Scale: validation of an instrument based on
ICD-10 criteria,” Journal of Psychosomatic Research, vol. 48,
no. 6, pp. 555-560, 2000.

[23] A. S. Zigmond and R. P. Snaith, “The hospital anxiety and
depression scale,” Acta Psychiatrica Scandinavica, vol. 67,
no. 6, pp. 361-370, 1983.

[24] A. A.Patkar, P. S. Masand, S. Krulewicz et al., “A randomized,
controlled, trial of controlled release paroxetine in fibro-
myalgia,” The American Journal of Medicine, vol. 120, no. 5,
pp. 448-454, 2007.

[25] G. K. Gourlay, D. A. Cherry, M. J. Cousins, B. L. Love,
J. R. Graham, and M. O. McLachlan, “A controlled study of a
serotonin reuptake blocker, zimelidine, in the treatment of
chronic pain,” Pain, vol. 25, no. 1, pp. 35-52, 1986.

[26] E. Patetsos and E. Horjales-Araujo, “Treating chronic pain
with SSRIs: what do we know?” Pain Research ¢~ Management,
vol. 2016, Article ID 2020915, 17 pages, 2016.

[27] A. Qaseem, T. J. Wilt, R. M. McLean, and M. A. Forciea,
“Noninvasive treatments for acute, subacute, and chronic low
back pain: a clinical practice guideline from the American
College of Physicians,” Annals of Internal Medicine, vol. 166,
no. 7, pp. 514-530, 2017.

[28] National Institute for Health and Care Excellence, Low Back
Pain and Sciatica in over 16s: Assessment and Management
(NG59), National Institute for Health and Care Excellence,
London, UK, 2016.

[29] G. J. Macfarlane, C. Kronisch, L. E. Dean et al., “EULAR
revised recommendations for the management of fibro-
myalgia,” Annals of the Rheumatic Diseases, vol. 76, no. 2,
pp. 318-328, 2017.

[30] L J. Reynolds and R. J. Miller, “Tricyclic antidepressants block
N-methyl-D-aspartate receptors: similarities to the action of
zinc,” British Journal of Pharmacology, vol. 95, no. 1,
pp. 95-102, 1988.

[31] D. M. Urquhart, A. E. Wluka, M. van Tulder et al., “Efficacy of
low-dose amitriptyline for chronic low back pain,” JAMA
Internal Medicine, vol. 178, no. 11, pp. 1474-1481, 2018.

[32] B. Sivertsen, T. Lallukka, K. J. Petrie, O. A. Steingrimsdéttir,
A. Stubhaug, and C. S. Nielsen, “Sleep and pain sensitivity in
adults,” Pain, vol. 156, no. 8, pp. 1433-1439, 2015.

[33] M. T. Smith and ]. A. Haythornthwaite, “How do sleep
disturbance and chronic pain inter-relate? Insights from the
longitudinal and cognitive-behavioral clinical trials litera-
ture,” Sleep Medicine Reviews, vol. 8, no. 2, pp. 119-132, 2004.

[34] C. C. Engel, E. A. Walker, A. L. Engel, J. Bullis, and
A. Armstrong, “A randomized, double-blind crossover trial of

Pain Research and Management

sertraline in women with chronic pelvic pain,” Journal of
Psychosomatic Research, vol. 44, no. 2, pp. 203-207, 1998.



