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Abstract
Purpose Medical treatment for head and neck cancer may induce the presence of inflammation, pain, and dysfunction. The purpose of the current study was to assess the presence of myofascial trigger points (TrPs) and their relationship with widespread pressure hypersensitivity and hyperalgesia in survivors of head and neck cancer (sHNC).
Methods TrPs and pressure-pain thresholds (PPTs) were quantified in different muscles/joints in the head and neck of 30 sHNC (59.45 ± 13.13 years) and 28 age- and sex-matched controls (58.11 ± 12.67 years).
[bookmark: Abstract]Results The sHNC had more TrPs in all muscles on the affected side (p < 0.05) than did the healthy controls, and in the temporalis, masseter, and suboccipitalis muscles on the unaffected side (p < 0.05). They also had lower PPTs in all places (p < 0.05) except for the temporalis muscle (p = 0.114) and C5-C6 joint (p = 0.977). The intensity of cervical pain correlated positively with the presence of upper trapezius TrPs.
Conclusions sHNC suffering cervical and/or temporomandibular joint pain have multiple active TrPs and experience widespread pressure hypersensitivity and hyperalgesia, suggestive of peripheral and central sensitization.
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[bookmark: Introduction]Introduction

Head and neck cancer (HNC) usually begins in the squamous cells that line the moist, mucosal surfaces of the oral cavity, the pharynx, larynx, salivary glands, nasal cavity or paranasal sinuses [1]. In Europe, the larynx is the most commonly af- fected area, followed by the oropharynx, the oral cavity, and nasopharynx [2]. HNC accounts for 4% of all cancers world- wide, occurring more frequently in men than in women (4:1)

[3]. The mean age at first diagnosis is 50 years [4]. Alcohol and tobacco use are the most important risk factors, explaining the appearance of as many as 75% of all HNCs [5].
Curative treatment is based on surgery, radiotherapy, and chemotherapy. Surgery strategies may include the resection of the primary tumour and radical, modified, or selective neck dissection. Sentinel node biopsy has also been validated as an alternative procedure with lower side effects [6]. Depending on its extension, neck dissection can involve the extirpation of

 			all o r s ome o f t he following structures: t he 
sternocleidomastoid muscle, the internal jugular vein, the spi-


nal accessory nerve, and the lymph nodes [7]. Sacrifice or injury caused to the spinal accessory nerve during surgery can lead to the denervation of the trapezius muscle. Therefore, a greater perception of pain in the shoulder and arm [8, 9], a reduced range of motion (ROM), and loss of strength may appear—a condition referred to as neck dissec- tion syndrome [10, 11]. Radiotherapy is used to treat over 80% of patients with HNC. Unfortunately, nearby tissues can be affected by radiotoxicity, and fibrosis, xerostomia, mu- cositis, mandibular osteoradionecrosis, trismus, and brachial





plexus injury [12–14] can appear in the long-term. Moreover, cervical muscles may suffer from painful dystonic spasms due to the radiation-induced fibrosis [15]. Chemotherapy is com- monly used in locally advanced disease, and it can induce the presence of pain through neuroinflammation [13, 14]. Mucositis can also be worsened because of chemotherapy and its toxicity [16]. Cervical and shoulder pain may appear after any of the above-mentioned treatments [1], whereas tem- poromandibular joint (TMJ) pain is mainly due to the radiotherapy-induced fibrosis and the consequent muscle dys- function [17].
Previous studies have described the presence of neuropath- ic and myofascial pain on this population, but the existence of trigger points (TrPs) has been little studied, and then only in a few head and neck muscles [18–20]. The combination of sur- gery and radiochemotherapy can lead to peripheral sensitiza- tion through the activation of nociceptors on A-delta and C fibres [21, 22]. Central sensitization, as evidenced by local and widespread pressure hypersensitivity and hyperalgesia, has been investigated in survivors of breast [23] and colon [24] cancers, and when present, it is described to worsen perceived pain [25, 26]. However, to our knowledge, no studies have investigated the peripheral and central sensitization processes that survivors of HNC (sHNC) may experience or its relation- ship with the presence of myofascial TrPs.
In the present work, it was hypothesized that sHNC with cervical and/or TMJ pain have more TrPs and suffer more from pressure hypersensitivity and hyperalgesia than do healthy controls. The aims of this study were therefore (1) to describe bilaterally the differences between sHNC with cervi- cal and/or TMJ pain and healthy age- and sex-matched con- trols in terms of the number of TrPs in the musculature of the head, neck, and shoulder regions; (2) to record the bilateral differences between sHNC with cervical and/or TMJ pain and healthy age- and sex-matched controls in the presence of widespread pressure hypersensitivity and hyperalgesia; (3) to assess the relationship between the intensity of cervical and/or TMJ pain and the presence of TrPs; and (4) to assess the relationship between intensity of cervical and/or TMJ pain and pain-pressure thresholds (PPTs).


[bookmark: Methods]Methods

[bookmark: Participants]Participants

sHNC subjected to treatment for oral cavity, pharyngeal, la- ryngeal, salivary glands or nasal cavity, and paranasal sinuses cancers was recruited to this observational, case-control pilot study from the Oncology Department of the Virgen de las Nieves University Hospital, Granada, Spain. To be eligible for inclusion, patients had to meet the following criteria: (1) to be ≥ 18 years of age, (2) to have ended their treatment in the

previous 6–24 months, (3) to have no metastasis or active cancer, and (4) to have cervical and/or TMJ pain. The exclu- sion criteria were (1) mental or physical illness preventing subjects from participating in the study, (2) previous chronic pain conditions, and (3) previous cervical or TMJ pain.
A control group was formed by healthy age- and sex- matched volunteers who responded to advertisements. They were excluded if they reported a history of cervical and/or TMJ pain, a history of trauma, or if they had any systemic disease. The study protocol was approved by the Biomedical Investigation Ethics Committee, Granada, Spain (CEI- GRANADA. Ref: 0045-N-16), and conducted in accordance with the Declaration of Helsinki. All participants provided written, informed consent to be included.

[bookmark: Data_collected]Data collected

The following data were collected: age; gender; use of tobacco (non-smoker, ex-smoker, or smoker); alcohol consumption (none, monthly, weekly, daily); and clinical data, i.e., affected and unaffected side (defined as affected-more symptomatic and unaffected-less symptomatic). Affected side in sHNC was compared with dominant side in age- and sex-matched healthy controls and unaffected side to non-dominant side. Affected region, cancer stage at diagnosis, surgery performed, and radiotherapy and/or chemotherapy treatment were record- ed at the beginning of the study.

[bookmark: Perceived_pain]Perceived pain

Perceived cervical and TMJ pain was measured (bilaterally) using a validated visual analogue scale (VAS) [27]. This consisted of a 10-cm horizontal line with the words “no pain” at the left extreme and “pain as bad as it could be” at the right extreme [28]. Reading from the left, subjects were asked to record the intensity of pain they habitually experienced by making a cross at the appropriate point on the line.

[bookmark: Myofascial_trigger_points]Myofascial trigger points

TrPs were explored bilaterally over the temporalis, masseter, suboccipitalis, sternocleidomastoid, scalene, upper trapezius, and levator scapulae muscles by a trained, experienced phys- iotherapist. For this study, a Cronbach alpha was performed in order to obtain the intra-examiner reliability of the physiother- apist who underwent the exploration of TrPs, obtaining a Cronbach alpha value of 0.88 (evaluated with 30-min intervals between examinations). TrPs are tender, hyperirritable spots that cause pain in an affected muscle and beyond (referred pain) when that muscle is contracted, stretched, or manually stimulated [29]. TrPs may be active or latent [29]. They were considered active when the pain produced by their digital compression was perceived as familiar and being involved





in the pain habitually experienced and latent when the pain reproduced by such compression was not thus recognized [30].

[bookmark: Pressure_pain_thresholds]Pressure pain thresholds

A PPT is defined as the minimum amount of pressure at which the sensation of pressure changes to pain [31]. Subjects were instructed to warn the examiner when the sensation of pres- sure changed into pain [30]. PPTs (kg/cm2) in the temporalis, masseter, upper trapezius and levator scapulae muscles, the C5-C6 zygapophyseal joint, the sternoclavicular joint, and the tibialis anterior muscle (as a distant reference muscle) were explored bilaterally by the same physiotherapist using a Force Dial FDK 20 analogue algometer with a 1-cm2 rubber point (Wagner, Greenwich, USA). Each point (one point for each muscle/joint) was stimulated three times with intervals of 30 s, and the mean PPT was calculated. The reliability of pressure algometry is high when assessments are made on the same day (0.82–0.97) [32] and indeed other intervals of up to 4 days (0.94–0.97) [33].

[bookmark: Sample_size_determination]Sample size determination

Following the criterion of Groef et al. [34], for 90% statistical power to detect a minimum 20-mm difference in the VAS cervical pain scores between groups, and for an alpha value of 0.05, a total of 56 (28 per group) participants were needed (assuming a 10% dropout rate). Sample calculations were per- formed using EPIDAT v.3.1 software (Xunta de Galicia, Spain).

[bookmark: Statistical_analysis]Statistical analysis

Demographic and clinical data were expressed as mean ± SD or, for categorical variables, as absolute percentages. The Kolmogorov-Smirnov test was used to confirm the normal distribution of variables. The Student t test was used to detect differences between the sHNC and healthy controls in terms of the cervical VAS scores. Since the sHNC consumed signif- icantly less (p < 0.05) alcohol at the time of the present work, ANCOVA rather than ANOVA was performed to detect dif- ferences in TMJ VAS scores between affected/unaffected sides in sHNC, and between the dominant/non-dominant sides in the control group, and when making comparisons between sHNC and controls. The chi2 test was used to analyze differ- ences in TrPs distribution. ANCOVA was also used to analyze the differences when making comparisons between PPTs in the sHNC and the control group and between PPTs at each examined point on the affected/unaffected sides in the sHNC and the dominant/non-dominant sides in the control group. Pearson correlation coefficients (rs) were calculated to analyze the association between reported pain (on the VAS) and the

presence of active TrPs, and to determine the association be- tween VAS pain and PPTs. Significance was set at p < 0.05. All calculations were made using SPSS statistical software v.24.0.


[bookmark: Results]Results

[bookmark: Demographic_and_clinical_data]Demographic and clinical data

Thirty sHNC and 28 healthy-matched controls participated on the study. Demographic data as age; gender; smoke habits; and alcohol consumption as well as clinical data including affected side and region, pT-stage, surgery procedure, the use of radiotherapy or radiochemotherapy and the perceived cervical and TMJ pain are detailed in Table 1.

[bookmark: Myofascial_TrPs]Myofascial TrPs

Figures 1 and 2 summarize the distribution of TrPs in both groups of subjects. Table 2 shows the mean ± SD of active and latent TrPs for the sHNC and for the control group. The sHNC had a larger number of active TrPs on the affected side com- pared with the dominant side in the controls (see Figs. 1 and 2 for data): temporalis (chi2 = 9.043; p = 0.011), masseter (chi2
= 11.888; p = 0.003), suboccipital (chi2 = 14.122; p = 0.001), sternocleidomastoid (chi2 = 11.445; p = 0.003), scalene (chi2
= 7.387; p = 0.025), upper trapezius (chi2 = 10.624; p = 0.005), and levator scapulae (chi2 = 10.282; p = 0.006). The same was also true for the following muscles in unaffected/ non-dominant comparisons between sHNC and the control group: temporalis (chi2 = 7.068; p = 0.029), masseter (chi2 = 8.851; p = 0.012), and suboccipital (chi2 = 7.490; p = 0.024). No significant differences were seen with respect to the sternocleidomastoid (chi2 = 3.468; p = 0.177), scalene (chi2
= 5.193; p = 0.075), upper trapezius (chi2 = 4.318; p = 0.115), and levator scapulae (chi2 = 3.938; p = 0.140) muscles.

[bookmark: PPTs]PPTs

Table 3 summarizes the PPTs (means ± SD and 95% CI) recorded in the examined areas. ANCOVA revealed signifi- cant differences between the sHNC and the control group but did not find statistical differences between affected/unaffected side in sHNC and dominant/non-dominant sides in healthy controls for PPTs in the masseter (group F = 14.713; p < 0.001; side F = 0.011; p = 0.915), upper trapezius (group F
= 13.474; p < 0.005; side F = 0.552; p = 0.460), and levator scapulae muscles (group F = 8.891; p = 0.004; side F = 0.487; p = 0.487), the sternoclavicular joint (group F = 6.753; p = 0.011; side F = 0.121; p = 0.729), and the tibialis anterior muscle (group F = 13.728; p < 0.001; side F = 0.006; p = 0.940). No significant differences were seen between sHNC


	[bookmark: _bookmark0]Table 1 Demographic and
clinical data. Mean ± SD for
	sHNC (n = 30)
	Healthy-matched controls (n = 28)
	p value

	continuous data and n (%) for
categorical data
	Age
	59.4 ± 13.1
	58.1 ± 12.7
	p = 0.618b

	
	Gender
	
	
	

	
	Men
	20 (75)
	20 (75)
	NA

	
	Women
	10 (35)
	10 (35)
	

	
	Smoking habits
	
	
	

	
	Non-smokers
	10 (33)
	17 (61)
	p = 0.110a

	
	Ex-smokers
	17 (57)
	9 (32)
	

	
	Smokers
	3 (10)
	2 (7)
	

	
	Alcohol consumption
	
	
	

	
	No consumption
	14 (47)
	10 (36)
	p = 0.006a*

	
	Monthly
	6 (20)
	2 (7)
	

	
	Weekly
	3 (10)
	14 (50)
	

	
	Daily
	7 (23)
	2 (7)
	

	
	Affected side
	
	
	

	Right
	14 (47)
	NA
	NA

	Left
	14 (47)
	
	

	Bilateral
	2 (6)
	
	

	
	Affected region
	
	
	

	Oral cavity and oropharynx
	17 (57)
	NA
	NA

	Larynx and hypopharynx
	8 (27)
	
	

	Salivary glands
	3 (10)
	
	

	Nasopharynx
	1 (3)
	
	

	Nasal cavity and paranasal sinuses
	1 (3)
	
	

	
	pT-stage
	
	
	

	I
	6 (20)
	NA
	NA

	II
	6 (20)
	
	

	III
	7 (23)
	
	

	IV
	11 (37)
	
	

	
	Surgery procedure
	
	
	

	None
	3 (10)
	NA
	NA

	Tumorectomy
	5 (17)
	
	

	MRDN
	16 (53)
	
	

	RND
	5 (17)
	
	

	Laryngectomy + RND
	1 (3)
	
	

	Radiotherapy and chemotherapy treatment

	None
	1 (3)
	NA
	NA

	Radiotherapy
	11 (37)
	
	

	Radiochemotherapy
	18 (60)
	
	

	Pain (VAS)
	
	
	

	Cervical
	3.5 ± 3.3
	1 ± 1.7
	p < 0.001b*

	
	Temporomandibular joint
	
	
	

	Affected side Unaffected side
	2.4 ± 3.4
1.2 ± 2.6
	0.6 ± 1.57
0.2 ± 1
	p = 0.003c*


MRND, modified radical neck dissection; NA, not applicable; RND, radical neck dissection; sHNC, survivors of head and neck cancer; VAS, visual analogue scale
*Statistically significant difference
a Chi2 test
b t test
c ANOVA test


[image: ]
[bookmark: _bookmark1]Fig. 1 Active TrPs in sHNC and healthy controls


and the control group neither between affected side and unaf- fected side/dominant side and non-dominant side with respect to the temporalis muscle (groups F = 3.644; p = 0.060; sides F
= 0.000; p = 0.998) and C5-C6 zygapophyseal joint (groups F
= 3.189; p = 0.078; sides F = 0.012; p = 0.915).


[bookmark: Perceived_pain_and_relationships_with_Tr]Perceived pain and relationships with TrPs and PPTs

Cervical pain correlated positively with the number of active upper trapezius TrPs (rs = 0.547; p = 0.008). No correlation was seen, however, between cervical or TMJ pain and the number of TrPs in the temporalis, masseter, suboccipitalis, sternocleidomastoid, scalene, or levator scapulae muscles (p
> 0.05).
An inverse correlation was detected between TMJ pain and the PPT for the masseter (rs = − 0.468; p = 0.028). No such correlation was detected between TMJ pain and the PPTs of the temporalis, upper trapezius or levator scapu- lae muscles, the C5-C6 zygapophyseal joint, the sternoclavicular joint, or the tibialis anterior muscle (p > 0.05). Cervical pain appeared not to be related to any of the explored PPTs (p > 0.05).
[bookmark: Discussion]
Discussion

The present results reveal that, compared with healthy con- trols, sHNC with presence of cervical and/or TMJ pain have more active TrPs in the face, neck, and shoulder muscles, as well as lower muscle and joint PPTs, leading to pressure hy- persensitivity and hyperalgesia. These results suggest periph- eral and central sensitization occur in sHNC with cervical and/ or TMJ pain. Cervical pain was correlated positively with the number of active TrPs over the upper trapezius muscle, where- as a negative correlation was found between TMJ pain and the PPT for the masseter.

[bookmark: Local_and_referred_pain_from_active_TrPs]Local and referred pain from active TrPs

The examined muscles were selected given their association with the TMJ disorders that can appear in sHNC after radio- therapy [35]. Active TrPs were deemed to be those appreciat- ed by the subjects as related to the cervical and other pain they habitually experienced. The present results showed the sca- lene (53.3%), sternocleidomastoid (46.6%), levator scapulae (46.6), and masseter (40%) muscles to be the most affected, compared with previous studies that reported the greatest
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Fig. 2 Latent TrPs in sHNC and healthy controls



[bookmark: _bookmark2]Table 2	Myofascial TrPs in sHNC and healthy controls (mean ± SD)


sHNC	Control group	p valuea

surgery may activate TrPs and therefore increase the myofascial pain experiences in cancer survivors. The relationship between

 		active TrPs and cervical pain suggests that, although the origin

Active	2.8 ± 3.6	0.6 ± 1.2	p < 0.001*
Latent	2.8 ± 2.9	0.7 ± 1.4	p = 0.003*
Total TrPs	5.7 ± 4.2	1.4 ± 2.1	p < 0.001*


sHNC, survivors of head and neck cancer; TrPs, trigger points
*Statistically significant difference
a Mann-Whitney U test

number of active TrPs in the trapezius muscle [19, 20]. A cross-sectional study reported the presence of TrPs in the head and neck area following treatment for HNC [20]. They exam- ined the upper trapezius, splenius, and sternocleidomastoid muscles. In a previous observational case-control study [19], 46% of the patients treated for HNC were reported to have more TrPs in the upper trapezius and levator scapulae muscles on the affected side. These discrepancies may be due to dif- ferences in sample size (153 and 167 subjects respectively in the above studies, and 30 in the present work). A previous observational study [18] reported the greatest number of ac- tive TrPs to be in the sternocleidomastoid muscle—the muscle with the second highest number of active TrPs in the present study. This similarity might be explained (despite the differ- ence in the protocols followed) in that both studies involved similar sample sizes (25 HNC patients compared with 30 sHNC in the present work).
However, the largest number of active TrPs was found in the affected sternocleidomastoid muscle (in 36.6% of the sHNC). Since neck dissection involves the sternocleidomastoid muscle, it may be the most affected in this respect following such sur- gery. Similar results were found in patients with post- mastectomy pain, in whom the affected pectoralis major muscle had the largest number of active TrPs [23]. This suggest that

of these active TrPs remains unknown, they may be involved in the pain perceived by sHNC. Other generators of pain, such as nerve injuries caused by treatment, may also be to blame [13, 14]. Moreover, a previous systematic review [36] stated higher pain experiences in sHNC after radical neck dissection com- pared with modified radical neck dissection or selective neck dissection; the greater the surgery performed, the greater the pain experienced.

[bookmark: Sensitization_mechanisms]Sensitization mechanisms

The present results suggest peripheral sensitization occurs in sHNC with cervical and/or TMJ pain, mediated by the pres- ence of active TrPs. This agrees with the theory that active muscle TrPs are a source of nociception. TrPs contain high concentrations of algogenic substances [29, 37] that have been shown to sensitize peripheral nociceptors on A-delta and C fibres. These may then become involved in the process of pe- ripheral sensitization [21, 22]. However, both nociceptive and non-nociceptive hypersensitivity at muscle TrPs have been re- ported [37], suggesting that muscle pain may also be caused by injury to nervous tissue during surgery. The correlation detect- ed between the number of upper trapezius active TrPs and perceived cervical pain, and between the masseter PPT and perceived TMJ pain, strengthens the idea that peripheral sensi- tization occurs in sHNC with cervical and/or TMJ pain.
Compared with the controls, widespread pressure hyper- sensitivity on both sides of the body was detected in the pres- ent sHNC with cervical and/or TMJ pain, reflected as lower PPTs for the masseter, upper trapezius and levator scapulae muscles, sternoclavicular joint, and tibialis anterior muscle. However, no significant differences were seen between the


Table 3	Pressure-pain thresholds (kg/cm2) in sHNC and healthy controls

	
	sHNC
	
	
	Healthy-matched controls
	
	p valuea
	

	
	Affected side
	Unaffected side
	
	Dominant	Non-dominant
	
	Between groups
	Between sides

	Temporalis
	2.4 ± 1.4 (0.2; 6.6)
	2.2 ± 1.4 (0.3; 7.6)
	
	2.5 ± 0.9 (1.6; 5.0)	2.4 ± 0.9 (1.2; 4.7)
	
	p = 0.060
	p = 0.998

	Masseter
	1.4 ± 0.8 (0.0; 3.8)
	1.6 ± 0.7 (0.0; 3.4)
	
	2.2 ± 0.8 (0.7; 4.3)	2.1 ± 0.7 (1.0; 3.8)
	
	p < 0.001*
	p = 0.915

	Upper trapezius
	3.0 ± 2.14 (0.0; 7.9)
	3.6 ± 2.4 (0.5; 9.6)
	
	4.3 ± 2.3 (1.4; 9.0)	4.5 ± 2.2 (1.3; 8.8)
	
	p < 0.005*
	p = 0.460

	Levator scapulae
	3.7 ± 2.3 (0.0; 9.1)
	4.4 ± 2.5 (0.6; 9.6)
	
	5.5 ± 2.7 (1.5; 11.7) 5.3 ± 2.3 (1.6; 9.4)
	
	p = 0.004*
	p = 0.487

	C5-C6 zygapophyseal joint
	2.7 ± 1.5 (0.0; 6.7)
	2.7 ± 1.5 (0.4; 5.8)
	
	3.2 ± 1.5 (0.8; 6.8)	3.2 ± 1.5 (0.8; 6.9)
	
	p = 0.078
	p = 0.915

	Sternoclavicular joint
	2.8 ± 1.9 (0.2; 10)
	3.0 ± 2.1 (0.4; 1)
	
	3.5 ± 1.6 (1.1; 7.3)	3.7 ± 1.8 (1.2; 7.3)
	
	p = 0.011*
	p = 0.729

	Tibialis anterior
	5.4 ± 3.0 (1.1; 12.9)
	5.2 ± 2.8 (1; 14.0)
	
	7.2 ± 2.9 (2.4; 13.3) 7.0 ± 2.6 (2.4; 12.4)
	
	p < 0.001*
	p = 0.940


Values are expressed as means ± SD (95% confidence interval)
sHNC survivors of head and neck cancer
*Statistically significant difference
a ANCOVA test



groups in terms of the PPTs of the temporalis and cervical muscles. In earlier work comparing PPTs in survivors of breast cancer and healthy controls [38], no significant differ- ences were seen in terms of C5-C6 zygapophyseal joint pain. Similarly, other authors report a lack of any clear difference in temporalis muscle PPTs between healthy subjects and patients with tension-type headache [39]. It may be that different pop- ulations simply share age-related cervical complaints.
The present results show a large difference between the sHNC and the control group in terms of the PPT of the tibialis anterior muscle (~ 70% lower in sHNC). The PPT of this mus- cle has previously been used as a distant point in order to pro- vide stronger evidence of central sensitization. Similar differ- ences were obtained in an earlier study comparing patients with breast cancer and healthy controls (40% lower PTT in the pa- tients) [23]. This difference between sHNC and breast cancer patients suggests central sensitization is stronger in sHNC. By sustaining peripheral noxious inputs into the central nervous system, the damage caused by surgical procedures and medical treatments may play an important role in the sensitization mech- anisms acting in patients with cancer [40, 41].
To our knowledge, this is the first study examining sensiti- zation processes in sHNC with cervical and/or TMJ pain. The present work suffers from the limitation that its design pre- cludes the establishment of cause-effect relationships, and thus the contribution of treatment to sensitization processes. It would be interesting to examine patients before treatment and assess the change in mechanical pain sensitivity over time. In addition, the present sHNC had different stages of disease at the time of diagnosis, had disease in different locations, and underwent different treatments. Future research may study the pain pro- cesses in different groups of sHNC. Due to the neck dissection, there may be loss of sensitivity, but we did not evaluate this outcome, so future works should be developed to examine this issue. Thus, while the present work is of interest as a pilot study, future work should involve larger samples of sHNC that can be stratified in terms of the above-mentioned variables.

[bookmark: Clinical_implications]Clinical implications

Curative treatment may induce the presence of sensitization processes over sHNC; therefore, a precise choice before the medical intervention has to be made in order to reduce its side effects. The muscle pain in the upper trapezius, levator scap- ulae, and TMJ muscles detected in sHNC could be treated. Physical therapy programs focused on the TrPs in the temporalis, masseter, suboccipital, sternocleidomastoid, sca- lene, upper trapezius, and levator scapulae muscles may re- duce pain. Multimodal treatments (physical therapy, exercise, lifestyle change, etc.) help reducing the sensitization that oc- curs in sHNC, perhaps with lasting results. Thereby, the knowledge about pain patterns could be interesting for other different health professionals, as physicians, nurses,

occupational therapists, or dietists, who may better understand the condition of this population and could adapt their treat- ments and advices to them. However, more studies are needed to confirm this information.


[bookmark: Conclusions]Conclusions

The present work reveals the existence of multiple, active TrPs in the head, neck, and shoulder musculature of sHNC with presence of cervical and or TMJ pain, and widespread pres- sure pain hypersensitivity and hyperalgesia. These findings suggest both peripheral and central sensitization mechanisms are active in sHNC.
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