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Impact of Migraine and Fibromyalgia on Temporomandibular Disorder: Findings on Pain, Psychological Factors and Quality of Life

Abstract
Background: Temporomandibular disorders (TMD) often coexists with other painful conditions, leading to increased pain intensity and psychological impairment. This study specifically aimed to assess the impact of migraine (MG) and fibromyalgia (FM) on TMD patients, with a focus on pain, anxiety, depression, and quality of life (QoL). Additionally, we investigate the association between the number of comorbidities (sum of TMD, MG and FM) and the aforementioned variables to better understand their interplay.
Methods: We conducted a retrospective data collection, from January 2016 to December 2022. The analysis involved 409 adult TMD patients treated at the Orofacial Pain Clinic, Dental Institute, King's College Hospital. Patients were categorised into four groups: those without comorbidity (TMD- only) and patients with TMD accompanied by MG and/or FM (TMD MG, TMD FM and TMD MG FM groups). Mean comparisons were conducted among the four groups. Linear regression was used to analyze the associations between each outcome variables.
Result: Most of study population were women (79%) with a mean age of 44.43 years. TMD MG patients reported longer pain duration, higher scores for current, most severe, and average pain, and greater pain interference compared with TMD only patients. Similarly, TMD FM patients had higher pain intensity on all measures than patients with TMD only. Both the TMD MG and TMD FM groups had significantly higher levels of anxiety, depression, and health impairment compared with patients with TMD only. Patients with all three pain conditions (TMD MG FM) experienced the longest pain duration, highest levels of pain, psychological distress, and impaired QoL. Particularly, significant differences were found in pain duration, pain interference, and impact on QoL between patients with TMD and both comorbidities compared to those with only one comorbidity. The results of linear regression analyses showed positive associations between various pain outcomes, psychological measures, the impact of pain on QoL, and the number of comorbidities. In addition, there was a negative association between overall health states and the number of comorbidities.
Conclusions: This study highlights the significant impact of migraine and FM on various aspects of TMD. These findings underscore the importance of considering the presence of comorbidities and addressing both physical and psychological aspects of the condition in the management of TMD patients.  












Introduction
Temporomandibular Disorder (TMD) refers to a wide range of conditions affecting the temporomandibular joint, jaw muscles, and related structures 1. Its prevalence in the general population varies between 5% and 30%  and its complex nature can significantly impact an individual's overall well-being 2–4. The etiology of TMD is multifactorial and influenced by a complex interplay of biological, psychological, and social factors, as explained by the biopsychosocial model 1,4. Existing studies have established links between TMD and various painful conditions, such as primary headaches, chronic back pain, fibromyalgia, and irritable bowel syndrome 5–8. However, the investigation into its association with comorbid conditions, particularly migraine and fibromyalgia, remains an ongoing area of research.

Migraine, a chronic neurological disorder characterised by recurring moderate to severe headaches, has been frequently reported in individuals with TMD 9. Migraine is the most prevalent primary headache among TMD population, affecting around 55% of individuals 10. The coexistence of migraine and TMD may involve shared underlying mechanisms, such as central sensitization, altered pain processing, and neurotransmitter imbalances 11–13. 

Fibromyalgia (FM), a chronic pain syndrome characterised by widespread musculoskeletal pain, fatigue, and sleep disturbances 14, has also shown a significant association with TMD 15–17. A notable proportion of individuals diagnosed with TMD, approximately 25% , also fulfill the diagnostic criteria for FM 18, while around 75% of patients with FM have diagnosable painful TMD 19. Studies have revealed a bidirectional relationship between fibromyalgia and TMD, with each condition exacerbating the symptoms of the other. Individuals with coexisting fibromyalgia and TMD often experience heightened pain sensitivity, reduced pain thresholds, and increased psychological distress 20. Understanding the interplay between TMD, migraine, and fibromyalgia may prove beneficial in developing more effective treatment strategies and improving patient outcomes.

Our study had three objectives. Firstly, we aimed to retrospectively explore the prevalence of migraine and fibromyalgia among TMD patients who sought treatment at an orofacial pain clinic. Secondly, we sought to compare pain outcomes, psychological disability, and quality of life between TMD patients with and without migraine and/or fibromyalgia. Lastly, we aimed to investigate the relationship between the number of comorbidities of interest and the severity of pain outcomes, psychological burden, and the impact of pain on quality of life. By achieving a deeper understanding of these interrelationships, we aim to generate clinical evidence that supports the optimization of patient care and improves the well-being of individuals burdened by the complex comorbidity of TMD, migraine, and fibromyalgia.

Method
Study design and Population
This retrospective study was conducted at the tertiary Multidisciplinary Orofacial Pain clinic (OFP) at King's College Hospital, spanning a period from January 2016 to December 2022. The study involved a thorough review of medical records and clinical letters of adult patients (aged 18 years or older) who had received a diagnosis of TMD based on the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) 3. The TMD diagnoses were made by a specialist team at the OFP clinic. All TMD patients were also screened for comorbid painful conditions. The TMD-only population referred to a group without any additional pain conditions. Migraine diagnoses and the distribution area of migraine (V1,V2,V3) were confirmed by neurologist in the OFP team, following the diagnostic classification of primary headaches by the International Headache Society (IHS) 21. Fibromyalgia was diagnosed based on the criteria established by the American College of Rheumatology 14. Consequently, our study included distinct population groups: TMD-only, TMD with comorbid migraine (TMD MG), TMD with comorbid fibromyalgia (TMD FM) and TMD with comorbid together migraine and fibromyalgia (TMD MG FM). Further analysis based number of comorbidities, we grouped study population into TMD-only group, TMD with one comorbidity (MG or FM) and TMD with two comorbidities (MG and FM). To collect data on psychometric measures, the completion of psychometric questionnaires was facilitated through Integrating Mental and Physical Healthcare: Research Training and Services (IMPARTS), a web-based screening system implemented by King's College Hospital. All individual data were anonymized and screened to ensure proper consent was obtained for research purposes.

Clinical and psychometric questionnaires
Pain severity and pain interference. The study assessed pain severity and pain interference using the Facial Pain Brief Pain Inventory (FPBPI) for pain over the past 7 days. The FPBPI has demonstrated good construct validity, specifically in its two-factor structure of pain intensity and pain interference 22. This inventory is preferred due to its quick completion time, strong clinimetric properties, and endorsement by international consensus guidelines for chronic pain trials 23. Patients were asked to give their level of pain intensity or interference on an 11-point scale, with 0 indicating "no pain" or "does not interfere" and 10 representing "pain as bad as you can imagine" or "completely interferes."
Graded Chronic Pain Scale (GCPS). Pain-related functional limitations were assessed using the GCPS, a comprehensive tool consisting of seven items 24. These items examine an individual's capacity to engage in regular daily activities during the preceding 30 days. The scale encompasses three questions related to pain intensity, three questions addressing pain-related functional limitations, and one question regarding the number of days during which the individual's activities were restricted due to their symptoms. As a result, the scoring outcomes are classified into four categories: Grade I (low intensity and low disability), Grade II (high intensity and low disability), Grade III (high disability and moderate limitation), and Grade IV (high disability and severe limitation).
Depression. The Patient Health Questionnaire-9 (PHQ-9) is a well-established self-report instrument comprising nine items for the assessment of depression 25. It is widely recognised as a reliable and valid measure of depression severity, making it an useful tool in both clinical practice and research. Depression severity is classified into five categories: absence of depression (scores 1 to 4), mild depression (scores 5 to 9), moderate depression (scores 10 to 14), moderately severe depression (scores 15 to 19), and severe depression (scores 20 to 27). 
Anxiety. Anxiety levels were assessed using the General Anxiety Disorder scale (GAD-7), a self-report questionnaire widely used as a valid and efficient tool for anxiety screening in both clinical and research settings 26. The GAD-7 comprises seven items and enables the classification of anxiety severity into four categories: no anxiety (scores 0 to 4), mild anxiety (scores 5 to 9), moderate anxiety (scores 10 to 14), and severe anxiety (scores 15 to 21).
Quality of life (QoL). The impact of pain on QoL was assessed using EQ-5D questionnaire, which were mainly designed for self-completion 27. The term '5D' in its name signifies its use of five dimensions to describe different aspects of health: Mobility, Usual Activities, Self-care, Pain and Discomfort, and Anxiety and Depression. The EQ-5D questionnaire consists of two parts. The first part is the descriptive system, where patients were asked to indicate the level of difficulty they experience on each of those five dimensions. The second is the Visual Analogue Scale (VAS), which allows respondents to provide an overall assessment of their health on a scale ranging from 0 (the worst imaginable health) to 100 (the best imaginable health).

Statistical analysis
Demographic data and continuous variables were reported as percentages or mean with standard deviation (SD). The Chi-square test was employed to analyze categorical variables, while the comparison of continuous variables was carried out using either one-way analysis of variance (ANOVA) or the Kruskal-Wallis H test, depending on the distribution of the data. If significant differences between groups were observed, post hoc tests such as pairwise t-tests, post hoc Bonferroni's test, and Dunnett's T3 were conducted. The linear regression analysis was performed to investigate the relationships between the number of comorbidities and each outcome variable. The strength of association was reported using unstandardized (B) and standardized (β) beta values, along with 95% confidence intervals (CI). Adjustments for potential confounders, including gender and age, were made and reported. The criterion for statistical significance was set at p < 0.05. All statistical analyses were performed using IBM SPSS Statistics (version 28.0.1.1).

Result
Demographic and prevalence of TMD with comorbid migraine and/or fibromyalgia
[image: ]The 1732 medical records of patients referred to orofacial pain clinic over a 7-year period yielded a total number of 409 adult TMD patients (18 years old or older). However, we considered only TMD diagnosed patients without comorbidity and those with comorbid migraine and/or fibromyalgia. A total of 375 patients were included with a mean age of 44.43 years (SD 14.53), of whom 79% were women (Figure 1, Table 1). There were 260 (63.6%) patients with TMD only, 89 (21.8%) with TMD and comorbid migraine (TMD MG), 13 (3.2%) with TMD and comorbid fibromyalgia (TMD FM), and 13 (3.2%) with all three conditions: TMD, migraine, and fibromyalgia (TMD MG FM) (Figure 1). Myalgia-related TMD was the most prevalent classification (53%) among all TMD population (Table 1). Most of TMD patients, 72%, with comorbid migraine from the combination of the TMD MG and the TMD MG FM groups (n=102) reported having chronic migraine with migraine pain distribution in the V1 region (61%) and the remaining experienced migraine pain in facial area, V2 and/or V3 (Table 2). Additionally, myalgia-TMD remains the most frequent subtype among them with the prevalence of [image: ]67% (Table 2).







[bookmark: OLE_LINK1]Figure 1. Number of TMD patients with comorbid migraine and fibromyalgia.
TMD = Temporomandibular disorders; COPCs= Chronic Overlapping Pain Conditions

	Table 1. Demographic characteristics of the study population

	Characteristics
	TMD – only
(N=260)
	TMD with migraine
(N=89)
	TMD with fibromyalgia 
(N=13)
	TMD with MG + FM
(N=13)
	Total 
(N=375)
	P value

	Age (Mean ±SD)
	45.11 ± 15.47
	41.78 ± 12.41
	47.15 ± 8.40
	46..23 ± 11.83
	44.43 ± 14.53
	0.241

	Female, n (%)
Male, n (%)
	198 (76.2)
62 (28.3)
	75 (84.3)
14 (15.7)
	13 (100)
0
	12 (92.3)
1 (7.7)
	298 (79.5)
77 (20.5)
	0.053

	TMD subtypes, n (%)
Painful TMD; Myalgia
Painful TMD; Arthralgia
Nonpainful TMD
Mixed TMD
	
124 (47.7)
14 (5.4)
68 (26.2)
54 (20.8)
	
60 (67.4)
7 (7.9)
5 (5.6)
17 (19.1)
	
7 (53.8)
1 (7.7)
2 (15.4)
3 (23.1)
	
8 (61.5)
3 (23.1)
0 
 2(15.4)
	
199 (53.1)
25 (6.7)
75 (20.0)
76 (20.3)
	


[bookmark: _Hlk139315198]
	
Table 2. Prevalence of TMD patients with migraine comorbidity (n = 102, TMD + MG and TMD + MG + FMS)


	[bookmark: _Hlk131710444]TMD subtypes
	Migraine Chronicity
	 Migraine Distribution
	Total N (%)

	
	Episodic 
	Chronic 
	V1 only
	V2 only
	V3 only
	V1 + V2
	V1 + V2
+ V3
	V2+V3
	

	Painful muscle TMD 
	17
	51
	34
	5
	1
	21
	4
	3
	Painful muscle TMD + MG = 68 (66.75)

	Painful joint TMD 
	4
	6
	8
	0
	0
	1
	1
	0
	Painful joint TMD + MG = 10 (9.8)

	Joint Dysfunction 
	3
	2
	4
	0
	0
	1
	0
	0
	Dysfunctional TMD + MG = 5 (4.9)

	Mixed TMD 
	4
	15
	16
	1
	0
	2
	0
	0
	Mixed TMD + MG = 19 (18.6)

	Total N (%)
	28 (27.5)
	74 (72.5)
	62 (60.8)
	6 (5.9)
	1 (1)
	25 (24.5)
	5 (4.9)
	3 (2.9)
	TMG + MG = 102 (100)



Pain duration
The results obtained from the study showed that in individuals with three concurrent conditions, TMD MG FM, experienced the longest duration of TMD pain, lasting approximately 91 months. This duration was significantly longer compared to the TMD-only and TMD MG groups, as indicated in Table 3 and Figure 2a. In contrast, patients with TMD alone reported the shortest duration of pain, averaging around 43 months, while those in the TMD MG and TMD FM group had a mean duration of about 54 and 51 months, respectively (Table 3). Furthermore, the TMD MG group exhibited a longer period of TMD pain compared to the individuals with TMD alone (p=0.005). Additionally, when the study population was categorised based on the number of comorbidities, it was observed that patients with all three pain conditions had significantly longer pain duration than TMD individuals with one comorbidity (p=0.034) or no comorbidities (p<0.001) (Figure 3a).

Pain intensity and Pain related function.

the BPI pain intensity rating questionnaire was used to assess the severity of pain experienced by participants. Notably, the TMD MG FM group displayed the highest mean scores for the most intense pain (7.5), average pain (6.0), and the least severe pain (5.50) (Table 3, Figure 2). These findings were only statistically significant compared to the TMD-only group. Additionally, the TMD FM group reported significantly higher mean pain scores across all measures compared to the TMD only group, as demonstrated in Figure 1b-d. A similar pattern was observed between the TMD MG and TMD only groups, except for the least intense pain category (Figure 2e). Consequently, when the participants were divided based on the number of comorbidities, it was found that patients with one additional pain condition rated higher all pain scores across compared to those with TMD alone. However, there was no significant difference in pain scores between individuals with one comorbidity and those with two comorbidities, as indicated in Table 4 and Figure 3b-e. 

According to the pain interference score, it was observed that TMD patients with two concurrent conditions experienced the greatest degree of pain interference, with a mean score of 6.64. This score was significantly higher compared to the TMD only group (p=0.001), as illustrated in Figure 2f. The statistical difference was as well observed between TMD MG and TMD only group (p=0.13). Moreover, when the participants were categorised based on the number of comorbid conditions, a significant difference in the mean scores was found between patients with one comorbidity and those with two comorbidities (Figure 3f).

The assessment of pain disability using the Grade Chronic Pain Scale showed a significant difference (p< 0.001) among the four groups (Table 4). Among the TMD only patients, the majority (42%) exhibited low intensity of pain and low disability levels. Conversely, the largest proportion of individuals in the TMD MG group and the TMD MG FM group experienced high disability and severe functional limitation, accounting for 42% and 63% of their respective groups. Furthermore, most of TMD FM patients (44%) demonstrated high disability and moderate functional limitation.



	Table 3. Descriptive outcomes for pain and psychological variables among populations categorised by type of 
              comorbidities

	Parameters
	TMD – only
(N=260)
	TMD with migraine
(N=89)
	TMD with fibromyalgia 
(N=13)
	TMD with MG + FM
(N=13)
	P value

	Pain duration in months (n responders, %)
Mean ±SD 
	(187, 71.9)
42.82 ± 54.78
	(72, 80.9)
54.11 ± 50.14
	(10, 76.9)
51.00 ± 55.80
	(12, 92.3)
91.00 ± 62.35
	
<0.018

	Pain severity; (n responders, %)
Worst pain; 0-10 (Mean ±SD)
Lowest pain; 0-10 (Mean ±SD)
Average pain; 0-10 (Mean ±SD)
Now Pain; 0-10 (Mean ±SD)
	(115, 44.2)
4.72 ± 2.95
2.86 ± 2.76
3.90 ± 2.61
3.07 ± 2.60
	(55, 61.8)
6.71 ± 2.53
3.93 ± 2.83
5.24 ± 2.49
4.76 ± 2.89
	(9, 69.2)
7.00 ± 1.32
4.67 ± 1.32
5.89 ± 0.78
5.89 ± 1.45
	(8, 61.5)
7.5 ± 1.4
5.50 ± 2.20
6.0 ± 1.31
5.0 ± 1.31
	
<0.001
0.005
<0.001
< 0.001

	Pain interference; 0-10 (n responders, %)
Mean ±SD
	(115, 44.2)
3.43 ± 2.58
	(55, 61.8)
4.76 ± 2.59
	(9, 69.2)
4.77 ± 1.84
	(8, 61.5)
6.64 ± 1.51
	
<0.001

	Grade Chronic Pain Scale (n responders, %)
Grade 0 No pain in the last 6 months 
Grade I Low intensity & Low disability 
Grade II High intensity & Low disability 
Grade III High disability & Moderate limiting 
Grade IV High disability & Severe limiting 
	(114, 43.8)
6 (5.3)
48 (42.1)
38 (33.3)
10 (8.8)
12 (10.5)
	(53, 59.6)
1 (1.9)
13 (24.5)
10 (18.9)
7 (13.2)
22 (41.5)
	(9, 69.2)
0
2 (22.2)
2 (22.2)
4 (44.4)
1 (11.1)
	(8, 61.5)
0
0
1 (12.5)
2 (25.5)
5 (62.5)
	
<0.001

	Anxiety; GAD-7 (n responders, %)
Total Score (Mean ± SD)
None (Negative/0-4) 
Mild (5-9) 
Moderate (10-14) 
Severe (15-21) 
	(174, 66.9)
3.63 ± 5.60
134 (77.0)
12 (6.9)
14 (8.0)
14 (8.0)
	(69, 77.5)
6.87 ± 7.54
41 (59.4)
2 (2.9)
11 (15.9)
15 (21.7)
	(9, 69.2)
8.00 ± 3.16
1 (11.1)
6 (66.7)
2 (22.2)
0
	(12, 92.3)
8.41 ± 7.38
5 (41.7)
1 (8.3)
3 (25.0)
3 (25.0)
	
< 0.001
< 0.001

	Depression; PHQ-9 (n responders, %)
Total Score (Mean ± SD)
None (Negative/0-4) 
Mild (5-9) 
Moderate (10-14) 
Moderate – Severe (15-19) 
Severe (≥20) 
	(167, 64.2)
3.00 ± 6.19
140 (83.8)
5 (3.0)
8 (4.8)
7 (4.2)
7 (4.2)
	(67, 75.3)
6.24 ± 8.15
44 (65.7)
1 (1.5)
7 (10.4)
9 (13.4)
6 (9.0)
	(9, 69.2)
5.78 ± 3.60
3 (33.3)
3 (33.3)
2 (22.2)
1 (11.1)
0
	(12, 92.3)
9.08 ± 9.08
6 (50.0)
0
2 (16.7)
1(8.3)
3 (25.0)
	
< 0.001
< 0.001


	QoL (n responders, %)
Total Score; 0-25 (Mean ± SD)
    Mobility (0-5)
    Self – care (0-5)
    Usual activities (0-5)
    Pain/discomfort (0-5)
    Anxiety/depression (0-5)
Health state (score 0-100, worst to best health)	
	(119, 45.8)
6.75 ± 3.83
1.28 ± 0.64
1.18 ± 0.58
1.41 ± 0.78
2.29 ± 1.15
1.98 ± 1.06
71.29 ± 21.75
	(58, 65.2)
7.02 ± 4.86
1.64 ± 0.97
1.57 ± 0.90
1.90 ± 0.15
2.91 ± 1.11
2.71 ± 1.14
59.91 ± 24.09
	(10, 76.9)
14.20 ± 3.19
2.30 ± 0.95
2.30 ± 0.95
2.80 ± 1.48
3.60 ± 1.17
3.20 ± 1.03
33.40 ± 13.87
	(8, 61.5)
13.12±6.03
2.37±1.30
2.37±1.41
3.12±1.45
3.63±0.92
2.36±1.03
51.12±19.47
	
< 0.001
<0.001
< 0.001
< 0.001
< 0.001
<0.001
< 0.001




a)
c)
b)
d)
e)
f)
g)
h)
i)
j)





















[bookmark: _Hlk140527909]Figure 2.  Comparison of the mean±SD value of each pain and psychological variables among four groups. 
a) Duration of TMD pain in months. b) Current pain ion the clinical visit. c) The strongest pain intensity. d) Average pain intensity. e) The lowest pain intensity f) Pain interference score. g) Generalized anxiety disorder-7 (GAD-7). h) Patient health questionnaire-9 (PHQ-9). i) Quality of life (QoL) score (0-25); 0 indicates on problem of functions or no symptoms and 25 indicates unable to functions or extreme symptoms. j) Overall health state, 0 indicates the worst health and 100 indicates the best health. Note. P -value is shown with significant difference between group when      p < 0.05.[image: รูปภาพประกอบด้วย ข้อความ, แผนภาพ, ภาพหน้าจอ, ออกแบบ

คำอธิบายที่สร้างโดยอัตโนมัติ]  TMD: temporomandibular disorders; TMD MG: TMD intensity with comorbid migraine; TMD FM; TMD with comorbid fibromyalgia; TMD MG FM: TMD with comorbid migraine and fibromyalgia
	[bookmark: _Hlk140528048]Table 4. Descriptive outcomes for pain and psychological variables among populations categorised by number of 
              comorbidities

	Parameters
	TMD – only
(No comorbidity)
(N=260)
	TMD with 1 comorbidity
(N=102)
	TMD with 2 comorbidities
(N=13)
	P value

	Pain duration in months (n responders, %)
Mean ±SD 
	(187, 71.9)
42.82 ± 54.78
	(82, 80.4) 
53.73 ± 50.55
	(12, 92.3)
91.00 ± 62.35
	
< 0.001

	Pain severity; (n responders, %)
Worst pain; 0-10 (Mean ±SD)
Lowest pain; 0-10 (Mean ±SD)
Average pain; 0-10 (Mean ±SD)
Now Pain; 0-10 (Mean ±SD)
	(115, 44.2)
4.72 ± 2.95
2.86 ± 2.76
3.90 ± 2.61
3.07 ± 2.60
	(64,62.8) 
6.75 ± 2.39
4.03 ± 2.67
5.33 ± 2.33
4.92 ± 2.75
	(8, 61.5)
7.5 ± 1.4
5.50 ± 2.20
6.0 ± 1.31
5.0 ± 1.31
	
< 0.001
0.002
< 0.001
< 0.001

	Pain interference; 0-10 (n responders, %)
Mean ±SD
	(115, 44.2)
3.43 ± 2.58
	(64, 62.8)
4.76 ± 2.49
	(8, 61.5)
6.64 ± 1.51
	
< 0.001

	Grade Chronic Pain Scale (n responders, %)
Grade 0 No pain in the last 6 months 
Grade I Low intensity & Low disability 
Grade II High intensity & Low disability 
Grade III High disability & Moderate limiting 
Grade IV High disability & Severe limiting 
	(114, 43.8)
6 (5.3)
48 (42.1)
38 (33.3)
10 (8.8)
12 (10.5)
	(62, 60.8)
1 (1.6)
15 (24.2)
12 (19.4)
11 (17.7)
23 (37.1)
	(8, 61.5)
0
0
1 (12.5)
2 (25.5)
5 (62.5)
	
< 0.001

	Anxiety; GAD-7 (n responders, %)
Total Score (Mean ± SD)
None (Negative/0-4) 
Mild (5-9) 
Moderate (10-14) 
Severe (15-21) 
	(174, 66.9)
3.63 ± 5.60
134 (77.0)
12 (6.9)
14 (8.0)
14 (8.0)
	(78, 76.5) 
7.00 ± 7.17
42 (53.8)
8 (10.3)
13 (16.7)
15 (19.2)
	(12, 92.3)
8.41 ± 7.38
5 (41.7)
 1 (8.3)
3 (25.0)
3 (25.0)
	
< 0.001
0.004

	Depression; PHQ-9 (n responders, %)
Total Score (Mean ± SD)
None (Negative/0-4) 
Mild (5-9) 
Moderate (10-14) 
Moderate – Severe (15-19) 
Severe (≥20) 
	(167, 64.2)
3.00 ± 6.19
140 (83.8)
5 (3.0)
8 (4.8)
7 (4.2)
7 (4.2)
	(76, 74.5)
6.18 ± 7.74
47 (61.8)
4 (5.3)
9 (11.8)
10 (13.2)
6 (7.9)
	(12, 92.3)
9.08 ± 9.08
6 (50)
0
2 (16.7)
1(8.3)
3 (25.0)
	
< 0.001
0.002

	Impact of pain on quality of life; EQ5D (n responders, %)
Total Score; 0-25 (Mean ± SD)
    Mobility (0-5, no problem to unable)
    Self – care (0-5, no problem to unable)
    Usual activities (0-5, no problem to unable)
    Pain/discomfort (0-5, no pain to extreme pain)
    Anxiety/depression (0-5, no symptoms to extreme symptoms)
Overall health state (score 0-100, worst to best health)	
	(119, 45.8)
6.75 ± 3.83
1.28 ± 0.64
1.18 ± 0.58
1.41 ± 0.78
2.29 ± 1.15
1.98 ± 1.06
71.29 ± 21.75
	(68, 66.7)
8.07 ± 5.30
1.73 ± 0.99
1.68 ± 0.94
2.03 ± 1.22
3.01 ± 1.14
2.78 ± 1.13
56.01 ± 24.68
	(8, 61.5)
13.12±6.03
2.37±1.30
2.37±1.41
3.12±1.45
3.63±0.92
2.36±1.03
51.12±19.47
	
0.005
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001




j)
f)
g)
h)
i)
e)
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d)
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a)
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[bookmark: _Hlk140528116]Figure 3.  Comparison of the mean±SD value of each pain and psychological variables among three groups. 
a) Duration of TMD pain in months. b) Current pain ion the clinical visit. c) The strongest pain intensity. d) Average pain intensity. e) The lowest pain intensity f) Pain interference score. g) Generalized anxiety disorder-7 (GAD-7). h) Patient health questionnaire-9 (PHQ-9). i) Quality of life (QoL) score (0-25); 0 indicates on problem of functions or no symptoms and 25 indicates unable to functions or extreme symptoms. j) Overall health state, 0 indicates the worst health and 100 indicates the best health. Note. P -value is shown with significant difference between group when      p < 0.05.[image: รูปภาพประกอบด้วย ข้อความ, แผนภาพ, ภาพหน้าจอ, ออกแบบ

คำอธิบายที่สร้างโดยอัตโนมัติ] TMD: temporomandibular disorders; TMD with one comorbidity (either migraine or fibromyalgia); TMD with two comorbidities which are migraine and fibromyalgia.

	[bookmark: _Hlk140528187]Table 5. Result of linear regression between each variable and number of comorbidities

	Pain and Psychological measures
	Linear association 
	Linear association 
(Adjusted for gender and age)

	
	B
	95%CI
	β
	p-value
	B
	95%CI
	β
	p-value

	TMD Pain duration 
	0.00
	0.20, 0.38
	0.17
	0.004
	0.00
	0.38, 0.99
	0.17
	0.005

	Strongest pain intensity 
	0.07
	0.04, 0.10
	0.35
	<0.001
	0.07
	0.04, 0.10
	0.35
	<0.001

	Average pain intensity
	0.06
	0.03, 0.10
	0.28
	<0.001
	0.06
	0.03, 0.10
	0.28
	<0.001

	Current pain intensity
	0.07
	0.04, 0.10
	0.31
	<0.001
	0.07
	0.04, 0.10
	0.31
	<0.001

	Lowest pain intensity
	0.05
	0.02, 0.08
	0.25
	<0.001
	0.06
	0.03, 0.09
	0.27
	<0.001

	Pain interference Score
	0.07
	0.04, 0.10
	0.32
	<0.001
	0.07
	0.04, 0.10
	0.30
	<0.001

	GAD-7 
	0.02
	0.01, 0.03
	0.26
	<0.001
	0.02
	0.01, 0.03
	0.25
	<0.001

	PHQ-9
	0.02
	0.01, 0.03
	0.26
	<0.001
	0.02
	0.01, 0.03
	0.25
	<0.001

	QoL Total Score
	0.03
	0.01, 0.05
	0.25
	<0.001
	0.03
	0.01, 0.05
	0.25
	<0.001

	Health Status 
	-0.01
	-0.01, -0.00
	-0.32
	<0.001
	-0.01
	-0.01, -0.00
	-0.32
	<0.001


[bookmark: _Hlk140528248]GAD-7: generalized anxiety disorder-7; PHQ-9: patient health questionnaire-9; QoL: quality of life. 
B: unstandardized coefficient; CI: confident interval; β: standardized coefficient. 

Anxiety 
In the study, anxiety was assessed and classified into different severity levels. The percentages of the study population testing positive for mild to severe anxiety symptoms in each group were 23.0%, 40.6%, 88.9%, and 58.3% in the TMD-only, TMD MG, TMD FM and TMD MG FM groups, respectively. The TMD MG FM group exhibited the highest levels of anxiety among the entire study population, with a mean score of 8.41, as presented in Table 3 and Figure 2g. TMD patients with migraine had a mean anxiety score of 6.87, while those with fibromyalgia had a mean anxiety score of 8.0. In contrast, patients with TMD-only patients had the lowest mean anxiety score of 3.63 (Figure 2g). Moreover, TMD patients with either migraine or fibromyalgia reported significantly higher mean anxiety scores than patients with TMD alone (migraine, p < 0.001; fibromyalgia, p=0.003; Figure 2g). However, when the participants were grouped by the number of pain conditions, no significant difference was found between TMD patients with one comorbidity and those with two comorbidities in terms of anxiety scores (Figure 3g).
Depression
A similar trend was observed concerning depression symptoms, with the proportions of the study population testing positive for mild to severe depression being 16.7%, 34.3%, 66.7%, and 50.0% in the TMD-only, TMD MG, TMD FM, and TMD MG FM groups, respectively. The TMD MG FM group rated the highest depression scores, with a mean of 9.08 (Table 3). These scores were significantly higher than those of the TMD-only group (p=0.002), as depicted in Figure 2h. The TMD MG group reported a mean depression score of 6.24, while TMD FM had a mean depression score of 5.78 (Table 3). On the contrary, patients with TMD only had the lowest mean depression score of 3.00. As shown in Figure 2h, patients with either migraine or fibromyalgia demonstrated significantly higher mean anxiety scores than patients with TMD only (migraine, p<0.001; fibromyalgia, p=0.002). When analysing the data based on the number of comorbidities, a statistical difference was observed between TMD MG FM and TMD-only, as well as between the TMD group with one comorbidity and the TMD-only group. No significant difference in depression scores was found between TMD patients with one comorbidity and those with two comorbidities (Figure 3h).

Impact of pain on quality of life and health state
For the domain of the impact of pain on QoL, higher scores indicate a greater impact of pain on patients' lives. Among the study participants, the TMD FM group demonstrated the highest mean pain impact score amounting to 14.20 out of 25, followed by TMD FM MG group, TMD MG group, and TMD only group, as evidenced by the data in Table 3 and Figure 2i. Moreover, a post-hoc test revealed a significant difference in QoL scores between TMD patients with migraine and those with fibromyalgia (p < 0.001) (Figure 2i). Analysis based on the number of comorbidities indicated differences in the impact of pain. Specifically, individuals with TMD who had two pain conditions experienced a significantly greater impact of pain on their QoL compared to those with only one comorbidity (p=0.019) or no comorbidities (p=0.002), as shown in Figure 2i.

When assessing general health state, higher scores indicate better overall health status. The result showed that TMD-only group had the highest mean score of 71.3, followed by the TMG MG group with a score of 59.9, the TMD MG FM group with a score of 51.1, and the TMD FM group with a score of 33.4 (Table 3). Moreover, a significant mean score difference was observed between TMD patients with migraine and those with fibromyalgia (p=0.003), as shown in Figure 2j. Furthermore, when considering the grouping of the study population by the number of pain conditions, it is worth noting that there was a significant difference between the TMD-only group and both the TMD group with one comorbidity (p=0.001) and the TMD group with two comorbidities (p=0.013). However, no significant difference was found between individuals with only one comorbidity and those with two comorbidities (Figure 3j).

Association of pain and psychological measures and number of pain comorbidities
The results of linear regression analyses examining the associations between each variable and the number of comorbidities, with the adjustment for gender and age, are shown in Table 5. Results are reported in terms of regression coefficients (B), 95% confidence intervals (95% CI), standardised regression coefficients (β), and p-values. Regarding pain and psychological measures, there was a significant positive association between the duration of TMD pain and the number of comorbidities (B = 0.00, 95% CI [0.20, 0.38], β = 0.17, p = 0.004). Similarly, all measures of pain intensity, pain interference score, anxiety score, depression score, and QoL score showed significant positive associations with the number of comorbidities with p < 0.001 for all variables. In contrast, health status showed a significant negative association with the number of comorbidities (B = -0.01, 95% CI [-0.01, -0.00], β = -0.32, p < 0.001). However, after adjusting for potential confounders, sex and gender, all variables remained correlated with increasing number of pain conditions.

Discussion 
To our knowledge, this is the first study to examine the specific influence of migraine and fibromyalgia on pain duration, intensity, psychological factors and QoL in individuals with TMD. The selection of these comorbidities was based on their prevalence as pain conditions, representing both localised and generalised pain comorbidities, which in this study referred to migraine and fibromyalgia. The current study provides valuable insights into the impact of migraine and fibromyalgia on various clinical outcomes. The results indicated that TMD patients with migraine experienced prolonged pain duration, higher level of current, strongest, and average pain, increased pain interference, greater anxiety and depression and more impairment of health status compared to those with TMD only. While TMD patients with FM reported more pain intensity across all measures, higher level of anxiety and depression, lower QoL and greater impairment of general health compared to those with TMD only. When comparing TMD patients with migraine and those with fibromyalgia, statistical distinctions emerged in the impact of pain on QoL and overall health state. This suggests that the different type of comorbidity, either migraine or fibromyalgia, did not have a significant impact on pain outcomes, anxiety, and depression among TMD patients, while it did show a noticeable influence on the quality of life and overall general health of these individuals. However, it is important to note that the number of subjects with TMD FM in our study was relatively small compared with subjects with TMD only and TMD MG. This smaller sample size may limit the generalisability of our findings and the statistical power of our analyses. Therefore, conducting future studies with a larger population sample may provide additional perspectives and potentially yield more meaningful and robust results.

Moreover, as the number of comorbidities increased, statistically significant variations were observed in the duration of TMD pain and the extent of pain interference. These findings suggested that patients with a higher number of comorbidities experienced prolonged pain duration and a greater extent of pain interference. Furthermore, significant differences were found in pain intensity across all measures, as well as in psychological symptoms (anxiety and depression) and general health when comparing individuals with TMD only to those with a single comorbid condition. On the other hand, TMD patients with two comorbid pain conditions (TMD MG FM) exhibited a more pronounced impact on quality of life compared to patients with only one comorbid condition (TMD MG or FM). Therefore, the concurrence of pain conditions is positively associated with the increase of pain outcomes, psychological distress, QoL and general health of TMD patients. These results support the need for comprehensive and multidisciplinary approaches to address the complex health challenges faced by TMD patients.

The findings of this study revealed that approximately 36% of patients with TMD exhibited at least one painful comorbidity. This proportion was comparatively lower than the figures reported in other cross-sectional studies (62%) 28 and a case-control study (70%) 29. The diminished percentage observed in our study may be attributed to the retrospective study design employed, which possibly resulted in an underestimation of comorbidities. Furthermore, the prevalence rates of migraine and fibromyalgia within the TMD population were determined to be 25% and 6.4%, respectively. These rates were also found to be lower when compared to previous prevalence estimates obtained from systematic analyses, which reported rates of 40% for migraine and 14% for fibromyalgia 6. Moreover, among the TMD patients with comorbidities in our study, a majority presented with muscle-related TMD, which is consistent with prior 30–32. This association can potentially be explained by the fact that the majority of TMD patients in our study exhibited painful muscle-related TMD conditions.

The results of our study showed that TMD pain exhibits prolonged duration in patients with multiple comorbidities, and this prolongation is positively correlated with an increasing number of concurrent pain conditions. This similar association was also found in a previous cross-sectional, multi-site study involving 180 TMD patients 28 as well as a longitudinal study between TMD patients who had persistent TMD pain after 5 years to those without pain after 5 years 33. While our study did not investigate the association between the presence of specific comorbidities, migraine and fibromyalgia, and their impact on clinical outcomes. However, previous investigations have explored the effects of these conditions on TMD. For instance, Velley conducted a study where the presence of fibromyalgia was found to be significantly associated with the persistence of clinically significant TMD 30. Additionally, Dahan reported that the presence of migraine was positively correlated with increased TMD pain intensity and duration 28. Therefore, the underlying mechanisms that contribute to the persistence of pain in TMD patients, particularly those with comorbidities, might be related to mechanism of central sensitisation 12,13. 

The intensity of pain and its interference in TMD showed a similar pattern of association with the number of comorbidities. As the number of pain conditions increased, both pain intensity and pain interference became greater. Our study's findings align with previous investigations that also found a positive association between pain intensity and the number of comorbidities in TMD patients, particularly in cases of migraine and chronic fatigue syndrome 28. Another study conducted in the Chinese population, which examined multiple pain sites throughout the body, also discovered a correlation between an increasing number of pain symptoms and greater severity of TMD pain 34. Furthermore, Raphael's study on myofascial TMD patients, with and without fibromyalgia, revealed that TMD patients with a history of fibromyalgia were more likely to experience more pain symptoms and pain interference 35. Similarly, another study in TMD patients reported higher pain intensity among those with comorbid fibromyalgia 30. Based on the collective findings of these studies, it can be inferred that individuals experiencing widespread pain are more likely to have higher levels of TMD pain intensity compared to those with localised pain 30,35. This explanation could potentially account for the slightly elevated TMD pain intensity observed in patients with fibromyalgia (widespread pain) compared to those with migraine (localised pain) in our study, although the difference did not reach statistically significant. 

The heightened intensity and prolonged duration of pain observed in TMD patients with migraine and fibromyalgia can be attributed to the phenomenon of pain amplification. These conditions fall under the category of chronic overlapping pain conditions (COPCs) 5. Empirical evidence from cross-sectional studies have shown that a significant number of individuals diagnosed with COPCs, including TMD 36–38, fibromyalgia 39,40, and migraine 41–43, exhibit pain amplification. Enhanced pain sensitivity is a common characteristic among patients with COPCs, although its role as a risk factor or consequence of COPCs is still a subject of debate 5. Pain amplification, along with processes involved in pain transmission and modulation, plays a crucial role in sustaining COPCs. Patients with COPCs may have heightened pain perception due to dysregulation in peripheral and central systems, resulting in changes in the activity of neuronal and glial cells and central sensitisation 5. Therefore, we suggest that the prolonged duration of pain and heightened perception of pain intensity are likely attributable to the involvement of pain amplification and central sensitisation mechanisms.
In this study, we found that patients with migraine and/or fibromyalgia experienced significantly higher levels of anxiety and depression compared to those without these comorbidities. However, the difference between migraine and fibromyalgia in terms of their impact on anxiety and depression was not significant. These results support previous research findings that individuals with these pain conditions, TMD 44, fibromyalgia 45 and migraine 46 often exhibit certain psychological features and report high levels of somatic symptoms. The cumulative effect of having multiple comorbid conditions was also positively associated with both anxiety and depression. This is consistent with previous study that has shown that the presence of multiple pain conditions is linked to more severe psychological symptoms 47. Another study reported that TMD, migraine, and fibromyalgia, as well as the number of comorbid pain conditions, were associated with several psychological factors, with somatic symptom burden being the strongest predictor 48. However, our study specifically examined the psychological aspects of anxiety and depression in TMD patients, focusing on localised pain (migraine) and the comorbidity of widespread pain (fibromyalgia). It is important to acknowledge that the existing body of research on TMD patients has predominantly focused on phenomena such as catastrophizing and somatization, rather than psychiatric disorders like depression and anxiety 6. Although our study did not measure somatic symptoms as prior studies and explored a narrower range of pain conditions, it provides valuable insights into the psychological burden experienced by these patients. Nevertheless, previous literatures have shown the bidirectional relationships between pain and psychological disabilities. For instance, the existence of chronic pain conditions is a risk factor for adverse negative psychological outcomes, such as increased stress, anxiety, and depression 49–51. On the other hand, that psychological symptoms can act as predisposing factors for the development of chronic pain conditions in the future 52–54. Overall, several psychosocial factors, including somatic symptom and distress, negative mood, and environmental stress, independently or in combination, contribute to the risk of developing and maintaining comorbid pain conditions.  
Another important aspect to consider is the influence of comorbid conditions on the QoL and general health status of patients diagnosed with TMD. In this study, the EQ5D questionnaire was used to assess several domains, including functional ability, pain or discomfort, and anxiety/depression. The results showed that individuals with multiple comorbidities experienced a greater impact of pain on their QoL and had lower overall health status. Although the statistical difference was only observed between TMD with one comorbidity and those with two comorbidities. Numerous studies have consistently revealed that TMD 55–57 and other chronic pain patients 58,59 reported lower QoL, with a direct relationship between the two 60,61. Additionally, a systematic review has highlighted the adverse psychological and physical consequences associated with TMD, which ultimately contribute to a reduced QoL 62. Hence, in the context of our study, the higher QoL impact scores and greater impairment in overall health in patients with comorbid conditions may be attributed to increased pain intensity and higher levels of anxiety and depression. These findings support the importance of adopting a holistic approach to the treatment of TMD patients with comorbidities, one that takes into consideration the multifaceted aspects of health and well-being.

The present study has some limitations that need to be acknowledged. Firstly, the study population consisted of patients attending a tertiary care clinic in a dental hospital, which may not accurately reflect the prevalence of disease in the general population. Additionally, the retrospective design of the study may have led to an underestimated prevalence of the conditions, and the possibility of missing data could have implications for the results. Another important aspect is the use of self-report questionnaires, which may cause potential biases and affect the accuracy of the responses. However, it should be noted that all questionnaires used in this study were validated for their psychiatric properties. Moreover, several other questionnaires are available that could be employed in future studies to provide a more comprehensive assessment of the relevant factors.
Conclusion 
The results of the study shed light on significant impact of migraine and fibromyalgia on various aspects of TMD, including pain duration, intensity, interference, psychological well-being, quality of life, and overall health status. These findings underscore the importance of a comprehensive and integrated approach to the assessment and management of TMD patients, considering the presence of comorbidities and addressing both physical and psychological aspects of the condition. Further research is warranted to elucidate the underlying mechanisms and develop targeted interventions to address the complex needs of individuals with TMD and other pain comorbidities.
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