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29 Abstract

30 Background: This cross-sectional study aimed to assess the prevalence of 

31 smartphone, nicotine, and alcohol addiction among university students 

32 with temporomandibular dysfunctions (TMDs) and compare these findings 

33 with a control group. 

34 Methods: A total of 909 university students participated.  The presence of 

35 TMDs was determined according to the Diagnostic Criteria for TMDs and 

36 participants categorized as TMDs and control groups. TMD severity was 

37 assessed via the Fonseca Anamnestic Index (FAI). Nicotine addiction was 

38 evaluated using the Fagerström Test for Nicotine Dependence (FTND), 

39 alcohol dependence with the Addiction Profile Index Risk Scanning Scale 

40 (APIRSS), smartphone addiction with the Smartphone Addiction Index-

41 Short Form (SPAI-SF), and depression and anxiety levels using the Patient 

42 Health Questionnaire-4 (PHQ-4). 

43 Results: Nicotine (p=0.009), alcohol (p=0.004), and smartphone 

44 (p<0.001) addictions were more prevalent in students with TMDs. PHQ-4, 

45 SPAI-SF, APIRSS, and FTND scores were significantly higher in this group 

46 (p<0.001; p=0.003 for FTND). Among nicotine-addicted participants, 

47 those with TMDs had higher FTND scores than controls (p<0.007). FAI 

48 scores were positively correlated with SPAI-SF (r=0.283, p<0.001), FTND 

49 (r=0.147, p<0.001), APIRSS (r=0.123, p<0.001), and PHQ-4 (r=0.48, 
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50 p<0.001) scores. PHQ-4 scores were correlated with SPAI-SF (r=0.328, 

51 p<0.001), APIRSS (r=0.125, p<0.001), and FTND (r=0.120, p<0.001).

52 Conclusions: The findings emphasize the need for a multidimensional 

53 treatment approach in TMDs that consider coexisting addictions.

54 Keywords: Temporomandibular Joint Disorders; Nicotine Addiction; 

55 Smartphone Addiction; Alcoholism; Depression; Smoking.

56

57 Background

58 Temporomandibular disorders (TMDs) constitute a group of conditions 

59 involving different regional and systemic symptoms, including pain and 

60 limitation at the temporomandibular joint (TMJ), with a high prevalence, 

61 ranging from 31% to 75% in the adult population [1, 2]. TMDs have a 

62 multifactorial etiology involving numerous factors including sex, age, 

63 parafunctional habits, psychological issues, and lifestyle [3]. It has been 

64 established that lifestyle is of paramount importance in the management 

65 of TMDs. Consequently, there has been a recent proliferation of literature 

66 examining the relationship between lifestyle and TMDs severity, with an 

67 emphasis on adopting multidisciplinary approaches. 

68 Addictions, which play a significant role in the etiology of most diseases 

69 and often complicate treatment, represent a key area of investigation. 

70 Among the most prevalent addictions in today's society are nicotine and 

71 alcohol [4]. The observed association between the severity of depression 

72 and anxiety and the prevalence of TMDs may predispose individuals with 
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73 TMDs to the development of these addictions [5, 6]. A systematic review 

74 reveals a consensus on this point. Miettinen et al.[7] showed that the 

75 regular consumption of alcohol and tobacco products was associated with 

76 increased TMDs symptom severity. Similarly, another study reported 

77 higher TMDs-related pain in smokers compared with non-smokers [8]. 

78 Furthermore, with the advent of technological advancement, smartphone 

79 addiction has been added as a global health problem [4, 9]. Although 

80 researchers have postulated a correlation between long-term smartphone 

81 use and TMDs, there is currently no conclusive evidence in the literature 

82 to substantiate this hypothesis. The underlying rationale for this 

83 proposition is the alteration in posture that occurs with prolonged 

84 smartphone use. Individuals who use smartphones for an extended period 

85 exhibit a forward head posture, which places excessive stress on the 

86 cervical spine [9]. This prolonged flexion of the cervical spine, coupled with 

87 the increased weight of the head, can negatively affect the neck muscles, 

88 ligaments, and bony structures [9]. It is therefore hypothesized that the 

89 negative effects on the neck may have consequences for the TMJ [9]. Pei 

90 et al.[10] reported that individuals with smartphone addiction exhibited 

91 more severe and frequent pain and symptoms related to TMDs[10].

92 Demonstrating the effect of addictions, which are highly prevalent in 

93 society, on TMDs will facilitate the development of proactive approaches 

94 for the management of TMDs. The relationship between addiction and 

95 TMDs has been previously investigated in different countries, including 

96 China and Finland [7, 10]. Smartphone, nicotine, and alcohol addiction 

97 related to TMDs may be different between Turkish university students and 
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98 other populations because addictive behavior is influenced by various 

99 factors, including age and cultural characteristics. Therefore, our primary 

100 purpose was to investigate the prevalence of smartphone, nicotine, and 

101 alcohol addiction among Turkish university students with TMDs. 

102 Furthermore, we sought to compare these findings with those from a group 

103 of healthy individuals. Additionally, we aimed to identify the relationship of 

104 nicotine, smartphone, and alcohol addiction with depression and TMDs 

105 severity. The hypothesis of this study was that Turkish university students 

106 with TMDs would be more likely to exhibit addictive behaviors regarding 

107 nicotine, alcohol, and smartphone use.

108 Methods

109 Ethical Statement

110 This study was approved by the Toros University Non-Interventional 

111 Clinical Research Ethics Committee (Protocol Number: 2024/06-09). Prior 

112 to their participation in the study, all subjects were provided with 

113 comprehensive information regarding the nature and scope of the 

114 investigation. Their consent was obtained in an informed manner. 

115 Specifically, both written and verbal consent were required, with written 

116 consent documented through signed forms and verbal consent recorded in 

117 the presence of a witness. Throughout the course of the study, the research 

118 team adhered to the ethical standards set forth in the Declaration of 

119 Helsinki. Additionally, the study was conducted in accordance with the 

120 STROBE (Strengthening the Reporting of Observational Studies in 
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121 Epidemiology) statement for case-control studies and the STROBE 

122 Checklist for observational studies.

123 Sample Size

124 A power analysis was conducted to determine the optimal sample size 

125 using the Calculator.net software. A total of 3.744 students were 

126 registered, and a prevalence of TMDs of 31% was used as a reference point. 

127 It was determined that a minimum of 303 individuals per group were 

128 required to achieve a power of 0.95 and a type I error rate of 0.05 [2]. 

129 Participants

130 The present study was conducted with a sample of 18-25 years old 

131 university students from a variety of academic departments at Toros 

132 University. The evaluation form was administered to a sample of 909 

133 students between June 24, 2024, and July 22 of 2024. Participant 

134 recruitment, initial screening, and administration of sociodemographic and 

135 questionnaire assessments were conducted by two physiotherapists with 5 

136 years of experience (ÜY, EE). The presence of TMDs was evaluated by a 

137 maxillofacial surgeon with 26 years of expertise (BAK) in accordance with 

138 the Diagnostic Criteria for TMDs (DC/TMD) and the standards of the 

139 International Association for Dental, Oral and Craniofacial Research 

140 (IADR). Participants were then classified into TMD and control groups [11, 

141 12]. Participants who had undergone radiotherapy to the head, neck, or 

142 shoulder; had a history of surgery or orthodontic treatment related to the 

143 maxillofacial and neck area; had used analgesic and anti-inflammatory 

144 drugs or received any treatment related to TMDs in the previous year; or 
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145 had experienced generalized joint damage affecting the head, neck, or 

146 shoulder region or major trauma were excluded from the study. 

147 Additionally, the study excluded individuals with a history of acute or 

148 chronic inflammatory diseases, as well as those diagnosed with 

149 radiculopathy, myelopathy, systemic, metabolic, neurological, or immune 

150 diseases, post-traumatic stress disorder, or congenital conditions (Figure-

151 1). 

152 Assessment of the Temporomandibular Joint Symptom Severity

153 The severity of TMDs was evaluated using the Turkish version of the 

154 Fonseca Anamnestic Index (FAI). The FAI was reported to be sufficiently 

155 valid and reliable in the Turkish population (ICC: 0.739-0.897) by Kaynak 

156 et al. [13]. The FAI, which assesses the severity of TMDs according to signs 

157 and symptoms, is a simple questionnaire consisting of 10 specific 

158 questions. In this questionnaire, each question includes 3 answer options 

159 (Yes-Sometimes-No). In the questionnaire scoring, ‘Yes’ option is scored as 

160 10 points, ‘Sometimes’ option is scored as 5 points, and ‘No’ option is 

161 scored as 0 points. According to the total score of the questionnaire; 0-15 

162 points: No TMDs, 20-40 points: Mild TMDs, 45-65 points: Moderate TMDs, 

163 70-100 points: Refers to severe TMDs [13].

164 Assessment of the Depression and Anxiety Symptoms 

165 Depression and anxiety symptoms were evaluated with the four-item short 

166 version of the Patient Health Questionnaire (PHQ-4). Demirci and Ekşi [14] 

167 conducted the study for Turkish adaptation of this scale and the Cronbach's 

168 alpha value was reported as 0.85. The four-item scale is described as the 
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169 shortest composite measurement tool to assess depression and anxiety 

170 disorders [15]. The questionnaire is a 4-point Likert-type scale with each 

171 item scored as (0) never, (1) few days, (2) more than half of the days, (3) 

172 almost every day [14]. The total score of the questionnaire ranges from 0 

173 to 12, higher scores present increased the prevalence of symptoms 

174 associated with depression and anxiety.

175 Assessment of Nicotine Addiction

176 Participants' cigarette/nicotine addiction levels were evaluated using the 

177 Turkish version of the Fagerström Test for Nicotine Dependence (FTND) 

178 [16].  The FTND comprises six items, each of which is assigned a distinct 

179 score. The scoring system ranges from 0 to 2 points for very low nicotine 

180 addiction, 3-4 points for low nicotine addiction, 5 points for moderate 

181 nicotine addiction, 6 to 7 points for high nicotine addiction, and 8 to 10 

182 points for very high nicotine addiction [16]. 

183 Assessment of Alcohol Addiction

184 Alcohol consumption and dependence were evaluated with the Addiction 

185 Profile Index Risk Scanning Scale (APIRSS). The Cronbach's Alpha 

186 coefficient of the questionnaire, whose validity and reliability study was 

187 conducted by Ögel et al. [17] was determined as 0.70.  Each question of 

188 the APIRSS, which comprises six items, is scored between 0 and 2. The 

189 scale score ranges between 0 and 12, and  scores 3 and above indicate an 

190 increased level of alcohol addiction [17].

191 Assessment of Smartphone Addiction
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192 The level of smartphone addiction was evaluated using the Turkish version 

193 of the Smartphone Addiction Scale-Short Form. The validity and reliability 

194 study of the Turkish version of SPAI-SF in university students was 

195 conducted by Noyan et al. [18] and the Cronbach's alpha coefficient of the 

196 scale was reported as 0.867. The SPAI-SF, developed for evaluating the 

197 risk of smartphone addiction in adolescents and young adults, is a 6-point 

198 Likert-type scale with 10 items [18]. Participants were asked to choose one 

199 of 6 alternative answers to each question: strongly disagree’, disagree’, 

200 ‘somewhat disagree’, ‘somewhat agree’, ‘agree’, and ‘strongly agree’. Each 

201 item is assigned a rating on a scale of 1 to 6, with a total score ranging 

202 from 10 to 60 [18]. It is reported that the risk of addiction rises as the score 

203 increases [18]. 

204 Statistical Analysis

205 The data of the study were analyzed with a statistical software program 

206 (SPSS software version 26, IBM Corporation, Armonk, NY, USA). The 

207 conformity of the variables to normal distribution was analyzed using visual 

208 (histogram and probability graphs) and analytical methods (Kolmogorov-

209 Smirnov/Shapiro-Wilk tests). Since the variables were not normally 

210 distributed, the findings are presented as median (interquartile range). The 

211 differences of the parameters between the two groups were analyzed using 

212 the Chi-Square and the Mann-Whitney U tests. The correlation of the 

213 severity of TMDs with depression and smartphone, nicotine, and alcohol 

214 addiction participants with TMDs was evaluated using Spearman’s 

215 correlation analysis. The results of the correlation analysis were classified 
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216 as follows: <0.20: "Poor", 0.21-0.40: "Fair", 0.41-0.60: "Moderate", 0.61-

217 0.80: "Good", and >0.80: "Very Good" agreement. For the relevant 

218 statistical analysis methods, any p value less than 0.05 was accepted as 

219 statistically significant. Multiple logistic regression analysis was conducted 

220 to identify significant predictors of TMDs presence, dependency levels, 

221 TMDs severity, and psychological parameters. Predictors were selected 

222 using a backward stepwise method, with removal set at p > 0.10 and 

223 reentry at p < 0.05. Model fit was evaluated using the Hosmer–Lemeshow 

224 goodness-of-fit test, where p < 0.05 indicated a significant difference 

225 between observed and predicted values [19]. Odds ratios (ORs) for TMDs 

226 presence were calculated by simultaneously considering all parameters. 

227 Nagelkerke’s R² was used to estimate the proportion of variance in TMDs 

228 presence explained by the model, with values >0.75 considered very good, 

229 0.50–0.75 good, 0.25–0.50 moderate, and ≤0.25 poor predictive power[20]. 

230 The model’s classification accuracy, including sensitivity and specificity for 

231 correctly identifying participants with and without TMDs, was determined 

232 using a 2×2 classification table.

233 Results

234 A total of 909 volunteers, 641 with TMDs and 268 asymptomatic 

235 individuals, participated in the study. Of the participants, 610 (67.1%) were 

236 female and 299 (32.9%) were male. The overall prevalence of TMDs-related 

237 symptoms was 70.5%. There were no significant differences between 

238 groups in terms of age (p=0.446), body weight (p=0.757), height 

239 (p=0.287), and body mass index (p=0.579) parameters (Table 1).
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240 The prevalence of nicotine (p=0.009), alcohol (p=0.004), and smartphone 

241 (p<0.001) addiction was statistically significantly higher in individuals with 

242 TMDs in comparison to the control group (Table 2). The prevalence of 

243 nicotine addiction in individuals with TMDs was 32%, while it was 23.9% 

244 in the control group. Similarly, the prevalence of alcohol addiction was 

245 statistically significantly higher in individuals with TMDs (22.3%) in 

246 comparison to the control group (14.6%). Moreover, the prevalence of 

247 screen addiction was higher in individuals with TMDs (44.7%) than in 

248 asymptomatic individuals (26.1%) (Table 2).

249 The median (interquartile) values of the scales assessing TMDs symptoms, 

250 depression, and addiction severity are provided in Table 3. The PHQ-4 

251 (p<0.001), SPAI-SF (p<0.001), APIRSS (p<0.001), and FTND (p=0.003) 

252 scores were significantly higher in individuals with TMDs compared to 

253 controls (Table 3).

254 In Table 4 only individuals with smoking, alcohol and smartphone addiction 

255 were analysed with reference to FTND, APIRS, SPAI-SF cut-off values. 

256 According to the results of these analyses the FTND total scores of the 

257 individuals with TMDs were found to be higher than those of the 

258 asymptomatic individuals (p=0.007). However, APIRSS (p=0.757) and 

259 SPAI-SF (p=0.119), showed no statistically significant difference between 

260 the individuals with TMDs and the control group regarding the level of 

261 addiction (Table 4).

262 Results of the correlation analysis between TMDs severity and depression 

263 and addiction in participants with TMDs are given in Table 5. A moderate 
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264 positive correlation was found between the FAI and PHQ-4 scores 

265 (r=0.489, p<0.001). The FAI scores had poor to fair correlation with the 

266 SPAI-SF (r=0.283, p<0.001), FTND (r=0.147, p<0.001), and APIRSS 

267 (r=0.123, p<0.001) scores. The PHQ-4 exhibited poor to fair correlation 

268 with the SPAI-SF (r=0.328, p<0.001), APIRSS (r=0.125, p<0.001), and 

269 FTND (r=0.120, p<0.001) scores. A significant positive and fair correlation 

270 was observed between the APIRSS and the FTND (r=0.377, p<0.001) 

271 (Table 5). 

272 The variables included in the multiple logistic regression analysis were 

273 TMDs severity, symptoms of depression and anxiety, and levels of 

274 smartphone, alcohol, and nicotine dependence (Table 6). The results 

275 indicated that symptoms of depression and anxiety, as well as smartphone 

276 addiction, were significantly associated with the presence of TMDs 

277 diagnosed according to the DC/TMD criteria. The odds ratio for TMDs 

278 presence was 1.29 for depression and anxiety symptoms and 1.11 for 

279 smartphone addiction. Nicotine dependence (p = 0.515) and alcohol 

280 dependence (p = 0.854) were not statistically significant predictors.

281 The Hosmer–Lemeshow goodness-of-fit test was not statistically 

282 significant, indicating consistency between the observed data and the 

283 fitted model. The potential predictors explained 95.8% of the total log 

284 likelihood for TMDs presence, reflecting excellent predictive capacity 

285 (Nagelkerke’s R² = 0.958). The model demonstrated 99.6% sensitivity, 

286 98.8% specificity, and 99.4% overall accuracy in predicting TMDs 

287 presence.
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288 Discussion

289 This study, which was conducted with a large sample of 909 participants, 

290 is the first study in Turkey to examine the phenomena of nicotine, alcohol, 

291 and smartphone addiction in individuals with TMDs and to compare these 

292 addictive behaviors in individuals with TMDs with those observed in 

293 asymptomatic controls. Another strength of the study is the use of valid 

294 and reliable scales in the evaluation of the parameters. The findings of the 

295 study show that individuals with TMDs have higher prevalence and degree 

296 of addiction to nicotine, alcohol, and smartphone. The results of the 

297 correlation analyses conducted in our study demonstrated a statistically 

298 significant positive correlation of TMDs severity with depression and 

299 smartphone, alcohol, and nicotine addiction. Furthermore, the results 

300 indicated a statistically significant positive fair correlation between 

301 depression severity and smartphone addiction, as well as alcohol and 

302 nicotine addiction, albeit of a weak magnitude. The prevalence of 

303 symptoms related to TMDs was found to be 70.5% in Turkish university 

304 students.

305 Nicotine and alcohol dependence levels of individuals with TMDs were 

306 found to be higher than those of asymptomatic controls. It is also observed 

307 that depression and anxiety levels of individuals with TMDs are higher than 

308 those of the control group. The results of our correlation analysis are 

309 similar with those of prior studies examining the depression and addiction 

310 components in individuals with TMDs confirming this interaction [7, 10]. It 

311 should be noted that the strength of the correlations is generally poor to 
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312 fair, except for the relationship between TMDs and depression. 

313 Consistently, the regression model identified PHQ-4 and SPAI-SF scores as 

314 significant independent predictors of TMDs presence. Each one-point 

315 increase in depressive/anxiety symptom scores increased the odds of TMDs 

316 by 1.29-fold, and each one-point increase in smartphone addiction scores 

317 increased the odds by 1.11-fold. As expected, higher levels of depression 

318 were associated with an increase in all addiction types examined in the 

319 present study. The enhancing effect of depression on addictive behavior 

320 has previously been explained by researchers based on the tendency to 

321 compensate for the effects of depression and the observation that 

322 individuals experience greater withdrawal when depressed [21]. Research 

323 highlights that up to 60% of adults with depression have smoked at some 

324 point in their lives and that the presence of higher depressive symptoms 

325 has been found to be associated with an elevated likelihood of engaging in 

326 smoking behavior [21]. Considering the multifaceted and biopsychosocial 

327 etiological origin of TMDs, the primary reason for nicotine and alcohol 

328 dependence in individuals with TMDs may be higher levels of depression 

329 and anxiety compared to the control group. Furthermore, one of the most 

330 commonly reported symptoms of TMDs is pain in more than one area and 

331 chronic pain syndrome is found in more than 50% of individuals with TMDs 

332 [22]. The prevalence of co-occurrence of chronic pain and depression was 

333 recorded as 59.1% [23].   Similarly, 35% of individuals with chronic pain 

334 have been shown to have increased levels of anxiety [24]. The frequent co-

335 occurrence of chronic pain and depression symptoms is attributed to 

336 neuroplastic changes in the brain [25]. It has been suggested that 
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337 increased alcohol and nicotine addiction constitutes risk factors for sleep 

338 bruxism, which is related to dopaminergic system dysfunction [26]. 

339 Research has shown that psychoactive substances such as alcohol and 

340 nicotine have an effect on the central nervous system by altering the 

341 functional properties of neurotransmitters and receptors [7]. In light of this 

342 information, another reason for the difference in nicotine and alcohol 

343 addiction levels between the two groups may be that TMDs trigger chronic 

344 pain, increasing depression and anxiety levels, and individuals resort to 

345 alcohol and cigarettes as a strategy to cope with chronic pain. 

346 Although the association between psychological symptoms and TMDs is 

347 well established in the literature, recent perspectives on this relationship 

348 highlight the need to move beyond simple correlations. De la Torre Canales 

349 et al. proposed a biopsychosocial model in which emotional and behavioral 

350 factors are integral to both the onset and maintenance of TMDs [6]. More 

351 recently, Souza et al. emphasized that psychological factors should be 

352 regarded not merely as associated variables but as central drivers within 

353 multifactorial models [27]. In this context, the findings align with this 

354 theoretical framework, demonstrating that psychological symptoms are 

355 significant contributors in the multivariate logistic regression model 

356 predicting TMDs. Furthermore, Sangalli et al. highlight the importance of 

357 integrating brief behavioral interventions and psychological therapies 

358 (e.g., cognitive behavioral therapy, stress management) into treatment 

359 strategies for patients with TMDs, particularly when psychological 

360 comorbidities are present [28]. Therefore, the results support the growing 

361 body of evidence indicating that psychological assessment and 
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362 management should be regarded as essential components of both etiologic 

363 understanding and therapeutic planning for TMDs.

364 When individuals with nicotine, alcohol, and smartphone addiction were 

365 analyzed according to the FTND, APIRSS, and SPAI-SF cut-off scores, the 

366 addiction level of individuals with TMDs who were addicted to nicotine was 

367 higher than that of asymptomatic controls. When individuals with alcohol 

368 and smartphone addiction were analyzed, results show that the two groups 

369 have similar addiction levels. In contrast, neither alcohol addiction (APIRS) 

370 nor nicotine dependence (FTND) emerged as significant predictors in the 

371 regression model, with odds ratios of 0.96 and 0.91, respectively, 

372 indicating no meaningful association with TMDs presence after controlling 

373 for other variables. In order to determine the relationship between 

374 smoking and TMDs, Sanders et al.[29] dichotomized age as adults over 30 

375 and young adults under 30 and found that smoking was associated with the 

376 risk of TMDs in young adults. Miettinen et al.[7] reported that increased 

377 frequency in daily smoking and alcohol consumption is associated with 

378 TMDs symptoms in young adults. The results of our study are in parallel 

379 with those of two previous studies conducted in a similar age range and 

380 population. The observed higher nicotine and alcohol dependence among 

381 individuals with TMDs may be partly attributable to underlying anxiety, 

382 which has been identified as a driver of substance use. Recent research by 

383 Saracutu et al. has highlighted the mediating role of bruxism, particularly 

384 awake bracing, in the relationship between anxiety and TMDs-related 

385 symptoms [30, 31]. The main reason for the high level of addiction among 

386 nicotine addicts in the TMDs group, while the level of addiction among 
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387 alcohol and smartphone addicts was similar to the control group, may be 

388 due to the fact that cigarette consumption is a risk factor for parafunctional 

389 oral behavior, poor oral hygiene, and oral diseases [32]. Studies suggesting 

390 that non-smokers have better oral and dental health care than smokers, 

391 that university students are unaware of good oral hygiene practice 

392 procedures, and that inappropriate oral behaviors are associated with 

393 painful TMDs support this view [32].

394 The level of smartphone addiction was higher in individuals with TMDs 

395 compared to controls. The prevalence of mobile device usage, particularly 

396 among adolescents and young adults, has reached approximately 75% of 

397 the global population. This has led to the emergence of a new phenomenon, 

398 text neck syndrome, which has been described as “the pain of the 21st 

399 century” [33]. In this syndrome, prolonged use of mobile devices such as 

400 smartphones, tablets, and personal computers has been identified as a 

401 contributing factor to the development of overuse injuries in the cervical 

402 vertebrae [33]. The degree of neck flexion increases during the use of 

403 mobile devices. Prolonged and repetitive flexion of the neck leads to a 

404 forward posture of the head, which results in impaired postural control, 

405 imbalances in muscle strength, and compression of spinal structures [34]. 

406 Moreover, it has been reported that the prevalence of jaw, neck, and 

407 shoulder pain increases with the duration and frequency of mobile device 

408 use [35]. The high prevalence of smartphone addiction observed in 

409 individuals with TMDs can be attributed to the detrimental effects of 

410 prolonged sitting posture and static loading on the cervical joints of the 

411 cranio-cervico-mandibular system.
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412 The overall prevalence of symptoms related to TMDs in the 909 university 

413 students included in the study was 70.5% which aligns with a systematic 

414 review on the epidemiology of TMDs, and it is known that the prevalence 

415 of TMDs in the general population varies between 1% and 75% [1]. The 

416 results of this study (70.5%) are similar to those reported by Karthik et al. 

417 (80.6%)[36] and Kaynak et al. (62%) [37],  both of which evaluated the 

418 prevalence of TMDs among university students. In our study, which 

419 included university students, 71.3% of the individuals with TMDs were 

420 female. These results are consistent with the literature, and it is reported 

421 that TMDs are significantly more prevalent among individuals within the 

422 20-40 age range [1, 38]. Additionally, many studies have observed that the 

423 prevalence of TMDs is 2-4 times higher in females compared to males [1, 

424 36, 37]. Although the elevated prevalence of TMDs in women is believed to 

425 be attributable to a complex interplay of biological, psychological, and 

426 social factors, including regular hormonal fluctuations and variations in 

427 connective tissue and muscle architecture, the observation that TMDs are 

428 susceptible to influence by reproductive hormones, with symptom 

429 exacerbation occurring during the reproductive years between the ages of 

430 20 and 40, may be the primary determinant of its higher prevalence in the 

431 female gender [36, 39]. 

432 These findings underscore the interplay between mood, addictive 

433 behaviors, and TMD symptomatology, reinforcing the value of a 

434 biopsychosocial approach to understanding and managing TMDs. Notably, 

435 the results of this study align with the fundamental principles outlined in 

436 the International Association for Dental, Oral and Craniofacial Research 
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437 (IADR) standard of care for TMDs management [11]. These standards 

438 emphasize patient-centered approaches, acknowledge the multifactorial 

439 biopsychosocial etiology of TMDs, and prioritize outcomes related to 

440 quality of life over mere symptom resolution. 

441 There are some limitations to our study. Firstly, addiction rates may be 

442 different in different types of TMDs, such as myogenic, arthrogenic, and 

443 mixed type, which should be confirmed by clinical examination. 

444 Participants in our study were 18-25 years old university students, which 

445 may have the potential to affect the generalizability of the study results to 

446 different age groups. Furthermore, the individuals with TMDs in the 

447 present study were recruited from a university population rather than a 

448 treatment-seeking clinical population, thereby providing community-based 

449 data. This population may also have exhibited abnormal clinical or 

450 psychological outcomes due to academic pressure, as previously reported 

451 by Sangalli et al. [40]. Consequently, the prevalence rates reported in this 

452 study may differ from those observed in clinical, treatment-seeking 

453 populations. In this study, TMDs was defined as a clinical diagnosis based 

454 on DC/TMD criteria; however, emerging literature advocates for a re-

455 conceptualization that acknowledges the heterogeneity of TMDs 

456 presentations, including the role of bruxism—particularly awake bracing—

457 which has been described as the “medical gateway for dentistry” and 

458 proposed as a mediator between psychological factors, substance use, and 

459 TMD symptomatology. Notably, bruxism was not directly assessed in the 

460 present study [11, 41]. Given this, the absence of bruxism-related measures 

461 may have limited the ability to fully elucidate the mechanisms linking 
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462 anxiety, addictive behaviors, and TMDs in this sample. Future research 

463 should address these limitations by enrolling treatment-seeking clinical 

464 populations, directly assessing bruxism and other parafunctional activities, 

465 and incorporating potentially relevant sociodemographic variables such as 

466 income level to provide a more comprehensive understanding of the 

467 relationship between psychological factors, addictive behaviors, and 

468 TMDs. 

469 Conclusion

470 In conclusion, the prevalence of nicotine, alcohol, and smartphone 

471 addiction are higher in individuals with TMDs in comparison to 

472 asymptomatic participants. Increased TMDs severity is associated with 

473 higher depression and higher levels of addiction to nicotine, alcohol, and 

474 smartphone. Depression levels have an influence on addiction behavior; 

475 however, this effect is limited. Clinicians should be aware of this 

476 relationship between TMDs severity and addiction when managing the 

477 treatment of individuals with TMDs.
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681 Figure Legend

682 Figure 1. Flowchart of the study

683 Tables

684 Table 1. Demographic characteristics of the participants.
685

Parameter
s

TMD group
(n=641)

Control group
(n=268)

p

Age (years) 21(20-22) 21(20-22) 0.446

Weight (kg) 64 (55-76) 64.50(55-80) 0.757

Height (m) 1.68 (1.62-175) 1.70 (1.63-1.78) 0.287

BMI (kg/m2) 22.59 (20.30-25.32) 22.39 (20.06-25.24) 0.579

Fema
le

457 (%71.3) 153 (%57.1)
Sex

Male 184 (%28.8) 115 (%42.9)

<0.001**
a

686 Data was given as Median (Interquartile range) and percentiles. kg, kilogram; m, meter; 
687 BMI, body mass index. a; ** p<0.001, Chi-Square Test.
688  
689

690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
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709
710
711
712
713
714
715
716 Table 2. Comparison of addiction rates in TMD and control groups.
717

 TMD group Control group 
Parameters  (n=641) (n=268)

p

Yes 205 (32.0%) 64 (23.9 %)Tobacco Addiction

No 436 (68.0%) 204 (76.1%)
0.009*

Yes 143 (22.3%) 39 (14.6%)Alcohol Addiction

No 498 (77.7%) 229 (85.4 %)
0.004*

Yes 286 (44.7%) 70 (26.1%)Smartphone 
Addiction

No 354 (55.3%) 198 (73.9%)
<0.001*

*p<0.05, Chi-Square Test. Data was given as percentile.

718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
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742
743
744
745
746
747
748
749
750
751 Table 3. Comparison of scale score between TMD and control groups.
752

Parameters TMD group
(n=641)

Control 
group 

(n=268)
p

FAI 40 (25-55) 10 (5-15)   <0.001*
PHQ-4 5 (4-8) 3 (1-4)   <0.001*
SPAI-SF 30 (23-38) 24 (19-33)   <0.001*
APIRS 0 (0-2) 0 (0-1)   <0.001*
FTND 0 (0-2,5) 0 (0-0)    0.003*

753 *p<0.05, Mann-Whitney U Test. Data was given as median (interquartile range). FAI, 
754 Fonseca Anamnestic Index; FTND, Fagerström Test for Nicotine Dependence; APIRS, 
755 Addiction Profile Index Risk Scanning Scale; SPAI-SF, Smartphone Addiction Index-Short 
756 Form; PHQ-4, Patient Health Questionnaire

757

758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
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778
779
780
781
782
783
784
785
786
787
788 Table 4. Comparison of addiction scale scores of addicted individuals 
789 according to the presence of TMD.

Parameters TMD group Control group p

FTND (n=269) 4 (3-6) 3 (2-5) 0.007*

APIRS 
(n=182)

4 (4-6) 4 (3-6) 0.757

SPAI-SF 
(n=356)

39 (35-45) 38 (35-42) 0.119

790 *p<0.05, Mann-Whitney U Test. Data was given as median (interquartile range). FTND, 
791 Fagerström Test for Nicotine Dependence; APIRS, Addiction Profile Index Risk Scanning 
792 Scale; SPAI-SF, Smartphone Addiction Index-Short Form. 
793

794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
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816
817
818
819
820
821
822
823
824
825
826 Table 5. Correlation between depression, addiction and TMD severity

Parameters PHQ-4 SPAI-
SF

APIRS FTND

Correlation 
Coefficient

0.489*
*

0.283*
*

0.123*
*

0.147**FAI 

P <0.001 <0.001 <0.001 <0.001
Correlation 
Coefficient

0.328*
*

0.125*
*

0.120**PHQ-4

P <0.001 <0.001 <0.001
Correlation 
Coefficient

0.084* 0.047SPAI-SF

P 0.011 0.156
Correlation 
Coefficient

0.377**APIRS

P <0.001
827 * p<0.05; **, p<0.001. FAI, Fonseca Anamnestic Index; FTND, Fagerström Test for 
828 Nicotine Dependence; APIRS, Addiction Profile Index Risk Scanning Scale; SPAI-SF, 
829 Smartphone Addiction Index-Short Form; PHQ-4, Patient Health Questionnaire-4.
830

831

832

833

834

835

836

837
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838

839

840

841

842

843 Table 6. Multivariable logistic regression model 

Parameters B p Odds Ratio 
(95% C.I)

Sensitivit
y

Specificit
y

Accurac
y

R2

TMD 
According to 
DC/TMD

99.6 % 98.8% 99.4 % 95.8 %

FAI 1.098 <.00
1

3.00 (2.28-
3.93)

PHQ-4 .261 .021 1.29 (1.04- 
1.61)

SPAI-SF .104 .003 1.11 (1.04–
1.18)

APIRS -.032 .854 .96 (0.69-1.35)

FTND -.094 .515 .91 (0.68-1.20)

844 TMD: Temporomandibular Disorders; FAI, Fonseca Anamnestic Index; PHQ-4, Patient 
845 Health Questionnaire-4; SPAI-SF, Smartphone Addiction Index-Short Form; Addiction 
846 Profile Index Risk Scanning Scale; FTND, Fagerström Test for Nicotine Dependence; 
847 APIRS.
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