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Abstract
The coexistence of low back pain (LBP) and temporomandibular disorder (TMD) has often been noted clinically. However, studies of the
association between these two conditions involving a large population with longitudinal evidences are lacking. Therefore, the study
aimed to investigate the association between LBP and TMD in a nationwide-matched cohort population with a 15-year follow-up.
Data of 65,121 patients newly diagnosed with LBP were analyzed, along with those of 195,363 (1:3) sex- and age-matched

controls. Multivariate Cox regression analysis was used to determine TMD risk between the LBP and non-LBP groups. Kaplan-Meier
method was used for determining the cumulative risk of first-onset TMD between groups, with a 15-year follow-up.
The LBP group was more likely to develop first-onset TMD (adjusted hazards ratio (HR)=1.561, P< .001), after adjusting for

demographic variables and comorbidities. The risk factors for TMD were LBP, young age, higher insured premium, and
osteoporosis. In the subgroup analysis, the LBP group had a higher risk of TMD than the non-LBP group in all stratifications.
LBP is the risk factor contributing to the development of first-onset TMD. Therefore, clinicians should be reminded to manage LBP

disorders concurrently when treating TMD.

Abbreviations: CCI_R = Charlson comorbidity index revised, CI = Confidence interval, HR = Hazard ratio, ICD-9-CM =
International Classification of Diseases, Ninth Revision, Clinical Modification, IP = Insured premium, LBP = Low back pain, LPH =
Lumbar pelvis hip, NHIRD = National Health Insurance Research Database, RDC = Research Diagnostic Criteria, TMD =
Temporomandibular disorder, TMJ = Temporomandibular joint.
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1. Introduction

Temporomandibular disorders (TMD) are complex and multi-
factorial diseases. The common signs and symptoms of TMD are
orofacial pain, clicking or crepitus of the temporomandibular
joints (TMJ), limited mandible movement, and deviation from
the midline during movement.[1,2] Besides local TMJ pain, TMD
is often associated with simultaneous pain in the head, neck, and
back areas. The evidence from clinical and epidemiologic studies
shows that TMD coexists with numerous systemic disorders
including fibromyalgia, low back pain (LBP), spinal pain, chronic
fatigue syndrome, irritable bowel syndrome, sleep disorders,
tension-type and migraine headaches, and allergic condi-
tions.[3,4,5] TMD seems to be of multifactorial etiology, including
parafunctional habits, bruxism, deleterious body posture,
occlusal features, trauma, overload, and stress[6,7,8]; hence,
TMD is not easy to cure. Owing to the complexity of the
symptoms and etiology, many patients with TMD cannot be
appropriately treated according to the cause of the disease.
In fact, LBP and TMD often coexist in clinical practice. If we

treat patients focusing on the TMJ only, the symptoms will easily
recur. This reminds us that we should determine the cause of the
condition in advance or manage comorbidities simultaneously.
Previous studies have documented a significant association
between LBP and TMD.[4,5,9,10] In 2000–2005 US National
Health Interview Survey, 64% of 189,977 patients with TMD
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Table 1

Diagnosis groups with corresponding ICD-9-CM codes.

Variables ICD-9-CM

LBP related diagnosis
Sacroiliitis 720.2
Lumbosacral spondylosis without myelopathy 721.3
Spondylosis in lumbar region 721.42
Lumbar intervertebral disc without myelopathy 722.10
Lumbar or lumbosacral intervertebral disc 722.52
Intervertebral disc disorders in lumbar region 722.73
Other and unspecified disc disorder in lumbar region 722.9
Spinal stenosis in lumbar region 724.02
Lumbago 724.2
Sciatica 724.3
Backache, unspecified 724.5
Other unspecified back disorders 724.9
Sprains and strains in lumbar region 847.2

Events: TMD 524.6
Excluding
Malignant neoplasm of the lip, oral cavity, and pharynx 140–149
Injuries on the head, face, or neck 800–804, 830,

941, 959.0
Comorbidities
HTN 401–405
Stroke 430–438
COPD 490-496
CKD 585–586
Migraine 346
Osteoporosis 733.0
Hyperlipidemia 272.0–272.4
Nonpsychotic mental disorders 300–314
Psychosis 295–299
CAD 410–414
Insomnia 780.52
RA 714

CAD= coronary artery disease, CHF= congestive heart failure, CKD= chronic kidney disease,
COPD=chronic obstructive pulmonary disease, HTN=hypertension, ICD-9-CM= International
Classification of Diseases, Ninth Revision, Clinical Modification, LBP= low back pain, NMD=
nonpsychotic mental disorders, RA= rheumatoid arthritis, TMD= temporomandibular disorder.
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reported LBP.[4] Wiesinger et al.[9] reported significant associ-
ations between back pain and musculoskeletal disorders in the
jaw or face and indicated the comorbidity between these two
conditions. However, these investigations were only cross-
sectional studies; studies involving a large population with
longitudinal evidences are limited. Moreover, data on the
possible mechanism linking LBP to TMD are lacking.
LBP is the most common musculoskeletal condition affecting

the adult population, and >70% of the population has
experienced acute episode of LBP at some point in their lives.[11]

The common causes of LBP include muscle strain, herniated
intervertebral disc, degenerative joint, sacroiliitis, spinal stenosis,
sciatica, and other unspecified back disorders.[12,13,14] If LBP and
TMD occur concurrently, functional activities would be mostly
affected. Therefore, early prevention of TMD occurrence as
comorbidity in patients with LBP is important, to avoid the
profound functional limitation. To achieve that, this study aimed
to investigate the association between LBP and first-onset TMD
and to determine the possible mechanism linking these two
diseases, using the Taiwan’s National Health Insurance Research
Database (NHIRD) with a 15-year follow up.

2. Methods

2.1. Data sources and ethics

Data retrieved from the 2000–2015 Longitudinal Health Insur-
ance Database, a subset of Taiwan’s NHIRD, were used in this
study to investigate the association between LBP and TMD over a
15-year period. The NHIRD comprises comprehensive data on
disease diagnoses coded by the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)[15];
treatments and procedures; service dates; patients’ demographic
characteristics; and drug prescriptions. TheNHIRD is strictly used
for researchpurposes, and all personally identifiable information is
encryptedbefore being released to researchers tomaintainpatients’
confidentiality. The National Health Insurance program was
launched in Taiwan in 1995 and, as at June 2009, included
contracts with 97% of healthcare providers, with approximately
23 million beneficiaries or>99%of the entire population. Several
studies have shown the accuracy and validity of diagnoses in the
NHIRD.[16,17] This study received approval from the Tri-Service
General Hospital (IRB No.2-103-05-043). Since the patient
identifiers were encrypted to protect patient confidentiality before
the data were used for research purposes, the requirement for
patient written or verbal consent was waived.

2.2. Study design and sample population

This retrospective matched-cohort study analyzed patients with
LBP-related diagnosis from January 1, 2000 to December 31,
2004 according to the following ICD-9-CM codes: 720.2, 721.3,
721.42, 722.10, 722.52, 722.73, 722.9, 724.02, 724.2, 724.3,
724.5, 724.9, and 847.2 (Table 1).[18,19] Each enrolled LBP
patient was required to have made at least six outpatient visits or
one inpatient visit. All diagnoses of LBP were made by a board-
certified rehabilitation, orthopedics, neurology, neurosurgery,
and orthopedic doctor. For each patient with LBP, three patients
without LBP, who were matched for sex, age, medical visits, and
index year, were allocated to the comparison group. A total of
260,484 patients (study group, n=65,121; comparison group,
n=195,363) were enrolled in this study. Both groups were
followed-up from the index date until the onset of TMD,
2

withdrawal from the NHI program, or the end of 2015. The
diagnosis of TMD was based on the ICD-9-CM code 524.6,
which was adapted from previous studies,[6,20,21] and has been
used widely in population studies. All diagnoses of TMD were
included at least 1 year after the LBP diagnosis and confirmed by
board-certified rehabilitation physicians or dentists according to
the physical examination or imaging findings, including three
groups of the Research Diagnostic Criteria for Temporomandib-
ular Disorders (RDC/TMD).[22]

The flowchart of the study sample selection process is
presented in Figure 1.

2.3. Exclusion criteria and comorbidities

Patients diagnosed with
(1)
 LBP and TMD before 2000 (or LBP prior to the first visit for
TMD);
(2)
 those with diseases and injuries that may involve the
temporomandibular joint (details provided in Table 1);
(3)
 those aged <20 years or >70 years; and

(4)
 those with unknown sex were all excluded from the study.

Associated systemic diseases and risk factors for TMD were
analyzed to compare the effect of these confounding factors



Figure 1. Flowchart of study sample selection from the National Health Insurance Research Database in Taiwan.
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between the two groups.[6,23,21] Comorbidities were identified
using the ICD-9-CM diagnosis codes, and detailed information
was shown in the Table 1.

2.4. Statistical analysis

All analyses were performed using SPSS version 22 (IBM Corp.,
Armonk,NY).The chi-square test and t testwere used to statistically
examine the differences between the two cohorts.Multivariate Cox
regression analysis was performed to determine the risk of TMD,
with the results of the analysis presented as hazards ratio (HR) with
95% confidence interval (CI). The difference in the risk of TMD
between the study and comparison groups was estimated using
Kaplan-Meier analysis with the log-rank test. A two-tailed P value
<.05 was considered statistically significant.

3. Results

3.1. Sample characteristics

The characteristics of the study participants are presented in
Table 2. There were no significant differences between the study
and comparison groups in terms of sex, age, and comorbidity
such as nonpsychotic mental disorders. There were significant
3

differences in the insured premium (IP), level of care, and most of
the comorbidities, such as hypertension, diabetes mellitus,
congestive heart failure, stroke, chronic obstructive pulmonary
disease, chronic kidney disease, migraine, osteoporosis, hyperlip-
idemia, nonpsychoticmental disorders, psychoses, coronary artery
disease, insomnia, rheumatoid arthritis, andCharlson comorbidity
index revised (CCI_R) between the study and control groups.
3.2. Kaplan–Meier analysis of the cumulative risk for TMD

The LBP group showed a significantly higher cumulative risk of
TMDthan thenon-LBPgroup (log-rankP< .001). The cumulative
risk of TMD became significantly different between the 2 groups
since the tenth year of tracking (Fig. 2). We divided the follow-up
duration into 3 periods and found that the difference became
significant since the 6 to 10-year period and became more
significant as the LBP became more chronic (Table 3).

3.3. Factors for the incidence of TMD in the Cox
regression analysis

The Cox regression analysis showed that the adjusted HR for the
development of TMD was 1.561 times greater in the LBP group

http://www.md-journal.com


Table 2

Characteristics of the study and comparison group at baseline.

Study group Comparison group P
LBP With Without
Variables n % n %

Total 65,121 25.00 195,363 75.00
Sex .999
Male 33,104 50.83 99,312 50.83
Female 32,017 49.17 96,051 49.17

Age (years) 52.60±12.66 52.50±12.86 0.214
Age groups (years) .999
20–29 3,895 5.98 11,685 5.98
30–39 8,467 13.00 25,401 13.00
40–49 13,019 19.99 39,057 19.99
50–59 16,219 24.91 48,657 24.91
60–70 23,521 36.12 70,563 36.12

IP (NTD) <.001
<18,000 58,045 89.13 175,069 89.61
18,000–34,999 4625 7.10 13,805 7.07
≧35,000 2451 3.76 6,489 3.32

Level of care <.001
Hospital center 12,822 19.69 62,860 32.18
Regional hospital 18,504 28.41 57,077 29.22
Local hospital 33,795 51.90 75,426 38.61

Comorbidity
HTN 6,765 10.39 24,061 12.32 <.001
CHF 562 0.86 2,831 1.45 <.001
Stroke 2,170 3.33 12,157 6.22 <.001
COPD 3,312 5.09 9,542 4.88 .040
CKD 431 0.66 3,808 1.95 <.001
Migraine 86 0.13 144 0.07 <.001
Osteoporosis 2037 3.13 839 0.43 <.001
Hyperlipidemia 2733 4.20 6,565 3.36 <.001
NMD 863 1.33 2,649 1.36 .569
Psychoses 289 0.44 3,526 1.80 <.001
CAD 3,254 5.00 13,037 6.67 <.001
Insomnia 360 0.55 387 0.20 <.001
RA 283 0.43 661 0.34 <.001

CCI_R 0.16±0.78 0.45±1.65 <.001

CAD=coronary artery disease, CCI_R=Charlson comorbidity index revised, CHF= congestive heart failure, CKD= chronic kidney disease, HTN=hypertension, IP= insured premium, LBP= low back pain,
NMD=nonpsychotic mental disorders, NTD=new Taiwan dollars, RA= rheumatoid arthritis, TMD= temporomandibular disorder.

Figure 2. Kaplan-Meier for cumulative risk of first-onset TMD in patients aged
20 to 70 years stratified by low back pain with log-rank test. LBP= low back
pain, TMD= temporomandibular disorder.
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than in the non-LBP group (95% CI: 1.220–1.996, P< .001),
after adjusting for demographic variables and comorbidities.
There was a higher risk of TMD in younger patients than in

older patients (60–70 years) [adjusted HR for 20–29 years=
5.615, P< .001; for 30–39 years=2.406, P= .001]. Moreover,
those with higher IP showed a higher incidence of TMD than
those with lower IP [adjusted HR for 18,000–34,999 NT=
12.741 (P< .001), for ≧35,000 NT=33.684 (P< .001)]. More-
over, osteoporosis was also a risk factor contributing to TMD
occurrence (adjusted HR=1.860, P= .003) (Table 4).
3.4. Risk of TMD between the study and comparison
groups stratified by variables and comorbidities

The LBP group had a higher risk of TMD occurrence than the
non-LBP group in all stratifications (Table 5).
4. Discussion

Based on the results, the overall adjusted HR of TMD occurrence
in the LBP group was 1.561 (95% CI: 1.220–1.996, P< .001)
after adjusting for demographic variables and comorbidities. In
other words, the patients with LBP had a 1.561-fold increased
risk of developing first-onset TMD than the patients without
LBP. The subgroup analysis stratified by demographic variables



Table 3

Risk of temporomandibular disorder among different tracking year.

LBP With Without With vs Without

Tracking year Events PYs ER Events PYs ER Ratio Adjusted HR P

Overall 107 736,810.80 14.52 161 2,456,015.93 6.56 2.215 1.561 <.001
0–5 19 63,676.29 29.84 42 280,818.14 14.96 1.995 1.384 .243
6–10 37 204,098.16 18.13 58 730,541.15 7.94 2.283 1.701 .013
≧11 51 469,036.35 10.87 61 1,444,656.64 4.22 2.575 1.823 .002

Adjusted HR=hazard ratio adjusted for demographic variables and comorbidities, ER= event rate per 105 person-years, LBP= low back pain, PYs=person-years.
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and comorbidities also revealed a higher risk of TMD in the LBP
group than in the non-LBP group in all stratifications. It indicated
LBP as a strong risk factor contributing to the occurrence of first-
onset TMD. To the best of our knowledge, this is the first report
that investigated the association between LBP and the risk of
developing first-onset TMD through a nationwide population-
based cohort study, with 15 years of follow-up. The study results
support previous cross-sectional observations of comorbidity
Table 4

Risk Factors for the incidence of TMD in the Cox regression
analysis.

Variables Adjusted HR 95% CI 95% CI P

LBP
Without Reference
With 1.561 1.220 1.996 <.001

Sex
Male 0.768 0.601 1.002 .053
Female Reference

Age groups (years)
20–29 5.615 2.014 15.653 <.001
30–39 2.406 1.540 3.758 .001
40–49 1.017 0.727 1.576 .923
50–59 1.001 0.646 1.422 .997
60–70 Reference

IP (NTD)
<18,000 Reference
18,000–34,999 12.741 9.176 17.690 <.001
≧35,000 33.684 20.730 54.731 <.001

Level of care
Hospital center 1.264 0.935 1.741 .742
Regional hospital 1.093 0.873 1.397 .161
Local hospital Reference

Comorbidity
HTN 1.006 0.657 1.194 .426
CHF 1.065 0.602 1.885 .828
Stroke 1.136 0.867 1.597 .105
COPD 1.753 0.944 2.278 .294
CKD 1.241 0.633 2.243 .529
Migraine 0.000 – – .975
Osteoporosis 1.860 1.212 3.483 .003
Hyperlipidemia 1.414 0.813 2.459 .220
NMD 0.000 – – .922
Psychoses 1.254 0.789 2.315 .687
CAD 1.240 0.833 1.844 .289
Insomnia 1.021 0.253 4.123 .976
RA 1.021 0.253 4.123 .976
CCI_R 0.989 0.938 1.043 .681

CAD= coronary artery disease, CCI_R=Charlson comorbidity index revised, CHF=congestive heart
failure, CKD= chronic kidney disease, COPD= chronic obstructive pulmonary disease, HTN=
hypertension, IP= insured premium, LBP= low back pain, NMD=nonpsychotic mental disorders,
NTD=new Taiwan dollars, RA= rheumatoid arthritis, TMD= temporomandibular disorder.
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relationship between LBP and TMD.[4,5,9,10] However, their
results only demonstrate the coexistence of LBP and TMD, but
not that LBP may contribute to the development of first-onset
TMD, as reported in the present study with 15-year follow-up. In
the cumulative risk of TMD, we found that the difference
between LBP and non-LBP groups became significant since the 6–
10-year follow-up (Table 3), indicating that when LBP became
more chronic, the occurrence of TMD would be more obvious.
Patients with LBP usually reveal problems in the lumbar spine

and in the pelvic and hip joints.[24] A recent electromyography
study demonstrated that cervical postural muscles (deep neck
flexors) were more difficult to recruit in non-neutral spinal
lumbopelvic alignment than in a neutral posture.[25] Therefore,
problems in the lumbar-pelvis-hip (LPH) complex will affect the
normal coordination of the neck muscle. Fink et al[26] proposed
the functional relationships between the craniomandibular
system, cervical spine, and the sacroiliac joint. Another study
also documented that LBP might be associated with an increased
incidence of neck pain.[27] Moreover, TMD was already
confirmed to be related to cervical pain or upper quarter
dysfuntion.[28,29] El-Hamalawy[30] reported that the forward
head movement correction can improve myogenic temporoman-
dibular joint dysfunction. Seagreen reported that tensed muscles
around the head and neck would induce TMD symptoms.[31]

Therefore, problems in the LPH complex can affect the head and
neck, subsequently causing temporomandibular joint dysfunc-
tion. This may explain why patients with LBP would develop
first-onset TMD, and the trend became obvious with chronic LBP
of >6 years. However, the real mechanism of LBP triggering
TMD still needs further investigation.
Regarding the factors affecting the incidence offirst-onset TMD,

patients with younger age, higher IP, and osteoporosis have an
increased risk of first-onset TMD. There was a higher risk of TMD
in the 20–29- and 30–39-year-old groups than in the other age
groups. The age prevalence was similar to those reported in other
studies.[2,32]Gonçalves et al[2] reported that theagegroupswith the
largest proportionoffirst-onsetTMDwere the31–40-year-oldand
21–30-year old age groups (21.3% and 20.2%, respectively). In
Aggarwal et al’s study, patients aged 18 to 35 years were
significantlymore likely to report new oral facial pain at the 2-year
follow-up than those aged 64 to 75 years.[32] Stress factors and low
adaptive capacity might explain why young people were most
affected.[33] The finding could be supported by other data fromour
results in the present study, indicating that those with middle
(18,000–34,999NT) andhigh (≥35,000NT) IP showedahigh risk
of TMDoccurrence. In the TaiwanNHI Program, a higher IPmay
indicate a higher socioeconomic status, which may be associated
with higher stress. Stress is usually related to the presence of TMD
pain that may be due to increased activity of the masticatory
muscles, which is a compensatory reaction to stress.[8,34]

http://www.md-journal.com


Table 5

Risk of temporomandibular disorder between study group and comparison group stratified by variables and comorbidities.

Study group Comparison group Risk of TMD

LBP With Without With vs Without

Stratified Events PYs ER Events PYs ER Ratio Adjusted HR P

Total 107 736,810.80 14.52 161 2,456,015.93 6.56 2.215 1.561 <.001
Sex
Male 44 356,797.72 12.33 76 1,236,421.83 6.15 2.006 1.411 <.001
Female 63 380,013.08 16.58 85 1,219,594.09 6.97 2.379 1.676 <.001

Age groups (years)
20–29 4 4075.09 98.16 5 18,142.15 27.56 3.562 2.510 <.001
30–39 13 32,433.27 40.08 16 125,455.42 12.75 3.143 2.216 <.001
40–49 12 74,447.28 16.12 14 250,556.82 5.59 2.885 2.033 <.001
50–59 15 129,932.67 11.54 21 439,522.59 4.78 2.416 1.703 <.001
60–70 63 495,922.49 12.70 105 1,622,338.95 6.47 1.963 1.382 <.001

IP (NTD)
<18,000 71 721,962.87 9.83 119 2,412,265.61 4.93 1.994 1.405 <.001
18,000–34,999 26 12,981.07 200.29 30 36,523.47 82.14 2.438 1.719 <.001
≧35,000 10 1,866.86 535.66 12 7226.84 166.05 3.226 2.229 <.001

Level of care
Hospital center 39 220,333.69 17.70 66 858,371.31 7.69 2.302 1.672 <.001
Regional hospital 44 340,514.98 12.92 62 1,065,924.54 5.82 2.222 1.598 <.001
Local hospital 24 175,962.13 13.64 33 531,720.08 6.21 2.198 1.544 <.001

Comorbidity
HTN
Without 76 543,303.30 13.99 118 1,810,365.80 6.52 2.146 1.509 <.001
With 31 193,507.50 16.02 43 645,650.12 6.66 2.405 1.699 <.001

CHF
Without 99 704,210.90 14.06 149 2,340,524.68 6.37 2.208 1.550 <.001
With 8 32,599.90 24.54 12 115,491.25 10.39 2.362 1.678 <.001

Stroke
Without 102 676,640.66 15.07 153 2,220,789.62 6.89 2.188 1.543 <.001
With 5 60,170.14 8.31 8 235,226.31 3.40 2.443 1.782 <.001

COPD
Without 99 680,425.86 14.55 154 2,276,096.64 6.77 2.150 1.511 <.001
With 8 56,384.93 14.19 7 179,919.29 3.89 3.647 2.596 <.001

CKD
Without 102 716,544.62 14.23 154 2,352,743.10 6.55 2.175 1.532 <.001
With 5 20,266.18 24.67 7 103,272.83 6.78 3.640 2.565 <.001

Migraine
Without 107 735,684.31 14.54 161 2,453,873.74 6.56 2.217 1.561 <.001
With 0 1126.49 0.00 0 2142.18 0.00 – – –

Osteoporosis
Without 102 727,155.27 14.03 158 2,440,591.80 6.47 2.167 1.522 <.001
With 5 9,655.52 51.78 3 15,424.12 19.45 2.662 1.879 <.001

Hyperlipidemia
Without 99 709,234.44 13.96 154 2,361,100.58 6.52 2.140 1.482 <.001
With 8 27,576.35 29.01 7 94,915.34 7.37 3.934 2.789 <.001

NMD
Without 107 722,336.46 14.81 161 2,411,933.67 6.68 2.219 1.561 <.001
With 0 14,474.33 0.00 0 44,082.26 0.00 – – –

Psychoses
Without 102 721,862.46 14.13 159 2,380,670.38 6.68 2.116 1.465 <.001
With 5 14,948.34 33.45 2 75,345.54 2.65 12.601 7.010 <.001

CAD
Without 93 661,081.71 14.07 143 2,192,804.65 6.52 2.157 1.520 <.001
With 14 75,729.08 18.49 18 263,211.27 6.84 2.703 1.909 <.001

Insomnia
Without 105 730,155.26 14.38 159 2,438,425.15 6.52 2.205 1.550 <.001
With 2 6655.54 30.05 2 17,590.77 11.37 2.643 1.897 <.001

RA
Without 107 732,068.67 14.62 161 2,444,015.39 6.59 2.219 1.561 <.001
With 0 4742.12 0.00 0 12,000.54 0.00 – – –

Adjusted HR=hazard ratio adjusted for demographic variables and comorbidities, CAD= coronary artery disease, CHF= congestive heart failure, CKD= chronic kidney disease, ER= event rate per 105 person-
years, HTN=hypertension, IP= insured premium, LBP= low back pain, NMD=nonpsychotic mental disorders, NTD=new Taiwan dollars, PYs=person-years, RA= rheumatoid arthritis.
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Contrarily, a Brazilian study reported that poor economic class
was significantly associated with the diagnosis of TMD.[35]

However, another US study showed that the socioeconomic
measures were not significantly associated with TMD incidence in
their participants.[36]

Our data showed that osteoporosis is a risk factor contributing
to TMD development in patients with LBP. Previous studies
proposed that subchondral bone loss or osteoporotic changes in
the temporomandibular joint may account for the high risk of
TMDoccurrence in LBP patients when combined with osteoporo-
sis.[37–40]With regard to the association between osteoporosis and
the occurrence of TMD, osteoporosismay induce bone loss in both
the condyle and temporal components of the TMJ and impede the
functional harmony of the masticatory system, increasing the
occurrence of TMD.[39,40] In addition, our results indicate that
migraine is not a risk factor forTMDdevelopment.Although some
previous studies[41–43] reported that migraine is a common
symptom in TMD individuals, they only proposed a comorbidity
relationship between migraine and TMD according to cross-
sectional evidence, using TMD questionnaires or physical
examination. However, our cohort study demonstrated that there
was no cause–effect relationship betweenmigraine and TMDwith
15 years of follow-up. This may be because the prevalence of
migraine was significantly higher in individuals with myofascial
TMD than in those with non-myofascial TMD.[44,45] However,
myofascial TMD only involves group I of RDC/TMD, and our
study enrolled three groups of RDC/TMD. Therefore, the cause–
effect relationship betweenmyofascialTMDandmigraine needs to
be further investigated with a longitudinal follow-up.
The event rate of TMD in the present study is lower than that in

other studies,[3,10] which may be due to the following reasons.
First, this study had stricter inclusion criteria such as TMD
patients with identification ICD-9 code of 524.6 confirmed by
doctors during outpatient or inpatient visits. Many previous
studies only included patients who responded to a questionnaire
or telephone interview.[3,4,10,36] The real incidence of TMD in the
Taiwan population was much higher than that found in medical
records, because many patients with TMD did not seek medical
treatment. Moreover, the difference in ethnicity should also be
taken into consideration.[4,10]
4.1. Limitations and strengths

There are several limitations in this study. First, there are many
etiologies of LBP, but our study only analyzed the most common
related diagnosis. Otherwise, data on pain severity, laboratory
parameters, and radiologic images were not available in the
NHIRD; thus, we could not classify the severity of LBP among
the enrolled participants. Second, the actual prevalence of TMD
might have been underestimated in the NHIRD, because some
symptoms associated with TMD are often observed in other
diseases, resulting in confusion or misdiagnosis.
Moreover, the major strength of our study is that we used data

based on clinical diagnosis, which enabled a reliable cohort
assessment. Furthermore, our longitudinal cohort study could
overcome the major limitation of cross-sectional and case-control
study designs by only providing information on disease incidence.
5. Conclusion

LBP is a risk factor contributing to the development of first-onset
TMD. Therefore, for appropriate TMD management, clinicians
7

should be reminded to manage both LBP disorders and TMD
concurrently, especially among individuals presenting with
associated risk factors, such as age 20 to 39 years, high IP,
and osteoporosis.
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