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Abstract Abstract 
Purpose:Purpose: Back pain and temporomandibular disorder (TMD) are two predominant illnesses that affect 
the human motor system. Literature has stated significant associations between chronic low back pain 
(CLBP) and TMD. Global postural deviations cause body adaptation and realignment, which may interfere 
with the function of TMJ. However, the possibility of TMD in subjects with CLBP associated with spinal 
postural deformities has yet to be completely explored. Method:Method: This was an observational study carried 
out among 65 people having CLBP with co-presence of any spinal deformities. Forward head posture 
(FHP) was assessed using the On-Protractor application and thoracic kyphosis and lumbar lordosis were 
assessed using flexicurve. Those with co-occurrence of LBP and spinal deformity were further evaluated 
for the presence of TMD using Fonseca’s questionnaire. The prevalence of TMD in LBP along with spinal 
deformities was analyzed and the variables were compared based on gender, age categories, and type of 
LBP (specific and non-specific). Results:Results: The overall prevalence of TMD (mild, moderate, and severe) was 
89.2% (n=58) in participants with low back pain and spinal postural abnormalities. The severity of FHP was 
more in specific LBP than in non-specific LBP, while the occurrence of TMD was equal. The severity of TMD 
was higher in females than males. Conclusion:Conclusion: The occurrence of TMD is highly prevalent in patients with 
low back pain and spinal postural deformities. The findings of the study imply that individuals with low 
back pain and spinal postural deformity should also be evaluated for TMJ dysfunction and initiate early 
intervention. 
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ABSTRACT 
Purpose: Back pain and temporomandibular disorder (TMD) are two predominant illnesses that affect the human motor system. 
Literature has stated significant associations between chronic low back pain (CLBP) and TMD. Global postural deviations cause 
body adaptation and realignment, which may interfere with the function of TMJ. However, the possibility of TMD in subjects with 
CLBP associated with spinal postural deformities has yet to be completely explored. Method: This was an observational study 
carried out among 65 people having CLBP with co-presence of any spinal deformities. Forward head posture (FHP) was 
assessed using the On-Protractor application and thoracic kyphosis and lumbar lordosis were assessed using flexicurve. Those 
with co-occurrence of LBP and spinal deformity were further evaluated for the presence of TMD using Fonseca’s questionnaire. 
The prevalence of TMD in LBP along with spinal deformities was analyzed and the variables were compared based on gender, 
age categories, and type of LBP (specific and non-specific). Results: The overall prevalence of TMD (mild, moderate, and 
severe) was 89.2% (n=58) in participants with low back pain and spinal postural abnormalities. The severity of FHP was more in 
specific LBP than in non-specific LBP, while the occurrence of TMD was equal. The severity of TMD was higher in females than 
males. Conclusion: The occurrence of TMD is highly prevalent in patients with low back pain and spinal postural deformities. 
The findings of the study imply that individuals with low back pain and spinal postural deformity should also be evaluated for TMJ 
dysfunction and initiate early intervention.  
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INTRODUCTION 
The jaw is a fundamental aspect of the human engine framework with a functional relationship with the head-neck motor 
system.1 Temporomandibular disorder (TMD) is a term used to describe a specific group of painful orofacial conditions that affect 
the temporomandibular joint (TMJ) and associated muscles. Symptoms of TMD may include pain in the TMJ, fatigue of the 
muscles used for chewing, restricted movement of the mandible, and the presence of clicking sounds in the joint.2 TMD signs are 
present in 50-75% of the population at some point in their lives.3 Pain outside the TMJ and masticatory muscles, including pain at 
the neck/ cervical joint, and upper back, is predominant among TMD patients.4. 
 
Low back pain has been linked to a variety of postural abnormalities including lumbar lordosis, thoracic kyphosis, and forward 
head posture.5 A study conducted in Sweden found a significant association between long-term back pain and dysfunction/pain 
in the jaw and face.6 It is suggested that this may be due to reflex connections caused by dysfunctional motor control, muscle 
stiffness, and discomfort. The co-occurrence of back pain and jaw-face pain may be influenced by non-specific effects of central 
pain processing and sensitization, however, there is uncertainty that surrounds the etiology of this identified sensory-motor 
abnormalities.5-6 
 
TMD can also lead to changes in posture and muscle function, as the body tries to compensate for the pain and discomfort 
caused by the condition. The musculoskeletal system is made up of interconnected kinetic chains; any disruption to one segment 
will cause the rest of the system to reorganize.7-8 One way that TMD can cause modifications in the body is by altering muscle 
activity and force distribution. Studies have shown that patients with TMD often exhibit changes in muscle activity patterns, such 
as increased activity in the neck and shoulder muscles, as well as alterations in the timing and sequence of muscle activation. 
These changes can lead to an imbalance in muscle force distribution, which can affect not only the jaw and neck but also the 
spine and other body regions.9-10 Another way that TMD can cause modifications in the body is by altering posture and 
movement patterns11. Patients with TMD may adopt abnormal postures, such as a forward head posture, to reduce the strain on 
the jaw and neck muscles.12-13 These postural changes can lead to compensatory movements and muscle activity patterns that 
can further exacerbate the condition. 
 
It is important to study the relationship between poorly aligned body posture and the occurrence of TMD in individuals with 
chronic low back pain (CLBP) and spinal postural abnormality because the results could have significant implications for patient 
care. Specifically, if a clear link is established between these conditions, healthcare providers may need to consider screening 
patients with CLBP for TMD and vice versa, as well as incorporating postural correction strategies into their treatment plans. 
Furthermore, it is important to investigate this relationship of TMD in both specific and non-specific low back pain individuals 
because these two groups may have different underlying causes of their low back pain, and therefore may respond differently to 
postural correction strategies. Specifically, individuals with specific low back pain have a known structural cause for their pain 
(e.g., herniated disc), while those with non-specific low back pain do not have a clear underlying cause. Hence, the proposed 
study aims to determine the occurrence of TMD in subjects with chronic specific and non-specific low back pain with co-presence 
of spinal postural deformities. By establishing a clear relationship between poorly aligned body posture and TMD in individuals 
with CLBP and spinal postural abnormalities, this study could have significant implications for patient care and improve our 
understanding of the complex relationship between these conditions. 
 
METHODS 
This observational study was carried out where the study population was recruited from a tertiary health care center, in Belagavi, 
Karnataka. A total of 156 participants with chronic LBP who visited physiotherapy OPD between November and April 2021 were 
screened for spinal deformity. After screening 156 patients 65 individuals with chronic low back pain and co-presence of spinal 
postural deformity (forward head posture, thoracic kyphosis, and lumbar lordosis), aged between 20 to 65 years were included. 
However, individuals with generalized pain (Fibromyalgia), any orthodontic prosthesis, congenital and hereditary pathologies of 
the spine and TMJ, history of surgery of the spine, skeletal system fractures, previous TMD treatment over a period of 15 days, 
and those unwilling to participate in the study were excluded. 
 
Flexicurve is a commonly used instrument for evaluating spinal postural deformities in patients with low back pain (LBP). 
Flexicurve is a flexible ruler that conforms to the contour of the spine, allowing for measurement of the curvature of the spine in 
the sagittal plane14-15. It is reliable and valid in assessing spinal postural deformities. Hence in the current study, the presence of 
thoracic kyphosis and lumbar lordosis were screened using a 61 cm Saurveyor’s flexi curve. For this, a flexicurve was molded to 
the curve of the spine from C7-S1 and traced onto graph paper (Figure 1). The maximum width and total length of the curve were 
then measured using the formula θ° = 4 (arc tan [2H/L]). To measure the degree of lordosis, a vertical line joining the T12 and S2 
vertebrae was used, while a line joining C7 and T12 was used to measure the degree of kyphosis. The maximum width (i.e., the 
deepest part of the curvature) was denoted as H in the formula.  
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Figure 1. Flexicurve Molded to the Curve of the Spine 

 
 

Figure 2. On-Protractor Software Used to Assess Forward Head Posture   

 
 

On-Protractor is a software application that can be used to assess forward head posture. It is designed to measure the angle 
between the neck and shoulder using a digital protractor, which can provide an objective measure of the degree of forward head 
posture. There are several studies that have investigated the validity and reliability of using software applications for the 
assessment of forward head posture; however, they did not specifically investigate the validity and reliability of Protractor 
software. Supporting literature exists for the use of smartphone apps and digital protractors for assessing forward head 
posture.16 Therefore, in this study, the presence of forward head posture/craniovertebral angle was assessed using a 
smartphone supported On-Protractor software application. To capture a lateral view of the participant's standing posture, a digital 
camera was mounted 1.5 meters away. The angle was measured at the juncture of a line drawn from the spinous process of C7 
to the tragus of the ear and a horizontal line passing through C7. The postural deformities considered were thoracic kyphosis of 
>50 degrees,17 lumbar lordosis> 45 degrees,18 and cervical angle <53 degrees was considered abnormal.19 
 
Those with the presence of spinal postural deformity were further evaluated for TMD using the Fonseca questionnaire. The 
Fonseca questionnaire is a validated and widely used instrument for assessing TMD.20. It consists of 10 questions that assess 
the severity of TMD symptoms, including pain, clicking or popping, limited opening, and joint locking. The questionnaire has been 
shown to have high reliability and validity in detecting TMD in various populations.20-21 Patient-assisted Fonseca’s questionnaire 
was used to assess TMD. This questionnaire is a functional assessment scale, which contains 10 questions to assess the 
presence of TMD. This questionnaire was used to categorize the severity of TMD. Interpretation of scores was as follows: 0–15 
as No TMD, 20–40 as mild TMD, 45–65 as moderate TMD, and 70–100 as severe TMD. 
 
The Modified Oswestry Disability Index (MODI) is a reliable and sensitive tool for assessing disability in individuals with low back 
pain. Its simplicity and wide usage make it a useful tool in both clinical and research settings.22 MODI was used to assess the 
severity of chronic low back pain. 
 
Data were analyzed using the statistical software R 3.6.3. The scores obtained were checked for their normality, showing that 
data was following normal distribution (Shapiro-Wilk test statistic). Mean and standard deviation was used to describe continuous 
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variables and categorical variables were expressed using frequencies and percentages. The difference in the mean of the 
Modified Oswestry Disability Index (MODI) score over specific low back pain (SLBP) and nonspecific low back pain (NSLBP) was 
analyzed using a two-sample t-test/ Welch’s t-test. Comparative analysis between SLBP and NSLBP of thoracic curve angle, 
lumbar angle, craniovertebral angle, and Fonseca score were analyzed using Mann-Whitney’s U test. 
 
RESULTS 
The analysis included responses from 65 participants with low back pain combined with spinal postural deformity aged between 
20-65 years. In this study, 24 male and 41 female participants were included. Table 1A and 1B provide descriptive data and 
characteristics of the continuous and categorical variable. 

 
Table 1A: Descriptive Statistics for Continuous Variables (n=65) 

Variables Mean ± SD 

Age (years) 35.84±9.89 

BMI(kg/m2) 24.94±3.14 

MODI Score 60.61±8.5 

Craniovertebral Angle (Degrees) 50.95±9.02 

Thoracic Curve Angle (Degrees) 53.55±10.88 

Lumbar Curve Angle(Degrees) 51.58±8.85 

Fonseca Score 45.63±17.48 
SD: Standard deviation; BMI: Body Mass Index; MODI: Modified Oswestry Disability Index    

 
Table 1B: Descriptive Statistics for Categorical Varaibles (n=65) 

Varaibles Characteristics Frquency n (%) 

Gender  Female 40 (61.53) 

Male 25 (38.46) 

Cause of LBP NSLBP 60 (92.30) 

SLBP 5 (7.69) 

Age category (years) 20-40 47 (72.3) 

40-60 17 (26.15) 

>60 1 (1.53) 
LBP: Low Back Pain; NSLBP: Non-Specific Low Back Pain; SLBP: Specific Low Back Pain 

 
Table 2 shows the details of the occurrence of TMD, low back pain-related disability, and spinal postural deformities among 65 
participants. In this study, according to the MODI questionnaire, about half of the total participants (53.8%) suffered from severe 
disabilities. Among the three spinal postural deformities that were considered in the study, the occurrence of forward head 
posture was highest (n = 27, 41.5%) followed by thoracic kyphosis (n=21, 32.4%) and least was with lumbar lordosis (n=17, 
26.1%). Among participants with low back pain and spinal postural deformities, the occurrence of TMD was in 58 (89%) of 
people ranging from mild to severe TMD.  

 
Table 2: Occurrence of TMD 

Variables Categories Frequency (n=65) Percentage (100%) 

MODI score Severe Disability 35 53.8 

Cripple, Pain impinges on all aspects of the 
patient’s life 

29 44.6 

Patients are bed-bound or exaggerating 
their symptoms 

1 1.6 

Spinal deformities Forward head posture  27 41.5 

Thoracic kyphosis 21 32.4 

Lumbar Lordosis 17 26.1 

Fonseca score No TMD 7 10.8 

Mild TMD 15 23.1 

Moderate TMD 27 41.5 

Severe TMD 16 24.6 
MODI: Modified Oswestry Disability Index; TMD: TemporoMandibular Dysfunction 
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The LBP subjects were categorized as specific low back pain (SPLB) and non-specific low back pain (NSLBP) based on the 
cause of pain and the data was analyzed for the occurrence of TMD, disability, and postural deformities among both categories. 
The severity of FHP was more in the SLBP group than in the NSLBP group (p<0.05). The severity of other postural deformities, 
back disability, and TMD was equal among both categories of LBP (Table 3). 

 
Table 3: Between SLBP and NSLBP Category Analysis 

Variables 
SLBP NSLBP 

P-value 
Mean± SD Mean± SD 

MODI score 65.6±6.1 60.2±8.57 0.12wt 

Craniovertebral 
Angle 

47.07±4.9 55.61±8.99 
0.03*MU 

Thoracic Curve 
Angle 

53.54±10.61 53.55±10.99 
0.89MU 

Lumbar Curve  
Angle 

50.67±14.19 51.82±8.39 
0.72MU 

Fonseca Score 43.2±21.06 45.83±17.34 0.88MU 

*P value is <0.05; Wt: Welch’s t-test; MU- Mann-Whitney U test; MODI: Modified Oswestry Disability Index; SLBP: specific low back pain; 
NSLBP: non specific low back pain 

 
The severity of the postural deformities and the disability were insignificant between male and female participants. However, the 
TMD severity was higher in females than in males (P=0.01). Among the age categories, LBP was more severe in > 41 years than 
in the participants in 20-40 years of age (P=0.0001). However, the severity of the postural deformities and TMD was equal 
among both age categories (Table 4). 

 
Table 4: Comparative Analysis of the Variables Between Genders and Age Categories  

Variables 
 
 

Gender p-value Age category P-value 

Female Male 41-65 Years 20-40 Years 

MODI score 61.37±8.39 59.4±8.69 0.52 MU 66.44±8.6 58.38±7.4 0.0001* MU 

Craniovertebral Angle 55.17±8.87 54.6±9.42 0.76 MU 55.47±10.3 54.75±8.59 0.97 MU 

Thoracic Curve Angle 54.26±11.15 52.42±10.54 0.39 MU 53.71±10.29 53.49±11.2 0.64 MU 

Lumbar Curve Angle 52.06±9.57 52.42±7.65 0.65 MU 51.05±8.54 51.79±9.04 0.76 W 

Fonseca Score 50.02±14.65 38.6±19.55 0.01*MU 48.94±15.36 44.36±18.22 0.64MU 
*Pvalue is <0.05; Wt: Welch’s t-test; MU- Mann-Whitney U test; MODI: Modified Oswestry Disability Index 

 
DISCUSSION   
The overall prevalence of TMD (mild, moderate, and severe) was 89.2% (n=58) in participants with low back pain and spinal 
postural abnormalities. There is evidence to suggest that temporomandibular disorder (TMD) can cause musculoskeletal 
alterations in the body, leading to changes in stress distribution and potentially leading to compensatory mechanisms to reduce 
pain and discomfort in other areas. This is due to the interconnectivity of the musculoskeletal system through various kinetic 
chains. Several studies have reported that TMD patients exhibit changes in posture and body mechanics, including increased 
forward head posture, thoracic kyphosis, and lumbar lordosis, which can lead to altered muscle activation and increased stress 
on the cervical and lumbar spine23.  
 
In the present study, a higher number (89%) of the participants having LBP with co-presence of spinal postural deformities had 
mild to severe TMD. This indicates that there may be a relationship between long-term pain localized in the low back region and 
the presence of musculoskeletal disorders in the jaw. It is important to note that further research is needed to establish a causal 
relationship and to determine the directionality of any potential association. Back and jaw pain may have a higher prevalence due 
to the non-specific effects of central pain processing and sensitization, which could contribute to their co-morbidity.24 Hagberg 
conducted case–control study on TMD along with ongoing general musculoskeletal complaints and concluded that patients with 
TMD also have a higher probability of reporting low back pain than people without TMD.25 According to research, the most 
common postural changes seen in specific and nonspecific low back pain are lumbar hyperlordosis, forward head posture, and 
genu valgus. It was also stated that these postural changes could be risk factors for TMD 26. 
 
The majority of participants in the current study exhibited forward head posture (FHP) as a postural deformity. This could be due 
to the fact that anomalies at the cervical spine, which is the joint connecting the skull and spine, are associated with 
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temporomandibular joint (TMJ) pain and mobility restrictions. FHP is characterized by slumped or rounded shoulders with a 
concomitant extension of the upper cervical spine, causing the head to shift anteriorly beyond its normal axis. This alteration in 
the neuromuscular mechanism influences the entire masticatory system, thus influencing the resting position of the mandible.27 
Additionally, FHP has been shown to have an effect on mandibular movement and dental occlusion28-29. 
 
In the present study, a higher Fonseca score for TMD was observed in females than in males. This finding is consistent with 
previous research conducted by John et al, who suggested that widespread pain is a risk factor for the onset of dysfunctional 
TMD pain in women, but not in men.4 Poveda et al and Manfredini et al documented a greater frequency and severity of TMD in 
females than in males.29 This female predominance can be explained due to hormonal and anatomical differences. TMD is 
diagnosed more often in women during childbearing years when estrogen and progesterone levels are higher which leads to joint 
laxity and further inflammation.30 Further, this can be explained by the anatomical differences in the jaw and skull between 
genders that alter the forces on the temporomandibular joint (TMJ). The males exhibit longer, wider, and thicker maxillary bones 
(upper jaw). In males, the mandible - or lower jaw - forms a less obtuse angle between its top and bottom portions compared to 
females. Additionally, the temporal fossa/socket is deeper, and the mandibular condyle or head is larger. These anatomical 
differences contribute to a more stable translation environment of the temporomandibular joint (TMJ) in males than in females.30 
Additionally; this can also be related to the higher prevalence of LBP in females than males which is due to a range of factors, 
such as societal and cultural expectations, as well as biological factors such as hormonal fluctuations.31 The results of the 
present study are in accordance with females presenting with severe back pain associated with disability than their counterparts.  
 
Although not statistically significant, the present study showed that the mean of the Fonseca score was higher in the older age 
group (41-65 years) than in the younger age group (20-40 years). One of the possible reasons for it could be that teeth require 
more attention as you get older. TMJ issue arises as gums become weakened and teeth fall out. TMD in elderly people is 
frequently caused by the restoration process of a tooth-like dental crown or any other dental surgery. While Russek hypothesized 
that the severity of postural abnormalities would be greater in older populations than in younger populations, the present study 
found no significant difference in spinal postural deformities across age groups.32 Additionally, Yadav et al found that older 
adults, particularly women, are more likely to experience TMJ degeneration, with symptoms that are mild and self-limiting and 
can be managed with self-care.33 Grlegel-Morris et al suggested that investigating the effects of age on posture is still important, 
as postural abnormalities observed in younger populations may be more amenable to change34. 
 
Limitations 
This study only assessed spinal postural deformities and did not evaluate other postural deviations such as pelvic tilts, genu 
varum/valgum, and other postural asymmetries. This may have limited the understanding of the relationship between other 
postural deviations and TMD. Since the study was cross-sectional in nature, it is difficult to establish a causal relationship 
between the two conditions and understand whether TMD was the result of postural deformities or vice versa. The limited sample 
size in this study may not be fully representative of the overall population, potentially impacting the generalizability of the 
research results. 
 
CONCLUSION 
The present study concluded that the occurrence of TMD is highly prevalent in patients with low back pain and spinal postural 
deformities. TMD showed an association with all spinal postural deformities with a higher percentage seen in FHP. The findings 
of the study imply that individuals with low back pain and spinal postural deformity should also be evaluated for TMJ dysfunction 
and initiate early intervention. In the future case-control studies should be conducted so as to compare the occurrence of TMD in 
individuals with and without LBP and the presence of postural deformities  
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