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ABSTRACT 

The aim of this investigation was to analyze the asso- 
ciations of TMJ pain/discomfort and bone character- 
istics on the activities of daily living in a population 
based study. Methods: The study included 95 ran- 
domly selected participants. The impact of temporo- 
mandibular joint pain/discomfort on the daily active- 
ties was assessed by using the daily living scale by List 
and Helkimo (1995). The levels of serum type I colla- 
gen telopeptide fragments (P1NP), C-telopeptide cross- 
laps of type I collagen (CTX-1), and vitamin D (25 
(OH) D) were analysed. The Mann-Whitney U-test, 
Spearman rank correlation coefficent (rs) were used 
for statistical analyses. Results: Activities of daily liv- 
ing were influenced by temporomandibular joint 
pain/discomfort to varying degrees. The degree of 
pain/discomfort during eating was correlated with the 
level of C-telopeptide crosslaps of type I collagen (p = 
0.02) and type 1 collagen telopeptide fragments (p = 
0.04). The females in the study had significantly lower 
vitamin D levels compared to males (p = 0.04). Con- 
clusions: This population based study indicates that 
TMJ pain/discomfort exerts a significant negative 
influence on activities of daily living and is related to 
the biochemical markers of bone turnover and 25 
(OH) D level. Several functions of daily activities such 
as social life, exercising and eating are the most dis- 
turbed. 
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1. INTRODUCTION 

The temporomandibular joint pain is commonly accom- 
panied by stiffness, sounds and functional limitations 
contributing to a decreased quality of life, and thus hav- 
ing a significant negative impact on activities of daily 
living. According to the survey, pain prevented 42% of  

subjects from working and 63% of subjects from carry- 
ing out their daily activities [1]. In a study of general 
population it was reported that 14% of the American 
population suffered from chronic musculoskeletal pain 
[2]. In a Swedish study 40% of adult population reported 
pain that afflicted them to “quite high degree” for more 
than 6 months [3]. Chronic craniofacial pain conditions 
with a prevalence of approximately 10% - 15% are in- 
creasing in the adult population [3-6]. A human experi- 
mental pain model has been used to estimate jaw-motor 
functions, offering for the understanding of these func- 
tions in relation to painful temporomandibular dysfunc- 
tion conditions [7]. Chronic pain may be nociceptive, 
neuropathic, ischemic, and visceral or exhibit a combina-
tion of different etiologies. Nociceptive pain may result 
from the stimulation of nociceptors at the nerve endings 
characteristic in case of temporomandibular joint (TMJ) 
disorders. Pain negatively affects the patients’ psychoso-
cial and physical well-being. A patient’s quality of life 
can also be adversely influenced by the interplay of a 
peripheral nociceptive source in a muscle, a faulty cen-
tral nervous system component and decreased coping 
ability. It is widely accepted that a complex interaction of 
variable intrinsic and extrinsic factors can induce persis-
tent orofacial muscle pain and dysfunction [8]. 

Many patients experience sleep disturbances, disrupt- 
tions, decreased physical functioning, interference with 
activities of daily living, decreased productivity, in- 
creased anxiety and depression, and decreased quality of 
life [1]. These clinical symptoms and signs in the TMJ 
produce an impact not only on specific aspects of daily 
living but also on the patients’social life in general [9]. 

Assessment of individual daily activities level is im- 
portant in the evaluation of TMJ disorders. There are 
several rating scales for assessing patients’ TMJ func- 
tions and for describing the details of their disability and 
how their current status is reflected in their day to day 
activities. 

The term “activities of daily living” (ADL) has been 
used to denote activities undertaken as part of a person’s 
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daily functions. These activities are often divided into 
physical activities of daily living (ADL) and instrumental 
activities of daily living (IADL); [10]. 

The first reference to activities of daily living was 
made by Sheldon in the Journal of Health and Physical 
Education in 1935 [11]. 

The ADL scale by Katz S. et al. [12] was primarily 
designed to measure the ability to carry out basic active- 
ties necessary for daily living. It has been validated and 
modified for specific use in patients with TMJ disorders. 
There are several rating scales for measuring the severity 
of chronic pain and its effects in terms of interference 
with ADL. A rating scale has been elaborated for meas- 
uring the ADL of patients with craniomandibular disor- 
ders [13]. The Jaw Pain and Function Questionnaire, a 
self rating scale, was originally published by Clark et al. 
[14]. The questionnaire consists of a visual analogue 
scale (VAS), 8 questions about pain, 5 about jaw dys- 
function, and 18 about daily activities. The verbal items 
are scored from zero to four points; the range of time 
being evaluated covers the previous week.  

The VAS was initially used in psychology by Freyd 
and others in the early 1900s and was elaborated in 
rheumatology through a series of investigations by 
Huskisson et al. in the late 1970s [15]. 

The Research Diagnostic Criteria for Temporoman- 
dibular Disorders have been shown to be a reliable way 
of characterising bone changes and are widely used to 
diagnose and assess temporomandibular disorders [16-19]. 

Several markers, as serum type 1 collagen telopeptide 
fragments (P1NP), C telopeptide crosslaps of type 1 col- 
lagen (CTX-1) and C-terminal telopeptide of type 1 col- 
lagen (1CTP) and procollagen type 1 N-terminal propep- 
tide play an important role in the bone behaviour. They 
are currently considered highly sensitive markers of bone 
metabolism and its significant relation with radiographic 
changes in the TMJ have been found [20-22]. 

CTX-1 is generated by cathepsin K, being the key of 
osteoclastic enzyme for systemic bone resorption. In 
contrast, 1CTP is generated by matrix metalloproteinases 
whose activity plays an important role in collagen deg- 
radation associated with systemic inflammatory diseases 
[23, 24]. 

The measurement of serum procollagen type 1 
N-terminal propeptide level appears a sensitive marker of 
bone formation rate in osteoporosis [21,25]. Vitamin D 
(25 (OH) D) plays a role in calcium and bone metabo- 
lism, inhibiting cytokine production and proliferation of 
various tissues [21,26]. In a study of community-dwell- 
ing older adults it was found that vitamin D deficiency is 
common and is associated with poor physical perform- 
ance, lower muscle strength, as well as prevalent mobil- 
ity and ADL disability [26]. Biochemical markers of 
bone turnover can be used to predict individual bone loss. 

They may help to alert patients to the risk of pathologies 
in the TMJ [27]. 

Thus studies which evaluate the above mentioned con- 
tributing factors to explore the relationship between TMJ 
pain, certain bone characteristics and ADL among gen- 
eral population are justified. 

The hypothesis for this investigation was to find 
whether TMJ pain/discomfort and biochemical markers 
of bone turnover can influence the activities of daily liv- 
ing depending on the gender. 

The aim of this investigation was to analyze the asso- 
ciations of TMJ pain/discomfort and bone characteristics 
on the activities of daily living in a population based 
study. 

2. MATERIAL AND METHODS 

The study was approved by the Ethical Committee of the 
Faculty of Medicine, University of Tartu (protocol no. 
140/18, 2005). All participants gave their informed con- 
sent before the start of the study. 

The study was conducted in 2006 in the municipality 
of Väike-Maarja (Estonia). A group of randomly selected 
participants (n = 103) consisting of 61 females and 42 
males (aged 26 - 70) from the patient register of a local 
family practitioner were invited to participate, and of 
those invited, 95 (92%) persons took part in the study. 

All participants were asked to evaluate the influence 
on daily activities of pain/discomfort in the TMJ. A rat- 
ing scale based on methods elaborated in medical and 
behavioural science and modified by List and Helkimo 
was used [13]. The questions in the scale were translated 
from English into Estonian by one of the authors [9]. A 
modification of the rating scale was used where one of 
the questions (question 10) in the original scale was ex- 
cluded since it was proved inadequate [13]. The scale 
was defined as 0 (activity without any pain/discomfort in 
the TMJ) to 10 (activity impossible due to pain/discom- 
fort in the TMJ). The participants were asked to mark the 
number that best described their present ability to per- 
form each activity considering their pain/discomfort from 
TMJ. The questions used in the study were (English 
original versions): “If you feel pain/discomfort in the 
area of TMJ are you able to: 
 Socialize with family and close friends? (ADL 1); 
 Perform daily work? (ADL 2); 
 Perform daily household chores (preparing meals, 

cleaning, taking care of small children)? (ADL 3); 
 Sit in a company or participate in other social acti- 

vities (e.g. parties)? (ADL 4); 
 Exercise (walk, bicycle, jog, etc)? (ADL 5); 
 Perform hobbies (read, fish, knit, play an instrument)? 

(ADL 6); 
 Sleep at night? (ADL 7); 
 Concentrate? (ADL 8); 
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 Eat (chew, swallow)? (ADL 9); 
 Talk (laugh, sing)? (ADL 10); 
 Yawn, open mouth wide? (ADL 11); 
 How much does the pain/discomfort affect your daily 

activities? (ADL 12). 
Quantitative changes in bone turnover were assessed 

by the measurement of serum levels of biochemical 
markers as follows: 25 (OH) D, CTX-1 and P1NP. 

All samples were taken in the morning (after an over- 
night fast) between 8 a.m. and noon using pre-cooled 
tubes. Serum was separated and the samples were stored 
at –20˚C until analyzed. All samples were analyzed si- 
multaneously and in duplicate to minimize inter-assay 
variations. Analyses were performed by the United Labo- 
ratories of the Tartu University Hospital. 

The 25 (OH) D level (collected in winter) in the serum 
was measured by radioimmunosorbent assay produced 
by DiaSorin (Stillwater, Minnesota, USA). The intra and 
inter-assay CVs were 4.1% and 5.7% respectively. For 
group discrimination, we used 25 nmol/L as the critical 
value for deficiency and 50 nmol/L as the cut-off value 
for insufficiency. A value of 75 nmol/L was considered 
the optimal 25 (OH )D level [23]. P1NP was determined 
by Elecsys 1010/2010 total P1NP serum kit (Roche Di- 
agnostics, Mannheim, Germany), which employs the 
electrochemiluminescence immunoassay (ECLIA) tech- 
nique. Bone formation marker P1NP reference range for 
premenopausal women is 15.1 - 58.6 ng/mL, for post- 
menopausal women 16.3 - 73.9 ng/mL and for men aged 
51 to 70 years < 36.4 ng/mL. CTX-1 was determined by 
Elecsys 1010/2010 β-CrossLaps/serum kit (Roche Diag- 
nostics, Mannheim, Germany) whose sensitivity of assay 
is 0.01 ng/mL. The mean (SD) and mean +2SD figures 
are as follows: for premenopausal women 0.025 - 0.573 
ng/mL; for postmenopausal women 0.104 - 1.008 ng/mL; 
for men aged 31 to 51 years 0.016 - 0.584 ng/mL; for 
men aged 51 to 71 years 0.096 - 0.704 ng/mL; and for 
men older than 71 years 0.066 - 0.854 ng/mL. 

The variables were tested for differences between 
male and female groups with the Mann-Whitney U-test. 
The significance of the correlations was tested by Spear- 
man rank correlation coefficient (rs). A significance level 
of less than 0.05 was considered as significant.  

3. RESULTS 

The impact of TMJ pain/dyscomfort on daily living 
activities in this study was found to vary between ac- 
tivities and between the sexes. The influence from 
quantitative changes in bone turnover appeared to play 
a significant role on activities on daily living.  

3.1. Relation between Males and Females 

The subgroup of females was characterised by highly 

significant correlations with the following activities of 
daily living: social life (ADL 1; p = 0.015), perform 
daily work (ADL 2; p = 0.024), perform daily household 
chores (ADL 3; p = 0.021), exercise (ADL 5; p = 0.003), 
perform hobbies (ADL 6; p = 0.023) and yawn, open 
mouth wide (ADL 11; p = 0.009).  

The females had significantly lower 25 (OH) D levels 
compared to males (p = 0.04). 

3.2. Relation between ADL and Bone  
Characteristics 

The median levels of bone characteristics are given in 
Table 1. 

Statistically significant differences were found between 
ADL data and bone status. 

The distribution of significant results between ADL 
data and bone characteristics is shown in Figure 1. The 
correlations between ADL data and the serum levels of 
bone characteristics (CTX-1, P1NP and 25(OH)D) were 
found (Table 2). 

3.3. Relations between ADL, TMJ Pain, Age and 
Gender 

The participants’age was not significantly correlated to 
any ADL questions. The relations between ADL and the 
sexes are presented in Table 3. The median value of TMJ 

 
Table 1. Serum levels of bone characteristics. 

Bone characteristics Gender Median IQR 

25 (OH) D    
 F 58.5 22.3 

 M 54.5 23.3 
P1NP    

 F 40.0 24.5 
 M 42.5 22.2 

CTX-1    
 F 0.3 0.2 

 M 0.3 0.2 

IQR = interquartile range, Gender (M = male, F = female), 25 (OH) D = 
Vitamin D in nmol/L, P1NP = Procollagen-1N-collagen in ng/L, CTX-1 = 
C-telopeptide of type I collagen in ng/mL. 

 

 
Relationship between bone characteristics and activities of daily living. 

Figure 1. Distribution of significance between ADL data and 
bone characteristics. 
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Table 2. Correlations between ADL questions and bone characteristics. 

 TMJ pain episodes  25(OH)D CTX-1 P1NP 

 rs P rs P rs P rs P 

ADL1 0.41 <0.001 –0.26 0.017 NS NS NS NS 

ADL2 0.52 <0.001 NS NS NS NS NS NS 

ADL3 0.51 <0.001 NS NS NS NS NS NS 

ADL4 0.41 <0.001 –0.32 0.002 NS NS NS NS 

ADL5 0.50 <0.001 –0.21 0.047 NS NS NS NS 

ADL6 0.40 <0.001 –0.30 0.005 NS NS NS NS 

ADL7 0.43 <0.001 NS NS NS NS NS NS 

ADL8 0.48 <0.001 –0.31 0.004 NS NS NS NS 

ADL9 0.43 <0.001 –0.22 0.041 –0.24 0.020 –0.20 0.051 

ADL11 0.63 <0.001 NS NS NS NS NS NS 

ADL12 0.51 <0.001 –0.26 0.017 NS NS NS NS 

TMJ pain episodes = questions about having pain ever in the TMJ area, rs = Spearman rank correlation coefficient, P = a significance level of less than 0.05 was 
considered as significant, 25 (OH) D = Vitamin D in nmol/L, CTX-1 = C-telopeptide of type I collagen in ng/mL, P1NP = Procollagen-1N-collagen in ng/L, NS 
= non-significant correlation. 

 
Table 3. The influence of temporomandibular joint pain/discomfort on activities of daily living. 

ADL questions Median IQR % pos. Median IQR % pos. 

  Male   Female  

ADL1 0 4 45 3 5 74 

ADL2 0 3 37 2 4 68 

ADL3 0 3 37 2 4 61 

ADL4 1 5 50 4 6 68 

ADL5 0 3 37 2 5 74 

ADL6 0 3 45 3 5 67 

ADL7 1 5 50 3 6 67 

ADL8 2 5 53 3 5 74 

ADL9 3 7 68 3 4 77 

ADL11 0 3 50 3 6 68 

ADL12 1 4 58 3 4 75 

IQR = interquartile range, ADL scale: 0 - 12 where 0 = activity without any pain/discomfort at all and 12 = activity impossible due to pain/discomfort, % pos: 
percentage of observations exceeding zero. 

 
pain was 76.9% in female cases (IQR 5) and 53.2% in 
male cases (IQR 4.2). The women were more affected by 
pain/discomfort in TMJ than men. A correlation between 
TMJ pain/discomfort and ADL was found in all ADL 
questions. TMJ pain in general was correlated with all 
ADL items (rs = 0.53, p < 0.01). The impact of TMJ 
pain/dyscomfort was the greatest during eating (ADL 9; 
68% and 77% respectively in the male and female sub- 
group) and smallest in performing daily household chores 
(ADL 3; 37% and 61% respectively in the male and fe- 
male subgroup).Subjects who experienced a higher degree 
of TMJ pain/discomfort reported a significant negative 
impact on activities of daily living. 

4. DISCUSSION 

The population-based random study reported in this arti- 
cle demonstrates that TMJ pain/discomfort has a signifi- 
cant negative impact on activities of daily living. We 
found correlations between TMJ pain/discomfort and 
activities of daily living throughout ADL data. All corre- 
lations were significant, especially those with eating, 
yawning, opening the mouth wide, performing daily 
work and sleeping at night. Similar results have been 
reported by other investigators [9,28,29]. The degree of 
influence on eating, yawning and mouth opening could 
easily be explained by TMJ pain, escpecially since all  
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ADL questions were correlated with previous TMJ pain 
episodes. It was found that a relatively high median pain 
level influenced the performance of daily work. The in- 
fluence on sleep at night might also be due to TMJ prob- 
lems since disc dislocation and the corresponding pain 
sensation can easily be provoked by sleeping in a prone 
position. The relatively minor influence of TMJ pain on 
performing daily household chores in both gender groups 
was unexpected. It may perhaps be explained by the in- 
dividual ability to tolerate pain or ascribed to increased 
pain coping ability. The median TMJ pain value in the 
male as well as female group was relatively high if we 
take into account the fact that our sample consisted of 
voluntary participants. It shows a relatively high preva- 
lence of TMJ problems in population based investigation 
[30]. Our findings (58 female and 37 male, mean age 55) 
indicated that middle-aged women have more complaints 
than middle-aged men. Especially complaints were rep- 
resented in daily work, social activities, hobbies, physi- 
cal exercises. Concentration difficulties were reported 
more often by women than by men. Women were also 
more affected by pain. This matches the findings of other 
studies which also concluded that the incidence of 
chronic craniofacial pain conditions among women is 1, 
5 to 2 times higher than among men [31,32]. 

With regard to biological factors, quantitative as well 
as qualitative differences in endogenous pain inhibitory 
systems have been implicated, as well as an influence of 
gonadal hormones. Psychosocial factors such as sex role 
beliefs, pain coping strategies, and pain related expectan- 
cies may also contribute to the differences [33]. 

TMJ pain is frequently accompanied by psychological 
distress, notably depression and somatization, and can 
also be associated with psychosocial disability, including 
pain-related interference with habitual work, home, and 
interpersonal activities and an extensive use of health 
care services [34]. 

The participants’ age was not significantly correlated 
to any ADL questions. It might be explained due to the 
relatively high median age in this study (55 years). It has 
been reported that changes in the TMJ due to remodeling 
or arthritis mainly appear after the age of 45 [35]. 

In our study the females had significantly lower 25 
(OH)D level compared to the males. Female participants 
felt more able to engage in social life, perform daily 
work, perform daily household chores, exercise, go in for 
hobbies, yawn and open the mouth wide. Vitamin D in- 
sufficiency does not seem to be a serious problem among 
the active elderly, yet elderly people with a low level of 
activities of daily living seem to run a very high risk of 
vitamin D insufficiency [36]. 

It is obvious that persons with TMJ pain experience a 
(substantial) psychological impact and disruption of their 
social and recreational activities [37]. The impact of TMJ 

pain/discomfort on ADL in this study was found to vary 
between activities and individuals. Work disability re- 
sults from a complex interactions of demographic vari- 
ables and backround factors. 

ADL scale results may change the process of treatment. 
This questionnaire is very simple and it can be recom- 
mended for future clinical trials in patients with TMJ 
disorders [28]. 

Pain is a personal experience and information about a 
patient’s pain can be obtained only from the person. An 
ADL questionnaire is a very easy method for pain as- 
sessment but self-reporting scales have been found a 
more or less reliable reflection on actual ADL ability 
only in healthy or very mildly affected individuals [10]. 

Patient questionnaires do not replace further consulta- 
tion of the patient’s medical history, physical examina- 
tions, laboratory investigations or other tests, and must 
be interpreted by the physician for correct patient man- 
agement similarly to laboratory tests and other quantita- 
tive data [15,38]. While advances in therapy require 
laboratory, radiological and other tests, patient question- 
naires provide optimal scientific data for clinical use. 

Only a few systematic reviews have appeared with re- 
spect to daily activities or quality of life in the manage- 
ment of TMJ disorders. It was found in those reviews 
that pain and clinical features as primary outcome vari- 
ables in the TMJ have been estimated are to be taken into 
account [37,39] while a few systemic reviewers reported 
the role of psychological status, daily activities, or qual- 
ity of life [9,19]. 

As vitamin D status is considered a determinant of 
bone health the assessment of its level is important. It has 
been demonstrated that 25 (OH) D levels are low all year 
round in Estonia [21]. In our study the mean serum 25 
(OH) D level in females was 58.5 nmol/L, and in males 
54.5 nmol/L. Subjects with lower 25 (OH) D values ex- 
perience difficulties in performing physical exercises, 
engaging in hobbies, they have problems with eating, 
participating in static social gatherings or other social 
activities. These persons’ social life is disrupted. A low 
25 (OH) D level can also predict TMJ bone destruction. 
Therefore, the destruction of mineralized tissues in the 
TMJ might be slowed or counteracted by correcting the 
patient’s 25 (OH) D levels [22]. 

Not much clinical research has focused on the specific 
effects of vitamin D deficiency on jaw pain. Vitamin D 
deficiency can result in a predisposition to TMJ disorders 
and musculoskeletal pain [40]. Based on our results, ad- 
ditional vitamin D consumption might be suggested to 
avoid TMJ disorders. We may assume that there is a pos- 
sible relationship between low 25 (OH) D levels, TMJ 
pain/discomfort and the quality of life. 

P1NP affects osteoblast activity, thus enhancing bone 
formation. It will result in an elevated P1NP concentra-  
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tion and is useful in monitoring the response to bone 
formation. Low P1NP values may predict various bone 
diseases. In our data the P1NP level remained in refer- 
ence range (the median serum P1NP level in females and 
males respectively was 40.0 nmol/L and 42.5 nmol/L). A 
statistically significant difference was found between the 
patients’ ADL data and P1NP levels. P1NP level depends 
on many factors such as diet, the level of physical active- 
ity, season, etc. [21]. 

Subjects with normal P1NP levels tend to be more ac- 
tive physically and socially. In our study CTX-1 corre- 
lated positively with P1NP and negatively with 25 (OH) 
D. Previous research has shown that subjects with an 
increased level of bone metabolism markers CTX-1 and 
P1NP are likely to have a 25 (OH) D insufficiency [21]. 

We found that subjects with increased levels of P1NP, 
CTX-1 have less TMJ pain/discomfort. Increased levels 
of CTX-1 would probably cause an immediate increase 
of P1NP which is known as a sensitive marker of bone 
formation. It could be explained by a shift in the equilib- 
rium between bone resorption and formation markers in 
healthy individuals. Due to that the contribution of dif- 
ferent pain modulating mediators such as serotonin (5- 
HT) etc. in the TMJ area probably remains modest.  

The clinical significance of the results from this study 
is that the determination of P1NP, CTX-1 and 25 (OH) D 
serum levels in order to estimate bone status of the TMJ 
is confirmed.  

This population based study indicates that pain/dis- 
comfort from the TMJ is influenced by the serum levels 
of biochemical markers and 25 (OH) D. 

5. CONCLUSION 

This population based study indicates that TMJ pain/ 
discomfort exerts a significant negative influence on ac- 
tivities of daily living and is related to the biochemical 
markers of bone turnover and 25 (OH) D level. Several 
functions of daily activities such as social life, exercising 
and eating are the most disturbed. 
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