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Aims: To compare the masticatory and cervical muscle tenderness and pain 
sensitivity in the hand (remote region) between patients with temporomandibular 
disorders (TMD) and healthy controls. Methods: Twenty female subjects 
were diagnosed with chronic TMD, and 20 were considered healthy. Subjects 
completed the Neck Disability Index and Limitations of Daily Functions in a TMD 
questionnaire. Tenderness of the masticatory and cervical muscles and pain 
sensitivity in the hand were measured using an algometer. Three-way mixed 
analysis of variance (ANOVA) evaluated differences in muscle tenderness 
between groups. One-way ANOVA compared pain sensitivity in the hand 
between groups. Effect sizes were assessed using Cohen guidelines. Results: 
Significantly increased masticatory and cervical muscle tenderness and pain 
sensitivity in the hand were found in subjects with TMD when compared with 
healthy subjects. Moderate to high effect sizes showed the clinical relevance 
of the findings. Conclusion: The results of this study have highlighted the 
importance of assessing TMD patients not only in the craniofacial region but also 
in the neck and other parts of the body. Future studies should focus on testing 
the effectiveness of treatments addressing the neck and the pain sensitivity in 
the hand in patients with TMD. J Oral Facial Pain Headache 2014;28:138–146. 
doi: 10.11607/ofph.1112

Key words:  masticatory muscles, muscle pain sensitivity, neck disability,  
neck muscles, temporomandibular disorders

Temporomandibular disorders (TMD) represent one of the most 
common chronic orofacial pain conditions,1 accounting for 40% 
of all chronic pain problems.2 TMD is a general term that refers 

to painful and/or dysfunctional conditions of the masticatory muscles, 
temporomandibular joints, and/or related structures.3 Symptoms affect-
ing head and neck regions, such as headache, earache, cervical spine 
dysfunction, and altered head and cervical posture are also commonly 
associated with TMD.4

The connection between TMD and neck dysfunction remains a fo-
cus of discussion.5,6 It is believed that there may be an interdependence 
between the temporomandibular and neck structures, since there are 
data supporting the concept that disease or injury in one area may in-
duce pain and/or dysfunction in another area.7 Ciancaglini et al6 found 
a significant relationship between neck pain and TMD, and this asso-
ciation became stronger as the severity of the dysfunction increased. 
Another study indicated that subjects with myogenous TMD and with 
combined myogenous/arthrogenous TMD had more neck complaints 
than subjects with only arthrogenous TMD and control subjects.7

Muscle tenderness and muscle pain are common complaints of pa-
tients with TMD and/or neck dysfunction, and their evaluation is of par-
ticular interest to clinicians treating orofacial pain patients.5,8–10 Most of 
the studies that have investigated muscle pain and tenderness in TMD 
subjects have used palpation techniques, which are difficult to quantify 
and standardize. Even with extensive examiner training, manual palpation 
can only achieve marginal levels of reliability.11 Pressure algometry, on 
the other hand, is an investigative tool used to apply a uniform rate of 
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pressure for the measurement of muscle tenderness 
and for the quantification of pain intensity.3,12–14 The 
tenderness and pain intensity are expressed quanti-
tatively by the pain pressure threshold (PPT), which is 
characterized by the first reported pain when increas-
ing levels of pressure are applied.3,9,12–15 The use of an 
algometer can improve the reliability of muscle tender-
ness and pain intensity assessment, since it provides 
a constant area of skin contact as well as the ability to 
control the rate and the direction of pressure.3,9,12–15 
In several studies,8,16,17 the intratester repeatability of 
the PPT measurements has been proven to be sat-
isfactory or good, presenting intraclass correlation 
coefficients (ICC) between 0.78 and 0.93, showing 
that PPT measures are highly reliable for measuring 
facial and cervical muscle tenderness. In addition, 
PPT measurements have been shown to achieve ac-
ceptable values of sensitivity (0.67 to 0.85), ie, the 
fraction of all those with the disease who will have a 
positive test result, and specificity (0.77 to 0.87), ie, 
the fraction of those without the disease who will have 
a negative test result.11 Studies have indicated11–15,18 
that the reproducibility of applied pressure by using 
an algometer is considered fair to excellent. However, 
the evaluator should take into consideration that the 
PPT level and muscle tenderness as well as pain in-
tensity may vary greatly with the rate of pressure and 
the site being tested.11–15,18

Since most of the previous studies evaluating 
muscle pain and tenderness have used a palpation 
technique and because the evaluation has been 
limited primarily to the masticatory muscles, further 
studies investigating muscle tenderness of the neck 
and orofacial muscles as well as pain sensitivity in 
the hand in subjects with TMD are needed to under-
stand the underlying mechanisms of TMD as well as 
to provide further evidence of a possible relationship 
between the craniomandibular system and cervical 
spine.3 Therefore, the objectives of this study were to 
compare the masticatory and cervical muscle tender-
ness and pain sensitivity in the hand (remote region) 
between TMD patients and healthy controls. It was 
hypothesized that subjects with TMD and concurrent 
neck disability would present increased masticatory 
and cervical muscle tenderness and increased pain 
sensitivity in the hand when compared to healthy 
subjects.

Materials and Methods 

Subjects
Since TMD are more common among women,11,19–22 
40 female subjects between the ages of 18 and 50 
years were included in the study. Twenty were clas-
sified as having TMD with concurrent neck disability, 

and 20 were considered healthy controls. Women 
with TMD were recruited from the TMD/Orofacial 
Pain Clinic at the University of Alberta, through ad-
vertisements on television and in different faculties at 
the University of Alberta and surrounding area. Age-
matched healthy subjects were sought from across 
the university campus. Initially, it was planned to have 
a third group of participants who had TMD without 
neck disability. This study’s intention was to collect 
the data by separating the TMD groups into those 
with and those without neck pain (stratification). After 
1 year of data collection, only two subjects had jaw 
pain without neck pain/disability, which was too small 
a sample size to have sufficient power to make any 
group comparisons. 

Sample size calculation was based on repeated 
measures analysis of variance (ANOVA) with one de-
pendent variable and two groups, and on guidelines 
proposed by Stevens (using α = .05, β = .20, power 
= 80%, and an effect size d = 0.75).23 Approximately 
34 subjects were needed for each group.

This study was approved by the Ethics Committee 
of the University of Alberta, and the participating sub-
jects were required to sign a consent form prior to the 
beginning of the experiment.

Group Classification
Subjects were classified in two groups based 
on a clinical examination using the guidelines es-
tablished by the Research Diagnostic Criteria for 
Temporomandibular Disorders (RDC/TMD)24–26 and 
performed by a physical therapist specializing in 
TMD, and on the results of the Neck Disability Index 
(NDI).27–31 

TMD with Concurrent Neck Disability Group. 
Participants in this group were diagnosed accord-
ing to the RDC/TMD with either myogeneous TMD 
or mixed TMD (myogeneous/arthrogeneous TMD). 
They also presented with chronic orofacial pain of 
at least 3 months duration, and this pain was not at-
tributed to recent acute trauma, previous infection, or 
an inflammatory cause. These subjects had to score 
more than four points on the NDI to be considered as 
presenting with a neck disability.27 In addition, they 
were required to complete the Limitations of Daily 
Functions in a TMD questionnaire (LDF-TMDQ)24 to 
measure their level of jaw disability, referred to herein 
as the Jaw Disability Index (JDI).32

Subjects were excluded if they presented with 
arthrogenic TMD only; a medical history of neurolog-
ic, bone, or systemic diseases; cancer; acute pain or 
dental problems other than TMD; a history of trauma 
or surgery to the upper quarter within the last year; 
or if they had taken any pain medication or muscle 
relaxants less than 4 hours before the diagnostic 
session. 
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Healthy Subjects. The healthy control group in-
cluded subjects with no chronic pain, clinical pathol-
ogy, or previous surgery related to the masticatory 
system or cervical spine. They also had to score less 
than four points on the NDI to be considered as hav-
ing no neck dysfunction. In addition, all subjects had 
to complete the LDF-TMDQ.

Exclusion criteria for the healthy group were neu-
rologic problems, any acute or chronic musculo-
skeletal injury, or any systemic diseases that could 
interfere with the procedure and the outcomes. Their 
history could not include acute or chronic pain or 
symptom complaints in the masticatory system or cer-
vical spine for at least 1 year prior to the start of the 
study. Finally, subjects taking any medication, such 
as pain-relieving drugs, muscle relaxants, or anti- 
inflammatory drugs, were also excluded.

Procedures
One investigator used a calibrated manual pressure 
algometer (Force Dial, Wagner Instruments) to mea-
sure the pain sensitivity in the hand and the muscle 
tenderness in both groups. Pain in the hand was 
measured at the hypothenar region of the left hand 
as described by Etoz and Ataoglu.3 The hypothenar 
region of the left hand is believed to represent the 
general pain sensitivity of subjects with TMD,3 and 
this is the reason that this specific point was chosen. 
Muscle tenderness was then measured bilaterally in 
the following muscles: masseter (ie, deep masseter, 
anterior and inferior portions of the superficial masse-
ter), temporalis (ie, anterior temporalis, medial tempo-
ralis, and posterior temporalis), sternocleidomastoid, 

and upper trapezius (ie, the occipital region and half-
way between C7 and the acromium) (Fig 1).1,2 These 
muscles were selected for investigation because pre-
vious studies have reported that patients with TMD 
tend to develop tenderness in these muscles.1,2 

The PPT was defined in this study as the point at 
which a sensation of pressure changed to pain. At 
this moment, the subject said “yes” and the algom-
eter was immediately removed and the PPT noted.33 

Before the test was performed, the procedure was 
demonstrated on the investigator’s hand and a prac-
tice trial was performed on the subject’s right hand.33 
During the test, the algometer was held perpendicu-
lar to the hypothenar region of the left hand, the mas-
ticatory muscles (ie, masseter and temporalis), and 
neck muscles (ie, sternocleidomastoid and upper tra-
pezius), and the PPT at each site was measured. This 
procedure was repeated three times at each site, at 
30-second intervals. Since the first PPT of a session 
is usually higher than consecutive measurements, the 
first PPT value was discarded and the mean values of 
the other two PPT measurements were considered 
to be the final PPTs of the sites tested.3 An applied 
pressure rate of 1 kg/s was used for the hypothenar 
region of the left hand and neck muscles,3,16 and a 
pressure rate of 0.5 kg/s was used for the more rich-
ly innervated masticatory muscles.3,34 According to 
several studies11–13,35 that investigated the validity and 
reliability of algometry in both healthy subjects and 
subjects with pain, different rates of pressure need 
to be followed depending on the region being tested. 

To minimize the algometry limitations, the follow-
ing possible confounders were controlled:

• The investigator who collected the outcomes was 
blind to the group status of the participant (ie, 
TMD or healthy control).

• The assessor was trained in the use of the algom-
eter until consistent measurements were achieved 
before starting data collection.

• The algometer and the area of application were 
the same for all subjects. (Landmarking was used 
to allow easy recognition of the points of the al-
gometer application.)

• The algometer was calibrated each week for 
the duration of the experimental procedure to 
make sure that the rate of force application was 
consistent.

• The instructions were the same for all subjects.

Statistical Analyses
Muscle tenderness data for all analyzed muscles, jaw 
and neck disability indices, as well as pain sensitivity 
in the hand values for both groups were descriptively 
analyzed. An independent t test was used to determine  
age differences between groups. A paired t test was 

Fig 1  PPT points evaluated (◆ = points of temporalis muscle,  
■ = points of the masseter muscle, ▲ = points of the sternocleido-
mastoid muscle, × = points of the upper trapezius muscle). 
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performed to verify whether there were any differenc-
es between the right and left sides in each pair of 
muscles. Since significant differences were found 
between the right and left sides in two muscle pairs 
(ie, deep masseter and occipital region of upper tra-
pezius), sides were included in all further analyses. 

A three-way mixed design ANOVA with repeated 
measures (ie, muscles, sides, and groups) test was 
used to evaluate the differences in muscle tender-
ness between groups as evaluated by the PPT for all 
selected muscles. Also, a Bonferroni post-hoc test 
was used to determine where the PPT differences in 
the analyzed muscles were statistically different be-
tween subjects who had TMD with concurrent neck 
disability and healthy controls.

A one-way ANOVA was used in this study to de-
termine if subjects who had TMD with concurrent 
neck disability were significantly different statistically 
compared to the healthy subjects for pain sensitivi-
ty in the hand. Also, a Bonferroni post-hoc test was 
used to determine whether the pain sensitivity in the 
hand of the TMD group with concurrent neck disabili-
ty was different than that of the healthy control group.

Effect sizes of the results were calculated ac-
cording to Cohen guidelines. The magnitude of the 
effect size has been interpreted as an index of clinical 
relevance.36,37 The interpretation of the effect sizes of 
this study was based on Cohen’s guidelines: An ef-
fect size of 0.2 or less represents a small change, 0.5 
means a moderate change, and 0.8 or more shows a 
large change.38 

The level of significance for all statistical analyses 
was set at α = .05. The SPSS Statistical Program 
version 18.0 (Statistical Package for the Social 
Sciences, SPSS Inc, Chicago) was used to perform 
the statistical analysis.

Results

Demographics of Subjects
The age demographic for each group is shown in 
Table 1. An independent t test showed that there were 
no significant differences between the study groups 
for age (tdf=38 = –0.562, P = .578). The TMD group 
with concurrent neck disability had significantly high-
er disability scores for NDI and JDI when compared 
with the healthy control group (P < .05) (Table 1).

PPTs in Patients with TMD and Healthy 
Controls
The mean PPT values for patients who had TMD 
with concurrent neck disability and healthy control 
subjects are presented in Table 2. PPT values of the 
TMD group with concurrent neck disability were sta-
tistically significantly lower at almost all sites tested 

when compared with the healthy control group (Table 
3). The only sites that did not show statistically sig-
nificant differences for PPT values were the right 
inferior masseter (P = .071) and the right sterno-
cleidomastoid (P = .107). Effect sizes obtained from 
these comparisons were moderate to high (Table 3).

Pain Sensitivity in the Hand
The mean values for pain sensitivity in the hand for 
subjects who had TMD with concurrent neck disability 
and healthy subjects were 5.91 (SD = 1.51) and 6.96 
(SD = 1.58), respectively. Pain sensitivity in the hand 
of the subjects who had TMD with concurrent neck  
disability was significantly lower than that of the healthy 
control group (mean difference = 1.04 kg/cm2/s;  
SD = 0.49; P = .04). In addition, the calculated effect 
size was 0.67, indicating a clinically relevant finding.

Discussion

Muscle Tenderness in Subjects with TMD 
and Concurrent Neck Disability Compared to 
Healthy Controls 
Significant differences in masticatory and cervical 
muscle tenderness were found between subjects 
who had TMD with concurrent neck disability and 
healthy controls. Subjects who had TMD with con-
current neck disability showed a significantly low-
er PPT at almost all masticatory and cervical sites  
tested when compared to participants in the healthy 
control group. Smaller PPT as well as higher effect 
sizes were found not only for the masticatory mus-
cles, as expected, but also for the cervical muscles, 
such as the left sternocleidomastoid and left upper 
trapezius. Moreover, moderate effect sizes were 
found for the remaining cervical sites (ie, right sterno-
cleidomastoid and right upper trapezius). Although 
all of the subjects in the TMD group had concurrent 
neck disability, the main complaint of all patients was 
jaw pain and that was the main reason for seeking 

Table 1  Means of Age, Neck Disability Index, 
and Jaw Disability Index for Subjects 
with TMD and Concurrent Neck 
Disability and Healthy Controls

Mean SD
Age (years)
TMD with concurrent neck disability
Healthy controls

31.05
32.30

6.90
7.17

Neck Disability Index (0–50)
TMD with concurrent neck disability
Healthy controls

13.05*
2.05

6.98
1.28

Jaw Disability Index (10–50 points)
TMD with concurrent neck disability
Healthy controls

24.55*
10.35

10.86
0.99

*The mean difference is significant at the .05 level.
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treatment. Neck pain was secondary for this popula-
tion. The level of jaw disability was significantly high-
er than the level of neck disability in subjects with  
TMD.

Studies have shown that TMD and neck dysfunc-
tion might be related.39–47 For example, Pogrel et al39 
showed an increase in thermographic asymmetry in 
the upper back and neck of subjects with TMD when 
compared to healthy controls. They also demonstrat-
ed that the trapezius muscle had an increased tem-
perature on the symptomatic side in the subjects with 

TMD, and this difference was both statistically and 
clinically significant. De Laat et al40 found with pal-
pation that 23% to 67% of patients with TMD had 
neck muscle tenderness in the sternocleidomas-
toid and upper trapezius as well as other cervical 
and shoulder muscles, which was only rarely pres-
ent in the control group. Recently, Greenspan et al48 
showed that patients with TMD were more sensitive 
to a wide range of mechanical and thermal pain tests 
than control subjects, including not only tests applied 
to the orofacial area but also to the trapezius muscle. 

Table 2  Mean (SD) Pain Pressures Threshold Values of Neck and Masticatory Muscles in  
Subjects with TMD and Concurrent Neck Disability and Healthy Controls

Muscle

Right side Left side
TMD with concurrent 

neck disability Healthy controls 
TMD with concurrent 

neck disability Healthy controls
Deep masseter 2.37 (0.65) 3.03 (0.93) 2.03 (0.62) 2.72 (0.67)

Anterior masseter 1.92 (0.47) 2.45 (0.65) 1.90 (0.61) 2.54 (0.57)

Inferior masseter 1.81 (0.71) 2.20 (0.64) 1.75 (0.59) 2.38 (0.60)

Anterior temporalis 2.41 (0.70) 3.09 (0.78) 2.34 (0.64) 3.07 (0.70)

Middle temporalis 2.42 (0.71) 3.22 (0.69) 2.33 (0.65) 3.35 (1.00)

Posterior temporalis 2.60 (0.72) 3.46 (0.93) 2.68 (1.01) 3.78 (1.06)

Sternocleidomastoid 2.26 (0.75) 2.70 (0.92) 2.15 (0.50) 2.66 (0.72)

Upper trapezius (occipital region) 3.10 (0.74) 3.88 (1.23) 2.80 (0.80) 3.82 (1.20)

Upper trapezius (halfway between 
C7 and acromium)

3.82 (1.19) 4.61 (1.15) 3.70 (1.21) 4.88 (1.31)

Table 3  Pairwise Comparisons of Pain Pressure Thresholds Between Subjects with TMD and 
Concurrent Neck Disability and Healthy Controls

Muscle Mean difference Standard error P

95% Confidence interval  
for difference

Effect sizeLower boundary Upper boundary
Right side
Deep masseter 0.655 0.25 .013* 0.14 1.17 0.80
Anterior masseter 0.53 0.18 .005* 0.17 0.89 0.92
Inferior masseter 0.40 0.21 .071 -0.03 0.83  0.57
Anterior temporalis 0.67 0.23 .006* 0.20 1.14 0.90
Middle temporalis 0.80 0.22 .001* 0.36 1.25 1.12
Posterior temporalis 0.86 0.26 .002* 0.32 1.39 1.01
Sternocleidomastoid 0.44 0.27 .107 -0.10 0.98  0.48
Upper trapezius  
(occipital region)

0.79 0.32 .019* 0.14 1.44 0.75

Upper trapezius  
(halfway between C7 
and acromium)

0.79 0.38 .040* 0.04 1.54 0.66

Left side
Deep masseter 0.68 0.20 .002* 0.27 1.10 1.05
Anterior masseter 0.64 0.19 .001* 0.26 1.02 1.06
Inferior masseter 0.62 0.19 .002* 0.24 1.01 1.04
Anterior temporalis 0.73 0.21 .001* 0.30 1.16 1.06
Middle temporalis 1.02 0.27 .000* 0.48 1.56 1.19
Posterior temporalis 1.10 0.33 .002* 0.43 1.76 1.04
Sternocleidomastoid 0.51 0.19 .013* 0.11 0.90 0.81
Upper trapezius  
(occipital region)

1.02 0.32 .003* 0.37 1.67 0.98

Upper trapezius  
(halfway between C7 
and acromium)

1.18 0.40 .005* 0.37 1.99 0.92

*The mean difference is significant at the .05 level.
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In summary, all of the studies reviewed showed the 
involvement of the neck muscles in patients suffering 
with TMD, which is in accordance with the present 
study’s findings.43,44 

The results of the present study are also in accor-
dance with other studies11,14,21,49–53 showing that pain 
sensitivity, measured through PPT in the masticatory 
muscles, is lower in subjects with TMD when com-
pared to healthy controls. Only one study (Bragdon et 
al54) did not find differences in pain sensitivity in the 
masticatory muscles between TMD and healthy sub-
jects, which is contradictory to the present study’s 
findings. However, this conflicting result might be 
attributed to the fact that the Bragdon et al study54 
measured pain sensitivity by using heat and an isch-
emic stimulus instead of PPT measurements as used 
in the present study. The use of heat and tourniquets 
stimulates different sensory receptors (thermorecep-
tors and mechanoreceptors, respectively) when com-
pared to those evoked by noxious pressure stimulus 
(nociceptors), and the stimuli are interpreted differ-
ently by the central nervous system.55 Moreover, lon-
ger test sessions, different instrumentation, use of 
blood drawn at different times during the sessions, 
as well as the use of laboratory stress and relaxation 
may have sensitized healthy subjects to the pain stim-
uli, decreasing the difference between both groups 
found in that study.54

Functional and structural convergence of the tri-
geminal spinal tract and nucleus into the upper cer-
vical segments might be related to the increased 
muscle tenderness in the masticatory and neck mus-
cles found in the present study.7,14,56–58 Trigeminal 
afferent inputs from the proprioceptive mechano-
receptors located in the orofacial area project to the 
sensory complex of the fifth cranial nerve in the brain-
stem and to the first three segments of the cervical 
spinal cord and the nucleus of the spinal accessory 
nerve, which innervates the cervico-occipital, trape-
zius, and sternocleidomastoid muscles, together with 
the C1 to C3 nerve roots.5,58,59 Injuries to the jaw often 
spread tenderness to the neck area and vice-versa, 
and this tenderness sometimes persists or increases 
over time, even when tissue healing has apparently 
taken place.57,58 Even though this may happen, in part 
due to a local spreading of pain-producing chem-
icals through the tissues, studies suggest that the 
spreading tenderness is more related to changes in 
central neural circuitry (ie, central sensitization).57,60,61 
In addition, recent evidence regarding the muscular 
impairments of subjects with TMD when compared 
to healthy subjects has indicated that subjects with 
TMD have a reduced endurance of the cervical flex-
or and extensor muscles, which was demonstrated 
by increased activity of the superficial muscles of 
the neck.43–46 These endurance impairments could 

make the neck of subjects with TMD more vulnerable 
to pain and tenderness, since muscles in this region 
cannot meet the endurance demands imposed on 
the neck. Since the neck and orofacial regions are 
interconnected,41,42,47 these impairments could be 
involved in maintaining the neck dysfunction seen 
in patients with TMD.62 Therefore, clinicians may be 
able to identify and treat these impairments sooner in 
their patients with TMD in order to decrease the vul-
nerability of the neck, help improve the functioning of 
the craniocervical system, and subsequently reduce 
nociceptive inputs to the trigeminocervical nucleus.45

Pain Sensitivity in the Hand in Subjects 
with TMD and Concurrent Neck Disability 
Compared to Healthy Controls
The present study showed that pain sensitivity in the 
hand in the subjects who had TMD with concurrent 
neck disability was significantly higher (ie, higher pain 
sensitivity = lower PPT) than those of the healthy con-
trol group. The effect size for this result was moderate 
(ES = 0.67), indicating that this difference could be 
considered clinically relevant according to guidelines 
established by Cohen.63 Higher pain sensitivity in 
the hand in patients presenting with TMD along with 
concurrent neck disability showed that these patients 
had a tendency to be more sensitive to pain even in 
parts of the body other than the jaw or neck. Other 
studies1,3,64–67 have also found that chronic pain pa-
tients have a tendency to have increased general pain 
sensitivity when compared to healthy controls, which 
is in accordance with the present study’s results. In a 
scientific review of the literature, Sarlani et al65 found 
that four out of seven studies using PPTs to investi-
gate generalized hyperalgesia in patients with TMD 
showed greater sensitivity in the patient group when 
compared to healthy controls, which is also in agree-
ment with this study’s findings. They found one study 
showing lower PPT and muscle tolerance in patients 
with TMD, but the results did not reach statistical sig-
nificance. Sarlani et al65 attributed this to the study’s 
small sample size. However, in contrast to all of the 
findings of their systematic review including the re-
sults of that study, two studies found in the systemat-
ic review did not find any difference in PPT between 
patients with TMD and healthy controls.65 One pos-
sible explanation for this discrepancy is the fact that 
these two studies excluded patients with arthralgia.65 

In the present study, patients with myogenous TMD 
as well as mixed TMD (ie, patients could have arthral-
gia in addition to myogenous pain) were included. 
Sometimes, slight changes in a population and meth-
odology used in a study can lead to different results. 
Another study by Mohn et al68 also did not find differ-
ences in pain sensitivity between patients with TMD 
and healthy controls, which is also in contrast with 
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the results of the present study. This difference could 
be due to the fact that Mohn et al68 did not record 
whether medication was used by the subjects in their 
study. Frequently, chronic pain patients make use of 
pain medication, which could decrease their sensitiv-
ity to pain when evaluated. 

Pain sensitivity in the hypothenar region of the 
left hand can be used to represent the general pain 
sensitivity of patients with TMD.3 Investigating gen-
eralized pain sensitivity or pain sensitivity in the hand 
of patients with chronic TMD has important impli-
cations for the mechanisms underlying TMD.65 As 
explained earlier, there is evidence that greater pain 
sensitivity in patients with TMD might be attributed 
to the hyperexcitability of parts of the central ner-
vous system. There are studies showing that patients 
suffering from TMD present with a widespread de-
crease in PPT, not only at the facial level but also in 
other areas such as the neck, shoulders, and lower 
back.51,64,67 Studies have shown morphologic abnor-
malities in the brains of patients with TMD. Younger 
et al found abnormalities in the trigeminal system that 
could be a sign of spinal and/or peripheral nervous 
system dysfunction in patients with chronic TMD.69 
They also found ventral posterior thalamic abnormali-
ties in patients with TMD, suggesting enhanced facil-
itation of trigeminal sensory transmission (ie, central 
sensitization).69 Finally, they also found limbic system 
abnormalities in patients with TMD, which indicates a 
possible interplay of psychological and physiological 
systems in subjects with TMD.69,70 Although Moayedi 
et al70 also showed morphologic abnormalities in the 
pain, motor, and cognitive areas of the brain in sub-
jects with chronic TMD, Gustin et al71 did not find 
significant morphologic abnormalities in the brain of 
chronic TMD subjects. These results underscore the 
uncertainty about the mechanisms underlying pain in 
chronic TMD subjects. 

Limitations
The main limitation of the present study was the lack 
of a group of subjects having only TMD without neck 
disability. The initial intention when conducting this 
research was to collect the data by separating the 
TMD groups into those with and without neck pain 
(stratification). Following 1 year of data collection, 
only two subjects had jaw pain without neck pain/
disability, which was too small a sample size to have 
sufficient power to make any group comparisons. 
Many studies have highlighted the coexistence of 
cervical spine dysfunction and TMD.25,72,73 Symptoms 
from the cervical spine74 overlap in the same group 
of patients (TMD and cervical spine dysfunction). 
Thus, a high prevalence of cervical symptoms has 
been observed in TMD patients. Furthermore, a re-
cent population-based study has found that neck 

pain is the most common comorbidity of patients with 
TMD; TMD patients were found to have almost eight 
times the odds of having neck pain when compared 
to subjects without TMD.74 Since neck disability is 
common in patients with TMD, it was decided to ana-
lyze the data by providing clinicians with the situation 
they would most commonly see in clinical practice. 
If a patient with TMD comes to their clinic, there is 
a high probability that the subject will present with a 
neck disability requiring treatment. In addition, it was 
found, in a previous study, that jaw disability is highly 
correlated with neck disability.75

It has to be acknowledged that the present study 
is cross-sectional in nature, and thus a cause-and- 
effect relationship between the variables studied and 
TMD cannot be established. Another limitation could 
be the small sample size. Nevertheless, although the 
sample size was smaller than expected from calcula-
tions at the beginning of the study, this sample was 
sufficient to show both statistical significance and 
clinical relevance of the studied variables. 

The results of this study only apply to subjects 
with TMD and concurrent neck disability and healthy 
subjects (controls). Only female subjects between 18 
and 50 years of age were tested. In order to make 
future generalizations of these results, further studies 
including a larger sample size as well as measure-
ment of different subject characteristics, such as 
psychological factors, physical well-being, and quali-
ty of life, are needed.

Conclusions

This study has highlighted the importance of as-
sessing TMD patients not only in the craniofacial 
region but also in the neck and other parts of the 
body. Muscle tenderness, however, is only one of the 
factors that should be taken into account when as-
sessing patients with TMD. TMD is a complex prob-
lem and involves many factors, such as the gender, 
anxiety and stress levels, and socialization level of 
the patient. Future studies, especially randomized 
controlled trials, should focus on testing the effec-
tiveness of treatments addressing the neck and the 
whole-body sensitivity in patients with TMD.
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