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Pressure Pain Thresholds in the Craniofacial Region of
Female Patients with Rheumatoid Arthritis 

Pressure algometry is one approach to assessing the magnitude
of pressure pain sensitivity in patients with rheumatoid arthri-
tis (RA). The pressure pain threshold (PPT) can be assessed

with an electronic pressure algometer for which the reliability as
well as the intra- and interoperator variability have been investi-
gated and reported to be acceptable.1–3 Fredriksson et al4 intro-
duced the use of a relative value of PPT, ie, a ratio between the
absolute PPT values over the temporomandibular joint (TMJ) and
that of a reference site. This ratio was tested as an alternative to the
absolute PPT, with emphasis on comparison between individuals
and groups of individuals as well as longitudinal changes. The pre-
vious study investigated the use of the PPT ratio in healthy individ-
uals, but the use of PPT ratio has not been investigated in patients. 

Rheumatoid arthritis is a chronic inflammatory disease that fre-
quently affects the TMJ.5,6 In order to assess the degree of pain
and the pressure pain sensitivity over the TMJ, assessments of the
pain intensity by visual analog scales (VASs), tenderness to digital
palpation, and pain provocation by mandibular movement are fre-
quently used. So far, no study regarding PPT over the TMJ or the
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Aims: To determine the temporomandibular joint (TMJ) pressure
pain threshold (PPT) in female patients with rheumatoid arthritis
(RA) and TMJ involvement in comparison with healthy females, in
order to determine its clinical usefulness for local pain assessment.
Methods: Forty-two female patients with the diagnosis of RA, 17
of them positive and 25 negative for rheumatoid factor were inves-
tigated, as well as 17 healthy females. A pressure algometer was
used to assess the PPT over the TMJ and (as a reference) the cen-
ter of the glabella. The mean of the second and third TMJ PPT
was used in the analysis, and the ratio between the TMJ PPT and
the PPT of the reference site (PPT ratio) was calculated. Temporo-
mandibular joint resting pain and pain upon maximum voluntary
mouth opening was assessed by a visual analog scale on each side.
Results: The TMJ PPT (median/10th to 90th percentile) and PPT
ratio were significantly lower in the RA patients (148/64 to 220
and 0.63/0.40 to 1.01, respectively) than in the healthy individuals
(217/111 to 352 and 0.85/0.51 to 1.25), but the overlap was con-
siderable. Conclusion: This study shows that the PPT of the TMJ
in RA patients is lower than in healthy individuals and that it can
be used for pain assessment. However, the clinical use of the TMJ
PPT and PPT ratio measurements alone is limited from a diagnos-
tic point of view. J OROFAC PAIN 2003;17:326–332.
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relationship between PPT and other pain parame-
ters has been performed on RA patients with TMJ
involvement. The aim was therefore to determine
the TMJ PPT in RA patients with TMJ involve-
ment in comparison with healthy individuals, in
order to assess its clinical usefulness for local pain
assessment.

Materials and Methods

Patients

This study was approved by the local Ethical
Committee at Huddinge Hospital, Huddinge,
Sweden (364/02). Forty-two female patients with a
diagnosis of RA according to the American
College of Rheumatology criteria,7 17 of them
positive and 25 negative for rheumatoid factor in
the serum, participated in this study (Table 1).
Further inclusion criteria were pain for more than
6 months and tenderness to digital palpation of the
TMJ. The patients had not been subjected to any
treatment of the TMJ within the last 3 months. All
patients were referred to the Department of
Clinical Oral Physiology, Institute of Odontology,
Karolinska Institute in Huddinge, Sweden by
rheumatologists or general medical practitioners.

Healthy Females

Seventeen healthy females participated (Table 1).
Inclusion criteria were no current or prior (within

the last 6 months) general or local joint muscle
symptoms and no current headache. The subjects
were not age-matched to the patients, since no corre-
lation was previously found between PPT and age.4

Pressure Pain Algometric Recordings 

The PPT test site of the TMJ was defined as the
palpable lateral pole of the TMJ condyle with the
subject’s mouth closed. The reference site was
defined as the center of the glabella on the frontal
bone.

The absolute PPT was defined as the minimum
pressure needed to evoke a painful sensation recog-
nizable by the subjects. The relative PPT was
defined as the ratio between the absolute PPT of
the TMJ and the absolute PPT of the reference site.
The PPT was assessed by a hand-held electronic
pressure algometer (Somedic Production) consist-
ing of a pressure transducer probe connected to a
pistol-grip with a display unit. The tip of the pres-
sure transducer has a flat, circular rubber tip with
an area of 1.0 cm2. Increasing pressure was applied
at a constant rate (50 kPa/s) until the subject
responded to the first pain sensation by pressing a
button on a device connected to the probe that
froze the current PPT level on the display. The PPT
was measured consecutively 3 times at both sites,
and the mean of the second and third measurement
was used in the statistical analyses.4,8,9 The PPT
over the TMJ was measured on both sides in the
patients; since there is no evidence of a significant
difference in PPTs between right and left TMJs in

Table 1 Profile of the 42 Female Patients With Seropositive or Seronegative Rheumatoid Arthritis and 17
Healthy Females Who Participated in the Study

Seropositive Seronegative All patients           Healthy females
Mean SD Mean SD Mean SD Mean SD

Age (y) 52 13 44 14 47 14 39 13
Duration of general involvement (y) 12 9 13 10 14 9 NA NA
Duration of TMJ involvement (y) 6 6 5 6 7 5 NA NA
No. of involved joints 5 2 4 2 4 2 NA NA
Erythrocyte sedimentation rate (mm/h) 30 14 22 21 25 19 NA NA
Thrombocyte particle concentration (�109/mL) 366 36 297 151 322 126 NA NA

Median IQR Median IQR Median IQR Median IQR
C-reactive protein (mg/L) 3 9 3 8 0 13 NA NA

% % %
Erythrocyte sedimentation � 28 24 19 31
(normal rate ≤ 28)
C-reactive protein � 10 (normal rate ≤ 10) 43 20 34
Thrombocyte particle concentration � 400 18 16 17
(normal range 150–400)

NA = not applicable; SD = standard deviation; IQR = interquartile range (25th to 75th percentile).
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healthy females,2,3 only the PPT of the right side
was measured in the healthy females. 

Pain Intensity Ratings 

A 100-mm VAS with endpoints denoted by “no
pain” (0 mm) and “worst pain ever experienced”
(100 mm) was used to assess the ongoing pain
intensity in the TMJ at rest.

Clinical Signs 

The tenderness to digital palpation of the lateral and
posterior aspects of the TMJ was assessed on each
side. On each side and aspect, 1 unit was scored if
the patient reported tenderness and 2 units if the
palpation caused a pain response, ie, a blink or a
defense reaction (maximum score per joint = 4).

The number of painful mandibular movements
in the TMJ, including maximum mouth opening,
laterotrusion to both sides, and protrusion, was
counted for each side (score 0 to 4). The pain
intensity in the TMJ upon maximum voluntary
mouth opening was assessed with the VAS.

More and Less Painful Side 

In the patients, the more painful TMJ was deter-
mined by assessing the number of painful
mandibular movements on each side. If the num-
ber of movements was equal, the pain intensity at
rest (based on the VAS score) was used to separate
the more painful side from the less painful side.

Blood Sampling

Venous blood was collected and used for determi-
nation of erythrocyte sedimentation rate (mm/h),
serum concentration of C-reactive protein (mg/L),
and thrombocyte particle concentration (�
109/mL) in order to estimate the disease activity.

Statistical Analyses

The ratio between the PPT of the TMJ and the PPT
of the reference site was used to account for indi-
vidual differences in general nonarticular pressure
pain sensitivity. The central tendency and the varia-
tion of the variables are given as the mean and
standard deviation (SD) when the variables are nor-
mally distributed and as the median and interquar-
tile range (IQR; 25th to 75th percentile) when they
are not. The significance of the differences in PPT
between the 3 consecutive recordings was analyzed
with the Friedman repeated measures analysis of

variance on ranks. A pair-wise multiple comparison
procedure Dunnett test was used post hoc. The dif-
ference in PPT between the more painful side and
the less painful side was analyzed with the
Wilcoxon signed rank test and the difference be-
tween RA patients and healthy females was ana-
lyzed with the Mann-Whitney U test. Correlations
were analyzed with the Spearman’s rank correla-
tion test. The error of measurement of the PPT was
estimated as the SD of a single measurement (s =
[∑di

2/2n]1/2 ) and the coefficient of variation in per-
cent (CV = [s � 100]/mean). A probability level
below .05 was considered as significant (P � .05).

Results

Pressure Pain Threshold Over the TMJ and 
the Glabella Reference Site 

The PPT at the glabella reference site in the RA
patients differed between measurements (P = .008),
and the first measurement was found to be signifi-
cantly higher than the third (P � .05). The refer-
ence site PPT in the healthy females also differed
between measurements (P � .001), and the first
measurement was higher than the second and third
(P � .05). There was no difference between mea-
surements for the TMJ PPT in the RA patients or in
the healthy females.

The PPT of the TMJ and the reference point as
well as the PPT ratio are shown in Table 2. The
PPT of the TMJ of the more painful side in the
patients was lower than the PPT of the healthy
females (P = .006). The 10th to 90th percentile
interval of the TMJ PPT was 64 to 220 kPa on the
more painful side in the patients and 111 to 352
kPa in the healthy females. The PPT on the more
painful side was within the 10th to 90th percentile
interval of the healthy females for 28 out of the 42
patients (67%), while 13 (31%) were below the
10th percentile, and 1 (2%) was above the 90th
percentile of the healthy individuals (Fig 1). 

The TMJ PPT and the PPT ratio on the more
painful side were lower than those on the less painful
side in the RA patients (P � .001 for both). The
TMJ PPT on the more painful side also was lower in
the RA patients than in the healthy females (P =
.006). The reference site PPT in the RA patients did
not differ from that in the healthy individuals, but
the PPT ratio in the RA patients was lower than in
the healthy females (P = .011).

The reference site PPT was positively correlated
to TMJ PPT on both the more painful side (rs =
0.66, n = 42, P � .001, Fig 2) and the less painful
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side (rs = 0.59, n = 42, P � .001). It had a 10th to
90th percentile interval of 112 to 345 kPa in the
patients and 135 to 418 kPa in the healthy individ-
uals. Eight of the patients (19%) had a reference
site PPT below 135 (Fig 1), ie, below the 10th per-
centile for the healthy females. No significant cor-
relations were found between PPT and age in any
of the groups. There were no significant differ-
ences between the seropositive and seronegative
patients regarding PPT.

Pressure Pain Threshold in Relation to 
Other Clinical Characteristics

The reference site PPT was negatively correlated to
ongoing pain in the TMJ at rest in the RA patients

(rs = –0.30, n = 42, P = .049). The TMJ PPT and
reference site PPT were negatively correlated to
pain upon maximum mouth opening (rs = –0.34, n
= 42, P = .026; and rs = –0.39, n = 42, P = .011,
respectively) (Fig 3). No significant correlations
were found between PPT and erythrocyte sedimen-
tation rate, serum concentration of C-reactive pro-
tein, or thrombocyte particle concentration in the
patients. The ongoing pain intensity in the TMJ at
rest in the RA patients was higher on the more
painful side (median VAS = 39) than on the less
painful side (median VAS = 12; P � .001).

Reproducibility of PPT Measurement 

The reproducibility of the PPT measurements is
shown in Tables 3a and 3b and Fig 4. Measurement
of the TMJ PPT in the healthy females had the low-
est coefficient of variation (11%), whereas measure-
ment of the reference site PPT in the healthy
females had the highest coefficient (23%).

Discussion

This study has shown that the absolute and relative
PPT for the TMJ in RA patients is lower than in
healthy females, although there is considerable over-
lap of the distributions. There does not seem to be
any difference between seropositive and seronega-
tive RA for absolute or relative PPT. A low PPT was
associated with a high degree of TMJ pain, which
indicates validity for the PPT as an assessment of
pain. The reproducibility of the absolute PPT mea-
surements could be considered acceptable, whereas
it was poor for the relative PPT. The clinical diag-
nostic usefulness of these variables must, however,
be considered to be limited, at least when it is not
used together with other clinical parameters.

The measurement of PPT with an electronic
pressure algometer was introduced as an alterna-
tive to digital palpation and is assumed to be an
estimate of hyperalgesia/allodynia. Although there

Table 2 Mean of the Second and Third Pressure Pain Threshold Values of the
Temporomandibular Joint and Reference Site (Glabella) in kPa as Well as the Ratio
Between These Variables in 42 Females with Rheumatoid Arthritis and 17 Healthy
Females 

More painful side Less painful side Healthy females
IQR Median 10/90 IQR Median 10/90 IQR Median 10/90

Temporomandibular joint 86 148 64/220 109 159 98/277 132 217 111/352
Reference site 122 229 112/345 191 278 135/418
Ratio 0.33 0.63 0.40/1.01 0.33 0.78 0.48/1.40 0.35 0.85 0.51/1.25

IQR = interquartile range (25th to 75th percentile); 10/90 = 10th to 90th percentile.
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Fig 1 The 10th to 90th percentile interval of the mean
of the second and third pressure pain threshold mea-
surement over the reference site (glabella) and the tem-
poromandibular joint in 42 female patients with
rheumatoid arthritis and in 17 healthy females.
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Fig 2 Relation between pressure pain threshold over
the reference site (glabella) and the temporomandibular
joint on the more painful side in 42 female patients with
rheumatoid arthritis (rs = 0.66, n = 42, P � .001).

Fig 3 Relation between pain upon maximum mouth
opening (VAS score) and the pressure pain threshold
over the temporomandibular joint in 42 female patients
with rheumatoid arthritis (rs = –0.34, n = 42, P = .026).

Fig 4 Relation between the second and the third pres-
sure pain threshold values over the temporomandibular
joint on the more painful side in 42 female patients with
rheumatoid arthritis (rs = 0.87, n = 42, P � .001). Error
of measurement expressed as the standard deviation of a
single measurement = 20 kPa and coefficient of varia-
tion = 14%.

Table 3a Reproducibility of the Mean of the
Second and Third Pressure Pain Threshold
Measured Over the Temporomandibular Joint 
and Reference Site (Glabella) in kPa as Well as 
the Ratio Between These Variables in 42 Females
with Rheumatoid Arthritis 

Mean s CV

Temporomandibular joint
More painful side 146 20 14
Less painful side 177 27 15

Reference site 228 32 14
Ratio
More painful side 0.67 0.14 21
Less painful side 0.82 0.17 20

s = standard deviation of a single measurement; CV = coefficient of vari-
ation in percent (100 � s/mean).

Table 3b Reproducibility of the Mean of the
Second and Third Pressure Pain Threshold
Measured Over the Temporomandibular Joint 
and Reference Site (Glabella) in kPa as Well as 
the Ratio Between These Variables in 17 Healthy
Females 

Mean s CV

Temporomandibular joint
Right joint 213 24 11

Reference site 263 62 23
Ratio
Right joint 0.86 0.19 22

s = standard deviation of a single measurement; CV = coefficient of vari-
ation in percent (100 � s/mean).
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have been studies assessing PPT over inflamed and
non-inflamed tissues in patients with RA, none to
our knowledge has studied the PPT over the TMJ.
Gerecz-Simon et al10 and Dhondt et al11 showed
that RA patients compared to healthy females had
a decreased PPT on the forehead, the upper and
lower extremities, certain spinal processes, as well
as over the ankle and knee joint. Leffler et al12

showed that RA patients had a decreased PPT
overlying painful and inflamed joints. In the pre-
sent study, the TMJ PPT in the RA patients was
significantly lower than in the healthy individuals,
but the high degree of overlap between the patients
and the healthy individuals limits the diagnostic
utility of this parameter. A PPT value below
approximately 111 kPa might be considered to be
in the abnormal range irrespective of the kind of
pathology that the pain or hyperalgesia is base
upon. However, if such a threshold is to be used in
a future study, the PPT value first has to be vali-
dated for each operator since this value most prob-
ably will vary considerably between operators. 

Huskisson and Hart13 found that RA patients
with a lower PPT had more severe pain during a
greater part of the day than patients with a higher
PPT and that they required more analgesics for
pain relief. This is supported by the findings in this
study, where a lower TMJ PPT was associated
with a higher degree of TMJ pain, which also indi-
cates that PPT can be used as an adjunct for esti-
mation of local pain.

There was no difference between the RA patients
and the healthy females for the PPT of the glabella
reference site. This finding indicates that no gener-
alized increased pressure pain sensitivity was pre-
sent in our patient sample. On the other hand,
there was a significant and positive correlation
between PPT of the TMJ and the reference site in
the RA patients, which indicates that patients with
a low TMJ PPT may have an increased pressure
pain sensitivity. An explanation for the lack of dif-
ference between patients and healthy individuals
could be that the average disease activity of RA in
this study was low. Rheumatoid arthritis patients
with a long duration of disease, as in this study,
may have a central hyperexcitability beyond the
primarily affected spinal cord or brainstem seg-
ments due to a long-lasting nociceptive bombard-
ment from inflamed joints, which may cause a low-
ered PPT in nonarticular regions.14–16 This may
also occur within the trigeminal system on the
brainstem level by involvement of the ophthalmic
division of the trigeminal nerve.16

The first reference site PPT measurement was
significantly higher than the subsequent recordings

in the RA patients as well as in the healthy females.
Several authors have found that healthy individuals
generally present a higher PPT at the first recording
than the subsequent recordings4,8,9 and have rec-
ommended that the first recording be discarded.
The mean of the second and third measurement
was therefore used in this study. The reason why
the first PPT recording in the healthy females was
higher than the subsequent recording could be that
the healthy subjects were not accustomed to the
method and therefore did not recognize the PPT
accurately at the first recording. Since PPT can be
influenced by several factors, eg, noise or anxiety
as well as the concentration and the reaction time
of the subjects, the stimulus rate and the size of the
contact area, it is important to explain the proce-
dure to the subjects carefully and to perform the
procedure in an appropriate environment.10,17

These considerations were accounted for in this
study. The reason why the RA patients did not pre-
sent a higher PPT value over the TMJ at the first
recording may be due to pain or inflammation of
the joint, causing a more distinct response. The
reason why the first and subsequent PPT measure-
ments over the TMJ did not differ in the healthy
individuals is probably due to the fact that the pro-
cedure was tested on the left side before the PPT
assessment was made on the right side.

To test the validity of TMJ PPT as a measure of
local pain in RA patients, the more and less pain-
ful sides were compared. The TMJ PPT showed
lower values on the more painful side, which indi-
cates that PPT measurement is valid for estimation
of the degree of pain in TMJ involvement of RA.
This is supported by our finding that the ongoing
pain intensity at rest in the TMJ in the RA patients
was also significantly higher on the more painful
side.

There was no difference between seropositive
and seronegative patients for PPT; this was not
unexpected, since pain could be of the same inten-
sity in the 2 conditions despite their having a dif-
ferent pathophysiology.18

The reproducibility of the TMJ and reference
site PPT based on the coefficient of variation var-
ied between 11% and 15%, except for the refer-
ence site in the healthy females, where it was 23%.
The former values could be considered acceptable
for this kind of measurement and are similar to
those of other clinical parameters.19 The error of
the PPT ratio was higher (20% to 22%) and thus
seems to be less reliable. The reproducibility of the
PPT ratio is not only dependent on the variation of
the TMJ PPT, but is also influenced by the varia-
tion of the reference site PPT. The reproducibility
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of TMJ PPT was acceptable in the RA patients as
well as the healthy individuals.

This study has shown that the PPT of the TMJ
and the ratio between PPT of the TMJ and glabella
in RA patients are lower than in healthy individu-
als and that the absolute PPT can be used for pain
assessment. However, the clinical use of these vari-
ables alone is limited from a diagnostic point of
view. Furthermore, the usefulness of PPT measure-
ments for pain assessments in longitudinal studies
and for evaluation of treatment efficacy is still an
open question and should be investigated in the
future.
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