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ORIGINAL ARTICLE
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Abstract
Objectives The aim was to determine the frequency of Research Diagnostic Criteria for Temporomandibular Disorders (RDC/
TMD)-based pain diagnoses and dynamic/static tests-based pain diagnoses, and to assess the agreement of palpation tests with
static/dynamic tests.
Materials and methods Eighty-six (N = 86) adult patients with Lyme disease (mean age 57.0 ± 14.3 years; male/female ratio was
42/44) were examined according to techniques described in the RDC/TMD. Additionally, dynamic/static tests were performed.
For RDC/TMD-based pain diagnoses and dynamic/static tests-based pain diagnoses, descriptive frequencies were calculated.
Differences between the frequency of palpation-based diagnoses and of dynamic/static-based diagnoses as well as the agreement
between pain diagnoses established with the two diagnostic approaches were assessed.
Results RDC/TMD-based pain diagnoses were made in 61 patients for myofascial pain and in 11 patients for arthralgia and/or
osteoarthritis. Based on dynamic/static tests, mainly myogenous pain was diagnosed in 6 patients, and a mainly arthrogenous
pain in 5. The agreement of palpation tests with static/dynamic tests in Lyme disease population was poor.
Conclusion A high prevalence of TMD symptoms was found in patients with Lyme disease. The results suggest that using
palpation tests alone could overestimate primary TMDs when comorbid conditions are present.

Clinical relevance: Dynamic/static tests should be used as part of the routine TMD assessment. In case of Lyme disease as the
actual cause of the facial pain, while the dentist might be suspecting TMD when dynamic/static TMD tests are negative, referral
to an appropriate specialist for the diagnosis and treatment of Lyme disease needs to be made.

Keywords Dynamic/static tests . Palpation tests . Differential diagnosis . Temporomandibular pain . Comorbidity . Lyme disease

Introduction

Lyme disease, also known as borreliosis, is a multiorgan
animal-borne disease, caused by bacteria—spirochetes of the

Borrelia species, classified as Borrelia burgdorferi (Bb) strain
[1]. It is the most common tick-borne infectious disease in
Europe [2]. The number of people testing positive for anti-
Bb antibodies varies in different European countries (approx-
imately 5–25%) [3]. The Asbrink and Hovmark classification
defines two stages of the disease: early and late Lyme disease
[4]. Erythema migrans (EM), a pathognomic skin lesion that
occurs in approximately 80% of Lyme disease patients, is the
first symptom of early Lyme disease [3, 5]. In patients without
EM or not undergoing treatment, the infection may spread and
affect various organs. If the nervous system is infected, Lyme
neuroborreliosis is diagnosed (LNB), whilst and if the infec-
tion affects the joints, Lyme arthritis is diagnosed (LA). Late
Lyme disease is very rare and only occurs in patients who
were not treated early enough. With the exception of the
above-described early changes in the patient’s skin, signs
and symptoms are not characteristic of the disease, and blood

Clinical Oral Investigations (2019) 23:4411–4416
https://doi.org/10.1007/s00784-019-02890-4

* Magdalena Osiewicz
Magdalena.osiewicz@uj.edu.pl

1 Department of Integrated Dentistry, Dental Institute, Faculty of
Medicine, Jagiellonian University Medical College, Krakow, Poland

2 School of Dentistry, University of Siena, Siena, Italy
3 Department of Infectious and Tropical Diseases, Faculty of

Medicine, Jagiellonian University Medical College, Krakow, Poland
4 Department of Orofacial Pain and Dysfunction, Academic Centre for

Dentistry Amsterdam (ACTA), University of Amsterdam and Vrije
Universiteit Amsterdam, Amsterdam, The Netherlands

http://crossmark.crossref.org/dialog/?doi=10.1007/s00784-019-02890-4&domain=pdf
http://orcid.org/0000-0002-8108-4546
mailto:Magdalena.osiewicz@uj.edu.pl


culture to search for specific antibodies against Bb is needed
for diagnostic purposes. In the very early stages, antibodies
may not be present, and unspecific symptoms, such as pain in
the facial area, are hard to relate to the presence of Lyme
disease.

This means that early symptoms of Lyme disease may re-
semble, amongst others, the fluctuating nature of temporo-
mandibular disorders (TMDs), such as brief periods of pain
in the temporomandibular joint (TMJ) or masticatory muscles
that may be followed by periods of complete remission [6].
Limitation of mouth opening may also occur [7, 8]. Thus,
patients who actually suffer from facial pain due to Lyme
disease may be wrongly diagnosed with TMD. Orofacial pain
has a prevalence of about 10% in the general population, and
many conditions share similar clinical features [9]. TMD oc-
currence has been reported in patients with some chronic pain
conditions (e.g., fibromyalgia, whiplash-associated disorders)
or psychological disorders (e.g., depression or somatization)
[10–14]. On the other hand, it needs to be pointed out that
there are no available data on the frequency of TMD-pain
diagnoses in patients with Lyme disease.

ATMD-pain diagnosis is commonly based on oral history
and the outcomes of palpation tests as per the Research
Diagnostic Criteria for TMD (RDC/TMD; [15]), or the up-
dated Diagnostic Criteria for TMD (DC/TMD; [16]). As a
complimentary diagnostic option, dynamic/static tests have
been proposed, based on the rationale to elicit pain in a
function-dependent manner (i.e., as a result of movements of
the jaw and static muscle efforts) [17–20]. In patients with
TMD symptoms occurring in presence of other primary con-
ditions, such as Lyme disease, it should be interesting to assess
findings from the dynamic/static tests with respect to the pos-
sible overestimation of primary TMDs that could be drawn
from palpation tests alone.

Based on the above, this study has been performed in a
population of patients with Lyme disease with the following
twofold aim: (1) to determine the frequency of RDC/TMD-
based pain diagnoses and dynamic/static tests-based pain di-
agnoses; and (2) to assess the agreement of palpation tests
with static/dynamic tests in this population.

Materials and methods

Participants

The study was conducted at the Department of Infectious and
Tropical Diseases of the University Hospital in Krakow on 86
consecutive adult patients with Lyme disease. Inclusion in the
study was confined to individuals with confirmed Lyme ar-
thritis or Lyme neuroborreliosis diagnoses, without any other
acute or chronic inflammatory or systemic diseases that might
have affected the presence of TMD symptoms, and without a

history of TMD pain and/or dental pain. Since in this study the
agreement of clinical TMD pain tests was determined, these
tests were not used to exclude participants from the study.
Thus, the oral history was used as the approach to rule out
TMD pain [19].

Lyme disease was diagnosed according to the specific
criteria that are fully described in the recommendations of
The Polish Society of Epidemiologists and Infectious
Diseases Doctors [3, 5].

The patients were divided into four groups: early Lyme
arthritis (ELA), late Lyme arthritis (LLA), early Lyme
neuroborreliosis (ELN), and late Lyme neuroborreliosis
(LLN) [3, 5].

ELA/LLA was diagnosed in patients with symptoms of
arthritis and the presence of positive antibodies against Bb
class IgM or class IgG in the blood serum. ELN/LLN was
diagnosed in patients showing symptoms of central or periph-
eral nervous system involvement and the presence of positive
antibodies against Bb class IgM or class IgG in the blood
serum and cerebrospinal fluid. Discrimination between ELA
and LLA as well as between ELN and LLN depends on the
time frame of symptoms’ persistence.

The study was conducted according to the principles of the
Helsinki declaration and approved by the Bioethics Committee
of the Jagiellonian University (No. KBET/200/B/2011).

Study design

During a dedicated session at the Department of Infectious
and Tropical Diseases, a specialist in TMD performed an ex-
amination according to the Research Diagnostic Criteria for
Temporomandibular Disorders (RDC/TMD) guidelines [15],
and the dynamic/static tests of the masticatory system [17,
18]. The examiner was trained by a calibrated RDC/TMD
examiner (FL) within the framework of a 3-year specialty
program in TMD and Orofacial Pain at the Department of
Oral Kinesiology, Academic Centre for Dentistry
Amsterdam (ACTA), Amsterdam, The Netherlands [21].
Furthermore, the patients were asked to complete the Polish
version of the RDC/TMD questionnaire [22, 23].

The RDC/TMD examination included all clinical tests
needed for an Axis I pain diagnosis. Palpation was applied
in 12 different locations, on the left side as well as on the right
side of the face and head, in the posterior, middle, and anterior
temporalis muscle; the origin, body, and insertion of masseter
muscle; the postmandibular region; the submandibular region;
the lateral pterygoid area; the tendon of temporalis; and the
lateral aspect of the TMJ and the posterior aspect of the TMJ.
The patients’ pain was scored on a 4-point ordinal pain scale:
0 = no pain, 1 =mild pain, 2 = moderate pain, and 3 = severe
pain. Based upon the clinical measurements derived from the
clinical RDC/TMD examination, one or more of the following
TMD pain diagnoses could be established myofacial pain,
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myofascial pain with limited mouth opening, arthralgia, and
osteoarthritis [15].

After the RDC/TMD examination, the dynamic and static
tests were performed. These tests aim to provoke pain in the
temporomandibular joints and/or masticatorymuscles through
loaded movements of the mandible and heavy static muscular
effort, respectively.

During the dynamic tests, the patient was asked to perform
jaw movements (i.e., mouth opening, closing, protrusion),
while the examiner applied a slight manual counter pressure
to the mandible (± 5 N, as practiced on a weight scale). During
the static tests, the patient was not allowed to move the man-
dible at all; it remained in a position approximately 5 mm in
the direction of the intended movement, while the examiner
gradually increased the manual resistance to jaw movements
to impede them. The condition of maximum force exerted by
the patient under resistance was maintained for 3 s. During the
opening and closing test, the mandible was held at a mouth
opening of about 10 mm, as measured interincisally. During
the protrusion tests, the jaw was kept in a slightly forward
position, viz., about 5 mm without tooth contact [17].
Following each test of this type (dynamic or static), pain
scores were assessed with the same strategy as for the palpa-
tion tests [18].

Data analysis

For RDC/TMD-based pain diagnoses and dynamic/static
tests-based pain diagnoses, descriptive frequencies were
calculated.

In order to perform data analysis, the 4-point ordinal pain
scale was dichotomized into: 0 = no pain or 1 = presence of
pain (independent of the rating). The pain diagnoses based on
palpation tests (RDC/TMD) were compared with those based
on dynamic/static tests as per the study of Osiewicz et al. [20].
To that aim, the following single diagnostic outcomes were
established for each diagnostic system (i.e., palpation tests and
dynamic/static tests): no pain diagnosis, mainly myogenous
pain, and mainly arthogenous pain.

The RDC/TMD diagnosis was based on the sum of all the
points according to the dichotomized pain scale—the sum of
the points divided by the number of palpation sites used for that
summation (normalized sum). If the normalized sum of points
for muscle palpation (excluding intra-oral sites) was greater
than that for joint palpation, mainly myogenous pain was diag-
nosed. If the normalized sum of points for joint palpation was
greater than that of muscle palpation, this indicated the pres-
ence of a mainly arthogenous pain. When the normalized sum
of points for the palpation of the muscles and the joints were
identical, the diagnosis was mainly myogenous pain.

As far as the dynamic/static tests were concerned, if the
normalized sum of points for the static tests was greater than
the sum obtained in the course of dynamic tests, a mainly

myogenous pain was diagnosed. In the inverse situation (i.e.,
higher normalized sum of points for dynamic testing than for
static testing), mainly arthogenous pain was diagnosed. If the
normalized sums of points for dynamic testing and static test-
ing were identical, a mainly myogenous pain was diagnosed.

Chi-square test was used to assess the difference between
the two tests for the frequency of palpation-based diagnoses
and of dynamic/static-based diagnoses in Lyme disease
diagnoses.

Kappa statistic was used to assess the agreement between
pain diagnoses based on palpation tests versus dynamic/static
tests, and was interpreted according to Landis and Koch
(1977): 0 = poor, 0.01–0.20 = slight, 0.21–0.40 = fair, 0.41–
0.60 = moderate, 0.61–0.80 = substantial, and 0.81–1 = al-
most perfect.

Statistics was performed using the StatsDirect version
2.8.0.

Results

The mean (±SD) age of the study sample was 57.0 (± 14.3)
years, and the male/female ratio was 42/44. As for specific
Lyme disease diagnoses, ELA was confirmed in 14 patients,
LLAwas confirmed in 28 patients, ELN was confirmed in 33
patients, and LLN was confirmed in 11 patients.

The number of patients and frequency of RDC/TMD-based
pain diagnoses and dynamic/static tests-based pain diagnoses
are presented in Table 1.

Mainly myogenous pain based upon palpation tests was
diagnosed in 61 patients (70.9%), mainly myogenous pain
based on dynamic/static tests was diagnosed in 6 patients
(7%), mainly arthogenous pain based on dynamic/static tests
was diagnosed in 4 patients (4.6%), while mainly arthogenous
pain based on palpation tests was not diagnosed in any patient.

Table 1 Number of patients and frequency of palpation-based pain
diagnoses and dynamic/static tests-based pain diagnoses

Variable Number of
patients

Frequency %
(N = 86)

RDC/TMD

Myofascial pain 58 67.5%

Myofascial pain with
limited mouth opening

3 3.5%

Arthralgia 7 8.1%

Osteoarthritis 4 4.6%

Dynamic/static tests

Mainly myogenous pain 6 7%

Mainly arthrogenous pain 5 5.8%

No diagnosis 3 3.5%
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Differences in the frequency of diagnoses between the two
methods were statistically significant (p < 0.01), with the ex-
ception of mainly arthogenous pain (p = 0.129).

As for mainly myogenous pain, differences between the
number of patients with palpation-based and dynamic/static
tests-based diagnoses were significant in all four groups of
individuals with Lyme disease, i.e., for ELA (p < 0.001), LLA
(p < 0.001), ELN (p < 0.001), and LLN (p < 0.001) (Table 2).

The kappa value between the two diagnostic strategies was
0.06, which is qualified as “poor.”

Discussion

The prevalence of TMD signs and symptoms has been reported
in patients affected by several comorbidities, such as chronic
pain or psychological disorders [10, 12]. Amongst those, there
are no available data on the frequency of TMD-pain diagnoses
in patients with Lyme disease, a condition of which the patient
is often unaware and that could present symptoms mimicking
TMDs. Based on that, the aims of this study were to assess the
frequency of TMD-pain diagnoses in a population of individ-
uals with Lyme disease and to establish how the diagnosis is
influenced by the examination approach that is used (i.e., stan-
dard RDC/TMD palpation protocol vs dynamic/static tests).

The absence of data on TMD symptoms in Lyme disease
renders it impossible to compare this study’s findings with the
available literature. On the other hand, they might be added to
the amount of studies suggesting an increased frequency of
TMD-like symptoms in patients with other primary condi-
tions. For instance, the study of Gallotta et al. [12] showed
patients with irritable bowel syndrome (IBS) have a higher
risk of having TMD, whilst Grozdinska et al. [14] reported
that the frequency of TMD muscle pain diagnoses was three

times higher in patients with Hashimoto thyroiditis with re-
spect to a control group of healthy individuals.

Within these premises, findings from the present investiga-
tion should alert clinicians on the fact that, if the diagnosis was
based on palpation alone and the patients did not know if they
had Lyme or not, 70% of them were diagnosed with RDC/
TMD myofascial pain. Thus, using dynamic/static tests in
addition to palpation tests can help avoiding a potential over-
estimation of primary TMDs when comorbid conditions are
present. The results of this study could support the suggestion
of Visscher et al. that the dynamic/static tests yield less false
positives than the outcomes of palpation tests [19].

A test for the recognition of TMD pain should only be the-
oretically able to discriminate between the patients’ local mus-
culoskeletal pain complaint and comorbid factors, which may
cause central sensitization or widespread pain, considering that
this study seems to suggest that palpation tests are potentially
related to a generalized hypersensitivity, and not only to local
musculoskeletal complaints [24, 25]. Hypersensitivity is caused
by neurophysiological mechanisms, with a combination of an
increased pain sensitivity and/or a reduced pain inhibition, lead-
ing up to a lowered pain threshold. This, in turn, may explain
patients’ pain evoked with palpation tests.

In the present investigation, it could be speculated that
Lyme disease influenced both the outcomes of palpation tests
and of dynamic/static tests, and that this influence is especially
relevant for muscle palpation tests. These findings are hard to
compare with the existing literature due to the paucity of pub-
lications on the topic. The study of Lorduy et al. provided
preliminary evidence that the symptoms of central sensitiza-
tion are more pronounced amongst individuals with an Axis I
group I muscle disorder, in comparison with the other two
types of TMD disorders based on palpation tests [26]. In line
with those observations, the present study suggests that pal-
pation tests may tend to overestimate the frequency of muscle

4414 Clin Oral Invest (2019) 23:4411–4416

Table 2 Frequency (%) and number of patients (N = 86) distribution of palpation-based diagnoses and of dynamic/static-based diagnoses in Lyme
disease diagnoses. NS, not significant

Lyme disease Pain Palpation Dynamic/static p (chi-square test)

N % N %

ELA (n = 14) Mainly myogenous pain 8 57.1% 1 7.1% p < 0.001

Mainly arthogenous pain 0 0.0% 0 0.0% NS

LLA (n = 28) Mainly myogenous pain 18 64.3% 3 10.7% p < 0.001

Mainly arthogenous pain 0 0.0% 0 0.0% NS

ELN (n = 33) Mainly myogenous pain 27 81.8% 2 6.1% p < 0.001

Mainly arthogenous pain 0 0.0% 4 12.1% p = 0.12

LLN (n = 11) Mainly myogenous pain 8 72.7% 0 0.0% p < 0.001

Mainly arthogenous pain 0 0.0% 0 0.0% NS

All study participants
with Lyme disease (n = 86)

Mainly myogenous pain 61 70.9% 6 7.0% p < 0.001

Mainly arthogenous pain 0 0.0% 4 7.0% p = 0.13



disorders in patients with a primary diagnosis of Lyme dis-
ease, which as a comorbid condition that can cause wide-
spread muscle sensitization.

The study focused on four types of Lyme disease, depend-
ing on the site of pain and stage of disease. In Lyme
neuroborreliosis, the presence of facial pain is a consequence
of nerve involvement, whereas in Lyme arthritis the pain is the
result of joint structure inflammation. Moreover, the stage of
the inflammation—early or late—may have some influence
on the presence of TMD-like symptoms. However, a poor
correlation between palpation tests and dynamic/static tests
was found in all the sub-groups of Lyme disease, thus sug-
gesting that Bb infection per se, regardless of the clinical pic-
ture and stage of the disease, may influence the result of pal-
pation tests.

There are several factors that might have affected the out-
comes of this investigation. The main problem in this kind of
study is that the results of the clinical examination cannot be
used for the recognition of TMD pain in patients to avoid circu-
larity. That is why establishing whether the patient was actually
suffering from TMD pain or not was based on oral history. Any
other potential causes of the pain were excluded by other med-
ical specialists in the field. Another critical issue is that dynamic/
static tests are not used as standard to diagnose TMD pain yet,
and this is why a suitable training in the specific techniques and
in the verbal instructions to the patients is necessary. As a rec-
ommendation for future studies, it could be interesting to add an
evaluation of the psychosocial status of the patients with Lyme
disease, for an assessment of its possible influence on the agree-
ment of the two diagnostic strategies for TMD pain. In addition,
the adoption of the updated DC/TMD version, which was not
available at the time of this study design, might help gathering
data for comparing these findings (16).

On the other hand, the strength of this study is that, for the
first time, it assessed the frequency of TMD symptoms in one
of the most common and important infectious diseases in the
northern hemisphere, which is Lyme disease.

In conclusion, the results of the study suggest that dynamic/
static tests should be used as part of the routine TMD assess-
ment. In this investigation, they yield better results in case of
Lyme disease as the actual cause of the facial pain, while the
dentist might be suspecting TMD. So, when the dynamic/
static TMD tests are negative in such cases, referral to an
appropriate specialist for the diagnosis and treatment of
Lyme disease can be made. In this way, intervention delays
and/or unnecessary treatments can be avoided.

Conclusions

Findings from the present investigation in a population of
subjects with Lyme disease suggest that 70% of them were
positive for a RDC/TMD diagnosis of myofascial pain.
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Complementing the RDC/TMD assessment protocol with
static/dynamic test led to a poor agreement between the two
diagnostic strategies. Based on that, it might be suggested that
palpation tests tend to overestimate the frequency of muscle
disorders in patients with a primary diagnosis of Lyme dis-
ease, possibly due to the fact that the presence of comorbid
conditions cause widespread muscle sensitization.
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