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Abstract. Multiple myeloma (MM) is a common hematological malignancy that has
widespread manifestations in multiple organs, including bones and joints. This
retrospective study aimed to evaluate the involvement of the temporomandibular
joint (TMJ) in patients with MM. Consecutive subjects with a diagnosis of MM who
presented to the oral and maxillofacial surgery clinic for routine evaluation between
2008 and 2014 were identified. Patients who had a computed tomography (CT) scan
of the TMJs as part of their MM staging were included in the study. Outcome
variables were the presence of TMJ myelomatous changes on CT and the presence
of TMJ symptoms. Of the 88 patients included in the study, 28 demonstrated TMJ
myelomatous lesions on CT scans and 10 patients complained of TMJ pain or
dysfunction. The CT scans of seven of the 10 symptomatic patients demonstrated
myelomatous involvement of the TMJ area. Myelomatous involvement of the TMJ
is common in MM patients and the majority of lesions are asymptomatic. An MM
patient complaining of temporomandibular symptoms is relatively highly likely to
having a lesion in the TMJ. Diagnosing the myelomatous lesions in the TMJ is
important for accurate hemato-oncologic staging and providing treatment without
delay.
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Multiple myeloma (MM) is a plasma cell and is the second most common among proliferation and to the subsequent re-

malignancy that has a multicentric origin
within bone. The disease accounts for 10–
15% of all hematological malignancies
them after non-Hodgkin lymphoma.1,2 If
metastatic diseases were excluded, MM
would account for nearly 50% of all ma-
lignancies that involve the bone.3

MM is characterized by the prolifera-
tion of abnormal plasma cells. The clinical
features of the disease are due to this
placement of normal bone marrow cells
together with the resulting production of a
paraprotein (M protein) and/or its poly-
peptide subunits (Bence Jones protein).4

The manifestations of the disease are
characterized by hypercalcemia, renal in-
sufficiency, anemia, bone disease, and
ons. Published by Elsevier Ltd. All rights reserved.
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recurrent infections.5,6 Because of this
tendency for widespread manifestations
in multiple organs, MM is of interest to
many medical specialists, including oral
and maxillofacial surgeons.7

The typical radiographic findings in the
skeleton are usually of focal osteolytic
lesions with or without areas of diffuse
osteoporosis.4 The most commonly in-
volved bones are the spine, skull, pelvis,
and ribs. The radiolucent areas of the bone
contain neoplastic plasma cell prolifera-
tions,3 and a high tumor burden is associ-
ated with greater numbers of abnormal
bony changes on imaging.8

There are only four research studies
reported in the literature that have evalu-
ated the presence of jaw lesions in MM
patients.4,7,9,10 All four utilized plain ra-
diography rather than computed tomogra-
phy (CT) as the imaging modality. No
attempt was made to specify the exact
location of the lesions; however, they all
noted that the majority appeared in the
mandibular body. There are no clinical
research studies in the literature that have
addressed the involvement of the tempo-
romandibular joint (TMJ) in patients with
MM. A search of the English language
literature yielded only four case reports
describing myelomatous involvement of
the TMJ.11–14 This study was performed to
address the topic of TMJ involvement in
MM.

The aim of the present study was to
evaluate patients with MM both clinically
and radiologically for any TMJ involve-
ment, to determine whether there is a
correlation between the radiographic find-
ings and the clinical TMJ symptoms, and
to examine whether a longer duration of
MM disease correlates with a greater num-
ber of TMJ lesions and symptoms.

Patients and methods

A retrospective analysis of the medical
records and CT scans of patients with
MM was performed. They had been eval-
uated in the outpatient clinic of a depart-
ment of oral and maxillofacial surgery over
a 5.5-year period (December 2008 to May
2014). A total of 115 patients were exam-
ined; 88 of them had CT scans that dem-
onstrated the TMJ area and were included
in the study. The patients were referred to
the clinic from the department of hemato-
oncology at the same institute. The purpose
of the referral was varied and included
regular dental check-ups before the initia-
tion of bisphosphonate therapy, dental
complaints, osteonecrosis of the jaws, oral
mucosa-related complaints, and temporo-
mandibular pain and dysfunction.
CT scans were obtained as routine peri-
odic head and cervical spine studies in MM
patients, and were taken at different time
points depending on the hematological sta-
tus of the patient and the decision of the
treating hemato-oncologist. The CT scans
were not ordered due to TMJ-related dis-
ease and were performed in the axial plane.
Reformatted coronal and sagittal oblique
images were obtained. The imaging of the
patients was evaluated by a radiologist who
specializes in head and neck radiology.
Any alteration of the TMJ area that was
considered to be myelomatous in origin
was identified and documented.

The differentiation between a small
punched-out lesion of myelomatous origin
and a large subchondral cyst as a manifes-
tation of degenerative joint disease was
given special attention. A lesion was con-
sidered to be a subchondral cyst rather than
a myelomatous alteration if it was located
adjacent to the articular cortex and accom-
panied by other degenerative changes, such
as flattening of the articular surfaces, ero-
sion of the articular cortex, sclerosis of the
subchondral bone, presence of osteo-
phytes, narrowing of the joint cavity, or
resorption of the articular surfaces.

The data obtained from the medical
records included demographic character-
istics, co-morbidities, duration of MM at
the time the CT scan was performed, and
any complaints of pain or dysfunction in
the TMJ area as reported by the patient.

The duration of MM was defined as the
length of time that had elapsed since the
date of MM diagnosis and the first appear-
ance of any TMJ lesions on CT imaging.
The duration of disease for the patients
with no TMJ lesions was measured from
the time of MM diagnosis to the time the
last CT scan was performed.

For statistical analysis, differences be-
tween sexes for continuous variables were
tested using the t-test. Differences between
involved and non-involved joints for con-
tinuous variables were also tested using the
t-test. Associations between sex, TMJ in-
volvement, and categorical variables were
tested by x2 test or Fisher’s exact test. The
statistical software program used was IBM
SPSS Statistics version 23.0 (IBM Corp.,
Armonk, NY, USA).

The study was approved by the institu-
tional ethics review board, which waived
informed consent. The study conformed
to the guidelines of the Declaration of
Helsinki.

Results

The 88 patients who had CT scans that
demonstrated the TMJ area were included
in the study. There were 45 males and 43
females, whose mean age was 64.0 � 8.5
years. The reason for the referral was for a
regular dental check-up before the initia-
tion of bisphosphonate therapy in 31
patients, dental complaints in 18 patients,
osteonecrosis or suspected osteonecrosis
of the jaws in 16 patients, oral mucosa-
related complaints in 13 patients, and
temporomandibular pain or dysfunction
in 10 patients.

The primary outcome variable was the
presence or absence of myelomatous
alterations in the TMJ area as evidenced
on CT scans. The CT scans of 32% of the
study population (28 of 88 patients) dem-
onstrated lesions that were compatible
with myelomatous changes in one or both
TMJs. The CT scans of the remaining 60
patients did not demonstrate any changes
in the TMJs that could be attributed to
MM. The group of patients with TMJ
lesions did not differ from the rest of
the study population with regard to sex,
age, or duration of MM (Table 1). Myelo-
matous alterations appeared either as soli-
tary myelomas (focal osteolytic lesions) or
in the form of myelomatosis pattern (mul-
tiple well-circumscribed lytic bone
lesions) (Figs 1 and 2).

The secondary outcome variable was
the presence or absence of TMJ symp-
toms. Ten patients presented with a com-
plaint of pain and/or dysfunction in the
TMJ area. The rest of the study population
did not report any masticatory dysfunction
or temporomandibular pain when present-
ing to the clinic. The two groups of symp-
tomatic and asymptomatic patients did not
differ from the rest of the study population
with regard to sex, age, or duration of MM
(Table 2).

The clinical signs and symptoms mim-
icked the most common intra-articular
temporomandibular disorders, and the
clinical presentation was not suggestive
of bone pain secondary to bony lesions.
The diagnosis of the MM lesions was
made after evaluation of the CT scans.
The main complaint reported by the
patients was inability or difficulty chew-
ing hard foods. Two patients also
reported a subjective feeling of maloc-
clusion. The primary finding on clinical
examination was localized tenderness in
the pre-auricular area. The tenderness
was elicited either by palpation or by
passive mouth opening/stretching by the
examiner. In addition, three patients suf-
fered from limited mouth opening. The
symptoms were on the same side as the
lesion (Table 3).

The primary and secondary outcome
variables were compared in order to
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Table 1. Primary outcome variable: TMJ involvement as evidenced on CT scans.

TMJ involvement 28 patients (32%) No TMJ involvement 60 patients (68%) P-value

Age, years, mean � SD 64.3 � 8.9 64.0 � 8.4 0.905
Sex, M/F 16/12 29/31 0.497
Duration of MM, years, mean � SD 6.7 � 4.2 6.8 � 4.9 0.935
TMJ symptoms, n (%) 7 (25%) 3 (5%) 0.01

TMJ, temporomandibular joint; CT, computed tomography; SD, standard deviation; M, male; F, female; MM, multiple myeloma.
examine whether there was any correla-
tion between TMJ lesions on imaging and
TMJ symptoms. Of the 10 patients with
TMJ symptoms, seven (70%) had TMJ
Fig. 1. Examples of focal osteolytic lesions (sol
(A) Axial and sagittal CT scans demonstrating a 

condylar head. Note the intact articular cortex an
The osteolytic lesion lies at a considerable dist
subchondral cysts which lie subjacent to the co
strating focal osteolytic lesions (white arrow) 

Although there is significant narrowing of the join
fossa are intact with no erosions or osteophytes

Fig. 2. Examples of the myelomatosis pattern. (A
circumscribed lytic bone lesions (white arrow) 

demonstrating bilateral involvement of condylar
bone lesions (white arrows).
myelomatous lesions on imaging, whereas
only 21 of the 78 asymptomatic patients
(27%) demonstrated TMJ lesions on CT
(Table 2). This difference was found to be
itary myelomas) involving the condylar head.
focal osteolytic lesion (white arrow) of the left
d the normal contour of the articular surfaces.
ance from the cortical surface, as opposed to
rtex. (B) Axial and coronal CT scans demon-
occupying most of the right condylar head.
t cavity, the articular cortex of the condyle and
.

) Axial CT scan demonstrating multiple well-
of the left condylar head. (B) Axial CT scan

 heads with multiple well-circumscribed lytic
statistically significant (P = 0.01). From a
different perspective, seven of the 28
patients (25%) with TMJ lesions on CT
had initially presented to the clinic with a
complaint of pain and/or dysfunction in
the TMJ area, compared to only three of
the 60 patients (5%) with no TMJ lesions
on CT (Table 1). This difference was also
statistically significant (P = 0.01).

The seven symptomatic patients with
evidence of TMJ involvement on imaging
were referred to the department of hemato-
oncology for further management. A deci-
sion was made regarding treatment,
depending on the stage of the disease
and the systemic condition of the patient,
in the form of palliative focal radiotherapy,
the addition of bisphosphonates, or chemo-
therapy. The latter was restarted, contin-
ued, or modified. The three symptomatic
patients with no evidence of MM involve-
ment were treated by conservative therapy
consisting of a soft diet, analgesics, phys-
iotherapy, and occlusal splints, with vari-
ous degrees of improvement.

None of the lesions reported in this
study were biopsied because none
appeared as the first sign of MM.

Discussion

The present study evaluated the involve-
ment of the TMJ in patients with MM. It
was found that TMJ myelomatous lesions
are quite common among patients with
MM, with an occurrence of 32%. The
majority of patients, however, were
asymptomatic, with only 25% (7/28) of
those with radiographically confirmed in-
volvement of the TMJ having presented
with signs and symptoms of TMJ pain and
dysfunction. On the other hand, the results
clearly showed that an MM patient who
complained of temporomandibular symp-
toms had an increased likelihood (70%) of
having a myelomatous involvement of the
TMJ area.

There are four case reports published in
the English language literature that have
documented the occurrence of myeloma-
tous lesions in the TMJ area.11–14 All
four reported symptomatic patients with
TMJ pain and dysfunction that mimicked
the more commonly encountered intra-
articular disorders. In addition, there are
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Table 2. Secondary outcome variable: TMJ symptoms on clinical assessment.

Symptomatic 10 patients (11%) Asymptomatic 78 patients (89%) P-value

Age, years, mean � SD 64.5 � 8.6 63.9 � 8.4 0.832
Sex, M/F 4/6 41/37 0.517
Duration of MM, years, mean � SD 6.8 � 4.7 6.8 � 4.5 0.99
TMJ lesions on CT, n (%) 7 (70%) 21 (27%) 0.01

TMJ, temporomandibular joint; SD, standard deviation; M, male; F, female; MM, multiple myeloma; CT, computed tomography.
four research articles on jaw lesions in
general occurring concomitantly with
MM.4,7,9,10 These studies used plain X-
rays and not CT scans for imaging studies.
The reported incidence of jaw myeloma-
tous lesions ranged from 5% to 15%, a
much lower proportion than that found in
the current study. Moreover, although no
attempt was made to specify the exact
location of the lesions, all four articles
noted that almost all the lesions occurred
in the mandible, and that the majority
appeared in the mandibular body area.
One reason for the lower incidence of
lesions in general, and the lower incidence
in the TMJ area in particular, may be at
least partly related to the inadequate thor-
oughness of the radiographic survey used
in the previously published studies, i.e.,
using less sensitive X-rays for diagnosing
pathologies and alterations in lieu of CT
studies. The latter drawback is further
emphasized in the TMJ area.

A longer duration of MM disease did
not correlate with more myelomatous
alterations in the TMJ area, as one may
intuitively assume. This is somewhat dif-
ferent from what is known about other
areas in the skeleton (e.g., spine, skull,
pelvis, and ribs), where a longer duration
of the disease manifests with more bony
Table 3. Patients with temporomandibular symp

Age, years Sex Duration of diseas

1 67 F 12 

2 57 M 11 

3 42 F 3 

4 61 M 3.5 

5 56 M 3 

6 68.5 F 1 

7 83 F 3 

8 59 F 6 

9 85 M 1 

10 67 F 6 

F, female; M, male; R, right; L, left.
involvement and subsequently with more
symptoms.8,15–18 This could be explained
by the fact that the present study was
retrospective. The CT scans were not per-
formed at regular intervals, but rather on
an individual basis depending on the
patient’s hematological status, which pre-
vents the predictable outcome variable
‘duration of MM’ from being fully reli-
able.

Oral and maxillofacial surgeons are
more acquainted with pain associated with
osteonecrosis of the jaw, the etiology of
which is bisphosphonate therapy, not MM
by itself. The present study dealt with MM
pain associated with bone destruction,
evidenced as osteolytic lesions or areas
of osteoporosis. While the treatment of
osteonecrosis includes discontinuation of
the bisphosphonates (in addition to anti-
biotics, mouth rinses, and surgery ranging
from limited debridement to resec-
tions),19–21 the treatment of the osteolytic
painful bony lesions includes the admin-
istration of bisphosphonates (in addition to
palliative radiotherapy and the usual phar-
maco-oncologic therapies and bone mar-
row transplantation).2,16,22,23

This study has a number of strengths:
the uniformity of radiological interpreta-
tion, the relatively large cohort, and the
toms.

e, years Side of lesion Temporomandibul

R Pre-auricular tende
Subjective feeling 

L Pre-auricular tende
Subjective feeling 

L Pre-auricular tende
Limited mouth op
Avoiding hard foo

R Pre-auricular tende
Limited mouth op
Avoiding hard foo

L Pre-auricular tende
Avoiding hard foo

R and L Pre-auricular tende
Avoiding hard foo

R Pre-auricular tende
Limited mouth op

– Pre-auricular tende
Avoiding hard foo

– Avoiding hard foo
Pre-auricular pain 

– Avoiding hard foo
availability of the full medical records
from the department of hemato-oncology.

The lack of histopathological confirma-
tion raises a risk of decreased specificity in
diagnosing the osteolytic bone lesions.
This was overcome by having the CT
scans evaluated by a radiologist who is
a specialist in head and neck radiology and
is experienced in both TMJ pathology and
myelomatous lesions. Only lesions that
had a definite, characteristic myelomatous
appearance were included in this group,
and strict criteria were used to differenti-
ate degenerative subchondral cysts from
MM osteolytic lesions. The presence of
any degenerative changes (e.g., flattening
of the articular surfaces, erosion of the
articular cortex, sclerosis of the subchon-
dral bone, presence of osteophytes, nar-
rowing of the joint cavity, or resorption of
the articular surfaces) excluded the diag-
nosis of a myelomatous lesion. The other
differential diagnoses of such localized
hypodense lesions could be benign bone
tumors and fibro-osseous lesions, which
are so rare in the condylar area that the
chances of increasing the false-positive
results and causing over-diagnosis are
very low.

Ten of the 88 patients (11%) included in
the study cohort presented to the oral and
ar signs and symptoms Side of symptoms

rness
of malocclusion

R

rness
of malocclusion

L

rness
ening 35 mm
ds

L

rness
ening 30 mm
ds

R

rness
ds

L

rness
ds

R and L

rness
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ds

L

ds
upon yawning

R and L

ds R
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maxillofacial surgery clinic with a com-
plaint of temporomandibular pain or dys-
function. This is a significantly higher
proportion of TMJ-related complaints
than is seen in the general population.
Several large-scale studies have shown
that approximately 2% of the general pop-
ulation seeks treatment for a TMJ-related
symptom.24–26 The high percentage of
temporomandibular complaints encoun-
tered in the present study was correlated
to the myelomatous involvement of the
TMJ area. Bone destruction causing osteo-
lytic lesions and bone pain is a well-de-
fined feature of MM.27 As the myeloma
burden increases, an imbalance between
osteoblast and osteoclast activities ensues,
with suppression of bone formation by
osteoblasts and uncoupled activation of
osteoclasts.28–30 In fact, bone pain repre-
sents one of the four classical symptoms of
MM (the others being anemia, hypercal-
cemia, and renal failure), and approxi-
mately 60% of patients will present with
bone pain at the time of diagnosis.31 The
pain is usually localized to sites of osteo-
penia or lytic bone lesions. Bisphospho-
nates can palliate pain and prevent bone-
related complications; however, large
osteolytic lesions often necessitate local
radiotherapy.32,33 As much as half of MM
patients are expected to receive palliative
radiation therapy over the course of their
illness.23,27 Seven of the 10 symptomatic
patients in the present study were found to
have MM lesions in the TMJ. From a
different perspective, seven of the 28
patients with TMJ lesions on CT had
initially presented to the clinic with a
temporomandibular complaint, compared
to only three of the 60 patients with no
TMJ lesions on CT. This difference was
statistically significant. Combining these
findings with the high rate of temporoman-
dibular complaints encountered in the
present study (11%), the occurrence of
temporomandibular symptoms on the
same side as the lesions, and the fact that
CT interpretation narrowed down the dif-
ferential diagnosis, one can confidently
conclude that at least the majority of
TMJ pain in the present study was MM-
related.

Of importance was the fact that history
and clinical examination did not raise a
suspicion of MM involvement of the af-
fected joint. Only after evaluating the CT
scans were the lesions detected. No spe-
cific signs and symptoms related to MM
bony lesions in the TMJ were found, and
the patients could easily have been mis-
diagnosed as suffering from intra-articular
derangement or degeneration disorders. In
addition, the four previously published
case reports dealing with myelomatous
TMJ involvement concluded that the clin-
ical findings were non-specific and that
proper imaging was essential for lesion
detection and diagnosis.11–14 This is fur-
ther emphasized by the recommendation
of the European Society for Medical On-
cology (ESMO) regarding MM, that prop-
er imaging should be performed to detect
new bone lesions in any area of the skele-
ton presenting with bone pain.16

The oral and maxillofacial surgeon
should be aware that the clinical signs
and symptoms of temporomandibular in-
volvement associated with MM are non-
specific, and the establishment of an accu-
rate diagnosis without appropriate imag-
ing can be a diagnostic challenge.34,35

Early diagnosis of these lesions will pre-
vent unnecessary and unsuitable treat-
ments. The appearance of new bone
lesions, as in any other area of the skele-
ton, has implications for diagnosis, stag-
ing, and therapy. After the detection of
TMJ lesions, the patient should be referred
to the department of hemato-oncology.
Depending on the stage of the disease
and the systemic condition of the patient,
a consideration is made by the hemato-
oncologist regarding oncologic staging
and treatment. Early referral will ensure
that the patient receives the appropriate
care. Symptomatic patients who do not
demonstrate MM involvement of the
TMJ should be treated with the appropri-
ate temporomandibular therapies and fol-
lowed up closely.

The clinician should practice a high
level of suspicion when examining an
MM patient who complains of temporo-
mandibular symptoms, because a relative-
ly high proportion of patients (70% in this
study) will have myelomatous lesions in
the TMJ area. It is recommended that the
patient’s clinical evaluation be supple-
mented with a CT scan of that region,
and that the patient be referred immedi-
ately to the treating hemato-oncologist in
the case of positive radiographic findings.
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