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Summary  The  causes  of  pain  symptoms  in  the  temporomandibular  joint  (TMJ)  and  mastica-
tory muscle  (MM)  regions  may  not  be  determined  by  clinical  examination  alone.  In  this  review,
we document  that  pain  symptoms  of  the  TMJ  and  MM  regions  in  patients  with  temporomandibu-
lar disorders  (TMDs)  are  associated  with  computed  tomography  and  magnetic  resonance  (MR)
findings  of  internal  derangement,  joint  effusion,  osteoarthritis,  and  bone  marrow  edema.  How-
ever, it  is  emphasized  that  these  imaging  findings  must  not  be  regarded  as  the  unique  and
dominant  factors  in  defining  TMJ  pain.  High  signal  intensity  and  prominent  enhancement  of
the posterior  disk  attachment  on  fat  saturation  T2-weighted  imaging  and  dynamic  MR  imaging
with contrast  material  are  closely  correlated  with  the  severity  of  TMJ  pain.  Magnetic  transfer
contrast,  MR  spectroscopy,  diffusion  tensor  imaging,  and  ultrasonography  findings  have  helped
identify intramuscular  edema  and  contracture  as  one  of  the  causes  of  MM  pain  and  fatigue.
Recently, changes  in  brain  as  detected  by  functional  MR  neuroimaging  have  been  associated
with changes  in  the  TMJ  and  MM  regions.  The  thalamus,  the  primary  somatosensory  cortex,
the insula,  and  the  anterior  and  mid-cinglate  cortices  are  most  frequently  associated  with  TMD
pain.
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1. Introduction

Pain  is  the  most  common  symptom  of  temporomandibular
disorders  (TMDs)  [1,2].  Pain  symptoms  in  the  temporo-
mandibular  joint  (TMJ)  and  masticatory  muscle  (MM)  regions
are  the  main  complaints  of  TMD  patients  seeking  treatment.
However,  the  causes  of  pain  symptoms  in  the  TMJ  and  MM
regions  are  not  yet  fully  understood.  In  the  orofacial,  TMJ,
and  MM  regions,  pain  can  have  various  origins,  including
musculoskeletal,  vascular,  neurovascular,  neuropathic,  psy-
chogenic,  and  infectious  diseases.  In  general,  the  causes  of
pain  symptoms  may  not  be  determined  by  clinical  exami-
nation  alone.  Ideally,  the  diagnosis  of  TMD  pain  is  reached
by  a  combination  of  clinical  manifestations  and  diagnostic
imaging  confirmation.

Computed  tomography  (CT)  and  magnetic  resonance
(MR)  are  useful  tools  for  imaging  the  TMJ  region  of
TMD  patients,  particularly  for  assessing  degenerative  bony
changes,  disk  position  and  configuration,  inflammatory
pathological  changes  in  the  posterior  disk  attachment,  the
presence  of  effusion  in  joint  spaces,  and  bone  marrow  ede-
matous  involvement.  MR  imaging  with  contrast  material
studies  provide  additional  information  regarding  soft-tissue
changes  in  the  posterior  disk  attachment  of  the  TMJ  and
the  TMJ  capsule.  Recently,  MR  sequences  such  as  magneti-
zation  transfer  contrast  (MTC)  imaging,  magnetic  resonance
spectroscopy  (MRS),  diffusion  tensor  imaging,  and  ultra-
sonography  (US)  have  been  applied  to  evaluate  masticatory
muscle  changes  such  as  edema  and  fibrosis.

This  review  focuses  on  the  characteristics  of  the  imaging
findings  for  various  pain  symptoms  seen  in  TMDs.

2. Internal derangement-related joint pain

Pain  symptoms  frequently  arise  in  patients  with  TMJ  inter-
nal  derangement  (ID)  instead  of  TMDs.  The  articular  disk  of
the  TMJ  is  composed  of  a  biconcave  fibrocartilaginous  struc-
ture.  TMJ  ID  is  defined  as  an  abnormal  positional  relationship
between  the  articular  disk  and  the  mandibular  condyle  and
the  articular  eminence,  and  it  signifies  an  interference  with
smooth  joint  movement  [3].  According  to  Wilkes  [4]  and  Al-
Moraissi  [5],  TMJ  ID  was  classified  into  the  following  five
stages:  patients  with  early  stage  ID  (stage  1)  complain  of

clicking  sounds  upon  jaw  opening  and  closing.  There  is  no
pain  or  dysfunction  at  this  stage.  Early/intermediate  stage
of  ID  (stage  2)  manifests  with  clicking  of  the  joint,  inter-
mittent  locking  episodes,  and  transient  pain.  Intermediate
stage  ID  (stage  3),  also  known  as  accurate  closed  lock,  man-
ifests  with  limited  mouth  opening,  deviation  of  jaw  upon
opening  to  the  affected  side,  and  pain  in  the  involved  joint.
The  disorder  usually  has  an  acute  onset  of  symptoms.  Inter-
mediate/late  stages  of  ID  (stage  4)  are  characterized  by
limited  mouth  opening  and  various  degrees  of  pain.  Chronic
closed  lock  is  the  term  commonly  used  to  describe  this  stage.
Late  stage  ID  (stage  5)  signifies  the  development  of  advanced
degenerative  changes  in  the  joint,  and  clinically  manifests
with  crepitus  and  grinding  sounds,  episodic  or  continuous
pain,  and  difficulty  with  function.

MR  imaging  for  ID  could  be  used  when  clinical  examina-
tion  cannot  predict  the  true  position  of  the  disk  [6].  Disk
positional  changes  have  been  regarded  as  the  main  factor
contributing  to  the  development  of  abnormal  mechanical
trauma/microtrauma  and  secondary  inflammatory  disorder
within  the  TMJ  [7]. Many  investigators  have  reported  that
anterior  disk  displacement  (ADD)  is  an  important  source  of
joint  pain  [8—12].  ADD  without  reduction  may  produce  more
mechanical  stress,  and  stretch  the  posterior  disk  attachment
and  joint  capsule  more  than  ADD  with  reduction,  causing
more  painful  joints  [8,10,11].  According  to  Sano  et  al.  [13],
the  majority  of  asymptomatic  individuals  show  normal  disk
position,  but  one-third  show  ADD.  Some  publications  have
demonstrated  that  ADD  of  the  TMJ  does  not  necessarily
correlate  with  joint  pain  [14—16].  The  study  of  the  rela-
tionship  between  sideways  disk  displacement  and  joint  pain
has  yielded  controversial  results  [17,18].

Dynamic  motion  MR  imaging  for  ID  complements  static  MR
imaging  by  providing  additional  information  about  disk  and
condyle  mobility,  disk  reduction,  and  topographic  changes  in
the  disk—condyle  relationship  between  various  stages  of  the
open-mouth  movement  [19—23].  It  has  been  reported  that
ADD  using  pseudo-dynamic  MR  imaging,  particularly  ADD
without  reduction,  is  an  important  source  of  TMJ  pain  [23].

3. Effusion-related joint pain

Joint  effusion,  which  is  defined  as  a  large  collection  of  fluid
in  the  joint  space,  has  been  detected  as  hyperintense  signal
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