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PERSPECTIVES ON THE USE OF TRACTOGRAPHY IN
PATIENTS WITH TEMPOROMANDIBULAR DISORDERS:
A LITERATURE REVIEW

Aim: To analyze current literature on the application of diffusion
tensor imaging (DTI) and fiber tractography in patients with
temporomandibular joint disorders (TMD), focusing on both central and
peripheral neural pathways involved in pain modulation, nociceptive
transmission and sensorimotor integration.

Materials and Methods: A systematic literature search was
conducted using scientific databases (e.g., PubMed, Scopus, Google
Scholar) with keywords such as “diffusion tensor imaging,” “DTI,”
“tractography,” “temporomandibular disorders (TMD),” and “orofacial
pain”. The review encompasses studies reporting quantitative DTI
parameters — fractional anisotropy (FA), mean diffusivity (MD), axial
diffusivity (AD), and radial diffusivity (RD) — and correlates these
measures with clinical outcomes in TMD patients. Both central structures
(cerebral hemispheres, brainstem-pain modulatory hubs) and peripheral
structures (trigeminal nerve, masseter and lateral pterygoid muscles) are
evaluated.

Results: Early investigations primarily focused on microstructural
alterations in the trigeminal nerve, revealing changes in white matter
integrity that correlate with nociceptive signal transmission and disease.
Recent studies have extended these analyses to central pathways, with
advanced DTI techniques mapping brainstem fibers such as the rostral
ventromedial medulla (RVM) and periaqueductal gray (PAG), which play
a pivotal role in descending pain modulation. DTI also demonstrates tract-
specific abnormalities in temporomandibular disorder: bilaterally reduced
FA in the trigeminal nerves, elevated MD/RD in pain-related white matter
(e.g., posterior limb of the internal capsule), and disrupted connectivity in
limbic—sensorimotor circuits (including the wuncinate fasciculus).
Quantitative DTI parameters have demonstrated significant differences
between TMD patients and healthy controls, indicating increased ADC
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and altered FA values in both peripheral and central pathways. Peripheral
analyses further highlight increased ADC and subgroup-specific FA
reduction in the lateral pterygoid and masseter muscles, particularly in
anterior disc displacement without reduction (ADDWoR). Integration of
DTI data with functional MRI further elucidates neuroplastic changes
following therapeutic interventions, such as occlusal splint therapy, and
correlates these changes with improvements in pain perception and
sensorimotor function.

Discussion: The evidence suggests that DTI is a promising tool for
identifying early neural alterations associated with TMD and for
monitoring the efficacy of treatment modalities. Unlike non-specific
chronic pain syndromes, TMD exhibits distinctive DTI signatures
involving trigemino-thalamo-cortical projections, brainstem modulatory
circuits (PAG-RVM), and peripheral muscle fibers. These tract-specific
changes support the concept of TMD as both a peripheral and central pain
disorder. However, challenges remain in optimizing data processing and
standardizing acquisition protocols to enhance the reproducibility and
clinical utility of DTI metrics. Future studies should also integrate
multimodal imaging and advanced models (e.g., diffusion spectrum
imaging, NODDI) to improve specificity and support biomarker
development.

Conclusions: Diffusion tensor imaging and fiber tractography provide
valuable quantitative insights into the neural alterations underlying TMD.
These techniques have significant potential for improving diagnostic
accuracy, tailoring individualized treatment strategies, and monitoring
neuroplastic changes related to pain modulation and rehabilitation. DTI
metrics, such as reduced FA and increased MD in trigeminal and
brainstem tracts, combined with peripheral muscle abnormalities, may
serve as candidate biomarkers for TMD. Further research is needed to
refine image processing algorithms and integrate multimodal imaging data
for advancing clinical applications in TMD management.

Keywords: Diffusion tensor imaging; Fiber tractography; Medical
imaging; Temporomandibular disorders; Orofacial pain; Neuroplasticity;
Pain modulation.
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Kacgenpa oprononrii, [TontaBcpkuii

NEPCINIEKTUBA 3ACTOCYBAHHSI TPAKTOIPA®II VYV
IMAIJEHTIB 13 PO3JIAJAMHA CKPOHEBO-
HUWKXHBOIIEJEITHUX CYTJIOBIB: OT'JIAA JITEPATYPU

Mera. [IpoananizyBaTé cy4acHy JiTepaTypy IIOAO 3aCTOCYBaHHS
m¢y3iiiHo-Ten3opHoi Biyanizauii (DTI) Ta BogokoHHOI TpakTorpadii y
MalieHTIB i3  poO3NaJaMH  CKPOHEBO-HIDKHBOIIEJIEITHOTO  Cyriioba
(PCHUIC), 3 dokycoM Ha IeHTpaibHI i mepudepryHi HEpBOBI MUIAXH,
o 3aJdyd4eHi 1O MOAyJsAmii OO0JI0, HOUMIICNITHBHOI TWepermadi Ta
CEHCOMOTOPHOI iHTerpaIrii.

Marepiann Ta MeToau. BHKOHaHO CHCTEMAaTHYHHH TOIIYK Y
HaykoBUX 0azax maHux (3okpema PubMed, Scopus, Google Scholar) 3a
KIIIOYOBUMU «diffusion  tensor  imaging», «DTD»,
«tractography», «temporomandibular disorders (TMD)», «orofacial painy.

CJIOBaAMMU:

B orman BrimoyeHo pochimkeHHs 3 KitbkicHMMH DTI-mokasHukKamMu —
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¢paxuiiina aunizorpomist (FA), cepennst nudysiiinicts (MD), akcianbHa
mudysuBHicTs (AD) Ta pamianpra audysuBHicTh (RD) — 1 ixHiMHE
KOpeNAisIMA 3 KITIHIYHUMH HacihigkamMu y mamieHtiB i3 PCHIIC.
OrmiHioBaNny $K IEHTPaJbHI CTPYKTypH (IBKYJi TOJIOBHOTO MO3KY,
MOJYJTIOBaJIbHI IIEHTPH CTOBOYpa MO3KY), TaK i nepudepudHi (Tpifaactuit
HEpB, KyBaJIbHAHN Ta JIATSPATbHINA KPAIOTIONIOHUI M’ I3H1).

PesynbTaTi. Panni po6oTn 30cepemKyBaInucst Ha MiIKpOCTPYKTYPHUX
3MiHaX y TpiH4acTOMy HeEpBi, JEMOHCTPYIOYM HOPYLIEHHS MIICHOCTI
01701 pevyoBHHM, IO KOPEJIOIOTH i3 HOLMIENTHUBHOIO IIEPElauero Ta
TPUBAJIICTIO 3aXBOpIoBaHHs. OCTaHHI JOCIIHKEHHS PO3IINPHIIN aHali3 Ha
LEHTPaJbHI LUIIXK: 3a jJonoMororo nepenoBux DTI-migxomiB KapTyroTh
BOJIOKHA CTOBOypa MO3KY, 30KpeMa pOCTpallbHy BEHTPOMEIialIbHY
MenyisipHy 30HY (RVM) i mepiakenykranbHy cipy pedoBuny (PAG), sxi
BiHIrparoTh KIIOYOBY poOib y HIBXimHIM Momymsmii 6omo. DTI takox
BUsBIsIE TpakT-crienugivni anomanii npu PCHIIC: nBobiune 3HMWKEHHS
FA y rtpiiwactux HepBax, mimsumenHs MD/RD y pingakax Oii0i
PEUYOBHHH, IOB’SI3aHKX 13 OoJieM (HAINpUKIIAJ, 33/1Hs HIKKa BHYTPIIIHBOT
KarCyJin), Ta TOPYIICHHS 3B’ AI3HOCTI B JIIMOIKO-CEHCOMOTOPHHX KOHTYpax
(3okpema y raukomoniOHomy myuky). KimekicHi DTI-mapamerpu
JIOCTOBIPHO BiAPi3HstOThCsT Mik marfienTamud 3 PCHILC i 3mopoBumMu
KOHTpOJISIMH, 10 Bkadye Ha migsumieHHs ADC Tta 3miny FA sk y
nepuepuyHnX, Tak 1 B HEHTpATPHHUX NUIIXaxX. [lepnudepuunnii aHami3
JOOAaTKOBO Tiakpeciroe 3poctanHs ADC 1 migrpymHo-cienudivHe
3HIDKeHHA FA y nmaTepansHOMY KpHIIONOAiOHOMY Ta XyBaJbHOMY M’sI3aX,
0co0JIMBO TIpH TIepeTHROMY 3MillleHHI aucka 0e3 pemosuiiii (ADDWOoR).
Iarerpamis  DTI-mammx i3  ¢yHKmioHaneHOr0O MPT  mposicHioe
HEWPOIUIACTUYHI 3MIHM ICIS TEPANCBTUYHHX BTPYYaHb (HAPHKIAI,
OKJIFO31{HI IIMHU) Ta MOB’SA3y€ X i3 MOKPAILEHHSIM CHPUUHATTA OO0 i
CEHCOMOTOPHOT (yHKII1.

Obrosopennsi. HasiHi nani cBiguars, mo DTI € mepcrniekTnBHEM
IHCTPYMEHTOM ]ISl PAHHBOT'O BUSIBJICHHSI HEHPOHHUX 3MiH, OB’ S3aHUX 13
PCHIIC, i monitopuHTy edeKkTHBHOCTI JikyBaHHSA. Ha BimMmiHy Bix
HecrenupivHIX XpoHiYHUX 0onmboBuX cuHIpomiB, PCHILC nemoHCTpye
xapaktepHi DTIl-«migmucn», MmO OXOILTIOIOTH  TPUTEMiHO-TajlaMo-
KOPTHKaJbHI TIPOEKIi, MO3KOBOCTOBOYPOBI MOIYJIOBaJbHI KOHTYpPH
(PAG-RVM) i nepudepruani M’s130Bi BOJMOKHA. Taki TpakT-crienugivHi
3MiHM TiaTpuMytoTh ysBienHs npo PCHILC sk npo posnan i3
MOEJHAHUMH TTepU(EepUIHUMH Ta HEHTPATLHUMH KOMIIOHEHTaMH OOJIf0.
BomHouac 3aMHIIAlOTHECS BUKIMKH, TTOB’S3aHI 3 ONTHMI3aI[i€0 00pOOKH
JAHUX 1 CTaHJApTHU3aLi€l0 MPOTOKOJIB OTPUMAaHHS 300pakeHb s
MIJBUIICHHS BiATBOPIOBAHOCTI Ta KIiHIYHOI KopucHocti DTI-merpuk.
[Monanpmri gociiKeHHS MAIOTh IHTETPYBaTH MYJIBTHMOJANBHI MIX0AN 1
posmmpeHi audys3iitai Moneni (Hampukian, diffusion spectrum imaging,
NODDI), mo6 mniaBUIIUTH CHeuiuHICTh 1 CHPUSATH  PO3BHUTKY
GiomapkepiB.

BucnoBkn. [ludysiliHo-TeH30opHa Bisyamizawist Ta Tpakrorpadis
HAIAIOTh LiHHI KUTBKICHI BiIOMOCTI TPO HEHpOHHI 3MiHH, IIO JISKaTh B
ocaoBi PCHUIC. Ili ™MeToawku MaroTh 3HAYHWN TOTEHINAT s
MiABUINEHHS JIarHOCTUYHOI TOYHOCTI, TEPCOHATI3AIIl JiKYBaIbHUX
cTpaTerii i MOHITOPHHTY HEHPOIUIACTWYHUX 3MiH, IOB’SI3aHUX i3
MoayILiero 6omo Ta peabinitamiero. DTI-meTpukn, 30kpeMa 3HIDKSHHS
FA ra niggumenns MD y TpiifyacTux i MO3KOBOCTOBOYPOBHX TpakTax y
NOEJHAHHI 3 Tepu(epUYHUMHA M S30BUMHM  AQHOMAIISIMH, MOXYTb
ciyryBati KanpunatHumu Oiomapkepamu PCHILC. ToTpiOHi mogamnbmn
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po0OTH ISl BIOCKOHAJICHHS aJrOPUTMIB 00p0oOKH 300paskeHs 1 iHTerparii

MYJIbTUMOZAJIBHUX JaHHX 3 METOI0 IPOCYBaHHS KIIHIYHUX 3aCTOCYBaHb
DTI y Benenni mamienris i3 PCHILC.

KiaouoBi caoBa: mudysiiiHo-TeH30pHa Bizyaji3amis; BOJOKOHHA
TpakTorpadis;
HIDKHBOIIEJIETTHOTO CyTiio0a; opodamiansHui Oilb; HEHMPOIUIaCTUIHICTH;
MOAYJISILIS OOJTIO.
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INTRODUCTION

Diffusion tensor imaging (DTI) is a magnetic
resonance imaging technique that enables non-invasive
assessment of the microstructure of brain white matter
by quantifying the anisotropy of water diffusion. The
main quantitative parameters of DTI include fractional
anisotropy (FA), mean diffusivity (MD), axial
diffusivity (AD), and radial diffusivity (RD). In
clinical practice, FA and MD are most frequently
applied [1-3], as they support the reconstruction of
nerve fiber tracts using tractography algorithms. This
approach provides valuable insights into the integrity
and organization of neural pathways, which are
essential for investigating neuropathological processes
related to pain modulation [4]. DTI can also
complement other brain mapping modalities. For
example, anatomical information derived from DTI
can be integrated with functional MRI (fMRI) data to
achieve three-dimensional visualization of subcortical
brain structures linked to specific cortical regions [5,
6]. Thus, DTI offers a promising avenue for more
detailed examination of pain mechanisms [2, 7, 8].
Initially, DTI studies focused mainly on the cerebral
hemispheres. Today, however, DTI
brainstem regions, where major tracts associated with
trigeminal nerve activity are located. Additionally,
several investigations have explored the correlation
between masticatory muscle condition and nociceptive
system involvement in chronic pain syndromes related
to the temporomandibular joint. Nonetheless,
challenges remain in improving data processing
algorithms and refining methodological approaches [1,
2, 4]. Temporomandibular joint disorders (TMD)

extends to

encompass a wide range of conditions that impair joint
function, causing pain, restricted mobility, and other
dysfunctions [9].

Traditional diagnostic methods, such as clinical
examination and standard radiological techniques, are

insufficient to elucidate the neuronal mechanisms
underlying these disorders. In this context, DTI serves
as a powerful tool to investigate alterations in neural
networks related to pain processing and sensorimotor
integration in patients with TMD. The aim of this
article is to analyze contemporary literature DTI and
fiber tractography in TMD, clarifying their diagnostic
and monitoring value.

MATERIALS AND METHODS

A literature search from 2009 onward was
conducted using Scopus, PubMed, Wiley Online
Library, and Google Scholar. The following keywords
were “diffusion imaging,” “DTL”
“tractography,” and “temporomandibular disorders
(TMD)”. The search yielded 18 records in PubMed, 37
in Google Scholar, and 3 in Scopus. After screening
and eligibility assessment, 21 studies were included. A
brief synopsis of these sources is provided in Table 1.

RESULTS

Early DTI primarily
pathological changes in trigeminal-system pathways
among patients with chronic pain. DTI-based modeling
has detected abnormalities in the trigeminal nerve and
associated white matter, establishing neuroanatomical
correlations with clinical symptoms [10]. Additionally,
DTI helps identify both established and emerging
pathophysiological mechanisms of chronic pain.
Overall, the literature can be broadly divided into two

used: tensor

research examined

domains: central pathway DTI and peripheral structure
DTI (Fig. 1) [11].

DTI has also confirmed abnormalities in the
trigeminal nerve and brainstem: patients with TMD
show bilaterally reduced fractional anisotropy (FA) in
the trigeminal nerves compared with healthy controls,
and this reduction negatively correlates with pain
duration (the longer the TMD history, the lower the
FA) [10, 11]; brainstem DTI further implicates
nociceptive pathways relevant to TMD [4].
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Table 1 — Comparison of the main studies on related topics

i Type of Lo
Ne | Author Study Title Year P Research objectives Key results
research
fMRI Study of Brain Activity Investigate brain activity associated In parafunctional movements, there is less activation in the motor cortex, the accessory motor
1. | Byrdetal Elicited by Oral Parafunctional 2009 OA with parafunctional movements of the area (SMA), the sensorimotor cortex (SMC), the insular cortex (INS), the caudate nucleus
Movements oral cavity. (CAU) and the striatal system (PUT).
Significant changes in the activation of the amygdala (amygdala) were observed during jaw
compression at different degrees of TMJ displacement. At a 0.5 mm shift, activation was
The ampunt Analyze the correlation between TMJ stronger. than ata 0.7 mm shift, suggesting err}otional responses tg a change in jaw position,'
2. | Greven M. etal. | TMJ Displacement Correlates 2011 OA dislocati d brain activi also unlike other studies, there was no activation of the anterior cingulate cortex (ACC) during
. . . islocations and brain activity. . . . . . . s . .
with Brain Activity o jaw compression Patients with TMD have an increase in activity in the right primary motor
cortex. TMD in the primary motor and sensorimotor cortex
The authors suggest that this is due to different mechanical stimuli from different teeth
.. . . Ch in th ition of the 1 j d ch in the anterior cingulate cortex (ACC),
Influence of the TMJ position on Analyze the change in the activity of . anges i the post 1(.)n orte .ower_]aw cause .C z.mges m. e anterior cingulate cortex ( . )
3. | OtsukaK.etal. L. L. 2011 OA . insula and amygdala in all subjects. The results indicate an interdependence between occlusion,
limbic system activation the cerebral cortex and limbic system .. " . s .
the position of the TMJ, and the "emotional circle" (limbic system) of the human brain.
Orthodontic tooth movement is
iated with orofacial . . . . . . Lo
assoct 'e with orofacta Investigate neuroplastic changes in the | Functional connectivity between sensorimotor areas (S1 and M1) shows significant changes
mechanical and thermal . . . . .o . . . .
4. | Sood m. et al. - 2013 DISS motor cortex of the face during during orthodontic treatment, which may indicate neuroplastic processes in the brain during
hypersensitivities and face . . .
. orthodontic movement of teeth in rats. orthodonic tooth movement.
sensorimotor cortex
neuroplasticity
Brain signature of chronic . . . L
. . . . Tractography revealed significant changes in the thalamocortical pathways, especially in the
orofacial pain: a systematic review . . . .
. To analyze functional and structural primary somatosensory cortex (S1), showed changes in the connections between the prefrontal
. and meta-analysis on . . . . . . .. e
5. | Linetal. L 2014 MA changes in the brain in patients with cortex and the basal ganglia, suggesting a role for cognitive modification and reward
neuroimaging research of L . . . L . .
triceminal neuropathic pain and neuropathic trigeminal pain and TMD processing in chronic pain. These changes are important for understanding the effects of
& OPAtiic paif cognitive factors on pain perception in patients with neuropathic trigeminal pain and TMD
temporomandibular joint disorders
Brain mechanisms of chronic Analyze neuroimaging data for chronic | The main brain areas involved in pain processing include the insular cortex, thalamus, cingulate
6. | BarrosoJ et al. pain: critical role of translational 2014 MA orofacial pain and determine the brain gyrus, and somatosensory cortex. There is a violation in the interaction between the insular
approach mechanisms involved. cortex, thalamus and other areas associated with pain in chronic orofacial pain
fMRI Stud; H Subject: . . . Lo . .
7. | Laietal with Sud d;%lcclllllrsrljn\/elrltigcl s 2015 OA .Investlga.te .bram acthlty caused by an | The fMRI study ShO-WC-d significant changes in the medial frontal gyrus, precentral and
. . increase in interalver height postcentral gyrus, within 2 weeks.
Dimension Increase
Ariji, Y., BOLD signals, increased in BA44, 45 and the cerebellum. Signals dependent on the level of
Koyama, S., Regional brain activity during jaw . . . .. blood oxygenation were amplified in these areas and in BA17, 18 during compression with a
. . Investigate changes in brain activity . . . .
Sakuma, S., clenching with natural teeth and . . . soft splint. The use of a hard bus increased the BOLD signals in BA6 and BA20, 37 to the
8. . . 2016 OA during bruxing and compare with two . . . . .
Nakayama, M., with occlusal splints: a o of splint previously mentioned areas. Blood oxygenation-dependent signals in the left BA6, left BA20,
& Ariji, E. preliminary functional MRI study. typ P 37, and right BA44, 45 were significantly higher when compressed with a rigid splint than with
natural teeth.
Spontaneous brain activity and . .. In patients with TMJ, there was a weaker positive functional connectivity between the anterior
connectivity in female To study spontancous brain activity art of the insular cortex
9. | Zhangetal.. Y 2018 OA and connectivity in patients with TMJ P

patients with temporomandibular
joint synovitis pain:

synovitis pain

(rAl) and the middle part of the cingulate cortex (MCC) and a weaker negative functional
connectivity between rAl and the right pretsuneus. These changes indicate disturbances in the




Type of

Ne | Author Study Title Year Research objectives Key results
research
a pilot functional magnetic interaction between the structures responsible for pain and sensory integration.
resonance imaging study
Meta-analvsis of brain Investigate the sequence of brain Tractography revealed reliable activation of the bilateral primary motor cortex (M1), secondary
. . Y . activation during chewing and motor cortex (SMA), primary somatosensory cortex (S1), and secondary somatosensory cortex
10. | Linetal. mechanisms of chewing and 2018 MA . L . . . L
. squeezing movements in different (S2) during chewing and clenching of teeth, activation bilaterally of the thalamus and left
clenching movements . . .
studies, based on literature sources posterior part of the cerebellum.
One of the important findings of the study was a decrease in activity in the primary
Effects of centric mandibular To study how mandibular splint sensorimotor cortex (S1) and the anterior insular cortex after therapy, between the primary
11. | Emstetal. splint therapy on orofacial pain 2019 OA therapy affects pain perception and motor cortex (M1) and the anterior insular cortex and a decrease in activity in the cerebellum,
and cerebral activation patterns brain activation patterns. which was associated with a decrease in activity in the insular cortex, a decrease in activity in
the cerebellum was also found
Using spinal cord tractography as
a predictor
Slynko I, regression of neurological . . . . . N .
. . . . Overview of DTI Techniques for Provides practical analysis of DTI applications in neurosurgery, with a focus on structural
12. | Nekhlopochyn disorders in patients with severe 2019 oA Neurosurgical Applications changes in white fibers of the brain
urosu Wi .
O, Robak K. vertebral & pp &
spinal cord injury of the cervical
spine
. Trigeminal nerve and white matter . . . . . . . . . . .
Moayedi, M., & : e . Investigate trigeminal nerve Detects specific changes in the white matter of the trigeminal nerve associated with chronic
13. . brain abnormalities in chronic 2019 OA . . . e . . .
Hodaie, M. . . abnormalities in chronic pain pain, providing the basis for diagnostic approaches.
orofacial pain disorders
Patients with dysfunction of craniomandibular (CMD) disorders show altered activation of the
Association of decrease in insula . . anterior insular cortex (rAl)
A . . Investigate the effect of splint therapy . . . . L L .
fMRI activation with changes in o . . a decrease in anxiety correlated with a change in rAl activation, which indicates a possible
14. | Dammann et al. . L . . 2020 OA on activation and reduction of anxiety . . . .
trait anxiety in patients with in patients with CMD mechanism of treatment influence on the psycho-emotional state of patients.
craniomandibular disorder (CMD) p ’ There has been a decrease in functional connectivity between the anterior insular cortex and the
MCC.
The neuro-pathophysiology of
. temporomandibular disorders- Systematically review the results of . . .
Yin, Y., He, S., . . . .. . . Summarizes the significance of structural and functional changes detected by MRI for the
15. Xu. T etal related pain: a systematic review 2020 LR MRI examinations for pain associated rediction of TMJ pain svndromes
T ' of structural and functional MRI with TMD P pam sy ’
studies
. . It was found that in patients with painful TMJ disorders (temporomandibular disorders, TMD),
Altered Brainstem Pain . . .. . .o
. . . . . . there was a decrease in functional connectivity between the right anterior insular cortex (rAl)
. Modulating Circuitry Functional Assess changes in brainstem pain . . Lo S .
16. | Mills et al. L . . 2021 OA .. . and the middle cingulate gyrus (MCC). This indicates a violation of the brain's ability to
Connectivity in Chronic Painful chains in TMD patients . . . . . ..
. . modulate pain in these patients, reducing the negative functional connectivity between rAl and
Temporomandibular Disorder .
the right lobe of the precuneus.
Recent advances in Magnetic Provide an overview of recent A decrease in anxiety was noted to be associated with a decrease in activation of the anterior
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1. DTI of the central pathways

Trigeminal nerve and white matter of the brain

The first studies in this area aimed to describe
structural changes in the trigeminal nerve and associated
white matter in patients with chronic orofacial pain,
thereby identifying abnormalities in white-matter
microstructure involved in the pathological transmission
of nociceptive signals. For example, an approximately
10% reduction in fractional anisotropy (FA) and
increased diffusivity in the trigeminal nerve were
documented in the TMD group [12]. These changes
appear specific to orofacial pain and are not observed in
non-orofacial chronic pain syndromes affecting other
body regions [10].

> 4 amygdal;l
_lp e
P
‘;Sp\Vc

trigeminal nerve root ()

Figure 1 — Scheme of the main areas were is a
change in the functional activity of brain structures
according to the the DTI study in patients with chronic
pathology of the TMJ Yin and colleagues (2020)

These findings laid the groundwork for a deeper
understanding of the pathogenesis of orofacial pain in the
context of TMD. Subsequently, with the advancement of
magnetic resonance neuroimaging, an overview of
modern approaches to neuroimaging of the trigeminal
nerve in trigeminal neuralgia was presented [7]. Although
that work focused on trigeminal neuralgia, it emphasized
the importance of DTI for detecting microstructural
changes in the peripheral branches of the trigeminal
nerve, which share pathophysiological features with
TMD. Further research shifted toward central elements,
particularly brainstem structures involved in pain
regulation. Zhang and Furst (2022) demonstrated that
changes in the structural organization of regions such as
the rostral ventromedial medulla (RVM) and
periaqueductal gray (PAG) correlate with increased
nociception [4]. These results suggest that dysfunction of
central tracts may contribute to the maintenance of
chronic pain in TMD patients and may co-occur with

depressive disorders. In addition to structural analysis,
contemporary researchers have focused on the functional
organization of central pathways. Mills et al. (2021)
analyzed both static and dynamic functional connectivity
(FC) in the brainstem and reported increased static
connectivity between the RVM and the spinal trigeminal
nucleus, along with greater variability (dynamic FC) of
these connections in patients with painful TMD.
Together, these findings point to an imbalance between
pain-inhibitory and pain-facilitatory systems, a hallmark
of chronic pain pathophysiology [13]. Consistent with
these observations, white-matter integrity within
trigeminal pathways shows reduced FA and elevated
diffusivity metrics in chronic TMD, in line with sustained
nociceptive input and central sensitization [10, 11].

The brainstem and pain modulation pathways

Over time, researchers increasingly focused on the
central pathways that regulate pain. They showed that
structural changes in regions such as the RVM may be
associated with increased transmission of nociceptive
signals, potentially contributing to chronic pain in TMD
[14].

Brain changes were found in pathways responsible for
pain perception, including the
trigemino-thalamo-cortical system and the lateral and
medial pain systems. Dysfunction and maladaptive
changes were also identified in the default mode network,
the top-down antinociceptive periaqueductal gray-raphe
magnus pathway, as well as the motor system. TMD
patients displayed altered brain activations in response to
both innocuous and painful stimuli compared with

abnormal classic

healthy controls. Additionally, evidence indicates that
splint therapy can alleviate TMD-related symptoms by
inducing functional brain changes. In summary, MRI
research provides important novel insights into the altered
neural manifestations underlying chronic pain in TMD.
Such kind of findings indicate dysfunction of the
descending pain-modulatory pathways, specifically the
periaqueductal gray (PAG)-rostral ventromedial medulla
(RVM) axis in TMD [11].

One study employed the single modality of DTI to
investigate changes of fractional anisotropy (FA) and
mean diffusivity (MD) in patients with TMD [12].

Primary sensorimotor cortex and projection
pathways

TMD does not always lead to remapping of the
somatosensory cortex, unlike some other chronic pain
conditions. However, diffusion changes are detected in
the white-matter bundles that link sensorimotor areas. In
patients with TMD, researchers have reported lower
fractional anisotropy (FA — an index of how coherently
water diffuses along nerve fibers) and higher radial
diffusivity (RD — diffusion across, rather than along,
fibers) in the posterior limb of the internal capsule
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(PLIC, which carries motor fibers). This pattern points
to disorganization of projection pathways involved in
motor control of the masticatory muscles. In another
study, FA within the primary somatosensory cortex (S1)
did not differ from healthy controls [15].

Limbic and temporal structures

Patients with TMD also show diffusion
abnormalities in tracts connecting the temporal lobe
with frontal regions. Notably, the uncinate fasciculus
(UNC), a bundle linking the anterior temporal lobe to
the orbitofrontal cortex, appears affected in TMD: the
right UNC shows reduced FA alongside increased mean
diffusivity (MD) and RD. These findings reflect
alterations within affective—cognitive pain networks (the
limbic system), consistent with the impact of chronic
TMD pain on mood and memory [15].

Lin C. S. described regional changes in brain
function during chewing and clenching movements [16]
and in the context of chronic orofacial pain [17]. Earlier,
Otsuka et al. (2011) reported that changes in mandibular
position alter activity in the anterior cingulate cortex
(ACC), insula, and amygdala in all participants,
supporting an interdependence between occlusion, TMJ
position, and  limbic-system  responses  [18].
Subsequently, Zhang J. et al. (2018) emphasized the
value of DTI for assessing brainstem pain pathways,
demonstrating specific neural connections that shape
pain perception [19]. Additionally, Sood (2013)
observed functional connectivity changes between
sensorimotor regions (S1 and M1) during orthodontic
treatment, suggesting neuroplastic processes associated
with tooth movement [20].

2. DTI of peripheral structures

Special attention has been paid to peripheral muscle
structures, such as the masseter, since dysfunction of
this muscle is a characteristic feature of TMD. Sugano
et al. (2022) applied DTI to optimize acquisition and
analysis parameters in the masseter muscle.

In the lateral pterygoid muscle, diffusion metrics
demonstrate higher apparent diffusion coefficient
(ADC) and principal
specific reductions in FA among patients with anterior
disc displacement, particularly those without reduction,
relative to healthy volunteers [8]. Complementarily,
DTI fiber-tractography of the masseter enables reliable
reconstruction of muscle architecture and captures
loading-related  alterations  relevant to  TMD
pathophysiology [2].

Their study accurately determined the orientation
and length of muscle fibers, contributing to the
development of individualized approaches to TMD
diagnosis and treatment by correlating muscle
architecture with clinical symptoms [2]. According to
Liu et al. (2021), DTI evaluation of the lateral pterygoid

eigenvalues with subgroup-

muscle (LPM) enabled quantitative measurement of
diffusion parameters, such as the apparent diffusion
coefficient (ADC) and fractional anisotropy (FA), in
patients with TMD and healthy volunteers [8]. The
results showed that patients with TMD have
significantly increased ADC values and principal
eigenvalues compared to volunteers, indicating muscle
hypertonicity and microstructural change. Differences in
FA, reflecting the degree of diffusion anisotropy, were
pronounced in the subgroup with anterior disc
displacement without reduction (ADDWoR), which
may indicate reduced fiber coherence [1].

Use of DTI to assess the condition of key
masticatory muscles involved in TMD enables objective
quantification of hypertonicity and dysfunction,
stratification  of stages, planning of
individualized therapy, and monitoring of treatment
efficacy [21].

Across recent studies, TMD is characterized by
tract-specific alterations in both central and peripheral
compartments. Centrally, reduced FA and increased

disease

diffusivity within trigeminal pathways and brainstem
nociceptive hubs (e.g., PAG) align with impaired pain-
modulatory [10,11]. Peripherally,
pterygoid and masseter muscles exhibit abnormal
diffusion profiles (ADC?/eigenvaluest; subgroup-
specific FA|) consistent with muscle dysfunction in
disc displacement phenotypes [2, 8]. Together, these
DTI signatures support a dual-mechanism model —
central sensitization and peripheral myogenic changes,
potentially useful for stratifying TMD patients and

control lateral

monitoring therapy [2, 4, 8, 12].

Clinical significance of DTI metrics

Although DTI parameters in TMD show promise for
reflecting symptom severity, the evidence remains
heterogeneous. report that
fractional anisotropy (FA), a diffusion-based index of
white-matter fiber organization, within specific tracts is
associated with higher pain intensity [15, 24].
Psychological factors that are common in TMD:
depression, somatization, and pain catastrophizing, may

Several studies lower

also modulate diffusion metrics [25, 26]. For example,
higher helplessness scores have been linked to increased
FA in the cingulum bundle and in connections between
somatosensory and premotor regions, alongside reduced
FA in motor pathways such as the posterior limb of the
internal capsule (PLIC). This pattern can be interpreted
as a neuroplastic which marked
psychological distress relates to atypical plasticity
within  affective—cognitive and  motor
projections controlling the masticatory musculature.

response, in
circuits
Other reports similarly note close associations between

TMD pain and heightened anxiety, depressive symptoms,
and somatic sensitivity; however, direct correlations
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between these measures and DTI metrics have not yet
been replicated consistently across cohorts [15].

DISCUSSION

Current research shows that DTI provides detailed
information about white-matter microstructure at both
peripheral and central levels [7,10]. Importantly, while
some diffusion abnormalities, such as reduced FA or
increased MD, are shared across various chronic pain
syndromes, recent studies have identified diffusion
signatures that appear more specific to TMD. For
instance, alterations within trigemino-thalamo-cortical
projections and the uncinate fasciculus have been
observed in TMD-related orofacial pain but are less
consistently reported in non-orofacial pain cohorts [10,
11]. Similarly, diffusion changes in the lateral pterygoid
and masseter muscles demonstrate a pattern of increased
ADC and subgroup-specific FA reduction in disc
displacement without reduction (ADDWOoR), providing
a structural correlate unique to TMD pathophysiology
[2, 8]. These observations suggest that DTI can
differentiate TMD from other chronic pain conditions
by capturing both trigeminal-system involvement and
peripheral myogenic alterations. Consequently, DTI
metrics may serve not only as general markers of central
sensitization but also as potential biomarkers specific to
TMD diagnosis and monitoring. Among the most
reproducible findings are reduced fractional anisotropy
(FA) and increased mean and radial diffusivity
(MD/RD) within white-matter tracts involved in
trigeminal nociception and affective—motor processing
of pain, including the posterior limb of the internal
capsule, cingulum pathways, and the uncinate fasciculus
[15]. Elevated diffusivity in the masticatory muscles is
also observed in the setting of joint dysfunction [8].
Unlike non-specific chronic pain, patients with TMD
show clear involvement of the trigeminal system from
the peripheral nerve to the brainstem captured by DTI
metrics. This pattern supports differential diagnosis and a
clearer view of pathogenesis: TMD should be considered
not only a local joint disorder but also a central pain
condition with features of CNS plasticity [11].

Owing to its high spatial resolution, DTI detects
subtle alterations in the organization of neural tracts
responsible for pain transmission, enabling early
identification of neuropathological changes in the
trigeminal nerve, brainstem, and other structures
involved in pain modulation, including the rostral
ventromedial medulla (RVM) and periaqueductal gray
(PAG) [4]. One key prospect for tractography is
quantifying treatment-related changes in the structural
and functional organization of these tracts. Combining
DTI with functional connectivity analysis makes it
possible to track neuroplastic dynamics following
therapeutic interventions, such as occlusal splints or

other pain-modulating strategies, thereby clarifying
pathogenetic mechanisms and providing objective
criteria for treatment monitoring and adjustment [4, 12].
Notably, converging DTI evidence now links brainstem
pain-modulatory circuitry (PAG/RVM) and trigeminal
pathways to the chronic TMD phenotype, while muscle-
level diffusion abnormalities in the lateral pterygoid and
masseter reflect peripheral contributors, together
reinforcing a central-peripheral framework for TMD
pathophysiology [2, 4, 8, 12].

Evaluating therapy-induced neuroplasticity in tract
structure and organization may help determine the
effectiveness of pain redistribution and adaptation
within central pain networks, which is critical for
managing patients with TMD [12, 22, 23].

Taken together, these findings indicate that DTI not
only reflects general features of chronic pain but also
reveals structural and functional patterns specific to
temporomandibular disorders, supporting its role as a
promising modality for differential diagnosis and
individualized treatment monitoring.

CONCLUSIONS

1. Using DTI to measure fractional anisotropy
(FA) and mean diffusivity (MD) offers a promising
approach for early detection of pathological changes in
patients with TMD, supporting timely treatment.
Moreover, DTI enables assessment of neuroplastic
changes after therapeutic interventions (e.g., oral splints,
orthodontic  appliances, prosthodontic treatment),
helping clinicians evaluate treatment effectiveness and
tailor therapy to individual patient characteristics.

2. Despite significant several
methodological limitations persist. In particular, data-
processing pipelines, acquisition parameter
optimization, and standardization of ROI segmentation
require further refinement to improve accuracy and
reproducibility. This is especially important for subtle
peripheral structures and complex central pathways,
where small artifacts can meaningfully bias
interpretation

3. Recommendations for future research. Future

progress,

work should prioritize advanced analytical algorithms,
improvements in acquisition hardware and protocols,
and large-scale clinical studies to validate current
findings. Integrating multimodal approaches (DTI,
fMRI, arterial spin labeling [ASL]) will support a more
comprehensive understanding of TMD pathophysiology
and accelerate development therapeutic
strategies.

4. DTI is a valuable and promising tool in the
research and treatment of temporomandibular joint

of new

disorders. It advances a deep understanding of the
neural mechanisms neuroplasticity ~ opening
opportunities for diagnosis, monitoring, and prediction

and
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of treatment effectiveness. Continued research may
enable new therapies aimed at restoring neural network
function and improving quality of life in TMD. Overall,

DTI shows high potential for characterizing structural
brain changes in these patients.

PROSPECTS FOR FUTURE RESEARCH

The accumulated evidence demonstrates that DTI is
a powerful tool for studying central and peripheral
substrates implicated in TMD pathogenesis. The
progression from early trigeminal-nerve assessments
[10] to contemporary brainstem mapping [4] and
peripheral muscle-fiber analyses [1, 2] highlights a
steady expansion of neuroimaging capabilities.
Collectively, these studies deepen our understanding of
chronic-pain pathophysiology and open new avenues
for diagnostic and therapeutic advances in TMD.

Modern DTI enables a comprehensive assessment
of central and peripheral components of pain
transmission and modulation and holds strong potential
for clinical application in TMD [1, 7, 10, 17].
Continuing advances in high-resolution imaging and
the development of standardized brainstem atlases
should accuracy and reproducibility.
Integrating DTI with other modalities, such as fMRI,
offers a unified view of structural and functional
changes and supports the development of diagnostic
biomarkers [2, 4]. A pragmatic research pathway is a

improve

treatment-monitoring paradigm: a TMD patient begins
with a baseline DTI to characterize white-matter status,
including trigeminal fibers and brainstem structures
governing  pain
Following a therapeutic intervention (e.g., a splint), a
repeat scan after 24 weeks assesses neuroplastic
changes in central pathways. Reduced dysfunction in

transmission and modulation.
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