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MRI Findings in Parkinson'’s
Disease: Radiologic Assessment
of Nigrostriatal Degeneration
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Parkinson’s disease (PD) is a movement disorder that develops due to degenerative loss of do-
paminergic cells in the substantia nigra of the midbrain. Recent advances in MRI techniques
have demonstrated various imaging findings that can reflect the underlying pathophysiological
processes occurring in Parkinson’s disease. Many imaging studies have shown that such find-
ings can assist in the diagnosis of Parkinson’s disease and its differentiation from atypical par-
kinsonism. In this review, we present MRI techniques that can be used in clinical assessment,
such as nigrosome imaging and neuromelanin imaging, and we provide the detailed imaging
features of Parkinson’s disease reflecting nigrostriatal degeneration.

Index terms Parkinson Disease; Magnetic Resonance Imaging; Substantia Nigra
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Parkinson's disease)& Z&ch= Yuh-Al=Z2) 1% F(a-synucleinopathy)ol2tal Eef= thef
Sk Eld A d et AE| o Sl Ao BsiXich

ohy | w1ER 1t FARE 3742 UER = 1Y a5 (atypical parkinsonism) mH 1<
B 24 o]Qoll e 710l FAES UeRd 4 9lom 2343l uta] (progressive supranu-
clear palsy), T2 7|28/ d (corticobasal degeneration), TFAlS- 9= (multiple system atro-
phy; ©]3} MSA) 2 Fo]44 2] vl (dementia with Lewy bodies) 5] o] Aghzo] &3t uh7]
&S oA Adlor® UEE 4 lom iAo g ofERE 31ES(drug-in-
duced parkinsonism)2t Fg 7HduH1&Z (vascular pseudo-parkinsonism) 5-°] ATt &=
St o1& fAbH EElS 3402 Hol= tE3 o2 = 24 Ui (essential
tremor)°] =, 4471 olAd RIEFH FAF AeEolM e S Ho mulrlg Al B/d
5l Ao U A] ohs Zlo 2 dejx, S w1t 1 iy e]ahalel RloflA 2ol &
UrEhdTt.

olo]] ujeh, 24713 F/F(Cl5F MRI)OIA F=] S 2] ARl H3hs Lehjo] 1R o] HH]
AyeletAQl wigts Ao 1t she w2 AtEo] o]ojz 1L Qlrt. E5] 9/d7]&e] Wil wat
S A WS & 4 e TR MRI 978718501 54511, 2 F/d71Rol w2 ol
Al Y AHEO] AAEULE. o] FiF AR5 ISR 9] A AL Elgo] Ty 54 4
of ofwst FASLE 7HA Q=] AlZkEFS 4= Q1S Wtk ofufe} mprlrg o) Xt b iy
I BHY w1EF B2 ol mIEES sk dloll B3-S 1, Yol AE mIER <]
3P Fr g mpetdt = QA a5 A o= Rl

B ZMojMEe 52MzA A (nigrostriatal degeneration)S 410 2 uh1eH o] @
o] AFEE|L Q1= MRI 7|\ &0l thsl] Al&stal, 5441 J/4d AdEat 1ot Avke gz
2 A/FA olfof tis) 7]&stazt ik

MZIAY T NASH AXE
MRIE The3} 2-e mzieel Awelatael wste} To} Bole 7220) A4EE 715
a7 gt

LIo| 3 2F(Nigrosome) 24!

Tk 542 SAX|U R (substantia nigra pars compacta)2t S/ (substantia nigra
pars reticulata) 2 HJET. tiF-22] =ovl/g NG EE SAXYE Yo fix]sh=t], o] &
oF 60%+= A=A A/ Adf-(striatonigral afferent fiber)7} 553t 52714 (nigral ma-
trix)oll AL, YHA] 40%= AZASE 4 ARG7F E2 910l 34 EA3TH(1). olF A
TRl ANAMETF B2 A EAfete 1R ES Lo| 12 Z (nigrosome) & 5t 5719] A
HAZE(UHO|LRF 1-5)0] 2 334 1255 FATH(). TERolM SHHZEA N37
& (nigrostriatal pathway)2] §14doll mt2= =nivl/g Alize] AML 22 o] 12Fo|A] Yoj
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Fig. 1. Normal appearance of nigrosome 1 (A-D), from cranial to caudal. 3T susceptibility-weighted imaging
of a 52-year-old healthy male shows nigrosome 1 (arrows) as a focal indentation at the lower red nucleus
level and as a linear hyperintensity between two layers of the substantia nigral hypointensity at the more
caudal level.
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, E47291 3%(trilaminar)2] =

- AEITH(Fig. 24). 7T 1A G2 L}ol:&—/;t-mw Alas}q 2,4, -3, -5°]
TAR Yehs Yol 12 50| AT A4S YERATH(1S). 3T SWICIA 3ld 258 25 45
Sh= 212 o8 4= QoL Yol 12F- 13t 4= ERlo] FHsstal, A2 3T SMWIE o]-85+

Fig. 2. Nigrosome imaging in Parkinson’s disease.

A. 3T SWI from a 65-year-old male patient diagnosed with Parkinson’s disease shows loss of nigral hyperin-
tensity created by the nigrosome 1.

B. An 85-year-old female patient shows bilateral loss of nigrosome 1 hyperintensity upon susceptibility-map
weighted imaging, but the hyperintense presumed nigrosome 4 (arrows) at the level of the lower red nucle-
us that is medial to the nigrosome 1 can be identified.

C, D. 3T SWI from a 75-year-old female patient shows intact nigral hyperintensity in the right side (arrow) and
loss of nigral hyperintensity in the left side, which is correlated with her unilateral right-side motor symptom.
Her 21-23-carbomethoxy-3p-(4-iodophenyl)-N-(3-fluoropropyl)-nortropane single photon emission com-
puted tomography (*2I-FP-CIT SPECT) shows the corresponding asymmetric dopamine transporter uptake
in the left striatum.

SWI = susceptibility-weighted imaging
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3 AT0lA] o] L2E-19) 415 2Ao] Fojo] 49] Ado] AYHL SHeI5HATHFig. 2B) (19),
Be Qo)A o 12E0) AT 4Ae mzlae) At g

51911, 2 HEH vEREA (meta-analysis)ol] wh2m £3H2 0 2 92042] 717
o] &7} FRIE|ATH?20). T2l Uo]12F AT A4 4 344 S
(14) T 9] BRI HIHH A -5 F/d7 Fetohs HIH A Yo 12 AT A4S Y
EhdIth(Fig. 2C).

AEH o mIERol|lx] mupnld AR Al'HA% (presynaptic) =Rl 25 (dopa-

Fig. 3. Nigrosome imaging in atypical parkinsonism.

A. SMWI from a 67-year-old male patient diagnosed with progressive supranuclear palsy shows bilateral
loss of the nigrosome 1 hyperintensity.

B. SMWI from a 61-year-old male patient diagnosed with MSA with predominant parkinsonism also shows
bilateral loss of the nigrosome 1 hyperintensity.

C. A 62-year-old male patient diagnosed with MSA-C shows intact bilateral nigrosome 1 hyperintensity (ar-
rows) upon SMWI.

D. On the other hand, a 68-year-old male patient diagnosed with MSA-C shows loss of bilateral nigrosome 1
hyperintensity.

MSA = multiple system atrophy, MSA-C = MSA with predominant cerebellar ataxia, SMWI = susceptibility-
map weighted imaging
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mine transporter) G440l AFH&Eo] gl £5] #1-23-carbomethoxy-3(3-(4-iodophenyl)-N-(3-
fluoropropyl)-nortropane (¥I-FP-CIT)2} 22 WAMY 2lRtEE AlSshe dd A ET53

% (single photon emission computed tomography; ©]5t SPECT) G/d0] de] o] &= JlTk21).
ol 7he-H] o] 12E 2 =il MM 2] §A] ofRE MRIZ & 4= 7| st A
ANaZ7golA 2 o] 7|the]= Hioloh. £35] Y& AtollA= oISl Y= »1-FP-
CIT SPECTOllA 9] Tnpl 2/kA] F482] 242k MRIS| Wo] 12F AT Ado] kil
HIEQlek(Fig. 2D) (14). F7F A5 Sl F F7 dAtelA et v 2x49] AlREARl
S IAE Yreiul= Zlo] st

HA Y 3130l e o] 1259 AT Adlo] Qlot. xIg)dsh/drta]olA 3T SWIE A%
Sk Aol A Eg szl oM ARG Lol 12E0] AT A4S BSHITHFig. 3A) (14).
CHAIS %] 44 AxAs sty m7le 542 F2 Uehds MSA with predominant
parkinsonism (°]5} MSA-P)eilA= S8/ np7l &R oA} nixt7kA| 2 Lol 1z Eo] Al 24
o] == 2| Lk(Fig. 3B), &k J7/d0] FE2 A= MSA with predominant cerebellar ataxia (°|
S} MSA-C)ollM= SAARA N4 =29 R offol] bl Yo| 225 A27h §A%7] = stal
A7) = SHKFig. 3C, D) (14, 16). $HH Hel/d g, oF2-Rahg ﬁ%{% 3w 7Hduil
&5 o] AxA 2 SENEA APZ=E RIS g s deo] 4%, 3T SWIefl

A Yola2Ee] a1 e =7t fAE= Zlo] Bl th(Fig. 4) (22 24) olof] Yol12F =
A0 2 Zhush 2 QK Table 1).

ol-gsto] 7] Aehst mxleH

Lol 1 2E G2 oIS o] ArdA Aol e {-86HA 4 488 4~
S8y 5ol (isolated rapid eye movement sleep behavior disorder; ©|3} iRBD)
&, BAER1S, FolaAX ] 5 LA SRR TR Jgchs ez 4wzl Feto]
o}, Uo] 12F0] A/dnl e o] 42 mIE o] WEshy] A Htdghd Ao A EE Uehg:
4= = 7oz dHFHTable 1, Fig. 5) (25, 26). 0213t Lpo] 12%0] A5 A4 wuhql 20t
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Fig. 4. Nigrosome imaging in other movement disorders.
A-C. Susceptibility-map weighted imaging from (A) a 72-year-old female patient with essential tremor, (B) a 58-year-old female patient diag-
nosed with drug-induced parkinsonism, and (C) a 73-year-old female patient diagnosed with vascular pseudo-parkinsonism all show intact
bilateral hyperintensity of the nigrosome 1 (arrows).
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Table 1. Summary of MR Imaging Findings in Parkinson’s Disease and Other Parkinsonian Syndromes

A2 7F 3R
7% (pheno-
25

Disease Nigrosome Imaging Neuromelanin Imaging Iron-Sensitive MRI Diffusion Tensor Imaging
. . . . Decreased FA and/or increased
Loss of nigral Decreased signal and area Increased iron deposition ]
IPD . . L . ) MD in the SN
hyperintensity of neuromelanin-rich SN in the SN and striatum .
Increased FW in the SN
Loss of nigral . . . . Decreased FA in the midbrain
. . Decreased signal and area Prominent iron deposition . .
PSP hyperintensity L . including SN
of neuromelanin-rich SN in the SN and red nucleus .
Increased FW in the SN
Decreased FA in the SN,
MSA-P Loss of nigral Decreased signal and area Prominent iron deposition caudate nucleus, and
hyperintensity of neuromelanin-rich SN in the putamen putamen
Increased FW in the SN
Nigral signal, either intact . . Increased iron deposition Decreased FA in the
MSA-C SEE Needing further studies . p
or lost in dentate nuclei cerebellum
. ) N ) . . . Possible decrease in the FAin
RBD Nigral signal, eitherintact Neuromelanin-area, either Increased iron deposition the SN
or lost normal or decreased in the SN in some patients .
Increased FW in the SN
. Increased iron deposition
Other movement . . . Intact neuromelanin-rich . . . .
. . Intact nigral hyperintensity in the SN and globus pallidus Needing further studies
disorders signal and area

inET

*Other movement disorders denote conditions which do not damage nigral dopaminergic neurons, such as ET, drug-induced parkinsonism, and
vascular pseudoparkinsonism.

ET = essential tremor, FA = fractional anisotropy, FW = free-water, IPD = idiopathic Parkinson’s disease, iRBD = isolated rapid eye movement
sleep behavior disorder, MD = mean diffusivity, MSA-C = multiple system atrophy with predominant cerebellar ataxia, MSA-P = multiple sys-
tem atrophy with predominant parkinsonism, PSP = progressive supranuclear palsy, SN = substantia nigra

Fig. 5. Nigrosome imaging in iRBD.

A. Nigrosome 1 hyperintensity (arrows) is preserved in a 74-year-old female patient diagnosed with iRBD.

B. On the other hand, nigrosome 1 hyperintensity is lost bilaterally in another 82-year-old male patient with
iRBD.
iRBD

=isolated rapid eye movement sleep behavior disorder
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Fig. 6. Normal appearance of the neuromelanin-high signal area in the substantia nigra (A, B, from cranial
to caudal).

3T neuromelanin imaging of a 78-year-old female without parkinsonism shows a T1-high signal neuromela-
nin-rich area in the substantia nigra.
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Fig. 7. Neuromelanin imaging in Parkinson’s disease.

A. An 82-year-old male patient diagnosed with Parkinson’s disease shows a lower signal and area of the T1-
high signal neuromelanin-rich area in the bilateral substantia nigra compared to the control subject (Fig. 6).
His symptom duration was 1 year.

B. Another 67-year-old male patient diagnosed with Parkinson’s disease with a longer symptom duration of
5 years also shows a bilaterally decreased neuromelanin-rich area with a weaker signal than the patient de-
scribed in (A).
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Fig. 8. Neuromelanin imaging in atypical parkinsonism and other movement disorders.

A. A TT-year-old male patient diagnosed with progressive supranuclear palsy shows a marked decrease in the neuromelanin-rich signal in the
bilateral substantia nigra. Note the atrophy in the midbrain and severe motion artifact.

B. A 69-year-old male patient diagnosed with multiple system atrophy with predominant parkinsonism also shows decreased signal and area
of the neuromelanin-rich region in both sides.

C. On the other hand, neuromelanin imaging of a 73-year-old male patient diagnosed with essential tremor demonstrates relatively well-pre-
served neuromelanin-rich areas.

Fig. 9. Neuromelanin imaging in iRBD.

A, B. Neuromelanin imaging (A) and **F-FP-CIT PET (B) of a 76-year-old male patient diagnosed with iRBD
show a decreased neuromelanin signal in the left side, possibly correlated with dopamine transporter up-
take upon PET.

iRBD =isolated rapid eye movement sleep behavior disorder

1). Ry s/dnta| el ThA|E-9] S, 551 MSA-PolA] B S YR ] F2ehd 1T Yo
No7re 9 37) Zha7h otk 23 lthFig. 8A, B) (35, 36). HHH SAM A HAYS =
HhoiA] o= 2E o) wRHeRd J/dolis /el Hlwstole wf folnlet S Ul

2rlzhd o] jishrt 2ol x| olth(Fig. 8C) (37).
1&g o) el iRBDOIME S S Wf Faehd
tH(Table 1, Fig. 9) (38). 22 23 H2i'd(deep learning) 7192 ol-§5te] ZAAUR] &2
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Fig. 10. QSM in Parkinson’s disease.

A, B. Representative cases of QSM in a (A) 70-year-old female without parkinsonism and (B) 69-year-old
male patient diagnosed with Parkinson’s disease are shown. The measured QSM values in the substantia
nigra pars compacta were 73 ppb versus 116 ppb.

QSM = quantitative susceptibility mapping
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Fig. 11. Pattern of iron deposition in atypical parkinsonism.

A. A TT-year-old male patient diagnosed with progressive supranuclear palsy shows prominent iron deposi-
tion in the bilateral substantia nigra and red nucleus. Note the markedly decreased distance between the
red nucleus and substantia nigra.

B. A 50-year-old female patient diagnosed with multiple system atrophy with predominant parkinsonism
shows characteristic atrophy of the bilateral posterior putamen with prominent iron deposition.
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Table 2. Proposed Roles of MRl in Parkinson’s Disease
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Differential Correlation o
- . . . . Monitoring
. Individual Symptom . Diagnosis from with Dopamine .
Techniques . . . Quantification . Disease
Diagnosis Correlation Atypical Transporter .
. - . Progression
Parkinsonism Imaging
Nigrosome imaging + +1 - +/- ++# -
Neuromelanin imaging 5 ++ ++ +/- ++¥ ++
Iron-sensitive imaging + + ++ +/- +1 +
Diffusion tensor imaging - + ++ +/- - +

*Some features show overlap between Parkinson’s disease, progressive supranuclear palsy, and multiple system atrophy. But most of the

findings can be used for the differentiation from the non-striatal disease.

Loss of nigral hyperintensity has a good correlation with symptom asymmetry, but does not correlate with motor scores linearly.

*Loss of nigral hyperintensity has a good positive correlation with the presence of reduced dopamine transporter uptake, but it should be
noted that nigrosome imaging determines the presence or absence of nigral hyperintensity at the current stage. Meanwhile, the neuromela-
nin-rich signal and area are positively correlated with dopamine transporter uptake values in a quantitative manner.

SThere can be overlap between the patients with Parkinson’s disease and the controls.

IThe pattern of the iron deposits in the substantia nigra including nigrosome and the basal ganglia can assist diagnosis, but the quantitative

value itself cannot be used for the individual diagnosis for now.
9 Striatal susceptibility values are reversely correlated with dopamine transporter uptake values.
+=possible, ++ = strongly possible, +/- = varying confidence
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