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he loss of the radiologic swallow tail sign on MRI
scans of the substantia nigra is a promising diagnostic
marker of Parkinson disease (1), although its anatomic underpinning is unclear. An early influential study
showed that the hyperintense inner part of the swallow
tail sign on T2*-weighted images (STh) corresponds to
iron-poor areas in substantia nigra and suggested it to
equal nigrosome 1, the dopaminergic region affected
earliest and strongest in Parkinson disease (2). This
would render the STh a cellularly specific marker (2).
However, recent postmortem tissue studies have challenged this interpretation, reporting that nigrosome 1
is hypointense in T2*-weighted images (3,4). We combined three-dimensional histology with 7-T in vivo and
postmortem MRI to demonstrate that nigrosome 1 and
the radiologic STh are partially overlapping but distinct.

Materials and Methods
In this secondary analysis of prospectively collected data,
7-T in vivo MRI (5) was combined with 7-T postmortem MRI, three-dimensional block-face imaging, and immunohistochemistry (6). The local ethics committees approved all studies.
From March to December 2017, in vivo T2*-weighted
images with 0.4-mm isotropic resolution were acquired in
three randomly chosen healthy volunteers with no contraindication to ultra-high-field MRI investigation to match
the number of postmortem specimens (Fig 1) (5).
Postmortem T2*-weighted images were acquired, using a similar protocol and the same resolution as for in
vivo images, of three whole heads (specimens 1, 7, and
8 in a previous study [6]) and complemented by highquality histochemistry in the substantia nigra (Fig 2).
Brain specimens from donors with no record of neurologic disease were sourced through a whole-body donation program. Written informed consent for whole-body
donation had been provided before death.
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To assess intrarater reliability, one author (P.A.G., with
9 years of experience in MRI in Parkinson disease) delineated the STh twice on in vivo T2*-weighted images
(Figs 1B, 2B).
A neuroanatomist (M.M., with 20 years of experience) and a trained research assistant (C. Jantzen, with 1
year of experience) segmented areas with a high density
of neuromelanin-pigmented dopaminergic neurons on
block-face images (resolution, 150 3 150 3 200 mm3)
while blinded to the STh delineation. Nigrosome 1 was
defined as a subvolume with the characteristic “stripe”
morphology (2) (Fig 1D, 1E). It agreed with the classic
definition of nigrosome 1 based on low anticalbindin immunoreactivity (not shown here).
In vivo and postmortem T2*-weighted MRI scans
and block-face images were affinely registered based on
anatomic landmarks, including small vessels, outside the
substantia nigra. Before comparing STh and nigrosome 1,
segmentations were smoothed with a kernel reflecting the
registration error (0.46 mm, Fig 1). One author (M.B.,
with 5 years of experience) assessed size differences using
the Student t test. Two-tailed P , .05 was indicative of a
statistically significant difference.

Results
Three female participants (mean age, 30 years 6 1 [SD])
and three postmortem brains (mean age, 78 years 6 3;
two male donors) were evaluated.
Although the STh was ovoid-shaped for all participants, nigrosome 1 was consistently flat and disk-like (Fig
1E). Nigrosome 1 was significantly thinner (P , .001)
and longer (P = .003) than the STh (Fig 2F).
Coregistration of in vivo and postmortem T2*weighted MRI scans to block-face images showed that
nigrosome 1 only partly overlapped with STh for all
possible combinations of data sets across participants
and specimens. Nigrosome 1 extended beyond the STh
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Figure 1: Spatial relationship of the hyperintense inner part of the swallow tail sign on T2*-weighted images (STh) and nigrosome 1 (N1) revealed by a
combination of in vivo MRI and postmortem three-dimensional (3D) histochemistry. (A, B) In vivo T2*-weighted images (T2*-WI) in a 29-year-old woman. The
STh (arrow in B) was segmented as a hyperintense patch in the substantia nigra and is surrounded by larger hypointense structures that resemble the tail of a swallow (see swallow overlay in B). The boundary of the substantia nigra is indicated with long dashes, and the red nucleus is indicated with short dashes (B). (C, D)
Postmortem 3D block-face images (BFI) obtained during histochemistry examination in a 75-year-old female donor. The dopaminergic region nigrosome 1 was
segmented as a dark-pigmented stripe (arrow in D). The boundary of the substantia nigra is indicated with long dashes, and the red nucleus is indicated with short
dashes. A low calbindin immunoreactivity in one specimen corroborated the nigrosome 1 segmentation (not shown). (E) An affine, landmark-based coregistration
of in vivo and postmortem data enabled the comparison of the radiologic STh and histologically defined nigrosome 1. The registration accuracy was 0.193 mm
6 0.012 (mean 6 SD) between block-face and postmortem T2*-weighted images and 0.46 mm 6 0.06 (mean 6 SD across data set combinations) between
block-face and in vivo images.

in anteroposterior and superoinferior directions (Fig 2F). On
postmortem MRI scans and block-face images, nigrosome 1
consistently appeared as a thin, dark stripe (Fig 2C, 2E).

Discussion
We showed that the widespread equation of the STh and nigrosome 1 is inaccurate because they are only partially overlapping. Therefore, STh and nigrosome 1 probably correspond
to distinct structures and should not be used synonymously.
The hypointense appearance of nigrosome 1 on postmortem T2*-weighted images, unlike the hyperintense STh, is
consistent with findings of postmortem tissue studies (3,4).
It is unclear why nigrosome 1 has not been reported as a
hypointense structure on in vivo scans, but causes may include an insufficient contrast-to-noise ratio, image artifacts,
or different contrast mechanisms in nigrosome 1 between in
vivo and postmortem imaging.
2

Our study had limitations, including the small number of
histologic samples and the age and sex differences between in
vivo participants and donors of the postmortem specimens.
The neuroanatomic cellular underpinnings of the radiologic
STh and its disappearance in Parkinson disease must be further
investigated. The nonequivalence of STh and nigrosome 1 does
not affect the value of STh as a late-stage Parkinson disease
biomarker. However, a more accurate link of MRI features and
the substantia nigra anatomy is expected to improve Parkinson
disease diagnostics and disease monitoring.
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Figure 2: The hyperintense inner part of the swallow tail sign on T2*-weighted images (STh) and nigrosome 1 (N1) overlap partially but show
distinct geometry. (A, B) In vivo T2*-weighted images (T2*-WI) in a 29-year-old woman. The ovoid STh (Fig 1C) was segmented consistently
(mean intrarater Dice coefficient, 0.51 6 0.14 [SD]). On oblique coronal sections, it had a width of 2.2 mm 6 0.5 and a length of 5.3 mm 6 1.0
(mean 6 SD across STh masks and hemispheres). (C, D) Oblique coronal postmortem block-face images in a 75-year-old female cadaver show
nigrosome 1 (arrows) as an elongated, bent stripe with a width of 0.8 mm 6 0.3 and a length of 7.1 mm 6 1.1 (mean 6 SD across hemispheres).
Thus, nigrosome 1 was significantly thinner (P , .001) and longer (P = .003) than the STh. (E) On a postmortem T2*-weighted image from same
cadaver as in C and D, nigrosome 1 appears consistently as a hypointense stripe (arrows). (F) After coregistration to postmortem T2*-weighted image, nigrosome 1 (arrows) and STh appeared as distinct and only partly overlapping structures. Their mean Dice coefficient was 0.18 6 0.08.
tent, all authors; approval of final version of submitted manuscript, all authors;
agrees to ensure any questions related to the work are appropriately resolved, all
authors; literature research, M.B., E.K., A.A., C. Jantzen, C. Jäger, A.H., P.A.G.,
M.M., N.W.; clinical studies, A.H.; experimental studies, M.B., E.K., A.A., P.L.B.,
C. Jantzen, C. Jäger, A.H., K.J.P., P.A.G., M.M., N.W.; statistical analysis, M.B.,
E.K., A.H.; and manuscript editing, all authors
Disclosures of conflicts of interest: M.B. No relevant relationships. E.K.

No relevant relationships. A.A. No relevant relationships. P.L.B. No relevant
relationships. C. Jantzen No relevant relationships. C. Jäger No relevant relationships. A.H. No relevant relationships. K.J.P. No relevant relationships. P.A.G. Research contract with ASG; payment or honoraria for lectures, presentations, speak-

Radiology: Volume 000: Number 0—Month 2022 n radiology.rsna.org

ers bureaus, manuscript writing, or educational events from the Institute of Physics
Publishing; support for attending meetings and/or travel from ISMRM; secretary of
ISMRM. M.M. No relevant relationships. B.U.F. No relevant relationships. N.W.
The Max Planck Institute for Human Cognitive and Brain Sciences has an institutional research agreement with Siemens Healthcare; patent on acquisition of MRI
data during spoiler gradients (US 10,401,453 B2); speaker at an event organized by
Siemens Healthcare and was reimbursed for the travel expenses.

References

1. Blazejewska AI, Schwarz ST, Pitiot A, et al. Visualization of nigrosome
1 and its loss in PD: pathoanatomical correlation and in vivo 7 T MRI.
Neurology 2013;81(6):534–540.

3

Swallow Tail Sign: Revisited
2. Damier P, Hirsch EC, Agid Y, Graybiel AM. The substantia nigra of the
human brain. II. Patterns of loss of dopamine-containing neurons in Parkinson’s disease. Brain 1999;122(Pt 8):1437–1448.
3. Lee H, Baek S-Y, Chun SY, Lee JH, Cho H. Specific visualization of neuromelanin-iron complex and ferric iron in the human post-mortem substantia nigra using MR relaxometry at 7T. Neuroimage 2018;172:874–885.
4. Brammerloh M, Morawski M, Friedrich I, et al. Measuring the iron content
of dopaminergic neurons in substantia nigra with MRI relaxometry. Neuroimage 2021;239:118255.

4

5. Kirilina E, Helbling S, Morawski M, et al. Superficial white matter imaging: Contrast mechanisms and whole-brain in vivo mapping. Sci Adv
2020;6(41):eaaz9281.
6. Alkemade A, Pine K, Kirilina E, et al. 7 Tesla MRI Followed by Histological 3D Reconstructions in Whole-Brain Specimens. Front Neuroanat 2020;14:536838.

radiology.rsna.org n Radiology: Volume 000: Number 0—Month 2022

