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SCA3 demonstrates a high frequency of extra-cerebellar 
manifestations, including progressive external ophthal-
moplegia, dystonia, Parkinsonism, peripheral neuropa-
thy, pyramidal signs, and sleep disorders [2, 3].

Miniploymyoclonus (also known as polyminimyoc-
lonus) is a hyperkinetic movement disorder phenom-
enology characterized by intermittent, low-amplitude, 
irregular hand movements, prevalently of digits [4]. This 
clinical feature has been a supportive motor sign in diag-
nosing multiple system atrophy (MSA), which shares a 
degenerative nature, and cerebellar ataxia as a primary 
symptom with SCA3 [5, 6]. Split hand, which is another 
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Abstract
Background  Spinocerebellar ataxia type 3 (SCA3), also known as Machado–Joseph disease, is an autosomal 
dominant neurodegenerative disorder caused by CAG repeat expansion in exon 10 of ATXN3. Extra-cerebellar 
manifestations, including external ophthalmoplegia, dystonia, Parkinsonism, and peripheral neuropathy, 
are predominantly present in SCA3 cases. Here, we report a case of SCA3 presenting with a split hand and 
minipolymyoclonus.

Case presentation  A 73-year-old female patient presented with a 5-year history of ataxic gait. Neurological 
examination revealed cerebellar ataxia and minipolymyoclonus in the digits on both sides and muscle atrophy in 
the right hand, consistent with the split hand pattern. Electrodiagnostic studies demonstrated decreased amplitude 
of compound muscle action potentials and neurogenic motor unit potentials, indicating lower motor neuron 
involvement.

Conclusions  Our patient’s case indicated a split hand and minipolymyoclonus in SCA3. Clinicians should consider 
these extra-cerebellar manifestations in patients with SCA3. Although neither split hand nor minipolymyoclonus are 
likely to directly result in a specific etiological diagnosis, a common pathophysiological mechanism for both may be 
lower motor neuron involvement. This extracerebellar manifestation contributes to narrowing down the diagnostic 
possibilities for cases presenting with progressive cerebellar ataxia.
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distinctive feature, is a dissociated atrophy character-
ized by preferential atrophies in the thenar and first dor-
sal interosseous (FDI) muscles, with relative hypothenar 
muscle sparing. This sign has been specific to amyo-
trophic lateral sclerosis (ALS) [7].

Reports of SCA3 cases with such minipolymyoclo-
nus and split hands are rare to date. Here, we report a 
genetically confirmed SCA3 case presenting with both 
minipolymyoclonus and split hand and discuss the 
pathophysiology behind these distinct features.

Case presentation
A 73-year-old female patient presented with a 5-year 
gait disturbance history. Initially, she noticed instability 
while performing routine tasks, such as putting on and 
taking off her pants while standing, as well as difficulty 
descending stairs without a handrail. Her gait progres-
sively became more unsteady, accompanied by a decrease 
in walking speed, over the subsequent years. Her medical 
history included diabetes mellitus, hypertension, osteo-
porosis, and clavicle fracture. Her family history indi-
cated a progressive unsteady gait in her mother during 
her 70s, with difficulty maintaining a sitting position in 
her 80s, and passed away at 88 years of age, without a spi-
nocerebellar degeneration diagnosis (Fig. 1).

A cranial nerve examination revealed normal findings 
but with smooth pursuit eye movements interrupted 
by saccades and mild cerebellar dysarthria. Thenal emi-
nence and FDI muscle wasting were observed, with rela-
tive abductor digit minimi (ADM) preservation in the 
right hand (Fig.  1). Outstretching the arms and extend-
ing the fingers demonstrated jerky, irregular, and small 
amplitude involuntary movements of the digits, indicat-
ing minipolymyoclonus. Manual muscle strength was 
low in the following muscle groups based on the Medical 
Research Council grad (right/left): deltoid (5/5), biceps 
(5/5), triceps (5/5), wrist extensors (5/5), wrist flexors 

(5/5), abductor pollicis brevis (APB) (4+/5), ADM (5/5), 
iliopsoas (5/4+), quadriceps (5/5), hamstrings (5/5), tibia-
lis anterior (5/4+), and gastrocnemius (5/5). Additionally, 
deep-tendon reflexes were normal in the upper extremi-
ties but absent in the lower extremities. Additionally, the 
finger chase test revealed mild dysmetria and the heel-
shin test demonstrated lower limb incoordination. Her 
gait was somewhat unsteady, and her tandem gait was 
impaired. The Assessment and Rating of Ataxia Scale [8] 
was 8.5 out of 40. Sensory examination revealed intact-
ness across all modalities.

Brain magnetic resonance imaging (MRI) revealed 
pons and cerebellar atrophy (Fig.  2). Nerve conduction 
studies (NCS) indicated a reduced amplitude of com-
pound muscle action potential and sensory nerve action 
potential (Table 1). The split hand index calculated based 
on the nerve conduction studies was 3.4 (cut-off value of 
6.4) [9], indicating an electrophysiologic split hand pat-
tern. Needle electromyography in the right FDI revealed 
2 + fibrillations and high amplitude muscle unit potential, 
indicating neurogenic changes. Surface electromyogra-
phy exhibited irregular, short duration, and asynchronous 
muscle bursts in the second and third dorsal interosse-
ous muscles (Fig.  3). Threshold tracking transcranial 
magnetic stimulation revealed averaged short-interval 
intracortical inhibition (SICI) [10] with 6.6% and 5.2% in 
the right and left sides, respectively. Family history, pro-
gressive cerebellar ataxia with split hand and minipoly-
myoclonus, atrophy of the pons and cerebellum on brain 
MRI, and the NCS findings led us to consider autosomal 
dominant cerebellar ataxia with lower motor neuron 
involvement as possible diagnosis. Because split hand can 
be observed in SCA3 [11], SCA3 was specifically consid-
ered. Ataxia panel testing for SCA diagnoses, including 
SCA1, 2, 3, 6, 7, 8, 12, 17, and 31 and dentatorubral-
pallidoluysian atrophy, revealed 14/56 CAG repeats in 
ATXN3; thus, the patient was diagnosed with SCA3.

Fig. 1  Pedigree of the family and split hand of the right hand. (A) Pedigree is slightly modified to maintain confidentiality. (B) The first dorsal interosseous 
exhibited clear wasting (white arrowhead) and the right hand demonstrated thenar eminence (white arrow)
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Single-case voxel-based morphometry (VBM) was per-
formed using three-dimensional T1-weighted images 
to evaluate the structural brain changes in the gray and 
white matter volume. Our single-case VBM analysis 
used the software “voxel-based specific regional analysis 
system for Alzheimer’s disease advance” (Eisai, Tokyo, 
Japan) equipped with SPM8 (The Welcome Trust Cen-
tre for Neuroimaging, Institute of Neurology, University 

College London, UK) and Diffeomorphic Anatomical 
Registration using Exponentiated Lie Algebra based on 
VBM [12], providing statistical z score images for gray 
and white matter atrophy in each of the patients relative 
to that of the normal database. The z score is calculated 
as ([control mean] − [individual value])/(control stan-
dard deviation), and the z score values are overlaid on the 
standardized brain MRI of each patient as a color scale 

Table 1  Nerve conduction studies
Motor nerve Sensory nerve
Distal latency
(ms)

Conduction velocity
(m/s)

CMAP amplitude
(mV)

F-wave latency
(ms)

Conduction velocity
(m/s)

SNAP amplitude
(µV)

Median nerve 3.8 (< 4.5) 47 (> 48) 3.0 (> 5.0) 25.2 (< 31.4) 60 (> 43) 2 (> 11.3)
Ulnar nerve (ADM) 3.0 (< 3.6) 64 (> 46) 5.7 (> 4.7) 24.1 (< 31.7) 43 (> 40) 2 (> 8.8)
Ulnar nerve (FDI) 4.0 NA 4.9 NA
Peroneal nerve 7.3 (< 6.2) 40 (> 37) 0.34 (> 0.7) NR
Tibial nerve 4.4 (< 5.9) 41 (> 36) 1.74 (> 5.6) 52.4 (< 56.8)
Sural nerve 49 (> 37) 3 (> 3.4)
All studies were performed in the right extremities.

CMAP: compound muscle action potential; SNAP: sensory nerve action potential; ADM: abductor digit minimi; FDI: first dorsal interosseous; NA: not applicable; NR: 
not recorded. Sensory studies were performed antidromically.

Abnormal values are indicated with underline. Normal limits are indicated in parentheses (our laboratory data).

CMAP recording of FDI is not routinely done in our laboratory, so normal limits are not available.

Fig. 2  Brain MRI and the VSRAD advance analysis. Sagittal T1-weighted (A) and axial T2-weighted (B, C) images illustrate atrophy in the pons and cerebel-
lum. The VSRAD advance analysis of gray matter (D) reveals a significant decrease in cerebellar volume. The VSRAD advance analysis of white matter (E, 
F) indicates a significantly decreased pons and left precentral gyrus volume. Colored areas with z scores of > 2 denote significantly atrophied regions 
overlaid on the MRI
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map. This single-case VBM analysis for gray and white 
matter revealed volume reductions in the cerebellum and 
the pons and left precentral gyrus, respectively (Fig. 2).

Discussion and conclusion
Here, we described a case of genetically confirmed SCA3 
with split hand and minipolymyoclonus as extra-cerebel-
lar manifestations detected on neurological examinations 
and confirmed by electrophysiological testing. The phe-
notype of the patient described here is consistent with 
the SCA3 subtype (subtype III), which is characterized by 
late onset and cerebellar ataxia with peripheral involve-
ment [3].

In this case, lower motor neuron involvement was the 
primary pathophysiological mechanism underlying both 
the split hand and minipolymyoclonus observed. Muscle 
weakness with atrophy and nerve conduction study and 
needle electromyography results in the present case indi-
cate lower motor neuron involvement. Although split 
hand has been considered a pathognomonic sign in ALS 
[7], this sign has recently been demonstrated in other dis-
eases as well. For instance, it has been observed in spinal 
and bulbar muscular atrophy (SBMA) [9] and GARS1-
associated neuropathy [13], indicating that lower motor 
neuron involvement alone could contribute to the split 
hand. A study on patients with SCA3 who exhibited split 
hands revealed lower motor neuron dysfunction due to 
involvement of anterior horn cells as the pathophysiolog-
ical background, based on nerve conduction studies [11]. 
Further, minipolymyoclonus has also been described in 
disorders with anterior horn cell involvement, includ-
ing spinal muscular atrophy, SBMA, and brachial mono-
meric amyotrophy [4].

In this case, there was no evident involvement of upper 
motor neuron dysfunction in the background pathophys-
iology of split hand. Threshold tracking transcranial mag-
netic stimulation and single-case VBM demonstrated a 
relative reduction in SICI on the left side compared to 
the contralateral side, along with a reduced volume of 
the left precentral gyrus, indicating the possible pres-
ence of upper motor neuron impairment in the cur-
rent case. Split hand is frequently observed in ALS, and 

both upper and lower motor neuron involvement have 
been considered underlying mechanisms of split hand 
in ALS [7]. Previous excitability studies have exhibited 
that motor axonal excitability is physiologically higher 
in APB than in ADM, and altered motor axonal excit-
ability in ALS is more prominent in APB than in ADM 
[14, 15]. A previous study using transcranial magnetic 
stimulation revealed the preferentially impaired cortico-
motoneuronal input to the thenar spinal pool than the 
hypothenar spinal pool in ALS [16]. Another study dem-
onstrated that cortical hyperexcitability, as indicated by 
a significant SICI reduction, was most prominent when 
recorded from the APB and FDI muscles in ALS [17]. 
Upper motor neuron involvement can occur in patients 
with SCA3. Pyramidal signs among the common extra-
cerebellar manifestations of SCA3 [18, 19]. Further-
more, radiological studies in these patients have shown 
cortical thinning in the primary motor cortices and dif-
fusion abnormalities in the corticospinal tract [20–22]. 
A study utilizing threshold tracking transcranial mag-
netic stimulation found motor-cortical disinhibition in 
both presymptomatic and symptomatic patients with 
SCA3 [23]. However, in this case, no left-sided pyrami-
dal tract signs corresponding to the split hand in the right 
hand were observed, and there was no clear evidence of 
upper motor neuron involvement. To better understand 
the background pathophysiology of split hand in SCA3, 
further studies assessing both split hand and upper and 
lower motor neuron deficits in a larger SCA3 cohort are 
needed.

Minipolymyoclonus is not necessarily unique in distin-
guishing between SCA3 and MSA. MSA, particularly the 
cerebellar type (MSA-C), shares cerebellar ataxia as the 
primary motor symptom, degenerative nature, and char-
acteristic findings on brain MRI with SCA3 [24], and it is 
difficult to distinguish from SCA3 without a clear fam-
ily history. Therefore, the use of extra-cerebellar mani-
festations, such as minipolymyoclonus, in distinguishing 
between MSA and SCA3 is of clinical significance. Mini-
polymyoclonus has been a “red flag” or a warning sign 
that increases the clinical suspicion of MSA [5, 25] and is 
one of the supportive motor signs in the latest diagnostic 

Fig. 3  Surface electromyography. Surface electromyography reveals irregular, short-duration, and asynchronous muscle bursts in the second and third 
dorsal interosseous muscles
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criteria [6]. Minipolymyoclonus is highly specific for par-
kinsonism predominant type MSA (MSA-P) in differen-
tiating MSA-P from Parkinson’s disease and progressive 
supranuclear palsy [5, 25], but its usefulness in differ-
entiating MSA-C from SCA, including SCA3, has been 
unknown. Among SCAs, other than SCA3, minipolymy-
oclonus was reported in SCA21 [26].

In conclusion, split hand and minipolymyoclonus 
are extra-cerebellar manifestations present in SCA3. 
Although split hand and minipolymyoclonus unlikely 
result in a specific etiological diagnosis, their common 
pathophysiological mechanism may involve lower motor 
neuron involvement. As an extracerebellar sign, this 
involvement contributes to narrowing down the diagnos-
tic possibilities for cases presenting with progressive cer-
ebellar ataxia.

Abbreviations
SCA	� Spinocerebellar ataxia
MSA	� Multiple system atrophy
FDI	� First dorsal interosseous muscles
ALS	� Amyotrophic lateral sclerosis
ADM	� Abductor digit minimi
APB	� Abductor pollicis brevis
MRI	� Magnetic resonance imaging
SICI	� Short-interval intracortical inhibition
VBM	� Voxel-based morphometry

Acknowledgements
The authors would like to thank ENAGO (www.enago.jp) for the English 
language review. This work was partly supported by grants-in-aid from the 
Research Committee of Ataxia, Health Labor Sciences Research Grant, and 
the Ministry of Health, Labor and Welfare, Japan (grant no. JPMH20FC1041) 
and the Japan Agency for Medical Research and Development (AMED) under 
Grant Number JP21ek0109532h0001 (Y. Takahashi).

Author contributions
E.A.: Writing – original draft; A.S.: Conceptualization and Writing – original draft; 
K.S.: Writing – review & editing; Y.K.: Writing – review & editing; T.I.: Conducted 
the genetic analysis and Writing – review & editing; T.S.: Writing – review 
& editing; R.O.: Writing – review &editing; S.K.: Conceptualization and Final 
approval. All authors listed have significantly contributed to the development 
and writing of this article. All authors read and approved the final manuscript.

Funding
No funding was received for this work.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The patient signed written informed consent for the publication of this report.

Consent for publication
The patient provided her written informed consent for the publication of this 
case report. Written informed consent was obtained from the individual for 
the publication of any potentially identifiable images or data included in this 
article.

Competing interests
The authors declare no competing interests.

Received: 4 May 2024 / Accepted: 5 November 2024

References
1.	 Kawaguchi Y, Okamoto T, Taniwaki M, Aizawa M, Inoue M, Katayama S, et al. 

CAG expansions in a novel gene for Machado-Joseph disease at chromo-
some 14q32.1. Nat Genet. 1994;8:221–8.

2.	 Pedroso JL, França MC Jr, Braga-Neto P, D’Abreu A, Saraiva-Pereira ML, Saute 
JA, et al. Nonmotor and extracerebellar features in Machado-Joseph disease: 
a review. Mov Disord. 2013;28:1200–8.

3.	 Mendonça N, França MC Jr, Gonçalves AF, Januário C. Clinical features of 
Machado-Joseph disease. Adv Exp Med Biol. 2018;1049:255–73.

4.	 Ganguly J, Chai JR, Jog M. Minipolymyoclonus: a critical appraisal. J Mov 
Disord. 2021;14:114–8.

5.	 Miki Y, Foti SC, Asi YT, Tsushima E, Quinn N, Ling H, et al. Improving diagnostic 
accuracy of multiple system atrophy: a clinicopathological study. Brain. 
2019;142:2813–27.

6.	 Wenning GK, Stankovic I, Vignatelli L, Fanciulli A, Calandra-Buonaura G, Seppi 
K, et al. The movement disorder society criteria for the diagnosis of multiple 
system atrophy. Mov Disord. 2022;37:1131–48.

7.	 Eisen A, Kuwabara S. The split hand syndrome in amyotrophic lateral sclerosis. 
J Neurol Neurosurg Psychiatry. 2012;83:399–403.

8.	 Schmitz-Hübsch T, du Montcel ST, Baliko L, Berciano J, Boesch S, Depondt C, 
et al. Scale for the assessment and rating of ataxia: development of a new 
clinical scale. Neurology. 2006;66:1717–20.

9.	 Shibuya K, Misawa S, Uzawa A, Sawai S, Tsuneyama A, Suzuki YI, et al. Split 
hand and motor axonal hyperexcitability in spinal and bulbar muscular 
atrophy. J Neurol Neurosurg Psychiatry. 2020;91:1189–94.

10.	 Suzuki YI, Shibuya K, Misawa S, Suichi T, Tsuneyama A, Kojima Y, et al. Relation-
ship between motor cortical and peripheral axonal hyperexcitability in amyo-
trophic lateral sclerosis. J Neurol Neurosurg Psychiatry. 2022;93:1074–79.

11.	 Schelhaas HJ, van de Warrenburg BP, Kremer HP, Zwarts MJ. The split hand 
phenomenon: evidence of a spinal origin. Neurology. 2003;61:1619–20.

12.	 Hirata Y, Matsuda H, Nemoto K, Ohnishi T, Hirao K, Yamashita F, et al. Voxel-
based morphometry to discriminate early Alzheimer’s disease from controls. 
Neurosci Lett. 2005;382:269–74.

13.	 Jiménez-Jiménez J, Navarrete I, Azorín I, Martí P, Vílchez R, Muelas N, et al. 
Insights into phenotypic variability caused by GARS1 pathogenic variants. Eur 
J Neurol. 2024;31:e16416.

14.	 Murray JE, Jankelowitz SK. A comparison of the excitability of motor axons 
innervating the APB and ADM muscles. Clin Neurophysiol. 2011;122:2290–3.

15.	 Shibuya K, Misawa S, Nasu S, Sekiguchi Y, Mitsuma S, Beppu M, et al. Split 
hand syndrome in amyotrophic lateral sclerosis: different excitability changes 
in the thenar and hypothenar motor axons. J Neurol Neurosurg Psychiatry. 
2013;84:969–72.

16.	 Weber M, Eisen A, Stewart H, Hirota N. The split hand in ALS has a cortical 
basis. J Neurol Sci. 2000;180:66–70.

17.	 Menon P, Kiernan MC, Vucic S. Cortical dysfunction underlies the devel-
opment of the split-hand in amyotrophic lateral sclerosis. PLoS ONE. 
2014;9:e87124.

18.	 Jardim LB, Pereira ML, Silveira I, Ferro A, Sequeiros J, Giugliani R. Neurologic 
findings in Machado-Joseph disease: relation with disease duration, sub-
types, and (CAG)n. Arch Neurol. 2001;58:899–904.

19.	 Pulido-Valdeolivas I, Gómez-Andrés D, Sanz-Gallego I, Rausell E, Arpa J. Pat-
terns of motor signs in spinocerebellar ataxia type 3 at the start of follow-up 
in a reference unit. Cerebellum Ataxias. 2016;3:4.

20.	 Wu X, Liao X, Zhan Y, Cheng C, Shen W, Huang M, et al. Microstructural altera-
tions in asymptomatic and symptomatic patients with spinocerebellar ataxia 
type 3: a tract-based spatial statistics study. Front Neurol. 2017;8:714.

21.	 Rezende TJR, de Paiva JLR, Martinez ARM, Lopes-Cendes I, Pedroso JL, Barsot-
tini OGP, et al. Structural signature of SCA3: from presymptomatic to late 
disease stages. Ann Neurol. 2018;84:401–8.

22.	 Inada BSY, Rezende TJR, Pereira FV, Garcia LÁL, da Rocha AJ, Neto PB, et al. 
Corticospinal tract involvement in spinocerebellar ataxia type 3: a diffusion 
tensor imaging study. Neuroradiol. 2021;63:217–24.

23.	 Farrar MA, Vucic S, Nicholson G, Kiernan MC. Motor cortical dysfunc-
tion develops in spinocerebellar ataxia type 3. Clin Neurophysiol. 
2016;127:3418–24.

24.	 Sugiyama A, Yokota H, Yamanaka Y, Mukai H, Yamamoto T, Hirano S, et al. Ver-
tical pons hyperintensity and hot cross bun sign in cerebellar-type multiple 
system atrophy and spinocerebellar ataxia type 3. BMC Neurol. 2020;20:157.



Page 6 of 6Eki et al. BMC Neurology          (2024) 24:434 

25.	 Köllensperger M, Geser F, Seppi K, Stampfer-Kountchev M, Sawires M, 
Scherfler C, et al. Red flags for multiple system atrophy. Mov Disord. 
2008;23:1093–99.

26.	 Traschütz A, van Gaalen J, Oosterloo M, Vreeburg M, Kamsteeg EJ, Deininger 
N, et al. The movement disorder spectrum of SCA21 (ATX-TMEM240): 3 novel 
families and systematic review of the literature. Parkinsonism Relat Disord. 
2019;62:215–20.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Split hand and minipolymyoclonus in spinocerebellar ataxia type 3: a case report
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Discussion and conclusion
	﻿References


