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Abstract
Purpose  Cerebellar mutism syndrome (CMS) is a severe neurological complication of posterior fossa tumour surgery in 
children, and postoperative speech impairment (POSI) is the main component. Left-handedness was previously suggested as a 
strong risk factor for POSI. The aim of this study was to investigate the relationship between handedness and the risk of POSI.
Methods  We prospectively included children (aged < 18 years) undergoing surgery for posterior fossa tumours in 26 Euro-
pean centres. Handedness was assessed pre-operatively and postoperative speech status was categorised as either POSI 
(mutism or reduced speech) or habitual speech, based on the postoperative clinical assessment. Logistic regression was used 
in the risk factor analysis of POSI as a dichotomous outcome.
Results  Of the 500 children included, 37 (7%) were excluded from the present analysis due to enrolment at a reoperation; 
another 213 (43%) due to missing data about surgery (n = 37) and/or handedness (n = 146) and/or postoperative speech status 
(n = 53). Out of the remaining 250 (50%) patients, 20 (8%) were left-handed and 230 (92%) were right-handed. POSI was 
observed equally frequently regardless of handedness (5/20 [25%] in left-handed, 61/230 [27%] in right-handed, OR: 1.08 
[95% CI: 0.40–3.44], p = 0.882), also when adjusted for tumour histology, location and age.
Conclusion  We found no difference in the risk of POSI associated with handedness. Our data do not support the hypothesis 
that handedness should be of clinical relevance in the risk assessment of CMS.
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Introduction

Cerebellar mutism syndrome (CMS) is a possible complica-
tion of posterior fossa tumour surgery in children, occurring 
in approximately 30% of cases [1]. It is characterised by 
postoperative speech impairment (POSI) usually accompa-
nied by ataxia, emotional lability, hypotonia and brainstem 
dysfunction, with cranial nerve dysfunction, dysphagia and 
long tract signs [2].

The pathophysiology of CMS is not yet fully understood, 
although evidence from imaging studies suggests injury to 
the dentato-thalamo-cortical pathway (DTCp). The current 
understanding is that CMS occurs as a result of reduced 
neural input from the cerebellum to the cerebrum, putatively 
due to surgical injury to the proximal part of the cerebellar 
outflow tracts in the DTCp, with associated supratentorial 
hypoperfusion [3–7].

Well-established risk factors for developing CMS include 
tumour histology of medulloblastoma, midline tumour loca-
tion in the cerebellum and brainstem invasion [1, 8–11].

Left-handers have been shown to be more susceptible 
to neurological disorders such as migraine, developmental 
learning disorders and epilepsy [12, 13]. Left-handedness 
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has also been suggested as a strong risk factor for develop-
ing CMS, with the hypothesis that left-handed patients are 
more susceptible to damage to the DTCp, corresponding to 
an odds ratio of 16.9 (CI: 1.76–847.6) [14].

The aim of this study was to investigate the relationship 
between handedness and risk of POSI in children included in 
the Nordic-European study on CMS in children operated for 
posterior fossa brain tumours (The CMS study) [1].

Methods

The CMS study was designed as a prospective observational 
multicentre study involving 26 European centres. Between 
11th August 2014 and 24th August 2020, we enrolled chil-
dren aged 0 − 17.9  years undergoing resection or open 
biopsy of posterior fossa tumours in one of the participating 
centres, after obtaining informed consent from the parents. 
The study was approved in Denmark by the Research Eth-
ics Committees of the Capital Region (H-6–2014-002). The 
design of the study and list of participating centres were 
published previously [1].

Patient demographics and handedness were recorded as 
part of the preoperative assessment. In case of emergency 
surgery, patient enrolment was done within 7 days of sur-
gery. Assessment of handedness was based on the clini-
cal examination and information from the patient and the 
parents.

Postoperative speech status was the primary outcome, 
assessed within 2 weeks of surgery as previously published 
[1]. For the purpose of this study, we considered patients to 
have postoperative speech impairment (POSI) if they were 
mute, i.e. no speech production, or if the speech production 
was severely reduced and limited to single words or short 
sentences. Speech was considered habitual if the patient did 
not meet the aforementioned criteria of POSI upon clinical 
assessment of speech function postoperatively.

Tumour location was recorded by the operating surgeon 
within 72 h of surgery in a previously published surgical 
report form [1]. MRI data were not available for this par-
ticular study.

Tumour histology was assessed by local pathologists and 
categorised as pilocytic or pilomyxoid astrocytoma (PA), 
medulloblastoma (MB), ependymoma (EP), atypical tera-
toid/rhabdoid tumour (ATRT) or “other tumours”. All data 
was entered into a secure online database.

Statistical analysis

In the univariate analysis, we used logistical regression to 
estimate the odds ratio (OR) of postoperative speech impair-
ment dependent on handedness. A possible association 
between handedness and tumour histology was assessed in a  

multivariate model. In a second step, we added tumour loca-
tion, where we considered mutually exclusive categories:  
brainstem, fourth ventricle  without brainstem, vermis   
without brainstem or fourth ventricle, and finally cerebellar hemi-
spherical without brainstem, fourth ventricle or vermis.

In a sensitivity analysis, we considered POSI as an ordinal 
outcome with three levels: (1) habitual, (2) reduced speech, 
and (3) mutism. In a subgroup analysis, we excluded chil-
dren < 5 years at diagnosis to match the population in the study 
by Law et al. [14].

Only patients undergoing primary tumour surgery were 
included in the analyses. Observations with missing values 
were excluded from all analyses. OR was provided with 95% 
confidence intervals (95% CI) and p-values. p-values < 0.05 
were considered statistically significant. Statistical analyses 
were performed in R Studio (v. 3.6.2).

Results

A total of 500 patients were enrolled. We excluded 37 patients 
(7%) from the analysis due to enrolment at reoperation. Data 
were missing in another 213 patients (43%) in one or more of 
three key data categories: surgical data (n = 37), handedness 
(n = 146), and/or postoperative speech status (n = 53).

The remaining 250 patients (50%) had a median age of 
7.6 years (inter-quartile range: 4.9–11.2) and 129 of the 
patients (52%) were males (Table 1). Left-handedness was 
observed in 20 patients (8%) and right-handedness in 230 
(92%). Among 426 patients undergoing primary surgery and 
with surgical data, handedness was known in 74% of patients 
aged 3 years and older (Table 2).

POSI occurred in 66 patients (26%), equally frequently in 
left- and right-handers when all ages were included (Table 3 
[OR for POSI, with left-handedness as reference: 1.08, 95% 
CI: 0.40–3.44, p = 0.89]). For patients older than 5 years of 
age, the risk estimate for left-handed children was higher, 
but not statistically significant (Table 3 [OR: 3.84, 95% CI: 
0.72–71.12, p = 0.20]). No significant difference was found 
when further adjusting for tumour type and location (Fig. 1, 
Table 3). A sensitivity analysis considering POSI as an ordi-
nal outcome showed a similar result (Table 3).

Out of the 250 patients in the final analysis, 11 patients 
underwent open biopsy, two of them left-handed and nine 
right-handed. A sensitivity analysis excluding these 11 
patients reached the same result (OR for POSI, with left-
handedness as reference: 1.06 [95% CI: 0.33–2.95]).

Discussion

In our large prospective study, we found no evidence of a sta-
tistically significantly increased risk of POSI in left-handed 
children undergoing tumour surgery of the posterior cranial 
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fossa. To our knowledge, no studies have confirmed that left-
handed children are at higher risk of developing CMS since 
the hypothesis was suggested by Law et al. [14] based on a 
study including 51 patients undergoing tumour resection in 
the posterior fossa. This study reported CMS in six out of 
seven (86%) of left-handers and 11 out of 44 (25%) of right-
handers, corresponding to an OR of 16.9 (CI: 1.76–847.6). 
Surprisingly, all left-handed patients with medulloblastoma 
(MB) in this study developed CMS. Law et al. considered 
CMS as “markedly reduced speech output or no speech out-
put” [14], which is similar to the classification of POSI as 
used in the present study, and as such we consider these two 
studies comparable [1].

Our data cannot rule out a three times higher risk of POSI 
(upper 95% CI: 3.44) associated with left-handedness but 
cannot confirm left-handedness being a strong risk factor for 
POSI. In fact, it is not possible to statistically exclude any 
hand preference as a CMS risk factor based on our data. In 
the present study, we analysed data from 250 children aged 
0–17.9 years, whereas Law et al. only included children aged 
5 years or older. Excluding patients below 5 years of age 
from our analysis did not change the risk factor calculations.

Bilateral damage to the superior cerebellar peduncles 
(SCP), which constitute the proximal part of the DTCp, 
has been shown to be associated with development of CMS 
[15–20]. Other studies have shown that unilateral SCP 

Table 1   Demographics, 
handedness and tumour 
variables of 250 children with 
available data on handedness 
and postoperative speech status, 
children with postoperative 
speech impairment and children 
with habitual speech

a % of all patients with available data of handedness and postoperative speech status (vertical)
b % of patient characteristic or tumour characteristics (horizontal)
c IQR interquartile range

All patients (N = 250) Speech impairment 
(N = 66)

Habitual speech 
(N = 184)

n %a n %b n %b

Sex
   Female 121 48 30 25 91 75
   Male 129 52 36 28 93 72

Age (years)
   Median (IQRc) 7.6 4.9–11.2 6.6 4.4–9.1 8.7 5.1–12.0

Handedness
   Right 230 92 61 27 169 73
   Left 20 8 5 25 15 75

Tumour location
   Brainstem 46 18 18 39 28 61
   Fourth ventricle 71 28 34 48 37 52
   Vermis 55 22 6 11 49 89
   Cerebellar hemisphere 67 27 5 7 62 93
   Unknown 11 4 3 27 8 73

Tumour type
   Pilocytic or pilomyxoid astrocytoma 109 44 12 11 97 89
   Medulloblastoma 76 30 34 45 42 55
   Ependymoma 14 6 6 43 8 57
   Atypical teratoid/rhabdoid tumour 4 2 3 75 1 25
   Other 26 10 6 23 20 77
   Unknown 21 8 5 24 16 76

Table 2   Age groups and handedness showing number of children with 
unknown handedness among the 426 patients enrolled at a primary 
surgery with available data regarding surgery. Of the 500 children 

enrolled, 37 were at a reoperation, and in another 37 data was missing 
regarding surgery

a % within age group

Handedness 0 to < 3 years %a 3 to < 7 years %a 7 to 18 years %a

Left 2 2 15 12 12 6
Right 24 30 83 64 144 67
Unknown 55 68 31 24 60 28
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damage — either right [14, 21–23] or left [24, 25] — is 
associated with the development of CMS. To our knowl-
edge, no study with diffusion-weighted imaging has yielded 
substantial results supporting the theory of left-handedness 
and DTCp damage among children with CMS. Noticeably, 
studies with sufficient statistical power for addressing this 
issue can be difficult to complete due to the relatively low 
prevalence of left-handedness in the general population [26]. 
Interestingly, Toescu et al. found no difference in radio-
graphic microstructural metrics between right and left DTCp 
in 30 healthy children of which five were left-handed [27].

The right cerebellum is connected with the left frontocen-
tral cortex via efferent projections in the SCP decussating 

in the midbrain [27]. Furthermore, the right cerebellum is 
demonstrated to play an active role in language tasks in the 
prevailing hemispheric lateralization. For atypical right-
hemispheric language dominance, tasks involving language 
have been suggested to activate the left cerebellar hemi-
sphere, although the actual lateralization on a cerebellar 
level remains unknown [28]. Data on bilateral hemispheric 
dominance and cerebellar activity in relation to language 
tasks has yet to be published. The connected cortical areas 
include the supplementary motor area (SMA) and pre-SMA, 
which are engaged in semantic and lexical processing [29]. 
Lateralization of language was not reported in the above-
mentioned studies; thus, it is unclear whether their finding 
of an association between damage to the right DTCp and 
speech deficits depends on a language lateralization in the 
left cerebrum. Left-handed children are more likely to have 
atypical language lateralization (bilateral or right laterali-
zation) than right-handed children, although most of them 
would have typical lateralization [30]. Accordingly, a study 
on an adult population (ages 19–46 years) by Knecht et al. 
found that 4% of strong right-handers, 27% of strong left-
handers and 15% of ambidextrous had atypical right hemi-
spheric language dominance [31].

Language lateralization is complex and exhibits signifi-
cant plasticity [32]. It is likely to be an emergent property 
of broad brain networks and therefore cannot be inferred 
from a single afferent white matter pathway. Future studies 
incorporating a lesion-network mapping approach may yield 
more definitive results [16].

A key strength of our study is the large number of chil-
dren included and its prospective, multicentre design. 
However, the validity of results may be limited by the high 
proportion of excluded cases (50%) due to missing data 
regarding postoperative speech status and handedness. Fur-
thermore, the natural distribution of handedness resulting in 
only 20 patients in our cohort being left-handed limited fur-
ther subgroup analysis of possible association with tumour 
histology, location or age. We previously demonstrated that 
younger children are at higher risk of POSI [1], although we 
have no reason to believe that this created a selection bias, 
except for the inability to assess younger children in whom 
language, speech and hemispheric dominance are not fully 
developed [1, 33, 34].

Another limitation in the current study is that MRI data 
were not available for the analysis. Quantitative MRI scans 
are currently being collated across the 26 participating cen-
tres, and results will be published separately. Functional 
MRI to determine hemisphere lateralization is not currently 
planned as part of this multicentre study but would definitely 
be of interest in the context of POSI.

Table 3   Risk analyses of POSI depending on handedness with left-
handedness as reference. The analyses are conducted as logistical 
regression modelling if not stated otherwise

Primary analysis

n = 250
OR for POSI 2.5% CI 97.5% CI p
1.08 0.40 3.44 0.882
M1: Multivariate analysis, adding tumour histology
n = 229
OR for POSI 2.5%CI 97.5% CI p
0.83 0.27 2.84 0.74
M2: Multivariate analysis, adding tumour location to M1
n = 220
OR for POSI 2.5%CI 97.5% CI p
0.74 0.22 2.73 0.63
M3: Multivariate analysis, adding age to M2
n = 220
OR for POSI 2.5%CI 97.5% CI p
0.47 0.10 2.01 0.67
Stratified analysis of patients with medulloblastoma
n = 76
OR for POSI 2.5%CI 97.5% CI p
1.23 0.19 9.77 0.83
Sensitivity analyses
   Subgroup analysis of children aged > 5 years

age > 5
n = 186
OR for POSI 2.5%CI 97.5% CI p
3.84 0.72 71.12 0.20
Ordinal regression analysis with three levels of postoperative speech 

status
   Mutism, reduced speech and habitual speech
n = 250
OR for POSI 2.5%CI 97.5% CI p
0.99 0.37 3.14 0.99
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Conclusions

We found no association between the risk of POSI and hand-
edness. Our data do not support the hypothesis that handed-
ness should be of clinical relevance in the risk assessment 
of CMS.

Further research utilising large functional imaging 
cohorts of paediatric posterior fossa tumours is required to 
resolve the persisting uncertainty of lateralization of cerebel-
lar damage in CMS.
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