Language Before Surgery: Lexical Diversity in Children with Posterior Fossa Tumors

Posterior fossa tumors (PFTs) are the most common pediatric brain tumors'. Following tumor
resection, some children can experience transient mutism or reduced speech, collectively named
postoperative speech impairments? (POSI). Regardless of POSI, patients can report persistent
language impairments', including word-finding difficulties (WFDs)!**. Picture-naming tasks
revealed WFDs in some patients both pre and postoperatively>*. However, WFDs also appear in
spontaneous speech, where increased repetitions and general word use may reduce lexical diversity
(LD), offering a more ecologically valid assessment, especially in young children less suited for
picture-naming tasks. While reduced LD> and general all-purpose verbs® have been documented in
postoperative spontaneous speech of children with PFTs, preoperative analyses are scarce!, despite
evidence that preoperative language impairments increase the risk of POSI’. Younger age at resection
is another POSI risk factor?, yet younger patients are rarely studied.

In preparation for planned research on language impairments in infants and toddlers with
PFTs, we analyzed preoperative LD in spontaneous speech from older patients (3—17 years; N = 61,
15 later developed POSI) and 71 controls, hypothesizing the lowest LD in patients who developed
postoperative POSI. LD was measured using the traditional type-token ratio (TTR) and three
alternative indices designed to minimize sample size effects®: moving average TTR, hypergeometric
distribution D, and measure of textual LD. These respectively capture incremental TTR calculations,
the probability of unique word occurrences, and TTR stability across text” 1°.

Results showed that patients did not differ in preoperative LD from the controls in any of the
measures. Moreover, no significant group or individual differences were found between POSI and
non-POSI patients. These findings contrast with previously reported reduced postoperative LD’ and
impaired pre/postoperative picture-naming®*. One possible explanation is that, despite the ecological
validity of spontaneous speech, WFDs may remain masked in unconstrained contexts, highlighting
the need for specific elicitation tasks.

Keywords: posterior fossa, brain tumor, children, word-finding difficulties, lexical diversity



References

1) Svaldi, C., Ntemou, E., Jonkers, R., Kohnen, S., & de Aguiar, V. (2024). Language outcomes in
children who underwent surgery for the removal of a posterior fossa tumor: A systematic
review. European Journal of Paediatric Neurology, 48, 129-141.
https://doi.org/10.1016/1.ejpn.2023.12.005

2) Greonbek, J. K., Wibroe, M., Toescu, S., Fri¢, R., Thomsen, B. L., Maller, L. N., ... &
Lahteenméki, P. (2021). Postoperative speech impairment and surgical approach to posterior
fossa tumours in children: a prospective European multicentre cohort study. 7he Lancet Child
& Adolescent Health, 5(11), 814-824. https://doi.org/10.1016/S2352-4642(21)00274-1

3) Persson, K., Boeg Thomsen, D., ... & CMS study group. (2024). Preoperative word-finding
difficulties in children with posterior fossa tumours: A European cross-sectional study. Child's
Nervous System, 40, 87-97. https://doi.org/10.1007/s00381-023-06119-4

4) Persson, K., Grenbzk, J., Tiberg, 1., Fyrberg, A., Castor, C., Andreozzi, B., ... & Boeg Thomsen,
D. (2025). Postoperative word-finding difficulties in children with posterior fossa tumours: a
crosslinguistic European cohort study. Child's Nervous System, 41(1), 1-14.
https://doi.org/10.1007/s00381-025-06787-4

5) De Smet, H. J. (2009). Neurolinguistics and the cerebellum: An analysis of speech and language
disturbances resulting from acquired cerebellar lesions. (Doctoral dissertation, PhD
Dissertation, Vrije Universiteit Brussel).

6) Svaldi, C., Galli, J. L., Paquier, P., Keulen, S., Van Elp, H., Catsman-Berrevoets, C., ... & de
Aguiar, V. (2025). Errors in the Spontaneous Language of Survivors of Pediatric Cerebellar
Tumors. The Cerebellum, 24(1), 26. https://doi.org/10.1007/s12311-024-01754-2

7) Di Rocco, C., Chieffo, D., Frassanito, P., Caldarelli, M., Massimi, L., & Tamburrini, G. (2011).
Heralding cerebellar mutism: evidence for pre-surgical language impairment as primary risk
factor in posterior fossa surgery. The Cerebellum, 10(3), 551-562.
https://doi.org/10.1007/s12311-011-0273-2

8) Fergadiotis, G., Wright, H. H., & West, T. M. (2013). Measuring lexical diversity in narrative
discourse of people with aphasia. American Journal of Speech-Language Pathology, 22(2),
S397-S408. https://doi.org/10.1044/1058-0360(2013/12-0083)

9) Covington, M. A., & McFall, J. D. (2010). Cutting the Gordian knot: The moving-average type—
token ratio (MATTR). Journal of Quantitative Linguistics, 17(2), 94-100.
https://doi.org/10.1080/09296171003643098

10) McCarthy, P. M., & Jarvis, S. (2010). MTLD, vocd-D, and HD-D: A validation study of
sophisticated approaches to lexical diversity assessment. Behavior Research Methods, 42(2),
381-392. https://doi.org/10.3758/BRM.42.2.381

Additional Material
Participants
N Age M(SD) % of males
POSI 15 9;1(3;6) 60%
nonPOSI 46 9:;5(3;5) 63%
Controls 71 8;11(3;9) 63%

Participants were tested in their native language (either English, Dutch, or Italian). Patient data was collected through
the European Study on Cerebellar Mutism Syndrome database. Control data was available from previous studies or
from an online repository. POSI, nonPOSI, and control groups were matched for age and sex.
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Table 1

Linear models with Helmert contrast coding and post hoc Benjamini-Hochberg procedure

TTR HD-D MTLD MATTR
Predictors Est. Ccl Adj.p Est. Ccl Adj.p  Est. Ccl Adj.p  Est. Ccl Adj. p
(Intercept) 0.633 0.594-0.671 <0.001 21.50 19.713-23.294 <0.001 18.708 13.725-23.691 <0.001 0.896 0.883-0.910 <0.001
Patients vs Controls -0.001 -0.011-0.009 0.868 -0.080 -0.544-0.383  0.854 -0.501 -1.792-0.791  0.575 0.002 -0.001-0.006 0.278
POSI vs nonPOSI  0.010 -0.012-0.033 0.577 -0.737 -1.780-0.306  0.271 -1.279 -4.181-1.624  0.539 -0.000 -0.008 —0.007 0.944
Age (months) 0.000 -0.000-0.000 0.868 0.021 0.004-0.039  0.041 0.063 0.013-0.112 0.033  0.000 0.000-0.000 0.046
Italian 0.052 0.022-0.083 0.004 1.826 0.425-3.227  0.028 12.926 9.028 -16.825 <0.001 0.018 0.008 -0.028 0.003
Dutch -0.001 -0.035-0.034 0.976 0.596 -0.996-2.188  0.575 1.612 -2.818—6.043 0.575 0.009 -0.003 -0.020 0.271
Tot. n° token -0.001 -0.001 —-0.001 <0.001 0.028 0.016-0.039 <0.001 0.031 -0.001-0.063 0.113 0.000 0.000-0.000 0.009
Observations 132 132 132 132
R? / R? adjusted 0.515/0.492 0.396/0.367 0.379/0.349 0.295/0.261

TTR = type-token ratio; HD-D = hypergeometric distribution D; MTLD = measure of textual lexical diversity; MATTR = moving average type-token ratio; POSI
= patients who later developed postoperative speech impairments (i.e., mutism or reduced speech), nonPOSI = patients who did not develop postoperative speech

impairments



