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Abstract
We explored the structural and functional changes of the healthy hemisphere of the brain after surgery in
children with intracranial space-occupying lesions. We enrolled 32 patients with unilateral intracranial
space-occupying lesions for brain imaging and cognitive assessment. Voxel-based morphometry and
surface-based morphometry analyses were used to investigate the structural images of the healthy
hemisphere. Functional images were analyzed using regional homogeneity, amplitude of low-frequency
�uctuations, and fractional-amplitude of low-frequency �uctuations. Voxel-based morphometry and
surface-based morphometry analysis used the statistical model built into the CAT12 toolbox. Paired t-
tests were used for functional image and cognitive test scores. For structural image analysis, we used
family-wise error correction of peak level (p < 0.05), and for functional image analysis, we use Gaussian
random-�eld theory correction (voxel p < 0.001, cluster p < 0.05). We found an increase in gray matter
volume in the healthy hemisphere within six months postoperatively, mainly in the frontal lobe. Regional
homogeneity and fractional-amplitude of low-frequency �uctuations also showed greater functional
activity in the frontal lobe. The results of cognitive tests showed that psychomotor speed and motor
speed decreased signi�cantly after surgery, and reasoning increased signi�cantly after surgery. We
concluded that in children with intracranial space-occupying lesions, the healthy hemisphere exhibits
compensatory structural and functional effects within six months after surgery. This effect occurs mainly
in the frontal lobe and is responsible for some higher cognitive compensation. This may provide some
guidance for the rehabilitation of children after brain surgery.

Introduction
Brain tumors are the most common solid cancer in children, second only to leukemia as a cause of
childhood malignancy; however, the prognosis of many childhood brain tumors has improved recently
(Ostrom et al., 2021). Children and adolescents tend to have better survival outcomes than adults for
most histologies (Ostrom et al., 2021).For intracranial space-occupying lesions (ISOLs) such as brain
tumors, surgery is the main treatment, with subsequent adjuvant therapy after the operation (Louis et al.,
2016; Louis et al., 2021).

Brain imaging is important to diagnose diseases and conduct scienti�c research. Imaging technology has
improved recently, and many imaging types have been introduced. T1-weighted imaging is used to
explicitly display anatomical details, and voxel-based morphometry (VBM) and surface-based
morphometry (SBM) analyses use T1-weighted images to explore structural changes. Resting-state
functional magnetic resonance imaging (rs-fMRI) focuses on spontaneous low-frequency �uctuations in
the blood oxygen level-dependent (BOLD) signal that is discarded as noise in task fMRI (Lee et al., 2013;
Smitha et al., 2017). Many analysis techniques of rs-fMRI provide information regarding the intrinsic
activities of the brain (Lv et al., 2018).

Recently, brain imaging technology has been used to study the brain structure and function of healthy
people and patients with neurological disease, traumatic brain injury (TBI), epilepsy and mental disease
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(Lee et al., 2013; Whitwell, 2009). Similarly, studies have investigated changes in brain function and
structure in patients after brain tumor treatment. Xu et al. (Xu et al., 2017) investigated whether
contralateral cortical and subcortical structures can actively reorganize themselves in adult brain tumor
patients. A study by Almairac et al. (Almairac et al., 2018) in adult insular glioma patients supports the
homotopic reorganization theory of plasticity. Liu et al. (Liu et al., 2020) found that the superior parietal
lobe in the healthy hemisphere is a key area of cognitive control network in adult tumor patients.

Most studies of pediatric patients after tumor treatment have focused on posterior fossa lesions, and
most of the patients involved underwent surgery, radiotherapy, and chemotherapy. Horska et al. (Horská
et al., 2010) assessed changes in cerebellar vermis volume in patients with medulloblastoma before and
after treatment, and Leung et al. (Leung et al., 2004) conducted a study on children with brain tumors
who underwent surgery, radiotherapy, and chemotherapy, and found that the integrity of white matter in
the whole brain decreased. Jayakar et al. (Jayakar et al., 2015) conducted a study on children treated for
brain tumors and found a decrease in the volume of gray matter, such as in the hippocampus, which may
be associated with a decrease in cognitive function.

Previous studies have focused on adult patients with brain tumors, children with posterior fossa tumors,
and children with brain tumors undergoing surgery and adjuvant therapy. However, few studies have
focused on structural and functional changes in the healthy hemisphere in children and adolescents who
undergo surgery alone. We aimed to explore the structural and functional changes of the healthy
hemisphere in children and adolescents within six months after surgery for unilateral ISOLs only.

Methods

Participants
Thirty-two unilateral ISOL patients who were admitted to the Department of Pediatric Neurosurgery of
Beijing Tiantan Hospital from July 2020 to November 2021 were selected. Preoperative structural and
functional scans were performed, as well as cognitive assessments to understand the results of imaging
analyses. This was repeated within six months after surgery. We included patients aged 5–18 years with
unilateral ISOLs without contralateral invasion, and when brain surgery was required. We excluded
patients with the following characteristics: those without informed consent; suffering from
hydrocephalus (Evans’ index > 0.3); unable to complete brain imaging scans for any reason; with low
imaging data quality, such as after excessive head movement, any artifacts, or awful normalization; had
a history of TBI, neurosurgery, mental and psychological diseases, genetic metabolic diseases, endocrine
system diseases; with contraindications to general anesthesia; and those where we were unable to follow-
up.

For structural analysis, all the raw structural data of all 32 patients were visually inspected for potential
artifacts before preprocessing (Ying et al., 2020), and one patient was excluded for head motion artifacts.
For functional analysis, four patients were excluded due to excessive head movements during scanning.
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For cognitive assessment, data could not be obtained for nine children as they did not want to be
assessed.

Imaging Data Acquisition
The patients were instructed to remain seated with their eyes closed. No sedation was applied during the
examination. All patients underwent MRI scans on a 3T scanner (MAGNETOM Prisma, Siemens
Healthcare, Erlangen, Germany) with a 64-channel head/neck coil. The protocol included T1 weighted
structure imaging with magnetization prepared rapid acquisition gradient echo (MPRAGE) sequence and
rs-fMRI with an echo-planar imaging (EPI) sequence. The scan parameters for the MPRAGE sequence
were: TR = 1560 ms; TE = 1.65 ms; �ip angle = 8°; slices = 176; �eld of view (FOV) = 256×256 mm; and
voxel size = 1 mm isotropic. The parameters for EPI with simultaneous multislice (SMS) acceleration
technique were: TR = 2000 ms; TE = 35 msec; slices = 69; SMS = 3; FOV = 207×207 mm; voxel size = 2.2
mm isotropic; volumes = 240.

Data Preprocessing And Analysis

Structural Data
VBM and SBM processing and analysis were performed using CAT12 (vCAT 12.7) (http://www.neuro.uni-
jena.de/cat/) and Statistical Parametric Mapping 12 (SPM 12; v7771 https://www.�l.ion.ucl.ac.uk/spm,
developed by members and collaborators of the Wellcome Centre for Human Neuroimaging, Institute of
Neurology, University College London) implemented in MATLAB R2020b (MathWorks, Inc.). Before
processing, the images with lesions on the right were �ipped left and right, so that all the enrolled 31 pairs
of images had lesions on the same side, and the subsequent analysis was easier to perform. According
to CAT12, we chose the longitudinal model optimized to detect small changes. The toolbox included bias-
�eld and noise removal; skull stripping; and gray matter (GM), white matter (WM), and cerebrospinal �uid
(CSF) segmentation. Uni�ed segmentation (Ashburner & Friston, 2005) was selected to perform tissue
segmentation. Given that our patients were children and adolescents, we chose a tissue probability map
developed for children (Zhao et al., 2019). Afterward, all GM images were normalized to the standard
Montreal Neurological Institute (MNI) template using diffeomorphic anatomical registration thorough
exponential Lie algebra (DARTEL) to a 1.5 mm isotropic template provided by the CAT12 toolbox
(Ashburner, 2007). Finally, normalized GM images were smoothened using an 8 mm full width at half
maximum (FWHM) Gaussian kernel, and a variety of surface indices provided by the toolbox were
calculated, including thickness, depth, gyri�cation, and fractal dimension (FD).

Functional Data
Data processing and analysis of brain imaging (DPABI; v6.0, http://rfmri.org/dpabi) and SPM 12
(https://www.�l.ion.ucl.ac.uk/spm), implemented in MATLAB R2020b (MathWorks, Inc.), were used to
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preprocess fMRI images (Chao-Gan & Yu-Feng, 2010; Yan et al., 2016). The �rst 10 images were
discarded, and slice-timing correction and head motion correction were implemented. The data of
subjects whose head movement translation was > 3 mm or rotation was > 3° were discarded. Further, the
functional image was redirected to the standard MNI space by DARTEL (Ashburner, 2007) and the 3 mm
cube was resampled. The linear trend, CSF signal, WM, and Friston 24-parameter head motion model
were regressed as cumulative covariates from the BOLD signal (Friston et al., 1996) (covariate regression
of global signals was not used during preprocessing (He & Liu, 2012; Saad et al., 2012)). Next, the images
were smoothed with FWHM 4×4×4 and band-pass �ltering (0.01–0.10 Hz) performed. During the
preprocessing, three indices of functional separation were calculated by the toolbox as follows: Regional
homogeneity (Reho) (before smoothing); amplitude of low frequency �uctuation (ALFF); and fractional-
ALFF (fALFF) (before �ltering). These underwent Fisher Z-transformation prior to statistical analysis.

Cognitive Assessment
CNS Vital Signs (CNS VS) is a complex computerized neurocognitive test battery with various cognitive
domains developed as a routine clinical screening instrument (Gualtieri & Johnson, 2006). The battery
can provide a subject with a 30–40 minute evaluation and generate a report with age-adjusted standard
scores for 15 domains that are derived from 10 subtests, including composite memory, verbal memory,
visual memory, psychomotor speed (PsyMoSp), and reaction time, complex attention, cognitive �exibility,
processing speed, and executive function, social acuity, reasoning, working memory, and sustained
attention, simple attention, and motor speed (MS). Based on these scores, a neurocognition index (NCI),
which is a general assessment of the overall neurocognitive status of the patient, was generated. The
CNS VS standard scores have a mean of 100 and a standard deviation of 15. Patient cognitive
assessments were performed with the CNS VS battery preoperatively, and a brain scan was performed
within 1 week. This was repeated within 6 months after surgery.

Statistical Analysis
According to CAT12, we selected the Flexible Factorial design in the SPM statistics module and set
parameters accordingly. In the “Explicit Mask,” we choose a self-made GM binary mask of the right
hemisphere (healthy hemisphere) based on Anatomical Automatic Labeling atlas 3v1 (AAL3v1), to
analyze the alteration in the healthy hemisphere. Other settings were consistent with the manual. Family-
wise error (FWE) correction of peak level was performed for multiple comparison correction. A p-value < 
0.05 was considered statistically signi�cant.

Paired t-tests were performed with Gaussian random-�eld theory correction (voxel p < 0.001, cluster p < 
0.05) for Reho, ALFF, and fALFF. The healthy hemisphere binary mask with voxel size matched was used
to limit statistics to the healthy hemisphere. Paired t-tests of cognitive assessment scores were
performed by SPSS (IBM SPSS Statistics version 24, IBM Corporation).

BrainNet Viewer toolbox (Xia et al., 2013) was used to present functional analysis results and xjView
toolbox (https://www.alivelearn.net/xjview) to show VBM analysis results. No SBM analysis results
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passed the multiple comparison correction. We chose AAL3v1 atlas to label names of signi�cant regions
(Rolls et al., 2020).

Results

Clinical Characteristics
Thirty-two patients were included (15 females, 46.88%) aged 5–18 (mean 9.84 ± 2.00 years) (Table 1).
Initial symptom included seizures (n = 19), headache with or without concomitant symptoms (n = 7),
facioplegia (n = 1), and vomiting (n = 1). Four patients showed no symptoms and the ISOLs were
stumbled upon. Eleven cases involved the frontal lobe; nine, the temporal lobe; �ve, the parietal lobe; �ve,
the posterior cranial fossa; and two, the occipital lobe. The lesion was present in the left hemisphere in 18
patients. Lesion volume could be approximately calculated using the formula for spheroid: V = 4/3π × 
a/2×b/2×c/2 (a and b = maximum perpendicular diameters on the axial images; c = diameter in the
coronal direction on the sagittal or coronal images) (Li et al., 2016; Osawa et al., 2013). The mean size of
intracranial space-occupying mass was 11906.92 ± 18605.93 mm3. Gross total resection rate was
approximately 87.50%. The follow-up interval ranged from 4-143 days (mean 38.91 ± 42.71 days). The
histopathological diagnosis results were presented in Supplementary Table 1. Among them, tumor
accounted for 68.74%, vascular malformation for 21.88%, and the remaining comprised of non-tumor and
non-vascular malformations for 9.4% (including one case of immune in�ammation and two cases of
brain tissue degeneration).
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Table 1
Clinical characteristics of pediatric patients

  Value/Number Percentage(%)

Age(mean ± SD)(years)* 9.84 ± 2.00  

Gender(male:female) 17:15 53.13:46.88

Initial Symptom    

Seizure 19 59.38

Only Headache 4 12.50

Asymptomatic 4 12.50

Headache with vomiting 2 6.25

Headache with dystaxia 1 3.13

Facioplegia 1 3.13

Only vomiting 1 3.13

Disease (Tumor:Vascular malformation:Not Tumor) 22:7:3 68.74:21.88:9.38

Lesion Lateralization (Left:Right) 18:14 56.25:43.75

Location of lesions    

Frontal (Left:right) 11 (6:5) 34.38

Parietal (Left:right) 5 (3:2) 15.63

Temporal (Left:right) 9 (6:3) 28.13

Occipital (Left:right) 2 (1:1) 6.25

Posterior fossa (Left:Right) 5 (2:3) 15.63

Lesion size(mean ± SD) mm3 ! 11906.92 ± 18605.93  

Degree of excision (Gross total:Subtotal) 28:4 87.50:12.50

Follow-up interval(mean ± SD) days $ 38.91 ± 42.71  

* ranging from 5–18 years

! the minimum of 148.7 mm3 and the maximum of 79521.0 mm3

$ from the �rst postoperative day to the follow-up day, ranging from 4 days to 143 days.

Brain Imaging Analysis
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Patient with lesions on the right hemisphere had their scans �ipped for convenience. Therefore, the
healthy hemisphere of all patients is now the “right hemisphere” no matter which hemisphere it was
originally. However, since the anatomical structure of the hemispheres is not completely symmetrical, we
reported the corresponding locations of statistically signi�cant regions and the number of voxels
according to the respective hemisphere.

For postoperative versus preoperative data, there were four clusters of VBM analysis that passed the peak
level FWE correction (Fig. 1, Table 2). The peak intensity of the four clusters was positive, which means
that the GM volume in fusiform, triangular part of inferior frontal gyrus, superior frontal gyrus, and medial
superior frontal gyrus of the healthy hemisphere increased postoperatively compared to before surgery.
There was no statistical signi�cance in preoperative versus postoperative comparisons. Similarly, for the
four indices generated by SBM analysis, neither of the two contrast designs approached statistical
signi�cance, and no difference in thickness, depth, gyri�cation, and FD before and after operation was
observed.

Table 2
Results of VBM analysis, Reho and fALFF*

  No. of
clusters

No. of all
voxels

Peak MNI
coordinate(x,y,z)

Peak MNI coordinate region
(Number. of voxels

Peak
intensity

VBM Cluster 1 8 (26,-44,-12) Fusiform_R (7)/L# (8) 6.02

Cluster 2 18 (38,29,-2) Frontal_Inf_Tri_R (12)/L (15) 5.81

Cluster 3 94 (29,60,8) Frontal_Sup_2_R (92)/L (67) 6.75

Cluster 4 34 (6,57,8) Frontal_Sup_Medial_R (33)/L
(34)

5.83

fALFF Cluster 1 19 (33,-81,-51) Cerebellum_Crus2_R (19)/None
(12)

5.77

  Cluster 2 15 (30,21,54) Frontal_Mid_2_R (6)/L (15) 5.38

  Cluster 3 12 (39,21,45) Frontal_Mid_2_R (12)/L (12) 5.06

Reho Cluster 1 16 (21,48,36) Frontal_Sup_2_R (14)/L (15) 5.09

Fusiform_R: Fusiform gyrus, right; Frontal_Sup_2_R: Superior frontal gyrus, dorsolateral, right;
Frontal_Sup_Medial_R: Superior frontal gyrus, medial, right; Frontal_Inf_Tri_L: Inferior frontal gyrus,
triangular part, left; Cerebellum_Crus2_R: Crus II of cerebellar hemisphere, right; Frontal_Mid_2_R:
Middle frontal gyrus, right

*The results shown in the table suggested that the corresponding indexes after surgery were higher
than those before surgery.

#If activated regions have corresponding names in different hemispheres, we simply recorded the
region on the left as "L" and attach the corresponding voxel number in the table. If activated regions in
the left and right hemispheres don't match, then we write down the location name and the number of
voxels in the left hemisphere.
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We compared postoperative to preoperative Reho, ALFF, and fALFF, and found that only Reho and fALFF
passed the correction (Fig. 2, Table 2). The peak intensity of all the masses was positive but not negative,
indicating that the Reho and fALFF were increased in the corresponding brain regions after surgery
compared with before surgery, and there was no decrease in any brain regions. These brain regions are
mainly located in the frontal lobe, and their speci�c names are detailed in Table 2.

Three domains of the CNS VS were statistically signi�cant i.e., psychomotor speed, motor speed, and
reasoning. PsyMoSp and MS decreased after surgery, while reasoning increased. The calculation formula
of PsyMoSp and MS was very similar, and the difference was only in symbol digit coding correct
responses (SDC CR). PsyMoSp added an SDC CR score to this formula. We conducted a paired t-test for
this score to further clarify this (Table 3).

Table 3
Cognitive assessment scores comparison (post-operative versus pre-operative, two-

tailed)
Clinical Domain mean SD T value P value

NCI -3.39 16.72 -0.97 0.34

Composite Memory -4.78 26.34 -0.87 0.39

Verbal Memory -0.44 29.63 -0.07 0.95

Visual Memory -7.00 21.59 -1.56 0.13

Psychomotor Speed -5.30 9.66 -2.63 0.02

Reaction Time -5.87 20.07 -1.40 0.18

Complex Attention -1.83 25.28 -0.35 0.73

Cognitive Flexibility 0.52 26.58 0.09 0.93

Processing Speed -3.130 13.19 -1.14 0.27

Executive Function 0.91 25.78 0.17 0.87

Simple Attention -5.00 31.43 -0.76 0.45

Motor Speed -5.74 11.45 -2.40 0.03

Social Acuity 11.52 30.63 1.80 0.09

Reasoning 7.13 11.01 3.11 0.01

Sustained Attention 4.78 16.81 1.36 0.19

Working Memory 1.39 13.18 0.51 0.62

Symbol Digit Coding Correct Responses -3.22 12.36 -1.25 0.23
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Discussion
GM volume increases in some areas of the healthy hemisphere, mainly in the frontal lobe, in pediatric
patients with heterogeneous tumors after surgery. The healthy hemisphere had some structural changes
after operation; however, four indices of the SBM analysis did not pass correction, which might indicate
that the GM volume measured by VBM is a composite result combining thickness, sulcus depth,
gyri�cation, FD, and other indicators not provided by CAT12. This is the �rst study to demonstrate brain
structural and functional changes in the healthy hemisphere after brain surgery in children within 6
months.

The mixed measurements increased sensitivity compared to analyses using each measurement method
alone, which corroborated to a previous study (Voets et al., 2008). The main active brain region after
surgery was the frontal lobe, which supported the fact that the frontal lobe was the main area of change.
These functional and structural changes may be due to neuroplasticity mechanisms and can be explored
and studied by means of brain imaging (Xu et al., 2017). Plasticity is the intrinsic adaptation of the
central nervous system to changes in the internal and external environment. It occurs throughout the life
cycle, during development, new learning, and adaptive mechanisms to support functional recovery after
brain injury (Draganski et al., 2004; Maguire et al., 2000; Payne & Lomber, 2001). Therefore, after an injury,
the brain activates its plasticity mechanisms to compensate to minimize the effects of the injury.

Our VBM and functional imaging analyses indicated that the compensation of the healthy hemisphere
was mainly in the frontal lobe, especially the dorsolateral superior frontal gyrus. Liu et al. (Liu et al., 2020)
found that unilateral frontal glioma invasion of the frontal lobe in adults caused structural and functional
reorganization of the contralateral structure of the posterior cognitive control network, especially the
contralateral superior parietal lobe. While results in insular glioma adult patients supports the plasticity
mechanism of homologous recombination which means the damage of the lesion side brain region was
compensated by the corresponding brain region of the healthy side (Almairac et al., 2018), ours results
differ, as do the compensatory brain regions. There may be differences in the mechanisms of plasticity
between adults and children that have in�uenced the results. With regards to GM density/volume during
brain development (Sowell et al., 2001), the local decrease in GM density is mainly distributed in the
dorsal frontal and parietal lobes during childhood and adolescence. Additionally, between adolescence
and adulthood, a sharp increase in local GM density in the frontal lobe is observed (Sowell et al., 2001).
Further, the loss of GM in the parietal lobe decreases relative to the early period. We found that GM
density decreases in the dorsal frontal and parietal lobes as a developmental trend toward maturity from
childhood to adolescence. In adult development, frontal lobe density increases and parietal lobe density
decreases, which implies that there are structural changes in different brain regions at different ages.
Conversely, increased GM density in the dorsal frontal or parietal lobes in children and adolescents after a
certain treatment may represent reduced maturity in that region, or reverse development. We found
increased GM density/volume in the frontal lobe. Therefore, the mechanism of the plasticity
recombination of the healthy hemisphere after focal injury in children may be to reduce the
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developmental stage of some brain regions of the frontal lobe, to promote functional compensation and
functional recombination, and reduce the impact of surgical injury.

For brain damage in adults, an increase in GM density/volume might be observed in the parietal lobe (Liu
et al., 2020). GM volume in the healthy parietal lobe increased signi�cantly when the tumor invaded the
right frontal lobe compared with the control group. Although this phenomenon is is only found in one
hemisphere, it is in line with our �ndings. This developmental stage difference may be one of the reasons
for the difference in postoperative compensation between adults and children. Some studies support our
hypothesis, and events that occur after injury are similar to those observed during normal development
(Cramer & Chopp, 2000; Dromerick et al., 2015; Kollen et al., 2009; Pollock et al., 2007; Shehadah et al.,
2014; Zeiler et al., 2016). However, Xu et al. (Xu et al., 2017) found compensatory sites in the right cuneus,
left thalamus, and right globus pallidus in glioma adult patients, and Huang et al. (Huang et al., 2021)
found increased contralateral insula GM volume in glioma adult patients with IDH mutations. These
results cannot be well explained by our theory since the in�uencing factors are complex; hence, further
research is needed in this regard.

Previous studies on brain structure changes in survivors of pediatric brain tumor focused on posterior
fossa tumors, and few investigated only surgical injuries (Ailion et al., 2017); however, most of them
investigated the combined effects of surgery, chemotherapy, and radiotherapy. Horská et al. (Horská et al.,
2010) investigated the volume changes of the vermis of the cerebellum in tumor patients, and found that
the volume decreased after surgery, radiation, or chemotherapy. Leung et al. (Leung et al., 2004)
conducted a study on a similar cohort, and found that the integrity of several white matter areas in the
whole brain decreased after treatment. Jayakar et al. (Jayakar et al., 2015) observed a decrease in
bilateral hippocampal, putamen, and whole brain volume in pediatric patients after undergoing radiation
or chemotherapy. Patients in these studies experienced extensive brain damage, such as that following
radiotherapy or chemotherapy. Further, the GM and WM were damaged, which differs from the results of
structural compensation in our study. We hypothesize that focal injury can stimulate structural
compensation in the brain. However, if the damage pattern is too extensive, it is di�cult to compensate
within the structure.

Extensive atrophy of the WM was also found in a study of TBI (Dennis et al., 2017). Interhemispheric
transfer time, measured as an event-related potential, was used to divide patients into a TBI-slow group
and a TBI-normal group. Some areas of the TBI-slow group, such as the superior frontal gyrus, had
increased GM volume compared with the TBI-normal group. The WM damage in the TBI-slow group was
more severe than that in the TBI-normal group, and the more severely damaged group showed an
increase in GM volume. All our surgical patients suffered WM damage, and GM volume increased in the
healthy hemisphere, which was similar to the aforementioned results. We assume that focal WM injury
may increase GM volume in some areas of the brain to reduce the effects of injury. However, if the
damage scope is too wide, this mechanism may not exist.
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For the cognitive assessment, PsyMoSp measures how well a subject perceives, attends, responds to
visual-perceptual information, and performs motor speed and �ne motor coordination; and MS measures
the ability to perform movements to produce and satisfy an intention toward a manual action and goal.
Further, MS can in�uence PsyMoSp. The difference in calculation of these two indicators lies in the score
of SDC CR, which we compared with no statistical difference using paired T-test (Table 3). The decline in
motor speed may cause a decline in psychomotor speed, and other cognitive functions required by
psychomotor speed have not been impaired or have been restored. However, there were no corresponding
brain imaging results in the healthy hemisphere to explain this phenomenon, which may be caused by
surgical injury in the affected hemisphere.

There is a period of vulnerability after brain damage (Madhavan et al., 2019). From the perspective of the
whole brain, the decline of PsyMoSp could indicate that the brain is in a vulnerable stage (Amieva et al.,
2019). As for the reasoning score, the battery uses a non-verbal reasoning test to assess reasoning ability,
which is a higher cognitive function mainly involving the frontal lobe (Dosenbach et al., 2010; Paz-Alonso
et al., 2014; Soderqvist et al., 2012). Our results showed structural and functional changes in the healthy
frontal lobe, which is consistent with the trend of reasoning score changes after surgery. There is
su�cient evidence that substantial spontaneous recovery occurs weeks or months after the sudden onset
of brain injury, including cognitive ability (Fasotti, 2017). Therefore, we hypothesize that the recovery of
some higher cognitive functions can be seen within 6 months after brain surgery in children, and the
related brain regions are mainly in the frontal lobe.

The current study had some limitations. The unwillingness of the guardians of the children to cooperate
with follow-up made it challenging to acquire more extended follow-up data. Additionally, the participants’
poor self-control made it harder to minimize head movements in the lengthy MRI scan, resulting in
incomplete data. Further studies could redo the rs-fMRI scan, retest to understand the changes after 6
months, and expand the sample size to reduce the effects of noise.

Conclusion
In children and adolescents, GM volume increased in some areas of the healthy hemisphere, mainly in the
frontal lobe, within 6 months after surgery for ISOLs. The frontal lobe was the main functionally active
region. Structural and functional compensation may occur in the healthy hemisphere within 6 months
after surgery for ISOLs in children and adolescents, and the healthy hemisphere is primarily responsible
for compensating for the effects of surgical injury, especially for some higher cognitive function. At the
macro level, this compensation may primarily occur in the frontal lobe. Our results further suggest that
brain surgery in children has little impact on higher cognitive function and may lead to some degree of
self-compensation. Our conclusion may provide some guidance for the rehabilitation of children after
brain surgery.
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Figure 1

VBM analysis results (post-operative versus pre-operative).

VBM analysis showed that the GM volume in fusiform gyrus, triangular part of inferior frontal gyrus,
dorsolateral superior frontal gyrus, and medial superior frontal gyrus increased signi�cantly after
operation. The increase in GM volume was mainly located in the frontal lobe. Figure 1 A shows active
brain regions from sagittal, coronal, and axial positions, with colorbar attached. Figure 1 B is a
macroscopic representation of the activated brain regions in three dimensions.

Figure 2

Reho and fALFF results (post-operative versus pre-operative)

A: Reho results: The results of Reho suggested that the activation of the medial superior frontal gyrus
was signi�cantly higher after surgery than before

B: fALFF results: The results of fALFF showed that the activation of the middle frontal gyrus and Crus II
of cerebellar hemisphere was signi�cantly higher after surgery than before
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