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Abstract

Background: To pinpoint brain areas exhibiting deviations in
white and gray matter (GM, WM) among individuals with orbital
fractures (OF) through voxel-based morphometry (VBM).
Neuroimaging methods are employed to uncover any cortical
abnormalities in patients suffering from orbital fractures. The aim
is to explore the possible impacts and clinical significance of orbital
fractures on brain structure.

Methods: Twenty patients (12 males, 8 females) with OF and 20
(12 males, 8 females) age-, sex-, and education-matched healthy
controls (HCs) were enrolled. All subjects underwent magnetic
resonance imaging (MRI). Imaging data were analyzed using two
sample t tests to identify the between-groups differences in gray
and white matter. We used the differences of the WM volume and
GM volume values between the two groups as diagnostic markers.
The mean values of the WM and GM volumes in different brain
regions were extracted and used to analyze Receiver operating
characteristic (ROC) curves.

Results: Lower GM density (P < 0.05) was found in patients with
OF than in healthy subjects in three clusters, the right superior
temporal gyrus, the right middle temporal gyrus, the right and left
inferior frontal orbital gyrus, the left superior temporal gyrus, the
anterior cingulate and the paracingulate gyrus, and the right Insula.
In addition, the WM density in patients with OF decreased
significantly in the brain regions of the right parahippocampal

gyrus and the left superior temporal gyrus (P < 0.05). Conclusion:



This study found abnormal brain structure in patients with OF
based on VBM. We found GM reduction in patients with OF in three
clusters and WM reduction in the right parahippocampal gyrus and
the left superior temporal gyrus, which may reflect pathologic
mechanisms of OF in vision, motor and cognition. Furthermore,
ROC curve analysis demonstrated that the mean values of the WM
and GM volumes in different brain regions, are expected to be used
as an imaging marker for evaluating the effects of orbital frontal
trauma on the central nervous system (CNS). This paper presented
a research orientation for further exploration.

Keywords: Orbital Fractures; Voxel-based Morphometry; gray

matter; white matter; magnetic resonance imaging

Introduction

Orbital fractures are usually caused by blunt trauma to the
orbit, involve facial damage and most commonly affect the orbital
floor (48.0%) followed by medial wall (25.2%)(1). Statistically, left
orbital fractures are more common than those of the right orbit.
Orbital fractures are more prevalent in young patients with a mean
patient age of 39.3 years and the most common cause of all orbital
fractures is assault followed by falls (1-5). The most common type
of orbital fracture is orbital blowout which is a traumatic deformity
of the orbital floor or medial wall, resulting from impact of a blunt
object larger than the orbital aperture, or eye socket. The orbital

floor is most prone to collapse, because the bones of the roof and



lateral walls are more robust. And while the medial wall bone is
thinnest, it is buttressed by the bone separating the ethmoidal air
cells. The comparatively thin bone of the floor of the orbit and roof
of the maxillary sinus has no support so the inferior wall is more
likely to collapse. Medial wall blowout fractures are less common,
while roof and lateral wall blowout fractures are uncommon and
rare respectively.

There are two broad categories of blowout fractures: open door,
which are large, displaced and comminuted, and trapdoor, which
are linear, hinged, and minimally displaced. Both are characterized
by diplopia, enophthalmos, eye movement restriction and loss of
sensation of the cheek and upper gums due to infraorbital nerve
injury (6). In some cases, blowout fractures and comminuted
fractures of the orbit may cause the eyeball to collapse, deform the
eyeball, especially damage the optic nerve, compress the optic
nerve, and cause a sharp decline in vision, which may need surgery.
Early detection of optic nerve canal injury, so as to perform optic
nerve canal decompression, blocking the secondary injury is very
important. Although the sensory and visual pathway disturbances
described above can be explained by local trauma, the brain
undergoes anterograde degeneration along the visual pathway

after optic nerve injury.



The brain's functional regions exhibit asymmetric responses in
processing visual information. To identify object boundaries and
generate stereoscopic vision, the brain must process light
variations. The upper visual field shows relatively stable brightness
changes, while the lower visual field experiences more dynamic
light variations. This biological contrast likely led to the evolution
of enhanced light pathways specifically designed to process visual
information from the lower field (7). Optic nerve truncation was
performed in a rat model and neuronal cells were found to atrophy,
decrease, and apoptosis in the dorsolateral geniculate nucleus
(dLGN) and primary visual cortex (V1) (8). Functional imaging of
the optic nerve before and after extrusion showed that the ocular
dominance of the contralateral primary visual cortex (V1)
immediately shifted to the ipsilateral healthy eye after extrusion (9).
Subsequently, spontaneous brain activity in the V1 region
corresponding to the optic nerve pinched eye decreased. In
addition, craniofacial fractures are often complicated by traumatic
brain injury. A study of OF repair versus traumatic brain injury
showed that about half of patients with OF present with impaired
consciousness (10). In conclusion, nerve damage caused by OF can
have an impact on the cerebral cortex and alter the function of the

cerebral cortex in the subsequent process. However, there are few



studies on the relationship between OF and the cerebral cortex.
There are no studies on the detailed and comprehensive
mechanistic changes in cerebral cortex activity in patients with OF.

Accurate diagnosis of OF is difficult when based on clinical
characteristics alone. The use of modern imaging techniques such
as dynamic magnetic resonance imaging may be very helpful in
diagnosis, classification and effective treatment of orbital fractures
(11). Voxel-based Morphometry (VBM) was first introduced at the
turn of the millennium, and has been very frequently used since
then to address a range of neuroscientific questions. The principles
of VBM have been described in detail previously (12-13). It is a
computational approach to neuroanatomy that measures
differences in local concentrations of brain tissue, through a
voxel-wise comparison of multiple brain images (14). In traditional
morphometry, the whole brain or partial brain volume is measured
by drawing regions of interest on brain scan images and calculating
the volume enclosed (15). However, this is time consuming and can
only provide measures of relatively large areas and small
differences in volume may be undetected. The value of VBM is that
it allows for comprehensive measurement of differences, not only in
specific structures, but throughout the entire brain (16). VBM is

particularly suitable for exploratory studies covering the whole



brain, which can capture diffuse or unexpected changes.
Surface-based morphological analysis (SBM) is also widely used in
the study of brain structures, with FreeSurfer software being a
typical representative. It not only excels in analyzing the volume of
deep nuclear groups but also in examining changes in the cortex
and subcortex. SBM can achieve precise segmentation of cortical
thickness and surface area and allows for more accurate combined
analyses with functional imaging data (17). SBM is good at
targeted and precise anatomical analysis because it requires the
regions of interest (ROI) rather than exploring whole brain
changes.

However, in modern research, VBM and SBM technologies are
not mutually exclusive, but complementary. VBM may be sensitive
to various artifacts, including misalignment of brain structures,
misclassification of tissue types, differences in folding patterns and
in cortical thickness (18). VBM cannot distinguish between cortical
thickness and surface area. SBM calculations are complex and
time-consuming, and the accuracy of results highly depends on the
quality of the original images. When images have artifacts, low
contrast, or serious lesions (such as tumors or stroke lesions), the
automated process is prone to errors (19). Due to the lack of

previous research on brain structures in patients with orbital bone



fractures, it is not possible to determine ROI. The purpose of this
study is to preliminarily explore the areas that change throughout
the brain, hence VBM was chosen as the tool for this research.
VBM can evaluate the differences of all brain voxels without strict
dependence on anatomical assumptions, which has a unique
advantage in detecting post-traumatic diffuse or accidental
changes.

It has been hypothesized that OF can cause spontaneous
abnormalities in the brain regions. To test this hypothesis, we used
VBM to identify the differences of densities/volumes in white and
gray matter between patients with OF and healthy controls (HCs).
Receiver operating characteristic (ROC) curve was used to verify
the clinical significance of brain region changes--whether these
brain region changes could serve as an evaluation criterion to
assess the presence and severity of neurological damage in OF
patients. Neural anomalies of this kind may reflect part of the

underlying pathological mechanism of related to OF.

Materials and Methods

Subjects

This research recruited 20 healthy controls (HCs) (12 males, 8

females), who were age-, sex-, and education status-matched to the



patients with OF (12 males, 8 females) from the First Affiliated
Hospital of Nanchang University. Patients and HCs with the
following conditions were included: 1) Patients with clinical and
radiographic diagnosis of orbital fractures and received an MRI
scan 2-4 weeks after injury; 2) no nervous system or mental health
diseases; 3) no headaches; 4) no history of congenital or acquired
diseases such as hypertension, diabetes mellitus, or coronary
artery disease, and no addictions such as heroin, smoking, or
alcohol; 5) no contraindications for MRI (such as cardiac
pacemaker or other embedded metal device); 6) Patients are over
eighteen years old.

The research was approved by the medical ethics of the First
Affiliated Hospital of Nanchang University. The research was
conducted in accordance with the Declaration of Helsinki. Each

participant signed a declaration of informed consent.

Structural MRI parameters

Magnetic resonance imaging (MRI) scans were conducted on
each participant using a 3-Tesla MR scanner (Siemens, Germany).
High-resolution T1-weighted images were acquired with fast
gradient echo sequence (magnetization prepared rapid acquisition
gradient echo, MP RAGE). The following protocol parameters were

used: Slices=176; section thickness=1.0mm; echo time=2.26 ms;



repetition time=1,900 ms; field of view=215x230 mm. All MRI
images were evaluated for gross structural abnormalities. No

subjects were excluded.

VBM analysis

The MRIcro software (www.mricro.com) was used to visualize
MRI T1 weighted images and check to ensure that the images are
of high quality for subsequent processing. Following this, the
structural images were processed using a voxel-based
morphometric toolbox (VBMS8; http://dbm.neuro.unijena.de/vbma8/)
on a statistical parameter map (SPM 8; http://www.fil.ion.ucl.ac.uk).
All procedures were performed on the MATLAB 7.9.0 software
(R2009b; The Mathworks, Inc., Natick, MA, USA). Brain images
were segmented into parts including gray matter, white matter and
cerebrospinal fluid using the VBMS8 toolbox. The data were then
standardized to meet the Montreal Neurological Institute space
criteria. The VBM analyses followed the Diffeomorphic Anatomical
Registration Through Exponentiated Lie algebra approach (20).
Finally, the volumes were smoothed wusing a 8/12-mm
full-width-at-half-maximum (FWHM) Gaussian kernel. Normalized,
modulated, smoothed images were submitted to group-level

analyses.



Statistical Analysis

A two-sample ftest was used to compare GM and WM between
patients with OF and HCs after controlling for the effects of age
and sex. The significance level was set at p<0.05, Gaussian random
field (GRF) theory corrected, minimum z>2.3, voxel level P < 0.01,
and cluster level P < 0.05. A significant voxel was superimposed on
the normalization of 3DT1wi (three-dimensional magnetization, fast
acquisition gradient echo sequence) to acquire a color map. Based
on this, we used the receiver operating characteristic (ROC) curve
to quantify the discriminative power of VBM in detecting structural

brain changes between OF patients and healthy controls.

Results

General data analysis
No significant differences in weight (p = 0.902) or age (p =
0.871) were found between the OFs and HCs group. See Table 1 for

more details.

Table 1. Demographics information and clinical measurements for

OFs and HCs

Condition OFs HCs T-valu P-value
e

M/F 12/8 12/8 N/A >0.99

Age (years) 51.21+x11.4 50.96+x10.82 0.242  0.871
2




Weight (kg) 68.32+9.24 69.93+9.54 0.165  0.902

Duration 11.61+4.14 N/A N/A N/A

(days)

Handedness 20R 20R N/A >0.99

Best-correcte 0.40%+0.20 1.05%+0.20 -3.763 0.017*

d VA-left eye Cohen'd=3
.25

Best-correcte 0.45+0.15 1.00+0.15 -3.064 0.011*

d VA-right Cohen'd=3

eye .67

Significant at * P<0.05 and P<0.001, independent t test. P,
P-value between OF and HCs. OF- Orbital Fractures; HCs-Healthy
controls; N/A-not applicable; VA-visual acuity.

Gray and white matter differences

Lower GM density was found in patients with OF than healthy
subjects in three clusters, including the right superior temporal
gyrus, the right middle temporal gyrus, the right and left inferior
frontal orbital gyrus, the left superior temporal gyrus, the anterior
cingulate and the paracingulate gyrus, and the right Insula. See
Figure 1, Table 2 and Figure 3a for details. The WM density in
patients with OF was significantly lower than controls in the brain
regions of the right parahippocampal gyrus and the left superior
temporal gyrus (P < 0.05). See Figure 2, Figure 3b and Table 3 for

details.



Fig.1 Regional GM decrease in patients with OF compared with
HCs. The significantly decreased regions were located in the right
superior temporal gyrus, the right middle temporal gyrus, the right
and left inferior frontal orbital gyrus, the left superior temporal
gyrus, the anterior cingulate and the paracingulate gyrus, and the
right Insula. The blue areas denote lower GM brain regions (P <
0.05 for multiple comparisons using GRF theory; voxel-wise P <
0.005 and cluster-wise P < 0.05 corrected). GM, gray matter; OF,
orbital fractures; HCs, health controls; L, left; R, right. Use
MATLAB 7.9.0 software (R2009b) to generate images, URL:
https://www.mathworks.com. Figure 1la was made using RESTplus
v1.24, URL: https://github.com/LiXuan1997/RESTplus. Figure 1b
was made using BrainNet Viewer 1.7, URL.:
https://www.nitrc.org/projects/bnv/.
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Fig.2 Regional WM decrease in patients with OF compared with
HCs. The significantly decreased regions were located in the right
parahippocampal gyrus and the left superior temporal gyrus. The
blue areas denote lower WM brain regions (P < 0.05 for multiple
comparisons using GRF theory; voxel-wise P < 0.005 and
cluster-wise P < 0.05 corrected). WM, white matter; OF, orbital
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fractures; HCs, health controls; L, left; R, right. Use MATLAB 7.9.0
software (R2009b) to generate images, URL.:
https://www.mathworks.com. Figure 2a was made using RESTplus
v1.24, URL: https://github.com/LiXuan1997/RESTplus. Figure 2b
was made using BrainNet Viewer 1.7, URL.:
https://www.nitrc.org/projects/bnv/.
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Fig.3 The GM signal values and WM signal values between the OF
group and HCs (a, b). GM-grey matter; WM-white matter; OF,
Orbital Fractures; HCs, Healthy controls.

Table 2. GM differences between OF and HC groups

Clusters BA Brain areas MNI Numb T
coordinates er of value
voxels
OFs< X Y Z
HCs
Clusters 84  Right temporal 36 15 -22. 1123 -5.7577
1 pole 5
Right superior 480
temporal gyrus
Right middle 452
temporal gyrus
Right Insula 301
Right inferior 236
frontal orbital
gyrus
Clusters 81  Left superior -46. -7. -9 939 -4.1181

2 temporal gyrus 5 5
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Left temporal 817

pole

Left inferior 693

frontal orbital

gyrus
Clusters - Right anterior 0 30 © 1066 -4.4392

3 cingulate and the

paracingulate

gyrus

Left anterior 350

cingulate and the

paracingulate

gyrus
Abbreviations: BA, Brodmann area; GM, gray matter; MNI,
Montreal Neurological Institute; OF, Orbital Fractures; HCs,
Healthy controls.

Table 3. WM differences between OF and HC groups

OFs<
HCs

Clusters BA Brain areas b Number T
coordinates of voxels value
X Y Z
39  Left temporal pole -51 9. 3 ;_)22' 179 ;38'350
Right 99
40  parahippocampal 19.5 3 5 ' 64 -5.936
gyrus

Abbreviations: BA, Brodmann area; WM, white matter; MNI,
Montreal Neurological Institute; OF, Orbital Fractures; HCs,
Healthy controls.
Receiver operating characteristic (ROC) curve

ROC curves were used to assess whether structural indicators
of the VBM could reliably distinguish OF patients from healthy
controls. The mean values of the WM and GM volumes in different

brain regions were extracted and used to analyze ROC curves. The

areas under the ROC for GM volume values were: 0.939 for cluster



1, 0.918 for cluster 2, and 0.867 for cluster 3 (see Figure 4, Figure
5). The AUCs for WM volume values were: 0.974 for left superior
temporal pole and 0.939 for the right parahippocampal gyrus (see

Figure 6, Figure 7).

ROC Curve
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Fig.4 ROC curve analysis of the mean VBM values for altered brain
regions in OF patients. The area under the ROC curve were 0.939,
(p<0.0001; 95% CI: 0.849-1.000) for Cluster 1; Cluster 2 0.918,
(p<0.0001; 95% CI: 0.819-1.000); Cluster 3 0.867, (p=0.001; 95%
CI: 0.732-1.000). OF, Orbital Fractures; AUC, area under the curve;
ROC, receiver operating characteristic.

Decreased VBM

J_;, Impaired visual function

Fig.5 The mean VBM values of altered brain regions in OF patients.
Compared with the HCs, the VBM values of the following regions
were decreased to various extents: 1- Cluster 1 (BA 84, t = -5.7577),
2- Cluster 2 (BA 81, t = -4.1181), 3- Cluster 3 (t = -4.4392). OF,
Orbital Fractures; HCs, healthy controls; BA, Brodmann's area.
Made with Adobe Photoshop 2022 (version: v23.0) and Adobe



[llustrator 2025, URL.:
https://www.adobe.com/products/photoshop.html.
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Fig.6 ROC curve analysis of the mean VBM values for altered brain
regions in OF patients. The area under the ROC curve were 0.974,
(p 0 0.0001; 95% CI. 0.928-1.000) for Temporal Pole Sup L;
ParaHippocampal R 0.939, (p[J0.0001; 95% CI: 0.837-1.000). OF,
Orbital Fractures; AUC, area under the curve; ROC, receiver
operating characteristic.

Decreased VBM

{} Impaired visual function

Fig.7 The mean VBM values of altered brain regions in OF patients.
Compared with the HCs, the VBM values of the following regions
were decreased to various extents: 1- Temporal Pole Sup L (BA 39,
t = -8.3508), 2- ParaHippocampal R (BA 40, t = -5.936). OF, Orbital
Fractures; HCs, healthy controls; BA, Brodmann's area. Made with
Adobe Photoshop 2022 (version: v23.0) and Adobe Illustrator 2025,
URL: https://www.adobe.com/products/photoshop.html.

Discussion

Orbital fractures are common injuries caused by assault or falls

(21-23). They may involve pain, swelling, loss of function, or
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changes in the shape of facial structures. OF is often accompanied
by varying degrees of brain injury, and even mild concussions can
cause an inflammatory response in the brain. Traumatic brain
injury secondary to OF triggers an inflammatory cascade in the
brain, impairing synaptic function, mitochondrial function,
neurotransmission, and neuroplasticity, thereby affecting cognition
and behavior (24). When trauma occurs, the brain activates glial
cells and releases inflammatory factors (such as IL-6, complement)
(25-26). Complement promotes persistent neurodegeneration and
chronic neuroinflammation, exacerbates brain damage, and causes
changes in the function of brain regions (27-28). Traumatic brain
injury is closely related to the visual system. In neuroinflammation
and complement action caused by brain trauma, complement C3
deposition was found in the retinal genu pectus synapse of the
dorsal lateral geniculate nucleus (dLGN), which eventually led to
the progression of visual defects (29-30). A study on traumatic
brain injury and brain function showed that diffuse traumatic brain
injury caused hippocampal dysfunction, and microglia and
astrocytes underwent continuous morphological changes during
the process of damage (31). Mohamed AZ et al. used diffusion
tensor imaging (DTI) to study Diffuse traumatic brain injury and
demonstrated that numerous white matter tracts (including the
corpus callosum, internal and external capsule, and optic tract) as
well as the grey-matter in the cortex, thalamus, and hippocampus
in the injured brain were significantly altered in fractional
anisotropy (FA) and mean diffusivity (RD) (32).

Optic nerve injury can cause impaired axonal transport in
neuronal cells, and IL-6 is a potential marker for the emergence of
this phenomenon. In a glaucoma model, IL-6, brain-derived

neurotrophic factor (BDNF), and amyloid precursorprotein (APP,



the stereotypical marker of fast axonal transport) have been found
to accumulate within axons of the optic nerve head (ONH) (33).
Axonal transport deficits are an early key pathologic feature of
optic nerve cell death and neurodegeneration (34). Impaired axonal
transport not only affects its own neurons, but also causes
functional changes in the corresponding brain regions. Kim, K. et al.
demonstrated that unilateral optic nerve injury induces asymmetric
elevation of glucose metabolism in the visual cortex (primary visual
center) region bilaterally (more pronounced elevation in the visual
cortex on the side corresponding to the injured eye), as well as
bilateral elevation of glucose metabolism in the thalamus region
(no asymmetry was detected), with no significant changes in other
regions were not significantly altered (35).

OF predisposes to trigeminal nerve damage. Peripheral nerves
in the craniofacial and periorbital areas transmit pain stimulus
information to the trigeminal ganglion/trigeminal nucleus, which in
turn passes through the thalamus to project widely to multiple
cortical areas such as the medial frontal pole, the anterior pyriform
cortex, the orbital gyrus cortex, the anterior cingulate gyrus, the
insula, etc (36-39). Studies have shown that trigeminal pain is
associated with reduced grey matter in the thalamus, cingulate
gyrus, head of the caudate nucleus, bilateral inguinal, superior,
middle, and transverse temporal gyrus, subcallosal gyrus, anterior
cingulate cortex, bilateral insulae, vestibular gyrus, postcentral
gyrus, bilateral middle frontal gyrus, and anterior cerebellar lobes
(40).

In this study, we found that reduced GM volume in the right
superior and middle temporal gyri, the right and left inferior frontal
orbital gyri, the left superior temporal gyrus, the anterior cingulate

and the paracingulate gyrus, and the right Insula area (Figure 1,



Table 2, Figure 3a) in patients with OF compared with healthy
subjects. In addition, the WM volume in the right parahippocampal
gyrus and the left superior temporal gyrus (Figure 2, Table 3,
Figure 3b) were all lower in patients with OF than healthy subjects.
ROC results suggested that changes in activity in these regions can
be used to distinguish OF from healthy populations and suggest
potential neural mechanisms for OF (Figure 4, Figure 5, Figure 6,
Figure 7) . By supplementing t-test analysis with quantitative
diagnostic accuracy rather than merely reporting statistical
significance, this approach facilitates the clinical translation of our
VBM research findings. ROC results demonstrate that structural
brain changes identified through VBM hold promise as imaging
biomarkers for evaluating orbital trauma's impact on the central
nervous system (CNS). These findings also enhance the potential to
provide early targeted interventions for patients, thereby

mitigating long-term CNS effects.

The superior temporal gyrus contains the auditory cortex,
which is responsible for processing sounds, and Wernicke's area,
which is located in the left hemisphere and is involved in the
comprehension of language (41-42). The posterior part of the
superior temporal gyrus of the cerebral cortex harbors the H area
(auditory speech center), thus auditory aphasia is obtained when
the posterior part of the superior temporal gyrus of the cerebral
cortex is damaged (43). In addition to auditory and language

processing, the superior temporal gyrus has been implicated as an



important structure in social cognition. Medial temporal gyrus
structures that are critical for long-term memory include the
hippocampus, and the surrounding perirhinal, parahippocampal,
and entorhinal neocortical regions (44). The hippocampus is critical
for memory formation, and the surrounding medial temporal cortex
is currently theorized to be critical for memory storage. Our
findings of reduced volume in the parahippocampal region and
superior temporal gyrus suggest that OF may affect memory and
auditory function.

The human insular cortex is a portion of the cerebral cortex
folded deep within each hemisphere of the brain. Four functionally
distinct areas exist within the human insular cortex: (1) the
sensorimotor area located in the central PI, (2) the central olfactory
taste area, (3) the social-emotional area located in the
anteroventral insula, and (4) the cognitive anterodorsal area (45).
Different functional subdivisions of the insula can also act in
concert during an fMRI scan, integrating information within and
between cognitive, emotional, visual and sensorimotor networks
(46). It is believed to be involved in consciousness and play a role
in diverse functions usually linked to emotion or the regulation of
homeostasis (47-48). These functions include compassion and

empathy, taste, perception, motor control, self-awareness,



cognitive functioning, and interpersonal experience (49-53). They
are also related to psychopathology, thus we infer that OF may
involve loss of these functions, since gray matter is lost in the right
insula.

The inferior frontal gyrus has a number of functions including
language comprehension, speech production, semantic processing,
fine motor control, endoreceptive awareness and emotion. (54-58).
The left opercular part of the inferior frontal gyrus is a part of the
articulatory network involved in motor syllable programs (59-60).
The inferior frontal orbital gyrus is part of the prefrontal cortex
network which has been implicated in executive functions, such as
cognition, decision making, and attention. PFC is involved in the
process of transforming raw visual inputs are transformed into
abstractions (61). One study used non-zero disparity checkerboards
to stimulate the PFC of macaque monkey where hyperactivation
has been observed (62). Bilateral inferior frontal orbital gyri have a
role in completion of goal-directed motion as part of the PFC
network (63). Therefore, the reduced GM in the inferior frontal
gyrus in the present study may reflect pathology of mechanisms
related to disparity processing and visual cognition.

The cingulate gyrus is an important component of the limbic

system, mainly involved in the expression of emotions and the



regulation of visceral activity, autonomic function, motor function
and the perception of pain (64). The cingulate gyrus receives inputs
from the thalamus and the neocortex, and projects to the
entorhinal cortex via the cingulum. It plays a role in executive
function and respiratory control, and is an integral part of the
limbic system, with roles in emotion formation and processing,
learning, and memory (65-66). The latter three functions together
make the cingulate gyrus highly influential in linking motivational
outcomes to behavior, and important in such as depression and
schizophrenia (66). Reduced GM in the present study may manifest

as inhibition of the above functions.

Limitations

This study has yielded promising positive results and presents a
novel perspective that "brain activity in OF patients differs from
healthy individuals," while opening up new avenues for
understanding the pathogenesis of OF. However, we must
acknowledge six limitations: (1) Although statistically robust, the
small sample size limits the findings' generalizability. (2) The
research only preliminarily explored changes in brain activity
without subgroup analysis based on fracture type or side, and its
cross-sectional nature precludes causal inference. (3) Potential

confounding factors such as psychological stress or systemic



trauma were not addressed. (4) Other clinical variables that might
influence the results—such as post-injury duration, presence of
secondary traumatic brain injury, and severity—were not
accounted for. (5) More peripheral injury evaluation indicators,
such as eye movement function, exophthalmos and orbital imaging
changes, were not included in the study. (6) This study did not
combine SBM technology to conduct a more comprehensive study

of the topic.
Conclusions

To conclude, in this VBM study of patients with OF we found
that, one month after the injury, GM reductions in gray and white
matter found in specific brain regions of patients with OF provide
evidence of neural changes following this injury, and indicate
pathological changes in this condition. These changes may trigger
the pathogenesis of loss of sensation, body disfunction and
adversely affect the function of the visual cortex in patients with
OF. In the future, we will add some paradigms to evaluate the
function of the visual cortex and combine MRI to explore their
connection in patients with OF.
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