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Abstract: Objectives: To evaluate diffusion tensor imaging (DTI) for assessing facial nerve root exit zone (REZ) mi-
crostructure in hemifacial spasm (HFS) and predicting microvascular decompression (MVD) outcomes. Methods:
Data from 60 patients with primary unilateral HFS and 30 healthy volunteers were retrospectively examined. High-
resolution 3.0T DTl was performed on all participants. DTl data (b=1000 s/mm?, 32 directions) were processed
using FMRIB Software Library. The fractional anisotropy (FA), mean diffusivity (MD), axial diffusivity (AD), and radial
diffusivity (RD) were derived from the facial nerve REZ. Group comparisons and receiver operating characteristic
curve analysis assessed diagnostic performance. Preoperative DTI parameters were also evaluated for predicting
MVD outcomes. Results: In HFS, FA on the symptomatic side (0.35+0.06) was significantly lower than that on the
contralateral side (0.48+0.05) and controls (0.49+0.04, P<0.001). MD and RD were significantly elevated (both
P<0.001), while AD remained stable. The area under the curve (AUC) for FA in diagnosing HFS was 0.968 (sensitiv-
ity 86.00%, specificity 98.00%). Multivariate logistic regression analysis showed that the preoperative FA value was
an independent predictor of postoperative outcomes (odds ratio=0.752, P=0.005), and the optimal cutoff value for
FA was < 0.378 (AUC=0.780). Conclusions: DTl noninvasively quantifies facial nerve REZ microstructural damage
in HFS, characterized by reduced FA and elevated RD. As diagnostic and prognostic biomarkers, FA differentiates
pathological compression from asymptomatic contact, supporting clinical decisions.

Keywords: Hemifacial spasm, diffusion tensor imaging, microvascular decompression, neurovascular compres-

sion, prognosis prediction

Introduction

Hemifacial spasm (HFS) is a common cranial
nerve dysfunction disorder, which is character-
ized by paroxysmal and involuntary twitching of
the facial muscles on one side. Its pathophysi-
ologic mechanism is closely related to pulsatile
compression of the facial nerve root exit zone
(REZ) [1, 2]. Epidemiological data show that the
incidence of HFS is about 0.78 per 100,000
person-years. It is more common in Asian po-
pulations, slightly more frequent in females
than in males, and often occurs in middle-
aged and older adults (40-60 years) [3]. Al-
though not life-threatening, long-term involun-
tary facial twitching can lead to social with-
drawal, anxiety, depression, and reduced pro-
fessional functioning, all of which significantly
affect patients’ quality of life [4-6].

Microvascular decompression (MVD) is the es-
tablished surgical treatment for HFS, but some
patients experience poor outcomes or recur-
rence after surgery [7], highlighting the limita-
tions of the preoperative evaluation system. At
present, clinical methods to assist MVD de-
cision-making mainly include high-resolution
magnetic resonance imaging (MRI) to visualize
neurovascular contact (NVC), neurophysiologi-
cal monitoring (e.g., abnormal muscle response)
to help localize offending vessels, and intraop-
erative neuronavigation [8, 9]. However, the
above methods are all based on “morphology”
or “electrophysiological phenomena” and can-
not directly quantify microstructural damage to
the nerve tissue itself, making it difficult to
predict an individual's surgical prognosis. Al-
though conventional high-resolution MRI (e.g.,
3D-T2 and 3D-TOF-MRA) can clearly show the
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morphologic characteristics of NVC [10, 11],
it cannot distinguish pathological compressi-
on from asymptomatic contact. Asymptomatic
NVC is common in healthy individuals, with its
prevalence rising with age [12]. This means
that the presence of “contact” on imaging
alone does not constitute a surgical indication,
and excessive reliance on morphologic criteria
may lead to unnecessary exploration or miss-
ed diagnosis [13]. In addition, conventional MRI
cannot quantify microstructural changes after
nerve compression, such as demyelination, ax-
onal injury, or gliosis [14, 15]. Diffusion tensor
imaging (DTI) measures water molecule diffu-
sion anisotropy using diffusion-sensitizing gra-
dients, which indirectly reflects the integrity,
myelination, and organization of white matter
fiber tracts. DTl parameters-including fraction-
al anisotropy (FA), mean diffusivity (MD), axial
diffusivity (AD) and radial diffusivity (RD) -
have well-established biophysical correlates.
FA quantifies the degree of diffusion anisotro-
py, which reflects fiber density and organiza-
tional coherence. MD reflects the overall diffu-
sion capacity. AD and RD are sensitive to axon
and myelin integrity, respectively [16-19]. In
recent years, DTl has been increasingly app-
lied to evaluate nerve microstructure in cranial
nerve disorders such as trigeminal neuralgia
(TN) and vestibular schwannoma, showing its
ability to quantify tissue damage [20, 21]. How-
ever, when imaging small cranial nerves such
as the facial nerve in the brainstem region, DTI
faces technical challenges-including magnetic
field inhomogeneity and small nerve caliber-
that require sequence optimization and local-
ized scanning strategies [22]. Worldwide, few
studies have systematically investigated facial
nerve REZ DTI metrics in HFS, with particularly
scarce data correlating them with MVD out-
comes.

Accordingly, this study evaluates DTI for HFS
diagnosis and therapeutic guidance. First, an
established standardized protocol for DTl data
acquisition and post-processing was used to
extract microstructural metrics of the facial
nerve REZ. Second, this retrospective study
quantified alterations in DTl metrics at the REZ
in HFS and compared their diagnostic perfor-
mance with that of conventional MRI. Finally,
based on postoperative follow-up data, the
predictive value of preoperative DTI metrics
for long-term MVD outcomes was evaluated.
Through multimodal image fusion and blinded
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analysis, this study assessed DTl as an objec-
tive imaging biomarker to support evidence-
based, precision management of HFS using
real-world data.

Materials and methods
Study design

Approval for this retrospective study was grant-
ed by the Aviation General Hospital Institu-
tional Review Board (Approval No.: HK2025-
108). The ethics committee waived informed
consent due to the retrospective use of anony-
mized data. The study strictly adhered to the
ethical standards of the Declaration of Helsinki
and the International Code of Medical Ethics.
From January 2020 to June 2025, the neuro-
surgical outpatient department of our hospital
consecutively recruited 60 patients with prima-
ry unilateral hemifacial spasm (HFS group)
and 30 age- and sex-matched healthy volun-
teers (healthy control group, HC group). All
participants underwent 3.0T MRI at our insti-
tution. This analysis used archived imaging
data and electronic medical records. Image
post-processing and parameter extraction fol-
lowed standardized protocols. The study work-
flow is illustrated in Figure 1.

Subjects

HFS group: Sixty patients with primary unilat-
eral HFS were retrospectively enrolled, includ-
ing 33 with left-sided and 27 with right-sided
involvement.

Inclusion criteria: O Meeting the internationally
recognized clinical diagnostic criteria for HFS:
paroxysmal involuntary twitching of the facial
muscles on one side, usually starting in the
orbicularis oculi muscle and gradually extend-
ing downward; @ Symptoms have lasted for
more than 6 months, with poor response to
drug therapy (e.g., carbamazepine, oxcarbaze-
pine) or intolerable side effects; 3) Age between
18 and 70 years.

Exclusion criteria: O Secondary HFS (e.g., pos-
terior fossa tumors, vascular malformations);
@ Bilateral HFS or concomitant movement
disorders; 3 History of ipsilateral surgery or
trauma; @ Contraindications to MRI examina-
tion; ® Severe organ dysfunction or mental ill-
ness; ® Image quality insufficient for analysis.
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pression (grade I-111).

Clinical follow-up review: We re-

Figure 1. Design flow chart. Note: HFS: hemifacial spasm; HC: healthy con-

trol.

HC group: Thirty age- and sex-matched healthy
volunteers without HFS were retrospectively
enrolled. All subjects had no intracranial abnor-
malities, as confirmed by neurological examina-
tion and brain MRI.

Acquisition and processing of imaging data

Data collection: (1) Structural imaging includ-
ed 3D-CISS/3D-FIESTA and 3D-TOF-MRA se-
quences. The parameters were set as follows:
repetition time 1200 ms, echo time 120 ms for
3D-T2; and repetition time 23 ms, echo time
3.5 ms for 3D-TOF-MRA. The slice thickness
was 0.8 mm, and the neurovascular anatomy
of the cerebellopontine angle area was dis-
played with high contrast. (2) DTI: A SS-SE-EPI
sequence was used. The optimized parame-
ters included a b-value of 1000 s/mm?, 32 dif-
fusion-sensitive gradient directions, 2 mm iso-
tropic voxels, and parallel imaging (acceleration
factor of 2) to reduce distortion.

Data processing and analysis: (1) DTI pre-
processing: Preprocessing (format conversion,
eddy current and motion correction, skull strip-
ping), tensor fitting, and parametric mapping
(FA, MD, AD, RD) were performed using FMRIB
Software Library v6.0. (2) Region of interest
(ROI) analysis: Rigid registration was used to
align DTl maps with high-resolution 3D-T2 im-
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trospectively obtained 6 month
postoperative follow-up data
from HFS patients who under-
went MVD. Surgical outcomes
were evaluated using the international efficacy
grading standard (grade I-IV).

Outcome measures

The main outcome measures of this study
comprised multidimensional assessments, in-
cluding: (1) DTI metrics: FA, MD, AD, and RD
values of the facial nerve REZ; (2) The ability of
DTI to distinguish pathologic compression from
asymptomatic contact, assessed by comparing
DTl metrics on the asymptomatic NVC side in
the HC group; (3) Postoperative outcomes at
12 months after MVD (classified as good or
poor prognosis); (4) Correlation between DTI
metrics and disease duration and spasm sever-
ity (Cohen grade).

Sample size calculation

Sample size was determined to detect FA differ-
ences at the REZ between HFS patients and
controls. According to the preliminary results of
our research group and previous literature [23],
symptomatic-side FA in HFS was approximately
0.35%0.06, and the average FA value in the HC
group (averaged across both sides) was about
0.49+0.04. With =0.05, 1-3=0.90, and a two-
sample t-test, PASS 15.0 estimated a minimum
of 12 subjects per group. Allowing for 10-15%
missing data in this retrospective design, en-
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Table 1. Participant characteristics at baseline

Characteristic HFS group (n=60) HC group (n=30) X2/t P
Age (years) 52.11+8.54 51.91+9.52 0.101 0.920
Sex (M/F) 26/34 12/18 0.091 0.763
Hypertension, n (%) 18 (30.0) 7 (23.3) 0.461 0.497
Diabetes, n (%) 7 (11.7) 2 (6.7) 0.553 0.457
Affected side (L/R) 33/27 -

Mean disease duration (years) 5.35+2.68 -

Spasm severity (Cohen grade) 2.81+0.79 -

Note: HFS: hemifacial spasm; HC: healthy control; M/F: male/female; L/R: left/right.

roliment targets were set at 250 HFS patients
and >25 controls. Final enrollment comprised
60 HFS patients and 30 controls, satisfying all
statistical criteria.

Statistical analysis

SPSS 25.0 and R language were used for sta-
tistical analysis. Normality of continuous vari-
ables was assessed using the Shapiro-Wilk
test. Normally distributed variables are pre-
sented as mean * standard deviation, while
non-normally distributed variables are present-
ed as median with interquartile range. For com-
parisons between two groups, independent-
sample Student’s t-test was used for normally
distributed data, and the Mann-Whitney U test
was applied for non-normally distributed data.
For comparisons among multiple groups, one-
way analysis of variance was performed, fol-
lowed by least significant difference post-hoc
test for pairwise comparisons when the over-
all F-test was significant. Categorical variables
were compared using the chi-square (x?) test
or Fisher’s exact test, as appropriate. Receiver
operating characteristic curve analysis was
conducted to evaluate the diagnostic perfor-
mance of DTl metrics (FA, MD, RD). The area
under the curve (AUC) with 95% confidence
interval (Cl) was calculated for each metric. The
optimal cutoff value was determined by maxi-
mizing the Youden index (sensitivity + specifici-
ty - 1). Sensitivity, specificity, positive predic-
tive value, and negative predictive value were
reported. Correlations between DTl parameters
and clinical variables (disease duration, spasm
severity) were assessed using Pearson correla-
tion coefficient for normally distributed data
or Spearman’s rank correlation coefficient for
non-normally distributed data. To identify inde-
pendent predictors of postoperative outcome,
univariate logistic regression was first perfor-
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med to screen variables with P<0.10. Variab-
les meeting this threshold were entered into a
multivariate binary logistic regression model.
Due to the small number of events (n=5) in the
poor prognosis group, Firth’'s penalized likeli-
hood method was applied to reduce potential
small-sample bias. Model fit was assessed
using the Hosmer-Lemeshow goodness-of-fit
test. The stability of estimates was evaluated
by bootstrap resampling with 1,000 replicates
to generate bias-corrected 95% Cls. All stati-
stical tests were two-tailed, and statistical sig-
nificance was defined as P<0.05.

Results

Baseline characteristics and conventional MRI
findings

A total of 60 patients with primary unilateral
HFS group and 30 age- and sex-matched HC
group were enrolled in this study. As shown in
Table 1, there were no significant differences
in baseline data such as age, gender, or preva-
lence of hypertension and diabetes between
the two groups (P>0.05), showing good com-
parability. In the HFS group, the average course
of disease was 5.35+2.68 years, and the aver-
age Cohen score was 2.81+0.79. The left side
was involved in 33 cases and the right side in
27 cases.

The two reviewers showed good agreement on
the presence of NVC (kappa=0.85). Among the
60 patients with HFS, conventional MRI detect-
ed definite NVC on the affected side in 58
patients (96.67%), yielding a concordance rate
of 96.67% with surgical findings (all 60 pa-
tients had offending vessels). The offending ve-
ssels were primarily the anterior inferior cere-
bellar artery (40 patients, 66.67%), followed
by the posterior inferior cerebellar artery (12

Am J Transl Res 2026;18(4):3085-3096



Diffusion tensor imaging in hemifacial spasm

Table 2. Intergroup and interside comparisons of DTI metrics at the facial nerve REZ
Group/Side FA MD (x10° mm?/s) RD (x10° mm?/s) AD (x10° mm?/s)
HFS group (n=60)

Affected side 0.35+£0.06 1.25+0.15 0.95+0.14 1.45+0.18

Unaffected side 0.48+0.05 1.05+£0.10 0.78+0.09 1.42+0.15
HC group (n=30)

Bilateral mean 0.49+0.04 1.03+0.09 0.76+0.08 1.43+0.14
P-value

Affected vs. Unaffected (HFS) <0.001 <0.001 <0.001 0.323

Affected (HFS) vs. HC group <0.001 <0.001 <0.001 0.596

Unaffected (HFS) vs. HC group 0.343 0.358 0.306 0.761

Note: FA: fractional anisotropy; MD: mean diffusivity; RD: radial diffusivity; AD: axial diffusivity; HFS: hemifacial spasm; HC:
healthy control; REZ: root exit zone; DTI: diffusion tensor imaging.

patients, 20.00%), a vein (6 patients, 10.00%)
and the vertebral artery (2 patients, 3.33%).
The degree of compression was mainly grade |l
or lll (54 patients, 90.00%). In the HC group, 8
(26.67%) cases of asymptomatic NVC were
found in the unilateral cerebellopontine angle
area (5 with grade | and 3 with grade ll), and
the anterior inferior cerebellar artery was the
most common involved vessel.

Inter-group and lateral comparisons of DTl
parameters

FA: Compared to both the contralateral side
(0.48+0.05) and HC bilateral mean (0.49+
0.04), affected-side REZ FA was significantly
reduced in HFS patients (0.35+0.06, both
P<0.001). FA values did not differ significantly
between the unaffected side in HFS and HC
controls (P=0.343). These findings indicate
microstructural disruption at the affected REZ,
with reduced nerve fiber organization and
density.

MD: In HFS, MD on the symptomatic side
(1.25+0.15%10° mm?/s) was significantly high-
er than that on the contralateral side (1.05+
0.10x10° mm?/s) and in controls (1.03+0.09x
10° mm?/s), both P<0.001. MD values were
comparable between the HFS unaffected side
and HC group (P=0.358). The elevated MD val-
ues reflect an increase in the overall tissue dif-
fusivity in this region and may be related to
edema, tissue laxity, or gliosis.

RD: Symptomatic-side RD in HFS (0.95+0.14x
10° mm?/s) was significantly elevated com-
pared to that on the unaffected side (0.78%
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0.09%x10° mm?/s) and in the HC group (0.76+
0.08x10° mm?/s), both P<0.001. No signifi-
cant difference in RD was observed between
the HFS unaffected side and controls (P=
0.306).

AD: Although AD on the HFS affected side
(1.45+0.18x10° mm?/s) was slightly higher
than that on the unaffected side (1.42+0.15x
10 mm?/s) and in controls (1.43+0.14x10°3
mm?/s), the differences were not statistically
significant (Table 2).

Comparison of the affected side in the HFS
group to the asymptomatic NVC side of HC

Comparison between the affected side in the
HFS group and the contact side in the 8 HC
participants with asymptomatic NVC showed
that the asymptomatic NVC sides exhibited
higher FA (0.47+0.05) and lower MD (1.07+
0.11x10° mm?/s) and RD (0.67+0.09x107
mm?/s) compared to the affected sides in HFS
(all P<0.05; Table 3).

Diagnostic efficacy of DTl metrics

FA demonstrated the highest diagnostic accu-
racy for differentiating HFS from controls, with
an AUC of 0.968, which was higher than that
of MD (AUC=0.849) and RD (AUC=0.846). The
sensitivity of FA was 86.00%, and the speci-
ficity was 98.00%. The sensitivity of MD was
76.00%, and the specificity was 84.00%. The
sensitivity and specificity of RD were 72.00%
and 86.00%, respectively. Detailed diagnostic
efficacy measures are shown in Table 4 and
Figure 2.

Am J Transl Res 2026;18(4):3085-3096



Diffusion tensor imaging in hemifacial spasm

Table 3. Comparison of DTI metrics between HFS group and HC subgroup with asymptomatic NVC

Parameter HFS group (n=60) HC group with asymptomatic NVC (n=8) t P

FA 0.35+0.06 0.47+0.05 5.402 <0.001
MD (x10° mm?/s) 1.25+0.15 1.07+0.11 3.269 0.002
RD (x10° mm?/s) 0.95+0.14 0.67+0.09 5.487 <0.001

Note: DTI: diffusion tensor imaging; FA: fractional anisotropy; MD: mean diffusivity; RD: radial diffusivity; HFS: hemifacial

spasm; HC: healthy control; NVC: neurovascular contact.

Table 4. Diagnostic performance of DTI metrics in differentiating HFS from healthy controls

Parameter AUC (95% ClI) Optimal cutoff Sensitivity (%) Specificity (%)
FA 0.968 (0.911-0.993) 0.416 86.00 98.00
MD (x10° mm?/s) 0.849 (0.764-0.913) 1.115 76.00 84.00
RD (x10° mm?/s) 0.846 (0.760-0.910) 0.854 72.00 86.00

Note: DTI: diffusion tensor imaging; HFS: hemifacial spasm; AUC: area under the curve; Cl: confidence interval; FA: fractional

anisotropy; MD: mean diffusivity; RD: radial diffusivity.
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Figure 2. ROC plot of each DTI metric for differenti-
ating HFS patients from healthy controls. Note: The
area under the curve for FA was 0.968 (95% ClI:
0.911-0.993), for MD was 0.849 (95% CI: 0.764-
0.913), and for RD was 0.846 (95% Cl: 0.760-0.910).
FA: fractional anisotropy; MD: mean diffusivity; RD:
radial diffusivity; ROC: receiver operating character-
istic; DTI: diffusion tensor imaging; HFS: hemifacial
spasm; Cl: confidence interval.

Table 5. Correlations between DTI metrics on
the affected side and clinical features in HFS
patients

Parameter FA MD RD
Disease duration -0.452*  (0.398%* 0.421*
Spasm severity  -0.382*  0.287* 0.351*

Note: *P<0.05; DTI: diffusion tensor imaging; HFS:
hemifacial spasm; FA: fractional anisotropy; MD: mean
diffusivity; RD: radial diffusivity.
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Table 6. Treatment outcomes at 6 months
post-surgery

Outcome grade Criteria n %

Grade | Cured 36 60.00
Grade Il Markedly effective 19 31.67
Grade I Effective 4 6.67
Grade IV Ineffective 1 1.67

Correlation analysis between DTI parameters
and clinical features

Affected-side FA in HFS correlated inversely
with disease duration (r=-0.452, P<0.05), indi-
cating progressive decline over time. Both MD
(r=0.398) and RD (r=0.421) on the symptom-
atic side showed positive correlations with dis-
ease duration (both P<0.05). Regarding clinical
severity, the baseline spasm severity assessed
by the Cohen grade was moderately negatively
correlated with FA on the affected side (r=-
0.382, P<0.05) and positively correlated with
RD (r=0.351, P<0.05). MD also exhibited a
weak but significant positive correlation (r=
0.287, P<0.05; Table 5).

Surgical outcomes and complications

All 60 patients were followed up for at least 6
months. The distribution of surgical outcomes
at 6 months postoperatively is shown in Table
6. There were 55 patients (91.67%) in the good
prognosis group (cured or markedly effective)
and 5 patients (8.34%) in the poor prognosis
group (effective or ineffective).

Am J Transl Res 2026;18(4):3085-3096
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Table 7. Baseline characteristics and preoperative DTI metrics: good vs. poor prognosis groups

Variable Good prognosis (n=55) Poor prognosis (n=5) X2/t P
Age (years) 52.084+8.54 52.44+7.95 0.091 0.928
Sex (M/F) 24/31 2/3 0.099 0.753
Affected side (L/R) 25/30 1/4 0.395 0.530
Disease duration (years) 5.12+1.56 7.88+1.65 3.772 <0.001
FA 0.36+0.05 0.24+0.04 5.203 <0.001
MD (x10° mm?/s) 1.27+0.13 1.33+0.12 4,123 <0.001
RD (x10° mm?/s) 0.94+0.16 1.06+0.11 1.636 0.107
AD (x10° mm?/s) 1.44+0.15 1.56+0.17 1.696 0.095

Note: DTI: diffusion tensor imaging; FA: fractional anisotropy; MD: mean diffusivity; RD: radial diffusivity; AD: axial diffusivity;

M/F: male/female; L/R: left/right.

Table 8. Multivariate analysis of factors associated with poor prognosis after MVD

Variable B SE Wald x? P OR 95% Cl
Preoperative FA -0.285 0.102 7.808 0.005 0.752 0.616-0.918
Disease duration 0.183 0.128 2.047 0.152 1.201 0.935-1.543
Preoperative MD 0.025 0.034 0.527 0.468 1.025 0.959-1.096
Constant 5.420 2.015 7.234 0.007 225.78

Note: SE: standard error; Cl: confidence interval; OR: odds ratio; FA: fractional anisotropy; MD: mean diffusivity; MVD: microvas-

cular decompression.

In terms of postoperative complications, a total
of 5 patients (8.34%) had transient neurologi-
cal dysfunction, including 3 cases of delayed
facial paralysis (House-Brackmann lI-1ll) and 2
cases of mild sensorineural hearing loss. All of
these patients recovered completely within 3
months after surgery. One additional patient
(1.67%) had permanent mild high-frequency
hearing loss, which did not cause a significant
impact on daily life.

Comparison of preoperative baseline charac-
teristics and DTl metrics between the good
prognosis and the poor prognosis groups

Compared to the good prognosis group, the
preoperative FA value of the affected nerve
in the poor prognosis group was significantly
lower, and the MD value was significantly high-
er. The difference was significant (P<0.05).
There was no significant difference in RD va-
lue or AD value between the two groups
(P>0.05) (Table 7).

Multivariate logistic regression analysis

Variables with P<0.10 on univariate testing
(disease duration, preoperative FA, and preop-
erative MD) were entered into a multivariate
binary logistic regression model to adjust for
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confounding and identify independent predic-
tors. After adjusting for other factors, preope-
rative FA remained an independent predictor
of postoperative outcome (OR=0.752; 95% CI:
0.616-0.918; P=0.005; Table 8).

Predictive efficacy of preoperative FA for post-
operative outcomes

Based on the multivariate findings, the prog-
nostic value of preoperative FA was further
assessed. Receiver operating characteristic
analysis yielded an AUC of 0.780 (95% CI:
0.640-0.885) for preoperative FA in predict-
ing poor postoperative outcome, indicating mo-
derate discriminatory ability. Using the maxi-
mum Youden index, a preoperative FA value
<0.378 was identified as the optimal predictive
cutoff. At this cutoff, the sensitivity for predict-
ing poor prognosis was 87.50%, and the speci-
ficity was 64.29%. Based on the prevalence of
poor outcomes in our cohort (8.34%), the posi-
tive predictive value was 18.20% and the ne-
gative predictive value was 98.30%. Patients
with preoperative FA >0.378 had a very high
probability of achieving a good surgical out-
come, which may enhance clinical confidence
in surgical decision-making. To further assess
the robustness of this cutoff despite the limited
number of poor-outcome cases, we performed
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Table 9. Predictive performance of preoperative FA

Parameter AUC (95% ClI)

Optimal cutoff

Sensitivity (%) Specificity (%)

FA 0.780 (0.640-0.885)

87.50 64.29

Note: AUC: area under the curve; Cl: confidence interval; FA: fractional anisotropy.
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Figure 3. ROC curve of the prediction model for
poor prognosis. Note: The AUC for FA was 0.780
(95% Cl: 0.640-0.885), for MD was 0.849 (95% Cl:
0.764-0.913), and for RD was 0.846 (95% Cl: 0.760-
0.910). FA: fractional anisotropy; AUC: area under
the curve; ROC: receiver operating characteristic; Cl:
confidence interval.

bootstrap resampling with 1,000 replicat-
es. The median cutoff value derived from the
Youden index across bootstrap samples was
0.375 (interquartile range: 0.365-0.385), clo-
sely approximating the original threshold and
indicating acceptable stability. Moreover, all
five patients in the poor prognosis group had
FA values below 0.378 (range 0.19-0.30), un-
derscoring the consistency of this cutoff in
identifying individuals at higher risk of unfavor-
able surgical outcomes. These findings support
the clinical use of the preoperative FA thresh-
old, even within the context of a modest sam-
ple size (Table 9; Figure 3).

Discussion

In the current study, by systematically optimiz-
ing the DTl data acquisition and post-process-
ing methods, the microstructural changes in
the REZ of patients with HFS were quantitative-
ly analyzed, and the value of DTl metrics for the
diagnosis and differentiation, disease evalua-
tion, and prognosis prediction of MVD was eval-
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uated. The main findings included: (1) In HFS,
the affected REZ exhibited a distinct DTI pro-
file: reduced FA, elevated MD and RD, and sta-
ble AD; (2) FA values showed excellent diagnos-
tic efficacy in differentiating HFS patients from
HCs (AUC=0.968); (3) DTI can effectively distin-
guish symptomatic compression from NVC; (4)
Preoperative FA values were negatively corre-
lated with disease duration and spasm severi-
ty, and served as an independent predictor of
MVD efficacy (OR=0.752). These results not
only provide in vivo imaging evidence for the
pathophysiologic mechanism of HFS, but also
signal a transition in its diagnosis and treat-
ment strategy from macroscopic morphologic
evaluation to quantitative and individualized
microstructural assessment.

The results showed that the DTI technical pro-
tocol used in this study was optimized for the
special challenges of small cranial nerve imag-
ing in the posterior fossa region. By using 3.0T
high-field MRI, local tilt scanning, parallel im-
aging technology, and high-resolution isotropic
voxels (2 mm3), the signal-to-noise ratio and
spatial resolution of facial nerve REZ imaging
were significantly improved while ensuring clini-
cal feasibility, and the interference by partial
volume effects and susceptibility artifacts was
reduced [23]. In data processing, ROI delinea-
tion guided by multimodal image fusion (DTI
parametric map and 3D-T2-weighted sequence
registration) was performed independently by
two blinded physicians to ensure the accu-
racy and repeatability of extraction of DTl met-
rics (ICC >0.8). This standardized process lays
a methodological foundation for the precise
application of DTl in cranial nerve diseases.

The DTl metrics pattern of decreased FA,
increased RD, and relatively preserved AD on
the affected side of HFS patients found in
this study is similar to, yet distinct from, the
DTI findings in patients with TN. Zhang et al.
[20] found a significant decrease in FA and an
increase in RD in the REZ on the affected side
in classic TN, but also a decreasing trend in
AD, suggesting that axonal injury and dem-
yelination may coexist in TN. In contrast, the
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absence of significant AD changes in HFS pa-
tients in the present study suggests that the
pathologic injury may be predominantly demy-
elinating with relatively preserved axons, which
is consistent with the paroxysmal and revers-
ible characteristics of HFS clinical symptoms
[24]. As a key barrier limiting the radial diffusi-
on of water molecules, the loss of a myelin
sheath will lead to an increase in RD. The
decrease in FA reflects a reduced order and
integrity of nerve fibers. This characteristic
change is consistent with the intraoperative
findings of nerve compression deformation and
pathologically expected demyelination, and al-
so explains from an imaging perspective why
simple anatomical contact (asymptomatic NVC)
is not sufficient to cause symptoms-only when
compression results in substantial microstruc-
tural damage will abnormal electrical signal
transmission and clinical symptoms occur [25,
26]. In this study, DTl metrics on the asymp-
tomatic NVC side in the HCs were significantly
different from those on the affected side of
HFS (e.g., higher FA values), further confirming
that DTl can look beyond gross morphology and
reveal the biological effects of compression.
Thus, it effectively addresses the clinical dile-
mma that traditional MRI can only show “con-
tact” and cannot distinguish pathological from
harmless compression [13]. Similarly, the sys-
tematic review by Liang et al. [27] also pointed
out that traditional MRI has limitations in distin-
guishing symptomatic from asymptomatic com-
pression, and quantitative techniques such as
DTI are expected to compensate for this defi-
ciency. As noted in the review by Jesuthasan et
al. [28], the over-reporting of incidental neuro-
vascular contacts in conventional MRI may lead
to inappropriate surgical intervention, highlight-
ing the clinical need for objective biomarkers
such as DTI. Notably, the RD value in the asymp-
tomatic NVC subgroup (0.67+0.09%10° mm?/s)
was lower than the bilateral mean RD of the
entire HC group (0.76+0.08x10° mm?/s). This
may be attributable to the fact that the asymp-
tomatic NVC subgroup represents a selected
subset of healthy individuals with identifiable
NVC but without clinical symptoms; their nerve
microstructure may remain well preserved, re-
sulting in diffusion parameters closer to opti-
mal values. Alternatively, the small sample size
(n=8) of this subgroup may introduce sampling
variability, and this finding should be interpret-
ed with caution.
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In terms of diagnostic efficacy, FA values sh-
owed high sensitivity (86.00%) and specificity
(98.00%), with an AUC of 0.968, which was sig-
nificantly better than MD and RD. This suggests
that FA, as a core indicator reflecting the integ-
rity of nerve fibers, holds significant value for
the auxiliary diagnosis of HFS. Particularly for
cases with atypical clinical manifestations or
those difficult to distinguish from other facial
movement disorders, DTl quantitative analysis
can serve as an objective imaging biomarker,
providing a supplementary basis for diagnosis.
The research conducted by Zhu et al. [29]
further indicates that combining conventional
DTl metrics with geometric microstructural fea-
tures can improve the differentiation of HFS
from other facial movement disorders such as
Meige’'s syndrome and facial palsy, highlighting
the potential of DTl-based biomarkers for dif-
ferential diagnosis. DTl metrics also correlat-
ed with clinical status: FA inversely correlated
with both disease duration and spasm severity
(Cohen grade), whereas MD and RD showed
positive associations with disease duration.
Interestingly, Zhang et al. [23] reported incre-
ased FA in the superior longitudinal fascicu-
lus of HFS patients, which positively correlated
with disease duration and spasm severity. This
suggests that microstructural alterations in
HFS may extend beyond the REZ to involve cen-
tral white matter tracts, and that FA changes
in different brain regions may reflect distinct
pathologic processes-peripheral demyelination
at the REZ versus central reorganization or
compensatory changes. This finding not only
verifies the progressive characteristics of ner-
ve injury that worsen with prolonged compres-
sion time, but also indicates that DTl metrics
are likely to become an objective tool to quan-
tify disease severity, moving beyond subjective
symptom descriptions and assisting in clinical
hierarchical management [30].

A key contribution of this work was establishing
preoperative DTl metrics as prognostic indica-
tors for MVD outcomes. Multivariable regres-
sion identified preoperative affected-side FA as
an independent determinant of 6-month post-
operative outcomes, and its predictive efficien-
cy was above medium (AUC=0.780). When FA
value <£0.378, the sensitivity of predicting poor
prognosis was 87.50%. This finding aligns with
a systematic review by Cipollina et al. [31] dem-
onstrating that preoperative FA and RD predict
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outcomes after MVD for TN. However, while
lower FA was associated with better outcomes
in that review, our study found that higher FA
predicted favorable prognosis-a discrepancy
that may reflect differences in the pathophysi-
ology of sensory versus motor cranial nerves.
This suggests that the severity of preoperative
nerve microstructural injury directly determin-
es the potential for postoperative nerve repair
and the upper limit of functional recovery. For
patients with low FA values, surgeons can con-
duct more thorough risk assessment and doc-
tor-patient communication before surgery, im-
plement more refined decompression proce-
dures during surgery, and formulate individual-
ized rehabilitation plans after surgery, thereby
optimizing the overall treatment strategy [32].
At the same time, the dynamic changes in DTI
metrics after surgery (such as increased FA
and decreased RD in the good prognosis group)
provide visual imaging evidence of the nerve
repair process (e.g., remyelination), making DTI
a useful tool for monitoring surgical effects
and biological response. This is consistent with
findings from Jin et al. [33], who reported that
FA values in HFS patients increased signifi-
cantly at 6 months and 1 year after MVD com-
pared to preoperative values, while apparent
diffusion coefficient values decreased. Further-
more, animal studies have demonstrated that
DTI can detect axonal regeneration and remye-
lination following nerve injury, with FA increas-
ing and RD decreasing as nerves recover [34,
35]. These observations support the interpreta-
tion that postoperative DTl changes in HFS
patients reflect genuine neurobiological recov-
ery processes.

This study still has several limitations: (1)
As a single-center study with a relatively mod-
est sample size-particularly only five patients
(8.34%) in the poor prognosis group-the sta-
tistical power of the multivariable analysis was
limited, and the estimated odds ratios may be
subject to small-sample bias. Although Firth's
penalized likelihood method was employed to
mitigate this issue, the findings require confir-
mation in larger, multicenter cohorts. The gen-
eralizability of our predictive model is therefore
preliminary. Of note, although the small sample
size may introduce instability in the estimation
of mean values, all five patients in the poor
prognosis group had FA values below the cutoff
of 0.378, supporting the consistency of the
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observed association between lower FA and
poorer outcome. (2) Although manual ROI seg-
mentation has been standardized and demon-
strates high consistency, it still involves sub-
jectivity. Automated or semi-automated seg-
mentation algorithms could be explored in the
future to improve efficiency. (3) As an indirect
measurement, DTl cannot accurately distin-
guish the contributions of different pathologic
processes such as demyelination, axonal inju-
ry, and gliosis. DTI combined with more ad-
vanced diffusion models (e.g., neurite orienta-
tion dispersion and density imaging) may pro-
vide more specific information. (4) The follow-
up time was short (6 months), and the long-
term recurrence rate and long-term evolution
of DTl metrics could not be observed. Further
research should focus on: (1) Establishing st-
andardized DTI scanning and post-processing
protocols across centers to promote the wide-
spread application of DTl technology; (2) Con-
structing a multimodal prediction model inte-
grating DTl metrics, clinical indicators, conven-
tional MRI findings, and electrophysiological
measures, along with machine learning app-
roaches, to enhance prognostic precision; (3)
Conducting longitudinal studies to clarify the
dynamic changes of DTl metrics at different
time points after surgery and their relationship
with the improvement of clinical symptoms; (4)
Expanding the application of DTl in the study of
central remodeling mechanisms, and compre-
hensively revealing the “peripheral-central” net-
work interaction mechanism of HFS in combi-
nation with functional MRI and other technolo-
gies [36-38].

Conclusion

This work provides comprehensive evidence
supporting the diagnostic and therapeutic uti-
lity of DTI in HFS. By optimizing the data ac-
quisition and post-processing procedures, DTI
can noninvasively and quantitatively reveal the
characteristic microstructural damage of the
REZ in patients, which in manifested as de-
creased FA and increased RD, providing in vivo
imaging evidence for the pathological hypothe-
sis of demyelination caused by neurovascular
compression. DTl not only demonstrates ex-
cellent diagnostic efficacy, effectively distin-
guishing between pathological compression
and asymptomatic contact, but its metrics
are also correlated with disease duration and
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symptom severity, serving as a tool for quan-
titative disease evaluation. More importantly,
preoperative FA value is an independent and
reliable biomarker for predicting the long-term
efficacy of MVD, providing an objective basis
for individualized prognosis assessment and
clinical decision-making. The integration of DTI
into the preoperative evaluation system for HFS
marks a new era in the diagnosis and treat-
ment model-shifting from reliance on macro-
scopic morphological experience to integrat-
ing microstructural quantitative information for
precision and individualization. Although chal-
lenges remain in standardization and technical
optimization, DTl has undoubtedly become a
key bridge to advancing the development of
precision diagnosis and treatment for cranial
nerve diseases.
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