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This prospective study aimed to assess temporal changes in vascularization and neurosensory function in the
mental foramen region using Doppler ultrasonography (USG) and clinical sensory tests in patients undergoing
orthognathic surgery. Sixteen patients with skeletal Class II or III malocclusion were included. Evaluations were
performed at four time points: preoperatively (TO) and postoperatively at 1 week (T1), 1 month (T2), and 3
months (T3). Sensory assessments included pinprick, pressure (VAS), neurosensory sensitivity (VAS), brush, and
two-point discrimination tests. Blood flow and mental foramen diameter were evaluated using a Philips eL18-4
MHz linear probe via Color and Power Doppler USG. Statistical analysis was performed using repeated-measures
ANOVA with Greenhouse-Geisser correction or the Friedman test as appropriate; Bonferroni-adjusted post-hoc
tests were applied. Accessory mental foramen was detected in 9.4 % of patients. The foramen diameter was
significantly greater in males (p = 0.025). A significant reduction in blood flow was observed at T3 versus earlier
time points (p < 0.05). Sensory scores showed significant time-dependent changes (p < 0.0083), with greatest
deficits at T1 and partial recovery by T3. These findings suggest that vascular and neurosensory alterations in the
mental foramen region are dynamic postoperatively. The reduction in flow at 3 months may impact long-term
recovery. Doppler USG, being non-invasive and practical, offers valuable insight for surgical planning and
follow-up.

1. Introduction 2021). Bimaxillary procedures are often preferred in complex Class III

skeletal patterns to achieve optimal three-dimensional harmony

Orthognathic surgery is a well-established surgical approach for
correcting skeletal and dentoalveolar discrepancies in the maxillofacial
region, with the dual goals of improving function and aesthetics
(Friedrich et al., 2024; Ngan and Moon, 2015). It plays a vital role in
addressing jaw discrepancies, facial asymmetry, and malocclusions that
cannot be managed by orthodontic treatment alone (Lin et al., 2025;
Ngan and Moon, 2015; Vilanova et al., 2023). Surgical correction has
been shown to improve mastication, speech, and appearance, contrib-
uting significantly to patients’ overall quality of life (Lin et al., 2025;
Vilanova et al., 2023; Zamboni et al., 2019). Among the common
orthognathic techniques, Le Fort I osteotomy and bilateral sagittal split
ramus osteotomy (BSSRO) are frequently employed to reposition the
maxilla and mandible, respectively (Rios et al., 2022; Zawislak et al.,

(Xianwen et al., 2017; Zawislak et al., 2021).

During these interventions, the mental foramen and its neuro-
vascular contents—including the mental nerve and vessels—may be
exposed to mechanical stress or surgical trauma (Rahpeyma and Kha-
jehahmadi, 2018; Yoshimoto et al., 2022). Such manipulations can lead
to postoperative neurosensory disturbances and altered perfusion in the
mental foramen region (Chhikara et al., 2023; Peleg et al., 2021; Rah-
peyma and Khajehahmadi, 2018; Verweij et al., 2015; Yoshimoto et al.,
2022). Accurate identification of the foramen and assessment of regional
blood flow are essential to prevent or manage such complications
(Caglayan et al., 2019; Krishnan et al., 2024; Kumar et al., 2021). While
modalities like CBCT or panoramic radiography are widely used for
anatomical visualization, they lack the ability to dynamically assess
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vascular status and involve ionizing radiation (Krishnan et al., 2024;
Kumar et al., 2021; Pelé et al., 2021).

In recent years, ultrasonography (USG) has emerged as a non-
invasive, radiation-free alternative for evaluating the mental foramen
region (Artas and Yalcin, 2023). High-resolution linear probes allow for
anatomical localization, while color Doppler USG enables real-time
assessment of regional hemodynamics (Artas and Yalcin, 2023). How-
ever, studies examining vascular changes in the mental foramen
post-orthognathic surgery remain limited, and most rely on subjective
sensory testing without concurrent evaluation of perfusion (Baydan and
Soylu, 2024, Kim et al.). To date, no comprehensive study in the liter-
ature has examined Doppler USG flow at the level of the mental foramen
in relation to orthognathic surgery. Therefore, evaluating postoperative
vascular changes alongside clinical sensory testing would address a
significant gap in the current body of knowledge.

The aim of this study was to investigate dynamic changes in blood
flow at the level of the mental foramen following orthognathic surgery
using Doppler USG. Furthermore, we aimed to assess the diagnostic
value of USG by correlating vascular measurements with neurosensory
test outcomes.

2. Materials and methods

This prospective study included a total of 17 volunteer patients aged
between 18 and 55 who presented to the Department of Oral and
Maxillofacial Surgery at Bezmialem Vakif University Faculty of
Dentistry between July 2024 and February 2025 with malocclusion
complaints and were diagnosed with orthognathic surgery indication
based on detailed clinical and radiographic evaluations. The study was
approved by the Clinical Research Ethics Committee of Bezmialem Vakif
University (approval number: 142577; date: 27.02.2024) and conducted
in accordance with the principles of the Declaration of Helsinki. Written
informed consent was obtained from all participants prior to their in-
clusion in the study.

2.1. Participant selection

Patients who had reached skeletal maturity, were aged between 18
and 60 years, and were diagnosed with skeletal Class II or Class III
malocclusion requiring orthognathic surgery were eligible for inclusion.
Exclusion criteria were the presence of systemic disease, a history of
surgery or trauma in the mandibular region, preoperative neurosensory
dysfunction of the inferior alveolar nerve, pregnancy or suspected
pregnancy, and any local or systemic condition that may contraindicate
general anesthesia.

Seventeen patients were initially included in the study. However,
one patient was excluded due to failure to attend the 3-month post-
operative follow-up visit, resulting in missing long-term data. Therefore,
statistical analyses were performed on the data of 16 patients who
completed all follow-up evaluations. The excluded patient (n = 1) did
not differ significantly from the included participants in terms of sex (32,
p = 1.000) or skeletal malocclusion type (Xz, p = 1.000). Due to single-
case comparison, age was not subjected to t-test analysis. These findings
suggest that drop-out bias is unlikely.

2.2. Data collection

All participants were initially evaluated through extraoral and
intraoral examinations to determine their eligibility according to the
inclusion criteria. Those deemed eligible underwent panoramic radio-
graphic imaging (Planmeca Promax 2D, Helsinki, Finland) and a
detailed clinical examination. The mental foramen, mental foramen
diameter, mental artery, and arterial blood flow were assessed using
USG. Additionally, subjective neurosensory tests, including the pinprick
test, pressure VAS, neurosensory sensitivity VAS, two-point discrimi-
nation, and brush test, were conducted.
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All individuals underwent orthognathic surgery at the Bezmialem
Vakif University, and were assessed at four time points: preoperatively
(TO), and postoperatively at 1 week (T1), 1 month (T2), and 3 months
(T3). At each time point, the same radiological and clinical evaluations
were repeated.

2.3. Orthognathic surgery protocol

Orthognathic surgeries were performed under general anesthesia
following comprehensive orthodontic and radiological planning. Pre-
operatively, the oral cavity was disinfected, and sterile drapes were used
to isolate the surgical field. For maxillary access, a horizontal vestibular
incision was made, followed by Le Fort I osteotomy using a piezoelectric
device. Mobilization was achieved via dissection of the piriform aper-
ture, zygomaticomaxillary suture, and pterygomaxillary region. The
repositioned maxilla was fixed using titanium plates and screws, with
bone grafts applied when necessary.

Mandibular surgery involved a BSSRO. A vestibular incision pro-
vided access to the ramus, and osteotomy lines were created using a
surgical bur. The anterior segment was repositioned and aligned with
the posterior segment, then fixed rigidly. The inferior alveolar nerve
(IAN) was classified into six categories based on position, dissection, and
trauma:

IAN 1: Remained in the distal segment, not visualized.

IAN 2: Remained in the distal segment, visualized.

IAN 3: In the proximal segment, dissected without damage, reposi-
tioned distally.

IAN 4: In the proximal segment, sheath damaged, repositioned after
dissection.

IAN 5: In the proximal segment, continuity preserved but injured,
then repositioned.

IAN 6: Nerve continuity completely disrupted.

In this study, only IAN types 1 to 3 were observed; types 4 to 6 did not
occur.

In bimaxillary procedures, the maxilla was repositioned prior to the
mandible. Intraoperative splints were used when needed, and occlusion
was carefully verified. Postoperative care included intravenous fluids,
antibiotics, and analgesics. Patients were initially placed on a liquid diet,
with intermaxillary elastics guiding occlusion. Functional chewing
resumed after 4-6 weeks, and orthodontic treatment continued in the
postoperative phase.

2.4. Ultrasonographic imaging and evaluation

Mental foramen diameter and vascular flow measurements were
performed at the Department of Radiology, Faculty of Medicine, Bez-
mialem Vakif University, using a Philips PureWave ultrasound device
(France). Evaluations were conducted at four time points: TO, T1, T2 and
T3.

Ultrasonographic imaging was carried out extraorally using a linear
probe (Philips eL18-4 MHz, France). To ensure optimal acoustic
coupling, a water-based ultrasound gel (Naturel, Tiirkiye) was applied
between the probe and skin. Patients were examined in a seated posi-
tion, and both right and left mental foramen regions were evaluated
separately. The probe was positioned over the mental foramen region
extraorally and images were obtained in both transverse and longitu-
dinal planes. The clearest image of the mental foramen was frozen, and
vertical and horizontal diameters were measured (Fig. 1). Mental artery
blood flow was assessed using color Doppler and power Doppler modes
(Fig. 2).

To ensure standardization, the pulse repetition frequency (PRF) was
set to 1300, and the Doppler gate was adjusted to 1.0 mm. The wall-filter
was set to 28 Hz for color Doppler and 40 Hz for pulsed Doppler eval-
uations. The angle of insonation was maintained below 60° during all
Doppler measurements to enhance signal quality and reproducibility.
Blood flow in the mental artery was assessed using both color and power
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Fig. 2. Spectral and color Doppler ultrasound image showing the flow velocity within the mental foramen. Time-averaged mean velocity (TAMV) = 2.40 cm/s;
volume flow = 24.7 cc/min; mental foramen diameter = .467 cm; cross-sectional area = .171 cm?

Doppler modes, and volume flow values were recorded in cc/min.
Measurements were performed separately for the right and left sides,
and the values were used for statistical analysis. All ultrasonographic
evaluations were conducted by two expert oral and maxillofacial radi-
ologists with 8 (E.A.) and 9 (L.S.) years of experience, respectively.

2.5. Neurosensory evaluation protocol

Before initiating neurosensory tests during the preoperative exami-
nation, each patient was thoroughly informed about the procedures at
the Department of Oral and Maxillofacial Radiology, Faculty of
Dentistry, Bezmialem Vakif University. During the tests, the patient’s
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eyes were kept closed.

In the two-point discrimination test, the area between the lower lip
and chin was divided in half, and each half was further subdivided into
nine equal regions using a pencil. A periodontal probe was used to gently
touch these points, and the patient was asked whether they could
distinguish the differences, thereby identifying potential sensory loss.

In the brush test, a soft bond brush was gently stroked across the
perioral region of the lower lip to evaluate the patient’s ability to
differentiate between the right and left sides.

In the pinprick test, the patient was asked to rate the pain intensity
caused by light needle-tip pricks applied intraorally to the right and left
anterior regions on a 0 to 5 Visual Analog Scale (VAS).
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For pressure sensitivity testing, gentle pressure was applied to the
corresponding region using the back of a dental mirror, and the patient’s
sensory response was rated on a VAS from O to 5.

All neurosensory and radiographic evaluations were performed at
four time points: preoperatively (T0), postoperative 1st week (T1), 1st
month (T2), and 3rd month (T3).

VAS Scoring Scale (1-5) for Pain, Pressure, and Neurosensory
sensitivity.

1 No sensation at all

2 Almost no sensation

3 Decreased sensation

4 Almost normal sensation
5 Normal sensation

2.6. Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics for
Windows, Version 28.0 (IBM Corp., Armonk, NY, USA). Normality of
data distribution was tested using the Shapiro-Wilk test, and sphericity
was verified using Mauchly’s test. When the assumption of sphericity
was violated, the Greenhouse-Geisser correction was applied. Inde-
pendent samples t-test was used for comparisons between two groups,
and Spearman correlation analysis was applied to evaluate the rela-
tionship between continuous variables. Pearson Chi-square test was
used to determine the relationship between categorical variables.

Repeated measurements over time were analyzed using repeated
measures ANOVA with Greenhouse-Geisser correction. When a statis-
tically significant main effect was found, Bonferroni-adjusted post-hoc
tests were conducted, and the significance level was set at p < 0.05.

For non-parametric repeated measurements related to neurosensory
testing (pinprick, pressure, neurosensory sensitivity, and two-point
discrimination), the Friedman test was used. Pairwise comparisons be-
tween time points were performed using the Wilcoxon Signed-Rank test,
and Bonferroni correction was applied only to these four comparisons,
with the adjusted significance level set at p < 0.0083. Effect sizes were
calculated for all significant time effects using partial eta squared (1°p)
for ANOVA and Cohen’s dz for paired comparisons, accompanied by 95
% confidence intervals (CI). For all other analyses, p < 0.05 was
considered statistically significant.

2.7. Power analysis

A post-hoc power analysis was performed to determine whether the
study sample size was sufficient to detect temporal changes across the
four follow-up periods (TO-T3). Effect sizes were derived from repeated-
measures ANOVA and paired t-tests for each primary and secondary
outcome variable. Within-subject effects were expressed as partial eta
squared (1°p), and paired comparisons between baseline (T0) and the
late postoperative phase (T3) were further quantified using Cohen’s dz
with corresponding 95 % confidence intervals (95 % CI).

For the mean mental artery flow, a large effect size was observed
(nzp = 0.65; dz = 1.34; 95 % CI [.69-1.98]) with an observed power of
.99 (n = 12).

For the two-point discrimination test, a similarly large effect was
found (nzp = 0.61; dz = 1.30; 95 % CI [.73-1.87]) with an observed
power of 1.00 (n = 16).

For the neurosensory sensitivity test, a large within-subject time ef-
fect was also present (nzp =0.59;dz=1.12; 95 % CI [.55-1.69]) with an
observed power of .98 (n = 16).

For the pinprick test, the observed time effect remained large (n%p =
0.57; dz = 1.05; 95 % CI [.51-1.59]) with an observed power of .97 (n =
16).

All observed power values exceeded the conventional .80 threshold,
confirming that the study was adequately powered to detect clinically
meaningful changes across time. Therefore, the sample size was
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considered statistically sufficient to support the validity and reproduc-
ibility of the reported findings within this prospective controlled design.

3. Results

A total of 16 participants (11 females, 5 males) aged 18-55 years
(mean age: 25.19 + 9.15) were included. Of the 32 hemimandibles
evaluated, 3 (9.4 %) exhibited accessory mental foramen (AMF). Skel-
etal Class Il malocclusion was present in 5 individuals (31.3 %) and Class
III in 11 (68.8 %). The mean diameter of the mental artery was 3.80 +
.59 mm (range: 2.50-5.00 mm).

The mental foramen diameter was significantly larger in males (4.15
+ .59 mm) than in females (3.64 + .53 mm) (p = 0.025). No statistically
significant sex-related differences were observed in mean blood flow
values or any sensory test parameters (p > 0.05). Spearman correlation
showed no significant relationship between age and variation (r = .082,
p = 0.657). A significant association was identified between sex and
intraoperative IAN status (XZ (2) = 6.49, p = 0.039), with the nerve more
frequently dissected and repositioned in females (Table 1).

No significant differences were found between malocclusion type
and mental foramen flow values at any time point (T0-T3), although a
moderate, non-significant effect size was seen at T3 (Cohen’s d = —.53,
p = 0.134). Repeated-measures ANOVA (Greenhouse-Geisser correc-
tion) revealed a significant decrease in mean blood flow over time (F
(1.38, 13.79) = 7.13, p = 0.013). Post-hoc Bonferroni tests indicated
that T3 flow was significantly lower than at TO, T1, and T2 (p < 0.05),
while no differences were found among TO-T2 (Table 2).

For neurosensory parameters, the Friedman test indicated significant
time-dependent changes in all measures. Pinprick test: ¥ (3) = 54.55, p
< 0.001, with the lowest scores at T1 and partial recovery by T3.
Pressure VAS: ¥ (3) = 60.76, p < 0.001, lowest at T1; recovery observed
at T3 but not fully reaching baseline. Neurosensory sensitivity: y2 (3) =
56.24, p < 0.001, improving at T3 but remaining below T0. Two-point
discrimination: XZ (4) = 50.46, p < 0.001, highest thresholds at T1,
approaching baseline by T3 (p = 0.199). (Table 3).

4. Discussion

This prospective study demonstrated that postoperative vascular and
sensory changes in the mental foramen region are dynamic. A statisti-
cally significant reduction in blood flow was detected at postoperative
month 3, suggesting underlying neurovascular remodeling or transient
vascular dysregulation that may delay neurosensory recovery. Doppler
ultrasonography proved valuable not only for anatomical localization of
the mental foramen but also for dynamic perfusion assessment. Its non-
invasive and real-time application supports individualized follow-up
and informed decision-making for secondary interventions such as
implant placement.

AMF is an anatomically significant variation with clinical
Table 1
Association between gender and the status of the mandibular nerve during
surgery.

Total
IAN 1 IAN 2 IAN 3
Gender Female 4 3 15 22
Male 4 4 2 10
Total 8 7 17 32
Value df  Asymptotic Significance (2-sided)
Pearson Chi-Square 6.498% 2 .039*
Likelihood Ratio 6.783 2 .034
Linear-by-Linear Association 4.648 1 .031
N of Valid Cases 32

Pearson Chi-Square a. 3 cells (50.0 %) have expected count less than 5. The
minimum expected count is 2.19.
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Table 2
Inter-timepoint comparison of changes in mental foramen blood flow.
(I) Time &) Mean std. sig.” 95 % Confidence
mean + Time Difference (I- Error Interval for
SD(D) B Difference”
Lower Upper
Bound Bound
TO .06 + T1 —.025 .027 1.000 -.112 .062
.04 T2 —.010 .019 1.000 —.071 .050
T3 .051° .014 .033" .004 .097
T1.09 + TO .025 .027 1.000 —.062 112
.05 T2 .015 .010 .879 —.016 .046
T3 .076" .018 .012° .016 .136
T2 .07 + TO .010 .019 1.000 —.050 .071
.03 T1 —.015 .010 .879 —.046 .016
T3 .061° .012 .003" .022 .099
T3 .01 + TO —.051° .014 .033" —-.097 —.004
.01 T1 —-.076" .018 .012° —.136 —.016
T2 —-.061" .012 .003" —.099 —.022

Based on estimated marginal means.
# The mean difference is significant at the .05 level.
b Adjustment for multiple comparisons: Bonferroni.

implications, particularly during procedures involving the mandibular
neurovascular bundle such as implant placement and orthognathic
surgery. Studies have reported considerable variability in AMF preva-
lence and location. In a Turkish cohort, Coban et al. (Coban et al., 2025)
reported a prevalence of 13 %, with most AMFs located posteroinferior
to the mental foramen. Our study identified AMF in 9.4 % of patients,
without significant associations with age or sex. Although precise
localization was not subclassified, the observed frequency aligns with
previous reports. Variations in prevalence may reflect differences in
sample size, imaging technique, or inclusion criteria. These findings
reinforce the importance of detailed preoperative radiographic assess-
ment to identify AMF and minimize the risk of iatrogenic complications.

Accurate evaluation of the IAN is essential for reducing complica-
tions in orthognathic surgery. The proximity of the IAN to mandibular
cortical structures can influence nerve injury risk, as demonstrated by
Wittwer et al., (2012), who found a 60 % injury likelihood when the
nerve was near the buccal cortex during BSSRO. Similarly, Shaik et al.,
(2017) confirmed the predictive value of CT imaging in correlating with
intraoperative nerve findings. In our study, we used a six-type intra-
operative classification across 32 mental foramen regions. Most cases
were classified as type 3, with the nerve remaining in the proximal
segment and being transferred safely. No significant associations were
found between IAN position and either volume flow or malocclusion.
However, a significant sex-related difference emerged: female patients
more frequently required nerve dissection and repositioning (p =
0.039). This contrasts with previous literature, which focused on
imaging-based geometric assessments. Our intraoperative approach of-
fers direct insight into nerve behavior during surgery and suggests that
sex may influence nerve positioning. These findings highlight the

Journal of Cranio-Maxillo-Facial Surgery 53 (2025) 2320-2326

intraoperative classification systems to optimize surgical planning,
minimize iatrogenic injury, and enhance procedural safety.

The evaluation of vascular dynamics in the mental foramen region
holds clinical importance, particularly for neural regeneration, post-
operative healing, and implant-related surgical planning. However,
existing studies are limited and largely qualitative, often categorizing
blood flow as “strong” or “weak,” which restricts detailed understanding
of perfusion changes over time. Caglayan et al. (Caglayan et al., 2019)
assessed 60 mental foramina and reported 52 with strong and 8 with
weak flow; Baladi et al., (2015) found 18 strong and 12 weak patterns in
patients over 60; Eiseman et al., (2005) reported strong flow in 11 of 12
patients under 65 and in 9 of 19 over 65. Artas et al. (Artas and Yalcin,
2023) observed strong flow in only 25.8 % of 120 foramina. These
studies, however, lacked temporal assessment and objective quantifi-
cation. In contrast, our study performed quantitative Doppler ultraso-
nographic evaluations at four time points—preoperatively (T0), and at
postoperative week 1 (T1), month 1 (T2), and month 3 (T3) —in 32
mental foramina of 16 orthognathic surgery patients. A slight increase in
blood flow volume was observed at T1 compared to TO, followed by a
minor decline at T2, although still higher than baseline. These changes
were not statistically significant (p > 0.05). However, a significant
reduction in vascular flow was recorded at T3 compared to all prior time
points (p < 0.05). The observed decrease in perfusion at T3 may be
explained by mechanisms such as transient sympathetic hyperactivity,
which impairs microcirculation and promotes tissue edema, or by
structural changes including microvascular remodeling and perivascular
fibrosis (Li et al., 2017; Wang et al., 2025). This suggests a potential
decline in regional perfusion during the late postoperative period, which
may have clinical implications not only for neural regeneration but also
for implant planning and pre-prosthetic soft-tissue grafting, as reduced
flow may compromise graft take and tissue healing. Unlike previous
studies, which generally provided single-time-point and qualitative as-
sessments, our study offers a time-dependent quantitative analysis,
addressing a notable gap in the literature. The key distinction lies in our
objective documentation of dynamic flow changes over time. Differ-
ences between our findings and previous research may stem from the
surgical patient population included, the longitudinal design, and the
use of quantitative Doppler parameters. Taken together, our results
provide novel insight into the temporal vascular response of the mental
foramen region following orthognathic procedures.

The dimensional evaluation of the mental foramen is clinically
important for procedures such as implant placement, surgical planning,
and endodontics. Multiple studies have compared mental foramen di-
mensions across imaging modalities, including CBCT, panoramic radi-
ography, and USG(Artas and Yalcin, 2023; Caglayan et al., 2019;
Kalender et al., 2012, Kokten et al., 2012). Artag et al. (Artas and Yalcin,
2023) reported horizontal diameters of 4.14 + .86 mm (USG) and 4.62
+ .78 mm (CBCT), indicating a slight underestimation by USG. Kalender
et al., (2012) found mean diameters of 3.4 4 .8 mm (transverse) and 3.7
+ .7 mm (vertical) via CBCT, while Kokten et al. (Kokten et al., 2012)
reported values of 3.39 mm on dry mandibles and 4.06 mm on radio-

importance of both preoperative radiographic imaging and ;,
P preop grap §ing graphs. In contrast, Caglayan et al. (Caglayan et al., 2019) observed no
Table 3
Evaluation of pinprick test, pressure VAS, neurosensory sensitivity VAS, and two-point discrimination results over time.
Mean Rank Mean Rank Mean Rank Mean Rank
TO Pinprick 3,53 TO Pressure Test 3,55 TO Neurosensory sensitivity 3,66 TO/Two point discrimination 1,69
T1 Pinprick 1,63 T1 Pressure Test 1,55 T1 Neurosensory sensitivity 1,84 T1/Two point discrimination 3,59
T2 Pinprick 2,08 T2 Pressure Test 2,06 T2 Neurosensory sensitivity 1,77 T2/Two point discrimination 2,94
T3 Pinprick 2,77 T3 Pressure Test 2,84 T3 Neurosensory sensitivity 2,73 T3/Two point discrimination 1,78
N 32 N 32 N 32 N 16
Chi-Square 54,551 Chi-Square 60,756 Chi-Square 56,244 Chi-Square 50,463
Df 3 Df 3 Df 3 Df 4
Asymp. Sig. <,001* Asymp. Sig. <,001* Asymp. Sig. <,001* Asymp. Sig. <,001*
Pinprick Pressure Neurosensory sensitivity Two point discrimination

Friedman Test *p < 0.05.
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significant difference between USG and CBCT, supporting USG’s diag-
nostic reliability. In our study, USG was used to measure only transverse
diameters, revealing significantly larger values in males (4.15 + .59
mm) than females (3.64 4+ .53 mm; p = 0.025). These findings align with
prior data from Artas et al. (Artas and Yalcin, 2023) for male patients.
Variations in female measurements may reflect demographic differences
or technical factors. Comparisons with dry bone studies suggest that
tissue absence may reduce apparent diameter. Collectively, our results
support USG as a reliable modality and reveal gender-related anatomical
differences.

The evaluation of neurosensory disturbances after orthognathic
surgery is essential for assessing both surgical success and postoperative
prognosis. Accordingly, there has been an increasing focus in the liter-
ature on longitudinal studies assessing temporal changes in sensory
function. In a 2024 study by Baydan et al. (Baydan and Soylu, 2024) the
effectiveness of two types of laser therapy and vitamin B complex sup-
plementation was compared in the treatment of lower lip paresthesia.
Several neurosensory tests—including two-point discrimination,
pinprick, and brush tests—were administered at frequent intervals in the
early postoperative period (days 3, 5, 7, and 9). While statistically sig-
nificant differences were found between treatment groups at some
points (e.g., at point C in the pinprick test), these results had limited
generalizability due to the short follow-up duration. In contrast, our
study employed a broader range of neurosensory tests—pinprick, pres-
sure sensitivity, general neurosensory sensitivity, and two-point dis-
crimination—at extended intervals (preoperative, 1 week, 1 month, and
3 months postoperatively) to assess the natural course of sensory re-
covery. Significant temporal changes were observed across all sensory
parameters, providing a comprehensive view of how neurosensory
sensitivity evolves during the healing process. Notably, the most pro-
nounced sensory deficits were recorded at T1, suggesting that the early
postoperative phase is critical for neurosensory impairment. The use of
multiple complementary tests allowed for a multidimensional evalua-
tion of sensory recovery. Although our study and the study by Baydan
et al. (Baydan and Soylu, 2024) share similar testing methodologies, the
primary distinction lies in their focus: while the former assessed the
response to therapeutic interventions, our investigation monitored
spontaneous recovery without any targeted treatment. Differences in
follow-up intervals and the presence or absence of interventions likely
account for the discrepancies in outcomes. Taken together, our findings
contribute valuable insight to the literature by offering a long-term
evaluation of postoperative neurosensory changes following orthog-
nathic surgery.

This study has several limitations. The relatively small sample size
and unequal sex distribution may limit generalizability, although the
post-hoc power analysis confirmed adequate sensitivity for detecting
clinically meaningful temporal effects. Doppler USG is inherently
operator-dependent, and small variations in probe angulation could
influence measurements. Additionally, follow-up was limited to 3
months; longer observation may reveal further vascular stabilization or
neural recovery. Future studies incorporating neurophysiological
methods (e.g., electromyography or nerve conduction testing) and
multicenter designs are recommended to validate and expand upon the
present findings.

This study provides one of the first quantitative, time-dependent
evaluations of vascular and sensory changes in the mental foramen re-
gion after orthognathic surgery. Doppler USG revealed a significant
decline in flow at 3 months, while sensory tests showed partial but
incomplete recovery. These results underscore the complementary value
of Doppler USG and clinical neurosensory testing for postoperative
neurovascular monitoring. Integrating these modalities may improve
risk assessment and guide individualized rehabilitation and surgical
planning.
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