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AIM: To compare the correlation between three-dimensional stereophotography (3D-SPG) and visual analogue scale (VAS) in the eval-
uation of periorbital swelling after upper blepharoplasty, and to provide a basis for postoperative swelling monitoring and recovery
evaluation.

METHODS: This retrospective study included 39 patients who underwent upper blepharoplasty between December 2024 and April 2025.
On postoperative days 1, 7, 14, and 28, 3D-SPG was used to measure objective morphological volume and double-eyelid fold width,
while periorbital swelling experienced by the patients was assessed using a visual analogue scale. Changes in objective morphological
volume and VAS scores from their baseline levels were calculated. Repeated measures analysis of variance was used to assess changes
over time, and Pearson correlation analysis was used to evaluate the correlation between objective morphological volume and VAS scores.
Standardized response mean (SRM) was calculated to compare the responsiveness of the two parameters.

RESULTS: During the postoperative 28-day period, the double-eyelid fold width, VAS score, and objective morphological volume
decreased significantly over time (all p < 0.001). There was a significant positive correlation between the objective morphological
volume and VAS score in the early postoperative period (d1-d7) (left eye: d1 r=10.467, p=0.003; d7 r=0.546, p < 0.001; right eye: d1
r=0.449, p=0.004; d7r=0.497, p=0.001). At late postoperative days (d14—d28), the correlation weakened and became not statistically
significant (left eye: d14 r=0.098, p = 0.555; d28 r = 0.175, p = 0.286; right eye: d14 r=0.254, p = 0.119; d28 r = 0.113, p = 0.494).
Sensitivity analysis showed that both parameters demonstrated high responsiveness in the early intervals (d1-d7 and d7-d14). However,
3D-SPG maintained consistently higher responsiveness throughout the observation period (SRM = 3.406-5.007), whereas VAS showed
a decline in responsiveness in the late interval (d14—d28), potentially due to a floor effect (SRM = 0.902—1.355).

CONCLUSIONS: Both 3D-SPG and VAS demonstrate distinct performance characteristics across postoperative stages. 3D-SPG pro-
vides objective, quantitative volumetric data, while VAS captures patient-perceived symptoms. These findings suggest that both methods
assess different dimensions of postoperative swelling. However, further studies are needed to determine whether their combined use of-
fers additional clinical benefit.
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precise assessment of the extent and duration of postopera-
tive swelling can enhance patient satisfaction with surgical
outcomes and guide clinicians in implementing targeted in-
tervention strategies.

Introduction

Upper and lower blepharoplasty are widely performed sur-
gical procedures to address periorbital skin laxity and/or or-
bital septal fat deposition. Although the surgical trauma as-
sociated with blepharoplasty is mainly limited to the ocular
region, prolonged periorbital soft tissue edema and stasis
after surgery can prolong the recovery period and hamper
accurate evaluation of the surgical outcomes [1]. Therefore,

At present, the commonly used clinical methods for eval-
uating ocular changes after blepharoplasty include di-
rect physical measurement, evaluation based on two-
dimensional (2D) planar images, and three-dimensional
(3D) imaging techniques, such as three-dimensional
stereophotography (3D-SPG). Direct physical measure-
ment requires tools such as calipers, tape measures, and a
- ] protractor. However, this method is less precise and prone
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acquisition of images for preoperative planning and post-
operative follow-up evaluations. However, due to the lack
of a unified measurement gold standard, the accuracy of
2D imaging remains controversial. By nature, 2D pho-
togrammetry lacks 3D spatial information and cannot re-
liably quantify periocular volumetric changes before and
after surgery, resulting in discrepancies between measured
values and actual anatomical conditions. In addition, 2D
facial imaging is susceptible to confounding factors such
as lighting conditions, changes in patient posture, shooting
distance, and equipment parameters [2].

By using 3D-SPG, various forms of 3D facial morphologi-
cal data, such as soft tissue surface color, texture, and spa-
tial metrics, can be captured [3—5]. This technique accu-
rately reconstructs the surface topography of soft tissue and
is well-suited for volumetric analysis. It is worth noting
that the measurement error of the stereophotography de-
vices has been reported to be less than 1 mm compared with
the direct measurement methods [3]. A comparative study
evaluating direct measurement, 2D and 3D techniques for
periocular assessment demonstrated that 3D stereophotog-
raphy offers excellent reliability [6]. Three-dimensional
surface imaging technology is now widely used in plas-
tic and aesthetic surgery, providing objective and reliable
reference data for evaluating outcomes of procedures such
as facial filler injections and radiofrequency microneedle
surgery [7,8]. In addition to objective measurements, sub-
jective evaluations of postoperative swelling, such as self-
rated visual analogue scale (VAS), are widely used in clin-
ical practice. However, patient perception does not al-
ways align with objective morphological volume changes,
which may lead to discrepancies in postoperative evalua-
tion. Moreover, only a study has applied 3D-SPG to as-
sess volumetric changes following blepharoplasty [9], and
few have compared its correlation and responsiveness with
subjective measures such as VAS in the assessment of post-
operative periorbital swelling. Therefore, this retrospective
study aimed to compare the correlation and responsiveness
of 3D-SPG and VAS in evaluating periorbital swelling after
upper blepharoplasty, thereby providing a basis for postop-
erative monitoring and recovery evaluation.

Methods
Study Design

This study was approved by the Ethics Committee of
Jiangsu Province Hospital of Chinese Medicine, Affiliated
Hospital of Nanjing University of Chinese Medicine (ap-
proval number: 2025NL-064-02) and conducted in accor-
dance with the Declaration of Helsinki. Clinical records of
patients who underwent upper blepharoplasty at the Plas-
tic Surgery Outpatient Clinic of Jiangsu Province Hospital
of Chinese Medicine, Affiliated Hospital of Nanjing Uni-
versity of Chinese Medicine from December 2024 to April
2025 were included. Inclusion criteria were as follows: (1)
age >18 years; (2) no prior history of ocular plastic surgery;
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and (3) completion of one-month postoperative follow-up.
Exclusion criteria were as follows: (1) medical history of
facial pathologies, deformations, or impairment; and (2)
history of surgeries that may affect facial morphology. Af-
ter a careful subject selection based on the pre-defined in-
clusion and exclusion criteria, a total of 39 patients were en-
rolled, including 32 females and 7 males. All patients un-
derwent 3D-SPG to quantify the objective morphological
volume of the upper eyelid and double-eyelid fold width,
while periorbital swelling was assessed using the VAS.

Ocular Volumetric Assessment Using 3D-SPG

The 3D LifeViz Micro stereoscopic photography system
(QuantifiCare) was used in combination with Dermapix
software (version 3.0, QuantifiCare) [10] for 3D visualiza-
tion and quantitative measurement of the objective morpho-
logical volume [11-14]. Patients were assessed preopera-
tively and on postoperative days 1, 7, 14, and 28. To ensure
reproducibility, patient positioning was standardized using
floor markings, and 3D images were captured using the 3D
LifeViz Micro stereoscopic photography system with the
eyes closed and a neutral facial expression [14].

The upper eyelid region was defined using consistent
anatomical landmarks: the inferior boundary was the closed
palpebral fissure line; the superior boundary followed the
curve along the inferior margin of the eyebrow arch corre-
sponding to the supraorbital rim; and the medial and lateral
boundaries were defined by vertical extensions from the in-
ner and outer canthi [15]. Volume computation was per-
formed by automatically replicating electronic landmarks
on registered 3D models across time points, with objec-
tive morphological volume derived using a surface-based
subtraction method between aligned postoperative and pre-
operative models. Standard 2D clinical photographs were
obtained at each follow-up visit for clinical documentation
or auxiliary positioning [16]. The change in immediate
double-eyelid fold width was calculated as the immediate
double-eyelid fold width minus the width of the preopera-
tively double-eyelid line.

VAS Assessment

Patients self-rated the degree of eyelid and periorbital
edema using a VAS. The assessment tool consisted of a
10-cm horizontal line, with “0 (no swelling)” at the left
end and “100 (severe swelling)” at the right end. Patients
marked the point on the line corresponding to their per-
ceived swelling intensity. The distance between the marked
point and the left end (accurate to millimeters) was mea-
sured by the investigator and converted to a 0—100 score as
the VAS edema value at each time point [17]. Using the pre-
operative measurement as baseline, changes in VAS scores
were calculated for each postoperative time point (d1, d7,
d14, d28).
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Fig. 1. Postoperative temporal changes in double-eyelid fold width, VAS scores, and objective morphological volume. (A) Double-

eyelid fold width. (B) VAS scores. (C) Objective morphological volume. VAS, visual analogue scale; L, left; R, right.

Table 1. Temporal changes in double-eyelid fold width, VAS scores, and objective morphological volume (repeated measures

ANOVA).
Double-eyelid fold width VAS scores Objective morphological volume
Position Time (days) Mean + SD (mm) F P Mean =+ SD (points) F P Mean + SD (mL) F P
dl 1.439+£0.232 66.872 + 18.160 0.756 £ 0.052
. d7 0.708 £+ 0.200 29.744 £ 5.628 0.551 +0.049
Left eyelid 438.966 <0.001 330.488 <0.001 1556.334 <0.001
d14 0.497 £ 0.129 13.103 £ 7.351 0.275 +0.044
d2s8 0.243 £ 0.088 6.769 +4.928 0.115 + 0.044
dl 1.401 £0.222 73.000 +20.714 0.763 +0.055
. . d7 0.707 £ 0.228 25.641 +£3.930 0.551 £ 0.049
Right eyelid 413.197 <0.001 324.737 <0.001 1484.894 <0.001
d14 0.500 £ 0.154 14.205 £ 5.401 0.283 +£0.043
d2s8 0.284 +0.085 6.821 +4.547 0.107 £ 0.042

VAS, visual analogue scale; ANOVA, analysis of variance.

Statistical Analysis

The collected data were exported to Microsoft Excel (ver-
sion 16.0, Microsoft Corporation) and analyzed using SPSS
(version 26, IBM Corporation). Normality was assessed
using the Shapiro—Wilk test, and the results showed that
all variables were normally distributed. Repeated mea-
sures analysis of variance (ANOVA) was used to analyze
the temporal changes in objective morphological volume,
VAS scores, and double-eyelid fold width, with sphericity
assessed using Mauchly’s test. Greenhouse—Geisser correc-
tion was applied if sphericity was not satisfied, and Bon-
ferroni post-hoc comparisons were performed if necessary.
Pearson correlation analysis was used to compare the cor-
relation between objective morphological volume measure-
ments and VAS scores at each time point, and the correla-
tion coefficients were calculated at each time point. Re-
sponsiveness across the intervals d1-d7, d7-d14, and d14—
d28 was evaluated using the standardized response mean
(SRM).

Results
Baseline Characteristics of Patients

A total of 39 patients who underwent upper blepharoplasty
from December 2024 to April 2025 were included in this

study, including 32 females and 7 males. The mean age of
the patients was 24.6 4 5.3 years, and the mean BMI was
23.2 4+ 3.3 kg/m2. All patients underwent bilateral inci-
sional upper blepharoplasty and presented with no preoper-
ative periorbital edema. The mean operative time was 110.7
=+ 37.4 minutes. The degree of upper eyelid skin laxity was
classified as none in 12 patients, mild in 15, moderate in 10,
and severe in 2.

Trend of Postoperative Swelling Recovery

The immediate double-eyelid fold width showed a signifi-
cant downward trend over the postoperative recovery time,
with similar patterns observed in both eyes. The left eye-
lid fold width decreased from 1.439 4+ 0.232 mm on day
1 to 0.243 £+ 0.088 mm on day 28, while the right eyelid
fold width decreased from 1.401 4+ 0.222 mm on day 1 to
0.284 £ 0.085 mm on day 28. Repeated measures ANOVA
showed that time had a significant effect on the width of
both eyes (left eyes: F =438.966, p < 0.001; right eyes: F
=413.197, p < 0.001) (Table 1, Fig. 1).

The subjective VAS score for swelling showed a significant
downward trend over the postoperative recovery period (p
< 0.001), with similar patterns observed in both eyes. The
left eye VAS score decreased from 66.872 4+ 18.160 points
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Table 2. Pearson correlation between objective morphological volume and VAS scores at different postoperative time points.

Position Time (days) r P
d1 0.467 0.003
. d7 0.546  <0.001
Left eyelid
d14 0.098 0.555
d28 0.175 0.286
d1 0.449 0.004
. . d7 0.497 0.001
Right eyelid
di4 0.254 0.119
d28 0.113 0.494

Table 3. Responsiveness analysis of objective morphological volume and VAS scores.

Position Time (days)  Objective morphological volume  VAS score
d1-d7 5.007 2.782
Left eyelid d7-d14 3.528 1.974
d14-d28 3.788 0.902
d1-d7 3.406 2.452
Right eyelid d7-d14 3.821 2.067
d14-d28 4.437 1.355

on day 1 to 6.769 + 4.928 points on day 28, while the right
eye score decreased from 73.000 £ 20.714 onday 1 to 6.821
4 4.547 on day 28. Repeated measures ANOVA demon-
strated a significant effect of time on VAS scores in both
eyes (left eye: F = 330.488, p < 0.001; right eye: F =
324.737, p < 0.001) (Table 1, Fig. 1).

The objective morphological volume of the upper eyelid
demonstrated a significant decreasing trend over time af-
ter surgery, and the pattern of changes was similar in both
left and right eyes. The left eyelid volume decreased from
0.756 4+ 0.052 mL on day 1 to 0.115 4+ 0.044 mL on day
28, while the right eyelid volume decreased from 0.763 +
0.055 mL to 0.107 & 0.042 mL over the same period. Re-
peated measures ANOVA showed that the time factor had
a significant effect on the volumetric changes in both eyes
(lefteye: F=1556.334, p < 0.001; right eye: F =1484.894,
p < 0.001).

Overall, changes in the objective morphological volume
measurements, the perceived measurements using VAS
score, and double-eyelid fold width demonstrated a consis-
tent temporal trend, all indicating a gradual resolution of
postoperative edema over time (Table 1, Fig. 1).

Correlation Analysis

In this study, Pearson correlation analysis was used to eval-
uate the correlation between objective morphological vol-
ume and VAS score at different time points after surgery
(d1, d7, d14, d28). The correlation showed a dynamic pat-
tern over time. In the early postoperative period (d1 and
d7), a significant positive correlation was observed for both
eyes: left eye (d1: r=0.467, p =0.003; d7: r=0.546, p <
0.001) and right eye (d1: r=0.449, p=0.004; d7: r=0.497,
p=0.001). However, at later time points (d14 and d28), the
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correlation weakened and became not statistically signifi-
cant for either eye (left eye: d14 r=0.098, p = 0.555; d28 r
=0.175, p = 0.286; right eye: d14 r=0.254, p=0.119; d28
r=0.113, p = 0.494). These findings suggest that different
evaluation methods may be more appropriate at different
stages of postoperative recovery (Table 2).

Sensitivity Analysis of Objective Morphological Volume
and VAS Scores

During the early stage of postoperative recovery (d1-d14),
both objective morphological volume and VAS scores ef-
fectively captured the overall decreasing trend of postop-
erative swelling. In the middle and late stages of postop-
erative recovery (d14—d28), objective morphometric imag-
ing maintained high sensitivity (SRM = 3.788-4.437) and
was able to accurately detect subtle changes in residual mild
swelling. Although the SRM of VAS scores ranged from
0.902 to 1.355, most patients’ VAS scores approached zero
at day 28, indicating a pronounced floor effect. This limited
its ability to distinguish the small fluctuations of residual
swelling and reduced its evaluative utility in the mid-late
postoperative period (Table 3).

Discussion

Accurate assessment of postoperative swelling is funda-
mental to clinical decision-making after upper blepharo-
plasty. Persistent or abnormal edema may be associated
with complications such as hematoma or infection, while
overestimation of swelling may lead to unnecessary inter-
ventions [1]. At present, clinical evaluation of periorbital
swelling still relies largely on clinicians’ subjective judg-
ment or semi-quantitative tools such as VAS, and there re-
mains a lack of objective methods for precise quantification
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of periorbital volume changes. Only a study has applied
3D-SPG to assess volumetric changes after blepharoplasty
[9]. This study retrospectively compared the performance
of 3D-SPG and VAS in evaluating postoperative swelling.
Based on the analysis intervals (d1-d7, d7-d14, and d14—
d28), both methods effectively captured the overall reduc-
tion in swelling during the early postoperative phase (d1-
d7 and d7-d14). Notably, 3D-SPG demonstrated consis-
tently higher responsiveness across all time intervals (SRM
=3.406-5.007), whereas VAS showed good responsiveness
in the early stages but a marked decline in the late interval
(d14-d28), potentially due to a floor effect. These tempo-
ral differences in sensitivity provide useful insights for op-
timizing postoperative monitoring strategies.

First, we analyzed temporal changes in objective morpho-
logical volume, VAS scores, and double-eyelid fold width,
all of which demonstrated a consistent decline over time, in
line with the expected clinical course of postoperative re-
covery. Second, we evaluated the correlation between 3D-
SPG measurements and VAS scores. The results showed
a dynamic relationship over time: a significant positive
correlation was observed in the early postoperative period
(d1, d7), whereas this correlation weakened and became
non-significant in the late postoperative period (d14, d28).
This finding is consistent with observations in the facial
plastic surgery literature indicating that objective measure-
ments and subjective assessments do not always align. For
instance, Mulder ef al. [18] reported a negligible corre-
lation (p = 0.20) between objective aesthetic assessments
and patient-reported satisfaction, suggesting that factors in-
fluencing patient satisfaction cannot be fully captured by
objective measures alone. This discrepancy may be at-
tributed to inherent heterogeneity among patients, includ-
ing individual differences in recovery rate, pain sensitiv-
ity, and type of tissue response. Such variability may lead
to different subjective—objective correspondence across in-
dividuals at the same postoperative time point, thus pre-
senting a statistically poor correlation in the overall anal-
ysis. During the early postoperative intervals (d1-d7 and
d7-d14), both methods effectively captured the overall de-
clining trend of postoperative swelling. In the late interval
(d14-d28), objective morphological volume measurements
remained highly responsive, whereas the sensitivity of VAS
score decreased. This may be attributed to the fact that VAS
score for most patients approached zero at day 28, indicat-
ing a potential floor effect, which limited its ability to detect
small fluctuations in residual swelling and its utility in the
late postoperative period. This is a well-recognized limita-
tion of subjective rating scales, in which scores cluster at
the lower end and fail to capture subtle yet clinically mean-
ingful changes [19].

In addition, 3D-SPG can capture detailed spatial informa-
tion, such as asymmetric swelling or focal edema. How-
ever, it has several limitations. First, the technique requires
specialized equipment and software, which may be pro-

hibitively expensive for small practices. Second, consis-
tent positioning of the measurement region remains chal-
lenging, as minor variations in contour placement can in-
troduce measurement errors, a limitation that is not unique
to this study. Creasman ef al. [20,21] identified manual
landmarking as a major source of variability in 3D imaging
and proposed an automated anatomical registration system
to address this limitation. Future versions of 3D-SPG sys-
tems should integrate such automated functions to improve
reproducibility. Furthermore, deep tissue edema cannot be
directly assessed using this technique, and a comprehensive
assessment may require complementary imaging modalities
such as ultrasound or magnetic resonance imaging (MRI).
Several limitations of this study should be acknowledged.
First, this was a single-center retrospective study with a
relatively small sample size, which may limit the gener-
alizability of the findings to similar patients undergoing
primary cosmetic blepharoplasty, rather than patients with
more complex eye diseases. Future prospective, multi-
center studies with larger and more diverse cohorts are
needed to address these shortcomings. Second, we did
not explore the relationship between objective morphologic
volume changes and clinical outcomes such as patient sat-
isfaction or postoperative complications, which represents
an important direction for future research and would fur-
ther clarify the clinical relevance of 3D-SPG. Third, a floor
effect was evident in the late-stage VAS scores, highlight-
ing the limitations of conventional subjective scales in de-
tecting subtle residual changes during advanced recovery.
Future studies should consider incorporating more sensi-
tive and multidimensional assessment tools to better cap-
ture patient-reported outcomes. Fourth, the sex distribution
in our cohort (7 males and 32 females) was markedly im-
balanced. Given that biological sex may influence postop-
erative inflammatory responses and subjective symptom re-
porting, this represents a potential confounding factor that
was not adjusted for in our analysis. Consequently, the gen-
eralizability of our findings, particularly regarding the ab-
solute magnitude of swelling and VAS scores, may be lim-
ited. Future studies with more balanced cohorts, or those
specifically designed to investigate sex-based differences,
are warranted to validate our conclusions. In addition, in-
tegrating 3D-SPG with other objective modalities, such as
ultrasound for deep tissue assessment, may enable a mul-
timodal assessment approach that captures both superficial
and subcutaneous changes in postoperative swelling.

Representative Case

To better illustrate our findings, we present a representative
case. A 28-year-old female patient underwent blepharo-
plasty with double-eyelid formation in our department. At
postoperative day 28, the patient reported that the perceived
swelling had not significantly decreased compared with that
at postoperative day 7. The 3D-SPG imaging was used
to compare the swelling at postoperative days 7 and 28
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Fig. 2. Degree of swelling reduction at postoperative day 7 compared with day 1 (baseline at postoperative day 1).

Fig. 4. Degree of swelling reduction at postoperative day 28 compared to day 7 (baseline at postoperative day 7).

(Figs. 2,3,4). Informed consent was obtained from the pa-
tient.

Conclusions

Both 3D-SPG and VAS demonstrate distinct performance
characteristics across postoperative stages. 3D-SPG pro-
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vides objective, quantitative volumetric data, whereas VAS
reflects patient-perceived symptoms. These findings sug-
gest that the two approaches assess different dimensions of
postoperative swelling; however, further studies are needed
to determine whether their combined use offers additional
clinical benefit. Future research should further explore the
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correlation between objective morphological changes and
patient-reported outcomes, such as satisfaction and quality
of life, as well as clinical endpoints, including complica-
tion rates and long-term aesthetic results, to facilitate the
in-depth clinical application of this technique in aesthetic

surgery.
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