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Abstract

Background Creating an appropriate treatment plan for

patients with dermatochalasis requires careful investigation

of the periocular region. Utilizing photographic documen-

tation can assist physicians in conducting preoperative

analysis and managing expectations regarding surgical

outcomes.

Objectives This study aimed to quantify the periocular

characteristics of dermatochalasis patients using standard-

ized 3D imaging and to compare age and sex-related

changes in periocular features.

Methods In this cross-sectional study, we recruited 145

Caucasian patients with periocular dermatochalasis, com-

prising 48 men and 97 women, aged between 35 and 91

years. Standardized three-dimensional facial photographs

were taken using the 3D Imaging system VECTRA M3.

Linear dimensions, curve length, angle, indices, and sizes

were measured and analyzed, including palpebral fissure

height (PFH), palpebral fissure width (PFW), upper lid

fold-palpebral margin distance (FPD), upper palpebral

margin length (UPML), lower palpebral margin length

(LPML), canthal tilt (CT), palpebral fissure index (PFI),

upper eyelid area, and ocular surface area.

Results In the female group, the left-side PFH was slightly

larger than the right-side PFH (P = 0.023), but the dif-

ference was less than 1mm. The corresponding PFI also

showed a difference in the female group (P = 0.009).

Statistically significant differences were shown in genders

for specific parameters, except PFI (P = 0.251) and CT

(P = 0.098). Among males, PFW (R = -0.523,

p\ 0.001) and LPML (R = -0.514, P = 0.264) decreased

moderately with age. The correlation between UPML and

age was weak (R = -0.367, P = 0.010). Similarly, among

females, moderate correlations were found between age

and PFW (R = -0.566, P\ 0.001) and LPML (R =

-0.537, P\ 0.001). Additionally, PFH (R = -0.315,

P = 0.002), UPML (R = -0.381, P\ 0.001), and ocular

surface area (R = -0.457, P\ 0.001) showed weak cor-

relations with age.

Conclusions The study found that dermatochalasis usually

affects both eyes simultaneously, and age is a significant

factor in the morphological changes of certain periocular

features regardless of sex. The PFI is not influenced by age

or sex. These findings may provide useful information for

surgical planning and understanding age-related changes in

the periocular area.
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Introduction

A person’s appearance and how they are perceived affect

social interactions. The periocular region, which is strongly

associated with facial attractiveness, is particularly sus-

ceptible to showing signs of aging that are often considered

less attractive. Dermatochalasis is an advanced form of

skin aging that affects the periocular region, manifesting as

laxity and thinning of the skin as well as atrophy of the

periocular soft tissue that may result in anatomical

misalignment and formation of rhytides. Colloquially

referred to as ‘‘baggy eyes,’’ dermatochalasis is often

considered a cosmetic problem that affects middle-aged

and older individuals.

Blepharoplasty was developed to enhance the attrac-

tiveness of the periocular region and to achieve periocular

rejuvenation [1]. Prior to performing surgery on patients

with dermatochalasis, photographic documentation and

careful, detailed evaluation of the patient’s facial features

are essential to create an appropriate treatment plan; any

potential asymmetry should be identified and discussed

with the patient. However, accurate evaluation of facial

features can be challenging due to differences in pho-

tograph sizes, head movements, and facial expressions.

To overcome these challenges, noninvasive 3D imaging

technology that detects facial landmarks and measures a

series of variables is used to record and analyze variations

in the periocular region [2–6]. In previous studies, we

found that the intrarater measurements exhibited the

highest reliability, followed by the interrater and intram-

ethod measurements [7]. These findings validated the

method’s reliability for 3D linear and areal measurements

in the periocular region and identified the limitations in the

reliability of volumetric measurements derived from direct

measurements using a single image [4, 8]. Additionally, the

pupil has been verified as the most stable landmark for

establishing reference planes to describe periocular chan-

ges [9]. However, no 3D imaging technology-based studies

have been conducted on patients with dermatochalasis.

Therefore, our study aimed to analyze the periocular

characteristics of patients with dermatochalasis before

surgery and evaluate the impact of age and sex furtherly.

Methods

Participants and Recruitment

We recruited patients diagnosed with dermatochalasis

between January 2022 and April 2023 at REDACTED.

Each participant was of Caucasian ethnicity, aged over 18

years, and had no history of eyelid disease, trauma, or

surgery that could have impacted their facial morphology.

Individuals with cognitive deficits or those who were

unwilling or unable to cooperate were excluded. The study

was conducted in accordance with the Declaration of

Helsinki (as revised in 2013). The study was approved by

the Ethics Committee of REDACTED (approval num-

ber: 17–199) and informed consent was taken from all

individual participants.

Acquisition of Three-dimensional Facial Images

Stereophotography was performed using the VECTRA M3

3D Imaging System (Canfield Scientific, Inc., Parsippany,

NJ, USA). The 3D camera was calibrated daily, and a

trained operator (X.L.) captured all images following the

manufacturer’s guidelines. All images were captured in the

same clinical photography room under standard ambient

lighting without natural light sources. Patients were

instructed to remove glasses, masks, and any other facial

coverings, including facial makeup. Six cameras were

located at a fixed distance and angle relative to the patient.

Patients were seated in a fixed position and instructed to

maintain neutral expression while looking directly into a

mirror located in the upper middle region of the machine,

keeping their eyes between the vertical and horizontal

reference lines on the screen. Standard patient images were

obtained, and all measurements and analyses were per-

formed by the same operator (X. L.). Finally, proprietary

image processing software Vectra� M3 (3D Imaging

System; Canfield Scientific, Parsippany, NJ, USA) was

used to measure and analyze the 3D facial models. A series

of standardized landmarks in the periocular region was

selected based on previously published studies [3, 4]. These

landmarks are shown in frontal (Fig. 1A) and lateral

(Fig. 1B) views, with their respective abbreviations defined

in Table 1.

Additionally, we measured and calculated the palpebral

fissure height (PFH), palpebral fissure width (PFW), upper

lid fold-palpebral margin distance (FPD), curve length of

the upper palpebral margin length (UPML), curve length of

the lower palpebral margin length (LPML), angle of can-

thal tilt (CT), palpebral fissure index (PFI), upper eyelid

surface area, and ocular surface area by clicking to connect

the corresponding landmarks (Table 2).

Statistical Analysis

The Kolmogorov–Smirnov test for normality was used to

evaluate the distribution of the data. Demographic and

clinical characteristics are presented as mean ± standard
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Fig. 1 The standardized landmarks of three-dimensional evaluation.

A The frontal view of the periocular region; B The lateral view of the

periocular region. Pc is the pupillary center. Lm and Ll are

corneoscleral limbus point horizontal to Pc. Vertical to Pc are

correspondent points, i.e., Eps, FPs, Ps, and Pi. Similarly, Elm, Lm’,

Lm’’ are vertical to Lm, and ELl, Ll’’, as well as Ll’ are vertical to Ll.

Um is the middle point between Endocanthion (En) and Lm’, and Ul

is the middle point between Exocanthion (Ex) and Ll’ at the upper

palpebral margin on the lash roots. Likewise, Ul’ and Um’ are marked

at the lower palpebral margin on the lash roots. Furthermore, EUm is

vertical to Um, EEx is vertical to Ul, EEn is vertical to En, and EEx is

also vertical to Ex at the inferior margin of eyebrows. EExl is vertical

to Ex at the inferior margin of the eyebrow in the lateral review.

Table 1 Definition of abbreviations of periocular landmarks

Abbreviation of landmarks Definition

En Endocanthion, inner commissure of the palpebral fissure

Ex Exocanthion, outer commissure of the lower and upper eyelash roots of the palpebral fissure

Pc pupillary center

Ps Palpebrae superioris, Point vertical to Pc at the upper palpebral margin on the lash roots

Pi Palpebrae inferioris, Point vertical to Pc at the lower palpebral margin on the lash roots

FPs Point vertical to Pc at the lid fold superioris

EPs Point vertical to Pc at the inferior margin of eyebrows

Lm Medial corneoscleral limbus point horizontal to pupillary center

Lm’ Point vertical to Lm at the upper palpebral margin on the lash roots

Lm’’ Point vertical to Lm at the lower palpebral margin on the lash roots

Um Middle point between En and Lm� at the upper palpebral margin on the lash roots

Um’ Middle point between En and Lm�� at the lower palpebral margin on the lash roots

Ll Lateral corneoscleral limbus point horizontal to pupillary center

Ll’ Point vertical to Ll at the upper palpebral margin on the lash roots

Ll’’ Point vertical to Ll at the lower palpebral margin on the lash roots

Ul The middle between Ex and Ll� at the upper palpebral margin on the lash roots

Ul’ The middle between Ex and Ll�� at the lower palpebral margin on the lash roots

EEn Point vertical to En at the inferior margin of eyebrows

EEx Point vertical to Ex at the inferior margin of eyebrows

EExL Point vertical to Ex at the inferior margin of eyebrow in the lateral review

EUm Point vertical to Um at the inferior margin of eyebrows

ELm Point vertical to Lm at the inferior margin of eyebrows

ELl Point vertical to Ll at the inferior margin of eyebrows

EUl Point vertical to Ul at the inferior margin of eyebrows

Adapted by permission from Springer Nature from Guo Y et al. Reliability of periocular anthropometry using three-dimensional digital

stereophotogrammetry. Graefes Arch Clin Exp Ophthalmol 2019; 257:2517–31
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deviation (or median and interquartile intervals). Paired

sample t-tests were conducted to compare bilateral eyes,

and independent samples t-tests were performed for nor-

mally distributed data to compare different sexes. Wil-

coxon signed-rank tests and Mann–Whitney U tests were

employed for data that were not normally distributed.

Pearson correlation coefficient was used for correlation

analysis. The statistical analyses were conducted using

SPSS software version 22 (IBM Corporation, Armonk, NY,

USA). Figures were generated using GraphPad Prism 8.0.1

(GraphPad Software, San Diego, CA, USA). P val-

ues B 0.05 were considered statistically significant.

Results

A total of 145 participants with dermatochalasis were

enrolled in our study, ranging from 35 to 91 years of age

(mean age of 59.120 ± 9.282 years). There were 290 eyes

in 48 men (33.103%) and 97 women (66.897%).

Differences in Bilateral Periocular Area

Patients’ right eyes were compared with their correspond-

ing left eyes (Table 3). The PFH of the left eye was found

to be greater than that of the right eye both in the total

group and in the female group. Correspondingly, the PFI

also differed significantly between the two sides, with the

left eye showing higher values than the right eye in women.

However, the remaining parameters, including PFW, FPD

as well as the curve length of UPML and LPML, CT

angles, upper eyelid area, and ocular surface area did not

show any difference between the two sides.

Differences Between Male and Female Patients

We also examined discrepancies between male (mean age

of 61.420 ± 8.865 years) and female (mean age of

58.680 ± 9.362 years) patients (Table 4). There was no

significant difference in patients’ age according to sex;

however, several characteristics differed significantly

between the male group and the female group. Specifically,

PFH and PFW measurements were significantly greater in

the male group (9.680 ± 1.542 mm, 27.146 ± 2.689 mm,

respectively) than in the female group (8.995 ± 1.494 mm,

25.884 ± 2.913 mm, respectively) (both P\ 0.001).

However, males had a shorter FPD (2.470 mm [3.658])

than females (3.051 mm [3.922]). Additionally, the male

group had longer eyelids (UPML 35.830 ± 4.342 mm;

LPML 29.762 ± 3.277 mm) than females (UPML

33.622 ± 4.417 mm; LPML 28.474 ± 3.246 mm). More-

over, the exposed ocular surface area in males was greater

than that in females (2.069 ± 0.515 mm2 and

1.895 ± 0.483 mm2, respectively), and the male upper

eyelid area (5.236 ± 1.179 mm2) was smaller than that of

females (6.153 ± 1.382 mm2). However, there was no

significant difference in CT and PFI between the sexes (all

P[ 0.05).

Table 2 Definition of linear distance, curve, and size measurement variables for the periocular region

Abbreviation Landmarks

Linear dimensions

Palpebral fissure height, PFH Ps-Pi

Palpebral fissure width, PFW En-Ex

Upper lid fold-palpebral margin distance, FPD Ps-FPs

Curve length

Upper palpebral margin length, UPML En-Um-Lm’-Ps-Ll’-Ul-Ex

Lower palpebral margin length, LPML En-Um’-Lm’’-Pi-Ll’’-Ul’-Ex

Angle

Canthal tilt, CT Ex(l)-En(l)-En(r), or Ex(r)-En(r)-En(l)

Indices

Palpebral fissure index, PFI PFH/PFW

Sizes

Upper eyelid area EEn-EUm-ELm-EPs-ELl-EUl-EEx-EExl-Ex-Ul-Ll’-Ps-Lm’-Um-En-EEn

Ocular surface area En-Um-Lm’-Ps-Ll’-Ul-Ex-Ul’-Ll’’-Pi-Lm’’-Um’-En

Adapted by permission from Springer Nature from Guo Y et al. Reliability of periocular anthropometry using three-dimensional digital

stereophotogrammetry. Graefes Arch ClinExp Ophthalmol 2019; 257:2517–31
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Correlation Between Age and Periocular

Parameters

In the male group, PFW (R = -0.523, P\ 0.001) and

LPML (R = -0.514, P = 0.264) were moderately corre-

lated with age, whereas the correlation between UPML and

age was weak (R = -0.367, P = 0.010) (Fig. 2). Simi-

larly, in the female group, a moderate correlation was

observed between age and PFW (R = -0.566, P\ 0.001)

as well as age and LPML (R = -0.537, P\ 0.001). Fur-

thermore, PFH (R = -0.315, P = 0.002), UPML (R =

-0.381, P\ 0.001), and ocular surface area (R = -0.457,

P\ 0.001) showed a weak correlation with age of female

(Fig. 3).

Discussion

Conventionally the direct anthropometry and 2D systems are

standard methods for eyelids and brows related parameters

measuring [10]. Direct anthropometry, which uses sliding

and spreading calipers, is time-consuming and requires

patient cooperation, while the 2D system, which allows for

indirect anthropometry, requires labeling facial landmarks,

attaching a ruler to the patient’s face as a reference, and

capturing images with different gazes [11]. Facial imaging

contains more feature information of patients with derma-

tochalasis. Over the last decade, 3D imaging has become an

area of interest in facial imaging, gradually replacing 2D

systems and traditional anthropometry. Several studies have

been devoted to the reliability, reproducibility, and accuracy

Table 4 Variable measurement

differences between different

gender

Variable M F P

Linear dimensions

PFH 9.680 ± 1.542 8.995 ± 1.494 \ 0.001**

PFW 27.146 ± 2.689 25.884 ± 2.913 \ 0.001**

FPD 2.470 (3.658) 3.051 (3.922) 0.016*

Curve length

UPML 35.830 ± 4.342 33.622 ± 4.417 \ 0.001**

LPML 29.762 ± 3.277 28.474 ± 3.246 0.002*

Angle

CT 171.350 ± 4.365 170.502 ± 3.934 0.098

Indices

PFI 0.358 ± 0.053 0.349 ± 0.059 0.251

Sizes

Upper eyelid area 5.236 ± 1.179 6.153 ± 1.382 \ 0.001**

Ocular surface area 2.069 ± 0.515 1.895 ± 0.483 0.005*

M, male; F, female; PFH, Palpebral fissure height; PFW, Palpebral fissure width; FPD, Upper lid fold-

palpebral margin distance; UPML, Upper palpebral margin length; LPML, Lower palpebral margin length;

CT, Canthal tilt; PFI, Palpebral fissure index. Independent samples t-test, except that FPD was analyzed by

Mann–Whitney U test. *P B 0.05; **P B 0.001

Fig. 2 Correlations between the periocular variables and age in

males. A The correlation between palpebral fissure width (PFW) and

age (Pearsons’s correlation coefficient = -0.523). B The correlation

between upper palpebral margin length (UPML) and age (Pearson’s

correlation coefficient = -0.367). C The correlation between lower

palpebral margin length (LPML) and age (Pearson’s correlation

coefficient = -0.514).
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Fig. 3 The correlation between the periocular variables and age in

females. A The correlation between palpebral fissure height (PFH)

and age (Pearson’s correlation coefficient = -0.315). B The corre-

lation between palpebral fissure width (PFW) and age (Pearson’s

correlation coefficient = -0.566). C The correlation between upper

palpebral margin length (UPML) and age (Pearson’s correlation

coefficient = -0.381). D The correlation between lower palpebral

margin length (LPML) and age (Pearson’s correlation coeffi-

cient = -0.537). E The correlation between ocular surface area

and age (Pearson’s correlation coefficient = -0.457).
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of 3D photogrammetry in soft tissue evaluation [12–15], 3D

stereophotogrammetry seems to be an optimal and accurate

tool, especially for measuring the depth of facial sculptures

[16, 17] and representing the texture and color of skin

[15, 18]. Additionally, 3D imaging methods can provide

measurements of linear distance, angle, size, and volume, as

well as a permanent record of consultations [19]. In this

study, we used the 3D stereophotogrammetry to analyze

bilateral periocular regions of patients with dermatochalasis

and evaluated age-dependent changes, the factors strongly

associated with PFW and LPML are demonstrated.

Left–right bilateral symmetry is considered as an

important aspect of creating beauty. Our study showed that

PFH was more extensive on the left side than on the right

side. As there was no significant difference in PFW, PFI

was also greater on the left side. Except for PFH and PFI,

no significant differences were noted in other parameters

such as FPD, UPML and LPML, CT angles, upper eyelid

area, and ocular surface area. The prevalence of asymmetry

varies according to measurement criteria. In our study, the

difference in PFH between the left and right sides was less

than 1 mm, consistent with previously described differ-

ences in perceived asymmetry [20, 21]. Our findings also

align with the work by Pool et al., which used 2D photo-

assisted analysis and found no significant difference in the

mean eyelid fissure height between the right and left eyes

[22]. Our observations verified that patients with derma-

tochalasis exhibit bilateral symmetry in the periocular area.

Our study identified statistically significant sex-based

differences in the manifestation of dermatochalasis.

Specifically, we found that females had narrower PFH and

PFW, longer FPD, shorter eyelid length, larger upper

eyelid area, and smaller ocular surface area than males.

These differences may be attributed to sex-based variations

in tarsal plate size and axial ocular globe projection [23].

Our findings are consistent with those reported in other

racial and ethnic groups, e.g., narrower PFW has also been

documented in South Indian and Chinese females [24–26].

These differences highlight the importance of considering

sex-related variances in upper eyelid morphology during

blepharoplasty. Women generally have a larger upper

eyelid area and a longer double eyelid fold than men,

resulting in relatively smaller PFH and ocular surface area.

Therefore, caution is necessary when removing excess

skin; the amount might be less than that for men to avoid

creating an excessively large PFH and ocular surface area,

which could lead to an unnatural or ‘‘operated’’

appearance.

Age is widely recognized as the primary risk factor for

sagging eyelids, as skin redundancy increases with age,

leading to protrusion or drooping of the upper eyelids

below the eyelashes [27–29]. Both genetic factors and

extrinsic mechanisms such as chronic sunlight exposure,

alcohol consumption, smoking, and nutritional deficiencies

have been reported to influence skin aging [30]. The facial

skeleton provides the structural framework for the overly-

ing soft tissues. Notably, the process of facial skeleton

resorption in the periorbital region, specifically involving

the superomedial and inferolateral aspects of the orbit [31],

leads to the movement of the location of the attachments of

facial ligaments and muscles through the periosteum [32].

With advancing age, women experience an increase in both

bony orbital volume and anterior globe position, while

these measurements remain stable in men [33]. Muscular

imbalance, loss of supportive structure volume, and

drooping of the upper and midfacial feature could con-

tribute to age-related changes in the periorbital region. In

previous studies, sagging of eyelids was assessed using a

4-level Photonumerical Severity Scale, which classified the

severity of sagging based on the relative position of the

upper eyelid skin and the eyelashes [34]. Our study instead

used a quantitative approach to present the severity of

dermatochalasis by measuring periocular parameters. Our

findings indicated that PFW and LPML were particularly

susceptible to the effects of aging in both men and women.

Moreover, UPML was noted to decrease slightly with age

in the male group, and slight reductions of PFH, UPML,

and ocular surface area occurred with age in the female

group.

The PFW decreases in older individuals, likely due to

increased skin laxity at the lateral and medial canthal

tendon, causing a narrowing of the palpebral fissure. The

minimal change in PFH is attributed to slightly weaker skin

laxity in the central area compared to the periphery. When

comparing between different ethnic populations, we found

that reduced PFW was also documented in Korean and

Turkish females: Kwon et al. [35] reported that Korean

females over 60 years of age had the smallest PFH and

PFW compared with younger or middle-aged females, and

Direk et al. [36] found that Turkish females over 60 years

of age had shorter PFH and narrower PFW compared with

younger and middle-aged females. However, these studies

did not include male participants. Additionally, these

associations were only shown for the age group as a whole;

a linear relationship with age was not demonstrated. Sim-

ilarly, Raschke et al. [37] studied age-related anthropo-

metric changes in Caucasians, but their findings were

restricted to the perioral region. Park et al. demonstrated

age-dependent shrinkage of the exposed corneal surface;

however, their method involved qualitative analysis of 2D

digital pictures and relied on the assumption that the pupil

in each image was perfectly round. Moreover, PFH remains

relatively stable with age, while LPML undergoes signifi-

cant changes, indicating the laxity of the lower eyelid skin

and the medial and lateral canthal tendons over time. This

leads to a tendency for more ectropion rather than ptosis.
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Based on our findings, strategic planning for operations

should consider customized age and gender-specific tech-

niques for blepharoplasty to preserve a natural and age-

appropriate appearance.

In the preoperative phase of eyelid plastic surgery, in

addition to comprehensive medical history evaluation and

clinical examination, surgeons usually perform preopera-

tive photography. This process involves identifying

redundant upper eyelid skin, documenting any asymme-

tries, and so on. Our study emphasizes the importance of

paying sufficient attention to the eye contour, especially in

elderly patients with dermatochalasis. Regardless of gen-

der, older patients should undergo a thorough assessment

of eyelid laxity before surgery, which may include tests

like the snap-back and pull-away tests. Especially the

patients with eyelid skin laxity, it is essential to consider

the condition of their inner and outer canthal ligaments.

The decision to perform lateral canthopexy should be

carefully considered, potentially addressing all symptoms

in one surgery. During blepharoplasty, special attention

should be given to the skin near the lateral canthus, and the

amount of resection may need adjustment. Furthermore, as

patients age, it becomes increasingly crucial to focus on

postoperative complications, particularly lower eyelid

malposition.

In our study, there are certain limitations that need to be

acknowledged. Some studies define the upper eyelid not by

the inferior margin of the brow but by the superior orbital

rim [38]. However, in the case of the photograph, identi-

fying the orbital rim beneath superficial tissue may lead to

inaccuracies, especially in patients with dermatochalasis.

Moreover, our objective is to measure the entire upper

eyelid, and it is evident that demarcating below the orbital

rim only represents a portion of the upper eyelid. But some

patient’s eyebrow shape contour may be not very clear. To

enhance precision and reduce inter-patient variability, we

have standardized the area measurement by incorporating

eight points along the inferior margin of the eyebrow for

each patient. This approach aims to minimize errors and

variations among patients as effectively as possible.

Additionally, it is important to note an imbalance in the

gender distribution of our participants, with more females

than males. This disparity may be due to increased concern

about appearance and a higher willingness among women

to undergo blepharoplasty compared to men. Furthermore,

our study focused solely on pre-surgery patients and their

characteristics; post-surgery data were not included in the

current study. Finally, this paper solely examines the

Caucasian ethnicity, which entails certain racial limita-

tions, and suggests the need for future research involving a

broader range of ethnic groups. These factors should be

taken into consideration when interpreting our results.

In future investigations, we aspire to address these

limitations by including a more balanced representation of

male participants. Additionally, we intend to delve deeper

into the post-surgery changes following blepharoplasty,

employing 3D imaging for a comprehensive analysis in

different races.

Conclusions

Our study of periocular characteristics in patients with

dermatochalasis found that bilateral changes tended to

appear simultaneously. Age was found to significantly

affect certain periocular morphological changes, particu-

larly the PFW and LPML. PFI did not appear to be influ-

enced by age or sex. Our study provides ophthalmologists

with valuable resources to improve understanding of

morphology associated with dermatochalasis, develop anti-

aging cosmetic surgery plans, and evaluating postoperative

results.
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