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Introduction

Lower eyelid rejuvenation surgery is one of the most common cos-
metic procedures in plastic surgery nowadays in Eastern Asians. 
Periorbital aging occurs early in facial aging. The aging of the lower 
eyelid area is not only manifested as eye bags but also periorbital skin 
sagging and lower eyelid depression. In 1932, Whitnall first described 
the tear trough as a fascial gap of the lower eyelid fixed to the bone 
anchored between the orbicularis oculi and angular head of the 
quadrates labii superioris muscles [1]. Flowers first introduced the 
terms tear trough and tear trough deformity (TTD) to describe the 
oblique depression at the lower eyelid–cheek junction [2]. 
Anatomically, TTD was defined as a medial depression bounded by 
the crista lacrimalis anterior and infraorbital rim, while Haddock char-
acterized it as a depression that extended obliquely from the medial 
canthus to the midpupillary line, in which the orbicularis retaining 
ligament (ORL) was attached to the orbital rim at the midpupillary 
line, extending to the lateral canthus, and the deformity caused by 
ORL was the palpebromalar groove [3–5]. In 2012, Stutman proposed 
the final definition of palpebromalar groove and TTD [6]. TTD was 
finally determined as the periorbital hollow extending obliquely 
from the medial canthus to the midpupillary line, and the depression 
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from the midpupillary line to the outer canthus was defined as the 
palpebromalar groove. Originating from the maxilla and extending 
to the inferior orbital rim, the tear trough ligament (TTL) forms a 
downward traction connected with the skin at the tear trough. At the 
mid-vertical line of the pupil, TTL extends as the ORL to the outside. 
Currently, it is believed that the TTL and the ORL are responsible for 
the deformities of tear trough and palpebromalar groove, respec-
tively [7–11].

Previously, TTD accompanied by lower eyelid fat pads was often 
corrected by simply removing the bulging lower eyelid fat pads. The 
aesthetic improvement of TTDs was sometimes not appealing after 
surgery. TTD without lower eyelid fat pads is often treated with 
hyaluronic acid (HA) or autologous fat as a dermal filler [12–14]. 
Codner believes that the volume of lower eyelid orbital fat does not 
change with age, while the attenuation of the orbital septal structure 
is the key factor leading to the lower palpebral bulge [15]. The surgical 
procedure for the preservation and replacement of the lower eyelid 
fat pads obtains good results in the correction of the eye bags with 
TTD [16]. Therefore, we believe that TTD without lower eyelid fat pads 
can also be improved by release of the TTL and orbital fat reposition 
for the purpose of lower eyelid rejuvenation.
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In this study, we retrospectively reviewed patients received 
surgical correction on TTDs without lower eyelid fat pads using 
retroseptal transconjunctival lower eyelid blepharoplasty with 
release of the TTL and orbital fat reposition. Cosmetic outcomes were 
evaluated based on Tear Trough Rating Scale (TTRS), Barton eyelid 
and cheek aesthetic grading scale [17], and patient self-assessment. 
We aimed to reveal the effectiveness of release of the TTL combined 
with orbital fat reposition on different Hirmand TTDs without lower 
eyelid fat pads.

Patients and methods

This work was approved by the Medical Ethics Committee of the 
Ninth People’s Hospital affiliated with Shanghai Jiao Tong University 
School of Medicine (approval No. SH9H-2020-T341-1) and conducted 
in accordance with its ethical standards, as well as the Helsinki 
declaration.

Patients

Outpatients were retrospectively reviewed who consulted about 
lower eyelid rejuvenation and underwent surgeries from September 
2020 to April 2023. Among them, patients who had TTDs but without 
lower eyelid fat pad bulge (eyebags) and received retroseptal 
transconjunctival lower eyelid blepharoplasty with TTL release and 
orbital fat reposition were included. Patients had a history of lower 
eyelid surgery or obvious eyebags were excluded. Written informed 
consent was obtained from all patients.

Preoperative evaluations

The front and oblique photographs of the patients were taken with 
a digital camera. According to Hirmand’s clinical tear trough classifi-
cations, patients were divided into three categories (Hirmand I–III) 
[17]. Patients’ bilateral TTDs were evaluated and scored according to 
the TTRS created by Sadick considering the four indicators: depth of 
the trough, hyperpigmentation, prolapse of nasal fat pads/pockets, 
and lower eyelid skin rhytidosis. A higher score referred to more seri-
ous TTDs (Table 2) [4]. According to Barton’s grading scale for aes-
thetic evaluation of the eyelids and cheeks, lower eyelid regions 
were preoperatively graded [18]. For those with underlying diseases, 
especially diabetes and hypertension, the fasting blood glucose 
should be kept below 10 mmol/L, and the blood pressure should be 
kept no higher than 140/90 mmHg at least 1 week before surgery. 
The locations of the tear trough and palpebromalar groove were 
marked in the seated position. The lower eyelid fat pad volume was 
determined when the patient gazed upward. The laxity of lower 
eyelid skin and orbicularis oculi muscle was evaluated in the 
primary  gaze and smiling. Symptoms such as symblepharon 
separation, ectropion and lower eyelid retraction were examined 
preoperatively.

Surgical procedure

After patients were placed in the supine position, they were disin-
fected and draped routinely. The lower lid margin was grasped to 
expose the fornix conjunctiva with the eye rolling upward. 2 mL of 
2% lidocaine solution containing epinephrine (1:100,000) was 
injected into the conjunctiva and the orbital margin through con-
junctiva while the oxybuprocaine hydrochloride eye drops (Benoxil) 
was applied to the eye for local anesthesia. The surgeon wore an 

auxiliary light source equipment (Ultra Light Optics, USA). The 
mucous membrane between the lower edge of the tarsal plate and 
the conjunctival fornix was cut horizontally about 1.5 cm with an 
electrocoagulation knife, and the tissue was dissected to the plane of 
the orbicularis oculi muscle and the anterior orbital space through 
the conjunctival incision. The central fat pad, the lateral fat pad, and 
the medial/nasal fat pad were exposed in turn. The capsule was fully 
loosened to release the orbital septum fat. The pedicle of the lateral 
fat pad close to the lateral canthus was partly separated so that it 
could be rotated. The space bed was lifted until the space exposed by 
the right-angle hook could be illuminated by a head-mounted light 
when the surgeon was in a sitting position. The shadowless light was 
also adjusted coordinately. The preorbital space was dissected 
toward the orbital rim to expose the arcus marginalis and the bony 
origin of the orbicularis oculi muscle. At the level of the arcus margin-
alis, the inner eyelid orbicularis oculi muscle was loosened by an elec-
trocoagulation knife to expose TTL, which was then released. Along 
this plane, the scalpel handle wrapped in a single layer of rough 
gauze was used to perform blunt separation above the periosteum. 
The tissue was peeled medially until to the levator labii superioris 
alaeque nasi to access the anterior maxillary space, and laterally until 
to the anterior zygomatic space. A proper trim of the orbital fat was 
made. If the capsule was excessively loosened and the fat pads sepa-
rated, the capsule could be sewn with a 6–0 absorbable polydiox-
anone (PDS) suture. Finally, the three masses of fat would be prepared 
as a rectangular-like pedicled fat flap, and fixed along the horizontal 
axis at supraperiosteal plane: medial, middle, and lateral parts. These 
three parts were secured to the medial periosteal point above the 
levator labii superioris alaeque nasi, the farthest periosteal point and 
the zygomatic periosteal point in pre-maxillary space, respectively, 
with a 5–0 absorbable PDS suture. The pedicled fat flap was flattened 
in the pre-maxillary space, the pre-zygomatic space (to modify the 
palpebromalar groove), and the preseptal space above the upper 
plane of the periosteum. The boundary of the pedicled fat flap 
slightly exceeded to the edge of the tear trough marked preopera-
tively in a sitting position. During operation, the surgical space was 
restricted, so the needle was held parallelly rather than at a right 
angle to facilitate a fine performance. The conjunctival incision left 
unsutured after surgery. Careful check on whether there was active 
bleeding was important. The skin surface of surgical area was dressed 
with sterile gauzes and elastic bandage.

Postoperative care

The dressing was removed about 12 hours after the operation. The 
cold compression therapy was applied within 72 hours combined 
with the oral medications of SETUS-M tablets (Melilotus Extract tab-
lets) (three times a day, four tablets/time, 3 days) and dexamethasone 
tablets (one time a day, 10 mg/time/adult, 3 days), while the patient is 
placed in low-fowler’s position and the chloramphenicol eye drops 
are applied to the eye. The patient should avoid prolonged bending, 
weight-bearing, severe coughing and constipation, and all other fac-
tors that may cause much increased abdominal pressure. During the 

Table 1.  Demographic characteristics and Hirmand classifications in 79 
patients.
Characteristics Class I Class II Class III

Total 33 35 11
Mean age (yrs.) 23.42 ± 2.45 26.16 ± 3.25 28.54 ± 4.23
Age range (yrs.) 21–32 19–34 23–38
Male 9 11 4
Female 24 24 7
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follow-up, the front and 45° oblique profiles were taken with the 
same digital camera.

Postoperative evaluations

Postoperative complications were recorded, including ecchymosis, 
swelling, chemosis, hematoma, symblepharon separation, ectropion, 
dry eyes, epiphora, etc. TTRS and Barton’s aesthetic rating scale were 
rated to evaluate postoperative outcomes on the eyelids and cheeks. 
Besides, patients’ self-assessment about their aesthetic perceptions 
was documented and presented as: satisfied, moderately satisfied, 
and dissatisfied.

Statistical analysis

SPSS 20.0 software (SPSS Inc., Chicago, IL) was used for TTRS 
paired-sample t-test statistical analysis. All results were expressed as 
mean ± standard deviation (Mean ± SD), with p value < 0.05 consid-
ered statistically significant.

Results

Seventy-nine patients underwent the described surgery were 
included. There were 24 men and 55 women, both of whose deform-
ities were bilateral, with an age ranging from 21 to 38 years old 
(Table 1). Patients had varying degrees of TTDs, some of which were 
accompanied by palpebromalar groove deformity. Of them, 33 were 
categorized as Hirmand class I, 35 were Hirmand class II, and 11 were 
Hirmand class III (Table 1). The average follow-up time was 14.7 
months (range, 12–18 months). Barton’s grading scale: 33 cases in 
Hirmand class I were rated as grade 1 preoperatively, and all were 
improved to grade 0 after the surgery. In Hirmand class II, cases of 
grade 1, grade 2, and grade 3 were 7, 25, and 3, respectively, before 
surgery; and it turned out that there were 30 cases of grade 0 and 5 
cases of grade 1 postoperatively. In Hirmand class III, cases of grade 2 
were 6, and cases of grade 3 were 5. After operation, there were 2 
cases of grade 0, 5 cases of grade 1, and 4 cases of grade 2. As to the 
TTRS, the scores were 2.82 ± 1.15 in Hirmand class I, 3.83 ± 1.27 in 
Hirmand class II, and 4.78 ± 1.53 in Hirmand class III before the opera-
tion, which decreased to 2.02 ± 1.04, 2.38 ± 1.29 and 2.81 ± 1.48 after 
surgery, respectively (Table 2). Pre- and post-operative TTRS scores 

were not statistically significantly different in Hirmand class I 
(p > 0.05), while it was significantly different in Hirmand class II and III 
(p < 0.05) (Figure 1). Regarding the self-assessment of patients’ satis-
faction, overall, 62 out of 79 were satisfied (78.5%), 14 moderately 
satisfied (17.7%), and 3 dissatisfied (3.8%). 3 patients who were dissat-
isfied were from Hirmand class III TTD (Figure 2). Most of the patients 
with TTDs of various Hirmand classes had early conjunctival edema or 
hyperemia (≥ 90.9%), and a very small number of patients had one or 
more of the following complications, such as ecchymosis, hematoma, 
and malar swelling. No severe complications were reported such as 
symblepharon separation, ectropion, eyelid retraction, diplopia, stra-
bismus, dry eyes, or epiphora (Table 3). Typical cases were presented 
in Figures 3–5.

Discussion

Rejuvenated lower eyelid is often manifested as the indistinct bound-
ary between eyelid and orbit, smooth transition, and natural exten-
sion to the cheek. Frequently, the lower eyelid bag is accompanied by 
a TTD. The retroseptal transconjunctival approach by Goldberg and 
the transcutaneous approach by Hamra represented the surgical pro-
cedures of preserving lower eyelid fat pads as well as correcting eye-
bags [19, 20]. Codner believed that the volume of lower eyelid lower 
eyelid fat pad  did not change significantly with aging, however, the 
degeneration and relaxation of orbital septal tissue was a key factor in 
bulging of the lower eyelid fat [15]. Nowadays the transconjunctival 
approach is the first option for young patients with eye bags who do 
not have significant skin laxity in the lower eyelids. Patients in the 
present study were 21–38 years old, with varying degrees of TTD 
while not accompanied by lower eyelid bags. Based on Goldberg, 
Hamra and Codner’s surgical theories, preservation and reposition of 
orbital fat could improve eyebags and TTD, we believed that 

Table 2.  Pre- and post- operative Barton’s grades and TTRS evaluation.
Grade and 
score

Class I Class II Class III

pre- post- pre- post- pre- post-

Grade 0 0 33 0 30 0 2
Grade 1 33 0 7 5 0 5
Grade 2 0 0 25 0 6 4
Grade 3 3 0 5 0
TTRS (pre-) 2.82 ± 1.15 3.83 ± 1.27 4.78 ± 1.53
TTRS (post-) 2.02 ± 1.04 2.38 ± 1.29 2.81 ± 1.48
TTRS: Tear trough rating scale.

Figure 1.  Statistical analysis of TTRS between pre- and post-operation in 
different Hirmand’s classifications. Pre- and post-operative TTRS scores were 
significantly different in Hirmand class II and III (p < 0.05). TTRS: Tear trough 
rating scale.

Figure 2.  Self-assessment of patients’ satisfaction.
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independent TTDs without eyebags could also be corrected using the 
same strategy. Therefore, in the present study, the retroseptal 
transconjunctival approach performed by Goldberg was conducted 
in young patients. Goldberg used a method of arcus marginalis inci-
sion and subperiosteal dissection. The pedicled fat flap was then reset 
under the periosteum for external fixation to the skin. Hidalgo per-
formed the same procedures as that by Goldberg, except that more 

fat was preserved and the ORL was loosened more laterally [21]. 
Kawamoto and Wong replanted the fat pad into the preseptal space 
and pre-maxillary space with supraperiosteal dissection [16, 22]. The 
most prominent difference of the latter was the full loosening and 
ORL releasing and TTL. The surgical method used in this study was a 
combination of the different retroseptal transconjunctival approaches 
mentioned above. To be specific, with dissection of the pedicled 

Figure 3.  Typical case of a 26-year-old woman. (A–C) The patient was categorized as Hirmand type I, with a concave deformity (depth <1 mm) medially to the 
tear trough. There was slight palpebromalar pigmentation, but no drooping of the zygomatic fat pads, and no skin loosening in the lower eyelids. The preoper-
ative TTRS score of both sides was 3. (D–F) Twelve months after surgery, the deformity of the bilateral tear trough was significantly improved, and the pigmenta-
tion vanished. Tear Trough Rating Scale score of both sides was shifted to 2 with satisfied self-assessment. TTRS: Tear trough rating scale.

Figure 4.  Typical case of a 29-year-old woman. (A–C) The patient was rated as Hirmand class II, with a volume deficiency from the medial orbital area to the 
middle orbital area. The depth of the tear-trough in the left eye was about 1.5mm, while that was about 1mm in the right eye. For both eyes, there was moderate 
pigmentation, and slight drooping of zygomatic fat pads without sagging in lower eyelid skin. Preoperative TTRS score was 6 in the left eye while that was 5 in 
the right one. (D–F) A certain degree of TTD still remained on 12 months after surgery, but the eyelid-cheek junction became smooth. Tear Trough Rating Scale 
score decreased to 3 on both sides. Self-assessment was recorded satisfied on the right side and moderately satisfied on the left side. TTRS: tear trough rating 
scale; TTD: tear trough deformity.

Figure 5.  Typical case of a 31-year-old woman. (A–C) The patient was rated as Hirmand class III with obvious depression from the lower eyelid center to the 
periorbital area on both sides. The depth of the tear trough on both sides was about 2mm with slight pigmentation, no drooping of the zygomatic fat pad, mild 
folds of the lower eyelid skin, and obvious palpebromalar groove. Preoperative TTRS was scored 5 bilaterally. (D–F) Fourteen months postoperatively, TTD was 
significantly improved with a smooth and natural eyelid-cheek junction. Tear Trough Rating Scale score was shifted to 2 on both sides after surgery and the 
patient was very satisfied (self-assessment). TTRS: tear trough rating scale; TTD: tear trough deformity.
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orbital fat flap in upper plane of periosteum and fat repositioning at 
supraperiosteal plane, the ORL and TTL were fully loosened and 
released. The upper plane of the periosteum could offer a better fixa-
tion for the trimmed orbital fat while maximizing rejuvenation by 
increasing the volume of the infraorbital soft tissue and the fullness of 
the anterior zygomatic soft tissue. The vascular density in this plane 
was higher than that in the subperiosteal plane and could provide a 
better revascularization for translocated fat.

According to the classifications of tear trough depression 
proposed by Hirmand in 2010, patients in the present study were 
classified into type I, II and III [17]. Analysis demonstrated that the 
retroseptal transconjunctival approach of lower eyelid fat pad 
reposition and TTL release surgery achieved significant eyelid 
improvement in different Hirmand classes, especially in class I and II. 
Although TTRS scores did not change significantly in class I, the 
Barton aesthetic rating performed the best among these 3 classes. 
This may be mainly due to the different total periorbital depression in 
TTD and capacity loss. Hedén compared the effect of lower eyelid fat 
pad reposition and autologous fat grafting on lower eyelid aesthetics 
and revealed that insufficient volume of lower eyelid fat pad and 
restricted pedicle length of fat flap had negative impact on lower 
eyelid rejuvenation [23]. This was consistent with the conclusion that 
we had observed, which was that lower eyelid fat pad reposition 
without eyebags (insufficient orbital fat) was not effective to improve 
serious TTD in Hirmand class III. The contradiction between the 
subjective self-assessment results and the objective index analysis in 
TTD of class I suggested that TTRS was not suitable for evaluation of 
Hirmand class I, and the three-dimensional digital photographic 
analysis reported might be an alternative [24].

TTD was a complex phenomenon of lower eyelid aging caused by 
multiple factors. In addition to the constraint of the tear-trough-ORL 
system, TTD is also affected by the diversity of the thickness and 
quality of the lid-orbit, lid–cheek junction, the laxity of the orbital 
septum, bony atrophy, the skin pigmentation and sagging on the 
lower eyelid. Therefore, there was no one-size-fits-all surgical 
method. Hirmand used HA injection to correct different TTDs which 
achieved good results [17]. HA injection for correcting TTDs has 
gradually developed into a variety of injection techniques including 
the Vertical Supraperiosteal Depot Technique. Others have also 
achieved a good aesthetic appearance by using fat grafting  
[14]. Elhamaky reported a retroseptal transconjunctival lower 
blepharoplasty together with TTL and ORL release and resected 
orbital fat grafting [25]. HA was an absorbable foreign biological 
material which required repeated injections for the purpose of 
maintaining a good outcome. As to fat grafting, the biggest problem 
was unsure and unstable fat absorption. Once too much fat was 
grafted and the fat survived well, it would be awkward and difficult to 
deal with the redundant fat. If the fat did not survive well, refilling 
would be required. Thus, fat grafting was not only time-consuming 
and laborious but also expensive, preoperative comprehensive 
consent talk was required.

Conclusion

The retroseptal transconjunctival lower eyelid blepharoplasty with 
release of TTL and orbital fat reposition is a reliable and safe 
approach to correct TTDs without eyebags and achieve lower eyelid 
rejuvenation.
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