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Abstract 

Background:  To investigate the expression of elastin in the conjoint facial sheath (CFS) in patients with severe unilat-
eral congenital blepharoptosis in different age groups.

Methods:  Twenty-seven cases of severe unilateral congenital blepharoptosis (27 eyes) were treated with CFS + LM 
complex suspension from January 2020 to July 2020. Within that sample, 9 patients were over 18 years old, 9 patients 
were 13 to 17 years old and 9 patients were 5 to 12 years old. CFS and LM specimens were collected during CFS + LM 
complex suspension surgery. In the CFS specimens, the elastic fibers were observed by Victoria Blue staining. The elas-
tin expression levels of the three groups of specimens were determined and analyzed by immunofluorescent staining 
and Western blotting.

Results:  Victoria Blue staining showed that elastic fibers were abundant in CFS tissue. Moreover, immunofluorescent 
staining showed strong positive expression of elastin in the CFS and LM. Furthermore, in the child group, the Western 
blot results demonstrated that the expression of elastin was higher in the CFS than in the LM (P < 0.05). Additionally, 
the expression of elastin was significantly higher in the CFS of children than in that of adults or adolescents (P < 0.001).

Conclusions:  The CFS and LM are rich in elastic fibers and elastin, although elastin expression in the CFS 
decreases with age. Thus, it is feasible to apply CFS + LM complex suspension to cure severe unilateral congenital 
blepharoptosis.
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Immunofluorescent staining

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
The conjoint fascial sheath (CFS) is a fibrous connective 
tissue of the levator palpebrea muscle and superior rec-
tus, which is attached to the conjunctival fornix [1, 2]. 
Since 2002, CFS suspension has been applied to correct 
blepharoptosis; this procedure has a satisfactory cura-
tive effect and produces fewer complications than other 

procedures for blepharoptosis correction [3]. Recently, 
CFS + LM complex suspension has achieved better 
clinical effects than CFS suspension in the correction of 
severe blepharoptosis [4, 5]. Additionally, researchers 
have gradually begun to conduct anatomical and histo-
logical research on the CFS. Recent research has con-
firmed that the CFS is rich in collagen fibers and elastic 
fibers, while it lacks smooth muscle cells and skeletal 
muscle cells [1]. Elastic fibers and collagen fibers are key 
structures that enable tissues to maintain elasticity and 
withstand load-bearing stress, and elastin is the most 
important structural component of elastic fibers [6]. 
Therefore, the aim of this study was to investigate the 
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expression of elastin in the CFS and LM of patients with 
severe unilateral congenital blepharoptosis and to further 
explore the histological structure of the CFS as well as 
the correlation between elasticity and age.

Methods
Patients
A total of 27 patients (27 eyes) with severe unilateral con-
genital blepharoptosis who were treated surgically from 
January 2020 to December 2020 underwent CFS + LM 
suspension. CFS and LM tissue specimens were collected 
during surgery. The patients were divided into an adult 
group (≥ 18 years old), an adolescent group (13–17 years 
old), and a child group (5–12 years old) according to their 
ages. The adult group consisted of 9 cases and the average 
age was 7.78 ± 1.99 years. The adolescent group consisted 
of 9 cases and the average age was 14.78 ± 1.39 years. The 
child group consisted of 9 cases and the average age was 
23.67 ± 3.54 years. The specimens were cleaned immedi-
ately after being collected during the operation. One part 
was fixed with 10% formaldehyde solution, and the other 
part was stored in a refrigerator at -80 °C.

The inclusion criteria included patients with severe 
unilateral congenital blepharoptosis, patients without 
any eyelid surgery history, and patients with positive 
Bell’s phenomenon before surgery. The exclusion criteria 
were as follows: patients with contraindications for eye-
lid surgical intervention, patients with oculomotor nerve 
palsy, patients with immune diseases or connective tissue 

diseases, patients with systemic diseases, and patients 
with psychosis history.

The study adhered to the tenets of the Declaration of 
Helsinki for research involving human subjects, and all 
specimens were collected with the informed consent of 
the patients or family members, who signed an informed 
consent document. In addition, written informed consent 
for publication of their clinical details and clinical images 
was obtained from the patient or parent of the patient.

Surgical technique and postoperative evaluation
All CFS + LM suspension surgeries were performed by 
the same surgeon (P.B.). The surgical incision consisted 
of a double eyelid line incision; its course was marked in 
advance with methylene blue (Fig. 1B). The upper lid was 
anesthetized using ropivacaine plus 1:10,000 epineph-
rine. Fristly, cut the skin along the marked line and sepa-
rete the subcutaneous tissue. Then, the orbicularis oculi 
was cut at a width of 2  mm before the tarsal plate. Cut 
the aponeurosis of the levator in the same length of inci-
sion parallel to the margin of the tarsal plate. The leva-
tor aponeurosis was carefully separated from the Müller 
muscle, leaving the Müller muscle and conjunctiva intact 
under the aponeurosis. The levator aponeurosis was 
detached from the Müller muscle and pulled approxi-
mately 4–5  mm over the fornix to expose the CFS. As 
is shown in Fig. 1C, the CFS is a sheath-like connective 
tissue whose thickness varies among individuals. The 
upper margin of the tarsus was suspended and fixed to 
the CFS + LM complex at a certain length according to 

Fig. 1  CFS + LM suspension to correct unilateral congenital blepharoptosis. a: Preoperative image of a five-year-old boy with congenital 
blepharoptosis OD; b: incision line labeled with methylene blue; c: exposure of CFS and LM; d: image of the patient twenty-two months after 
CFS + LM suspension
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patients’ margin reflex distance 1 (MRD1). With refer-
ence to the position of the tarsus and pupil, U-shaped 
stitches of 5–0 absorbable thread were applied at the 
outer, intermediate, and inner positions. The patient 
was instructed to sit up to adjust the upper eyelid height 
to a satisfactory position, after which the dermis of the 
orbicularis oculi muscle was sutured to the tarsus using 
6–0 nylon stitches, and the skin incision was closed with 
6–0 nylon stitches which were removed one week after 
surgery. Additionally, in order to maintain symmetry, 
we consulted with the patients and their parents regard-
ing  whether to perform double plepharoplasty in the 
other eye or not. As can be seen in Fig. 1 A and D, the 
child’s parents decided to only undergo blepharoptosis 
correction on the affected eye and to receive blepharo-
plasty in the fellow eye when the child grew up.

The time points of follow-up were set as preopera-
tively, 1  month postoperatively, 3  months postopera-
tively  and 6  months postoperatively. The curative effect 
of CFS + LM suspension was evaluated according to the 
following criteria [7]: (1) upper eyelid located 1 ~ 2  mm 
below the upper corneal limbus was considered to be 
well-corrected; (2) upper eyelid located > 2  mm below 
the upper corneal limbus was considered to be undercor-
rected; (3) upper eyelid located at or above the upper cor-
neal limbus was considered to be overcorrected; and (4) 
no changes in the position of upper eyelid margin were 
considered to be recurrence.

Histopathological evaluations
CFS and LM specimens were fixed with 10% formalin 
solution, embedded in paraffin, cut into 4-μm-thick sec-
tions (using a LEICA RM2155 microtome, Germany) and 
stained with a Victoria Blue staining kit (G1596, Solarbio, 
Beijing, China) for histopathological examination under 
a microscope (LEICA DM5000B microscope, Germany).

Immunofluorescence
CFS and LM specimens from the same eye were 
removed from the refrigerator, embedded in liq-
uid Optimal Cutting Temperature (OCT) compound 
at room temperature, and frozen until the OCT 
compound solidified. Frozen sections were cut at a 
thickness of 8  μm and air-dried for 30  min, and the 
boundaries were marked with a histochemical pen. The 
specimens were fixed in 4% paraformaldehyde solution 
for 30  min, immersed in PBS, soaked in 0.3% Triton 
X-100 for 10  min, and blocked with 1% BSA at room 
temperature for 1  h. After the blocking solution was 
discarded, the specimens were incubated with a rabbit 
anti-human elastin primary antibody (1:500, Abcam, 
USA) in a humidified chamber at 4  °C overnight, then 
immersed in PBS solution; next, they were incubated 

with a goat anti-rabbit IgG H + L (Alexa Fluor 488 
conjugate) secondary antibody (1:1000, Abcam, USA) 
in a humidified chamber at room temperature for 1 h. 
After incubation, the specimens were rinsed by immer-
sion in PBS solution, and DAPI-containing Vectash-
ield mounting medium (Vector Laboratories, U.S.) was 
applied dropwise. The slides were then observed under 
an inverted confocal fluorescence microscope (Nikon, 
Japan). The negative control group consisted of speci-
mens processed without the primary antibody.

Western blot
CFS and levator palpebral muscle specimens from the 
same eye were removed from the refrigerator, and RIPA 
lysis buffer (Soleibao Co., China) was added to homog-
enize and lyse the tissue thoroughly. The lysate was cen-
trifuged at 13,300 rpm for 15 min at 4 °C to collect the 
supernatant protein solution, which contained the total 
protein extract of the tissues. A BCA protein quantifi-
cation kit (Soleibao Co., China) was used to determine 
the protein concentration. Twenty micrograms of pro-
tein per well was subjected to 10% SDS-PAGE electro-
phoresis and transferred to a PVDF membrane, which 
was then blocked with 5% skim milk powder blocking 
solution at room temperature for 1 h. After cutting the 
PVDF membrane, the rabbit anti-human elastin anti-
body (1:1000, Abcam, USA) and an internal control 
anti-actin antibody (1:5000, Unitech Co., China) were 
added to each membrane to react overnight at 4  °C; 
the membranes were then washed with TBST solu-
tion and incubated with horseradish peroxidase (HRP-
conjugated sheep anti-rabbit, anti-goat and anti-mouse 
IgG secondary antibodies (1:5000, Boster Co., China) 
at room temperature for 1  h. The membranes were 
washed with TBST solution, and an enhanced chemi-
luminescence (ECL) kit (Boster Co., China) was used 
to develop the protein signals. An image was captured 
with a gel scanner, and ImageJ software was applied to 
analyze the gray values of the protein bands. The ratio 
of the gray value of the target protein band to that of 
the internal reference protein band represents the rela-
tive protein expression.

Statistical analysis
Statistical analysis was performed using SPSS 20.0 soft-
ware (SPSS Inc, Chicago, IL, USA). Measurement val-
ues are presented as the mean ± standard deviation, and 
comparisons between multiple groups were performed 
by one-way ANOVA. A P value less than 0.05 was consid-
ered statistically significant. Illustrator CS6 (Adobe Inc, 
CA, USA) software was used for drawing.
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Results
Outcome of CFS + LM suspension
The  curative effect six months after CFS + LM suspen-
sion is listed in Table 1. In the adult group, the well cor-
rective rate of CFS + LM suspension was 100% at the end 
of follow-up. Furthermore, there was 1 case of undercor-
rection each in the adolescent group and the children 
group, with 88.89% corrective rate. In addition, there 
were no relapses in the  three groups within six months 
after surgery. Complications following CFS + LM sus-
pension during the whole follow-up in the  three groups 
are listed in Table  2. Lagophthalmos  was observed in 2 

patients (2 eyes), including 1 patient in the adult group 
and 1 patient in the child group, and almost disappeared 
within 6 months postoperatively. Moreover, there were 2 
patients (2 eyes) with conjunctival prolapse within 1 week 
after surgery, including 1 patient in the adult group and 1 
patient in the adolescent group. Those patients recovered 
after the fixation of conjunctiva fornix to the correspond-
ing eyelid with mattress-suture using 4–0 silk threads, 
which were removed after two weeks. In addition, 1 
patient showed mild eyelid hematoma in the child group, 
which recovered within one month. Other postoperative 
complications, such as exposure keratitis, separation of 
eyelid from eyeball, trichiasis, superior sulcus deepen-
ing, and abnormal ocular motility did not occur after 
CFS + LM surgery.

Histology
On Victoria Blue staining of elastic fibers, the CFS speci-
mens of the adult group showed an extensive striated 
pattern of blue staining, confirming that adult CFS tissue 
was rich in elastic fibers (Fig. 2).

Immunofluorescence
Immunofluorescent staining revealed strong positive 
expression of elastin in the CFS and LM tissues of the 
adult, adolescent and child groups; the elastin was dis-
tributed in an interwoven network (Fig. 3).

Western blot
The Western blot results showed the difference in elas-
tin expression between the CFS and LM (Fig. 4). As can 
be seen in Table 3, elastin was expressed in both the CFS 
and LM in all groups. In the adult group, elastin expres-
sion, presented as the ratio of elastin to actin, was meas-
ured at 0.95 ± 0.22 in the CFS and 1.21 ± 0.53 in the LM; 
there was no significant difference between these values 
(P > 0.05, Fig.  5B). Similarly, in the adolescent group, 
elastin expression measured 0.95 ± 0.22 in the CFS and 
1.21 ± 0.53 in the LM, and there was no significant dif-
ference in elastin expression between these two loca-
tions (P > 0.05, Fig.  5C). In the child group, however, 
elastin expression measured 1.83 ± 0.93 in the CFS and 

Table 1  Corrective effect six months after CFS + LM suspension

Curative effect Adult group
(n = 9)

Adolescent group
(n = 9)

Child group
(n = 9)

Good correction 9 8 8

Undercorrection 0 1 1

Overcorrection 0 0 0

Relapse 0 0 0

Correction rate 100% 88.89% 88.89%

Table 2  Postoperative complications of CFS + LM suspension 
during follow-up

Complications Adult group
(n = 9)

Adolescent 
group
(n = 9)

Child group
(n = 9)

Lagophthalmos 1 0 1

Exposure keratitis 0 0 0

Eyelid hematoma 0 0 1

Conjunctival prolapse 1 1 0

Entropion 0 0 0

Ectropion 0 0 0

Eyelid-ball separation 0 0 0

Eyeball motility restriction 0 0 0

Superior sulcus deepening 0 0 0

Total complications 2 1 2

Fig. 2  Microscopic images of the CFS sections. (Victoria Blue staining, × 10)
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Fig. 3  Results of immunofluorescent staining of the CFS and LM in the three age groups. (NC: negative contrast)
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0.83 ± 0.32 in the LM, with the relative expression being 
significantly higher in the CFS than in the LM (P < 0.05, 
Fig. 5A).

As shown in Table  4, elastin expression in the CFS 
of the child, adolescent and adult groups measured 
4.05 ± 0.84, 1.46 ± 0.74 and 1.02 ± 0.24, respectively. 
Western blot results (Fig. 6) showed that compared with 
the child group, the adolescent group and the adult group 
had reduced relative expression of elastin in the CFS, 
and the difference was statistically significant (P < 0.05 
and P < 0.01, respectively, Fig.  5D). Compared with the 
adolescent group, the adult group had reduced relative 
expression of elastin in the CFS, but the difference was 
not statistically significant (P > 0.05, Fig. 5D).

Discussion
Congenital blepharoptosis is characterized by an abnor-
mally low-lying upper eyelid margin at birth, which is 
caused by dysfunction of the LM or Müller muscle [8]. 
Blepharoptosis may be minimal (1–2  mm), moderate 
(3–4 mm), or severe (> 4 mm), covering the pupil entirely 
[9]. This disease can result in narrowing of the palpebral 
fissure and visual field [9], and may seriously affect aes-
thetics and mental health. At present, traditional correc-
tive methods for blepharoptosis can be categorized into 
3 classifications [4], such as levator resection, Müller 
muscle conjunctival resection [10] and frontalis suspen-
sion. However, these surgeries are associated with many 

complications, such as lagophthalmos, corneal exposure, 
forehead wrinkle aggravation and eyebrow raising [11]. 
Thus, new surgical techniques are needed to cure severe 
blepharoptosis.

In the past decade, CFS has attracted a great deal of 
attention as a cure for congenital blepharoptosis [4, 12]. 
Much earlier, in 1805, Tenon discovered and described 
the existence of the CFS, believing it to be the tendinous 
fascia of the superior rectus muscle; functionally, this 
connective structure was reported to assist the func-
tion of the rectus muscle and promote the movement 
of the upper eyelid [13]. In 1874, Merkel proposed the 
concept of the check ligament and applied that name to 
this tendon fascia [14]. In 1885, Lockwood confirmed 
that there were check ligaments attached to the superior 
extraocular rectus muscles [15, 16]. Subsequently, many 
anatomists and surgeons continued to study this tendon 
fascia in depth, describing it as the joint fascial sheath of 
the LM and superior rectus muscle, the expansion of the 
superior transverse fascia [17], the transverse intermus-
cular ligament [18], or the check ligament of the superior 
fornix [13]; their studies revealed that it is more closely 
connected to the LM than to the superior rectus muscle 
and has the effect of balancing the contraction function 
of the LM.

In 2002, Holmström introduced a technique of “check 
ligament” suspension for blepharoptosis correction 
[3]. In 2008, Hwang proposed that this structure is a 
piece of fibrous connective tissue formed by the fusion 
and proliferation of the LM and superior rectus fas-
cia, naming it the conjoint fascial sheath, or CFS [19]. 
In recent years, many studies have applied CFS sus-
pension or CFS + LM complex suspension to correct 
severe congenital blepharoptosis; these procedures 
have been found to have many advantages [4, 12, 20], 
such as a lack of obvious separation of the eyelid from 
the eyeball, a lack of severe postoperative discomfort, a 
natural double eyelid, swift postoperative recovery and 
intact eyebrow and forehead tissues. The mechanism of 
CFS + LM suspension is to suture the CFS + LM com-
plex to the tarsal plate through a double eyelid inci-
sion, which lifts the upper eyelid. Compared with CFS 

Fig. 4  Western blot showing elastin/β-actin expression in the CFS and LM in the three age groups

Table 3  Comparison of elastin/β-actin expression between the 
CFS and the LM in each of the three age groups ( x± s)

Groups Tissues n (eyes) Elastin/β-actin P value

Adults CFS 9 0.95 ± 0.22 P > 0.05

LM 9 1.21 ± 0.53

Adolescents CFS 9 1.05 ± 0.17 P > 0.05

LM 9 0.99 ± 0.11

Children CFS 9 1.83 ± 0.93 P < 0.05

LM 9 0.83 ± 0.32
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suspension alone, the advantage of CFS + LM complex 
suspension is that it provides additional force to sus-
pend the upper eyelid, which makes its position more 
stable after the operation and enables a better long-
term effect.

In recent, the histological study of the CFS [1] and 
LM [21] has received much attention among ophthal-
mologists. In our study, the histological results showed 
that the CFS is a fibrous connective tissue membrane. 
In line with Bei and Yang’s study, Victoria Blue stain-
ing showed that the CFS contained a large number of 
flexible elastic fibers and collagen fibers, which may 
explain why the CFS is elastic and why CFS surgery can 
sometimes even replace frontalis suspension for severe 
blepharoptosis [1].

Elastin is the most important structural component 
of elastic fibers [6]. For the first time, this study investi-
gated the expression of elastin in the CFS and LM. The 
results of immunofluorescent staining showed that the 

Fig. 5  Elastin expression in the CFS and LM of all groups. A: child group; B: adolescent group; C: adult group; D: elastin expression of CFS in the 
child, adolescent and adult groups. (* P < 0.05, ** P < 0.01)

Table 4  Elastin expression in the CFS in the adult, adolescent 
and child groups ( x ± s)

Groups n (eyes) Elastin/β-actin

Adults 9 1.02 ± 0.24

Adolescents 9 1.46 ± 0.74

Children 9 4.05 ± 0.84

Fig. 6  Western blot of elastin expression in the CFS in the child, 
adolescent and adult groups
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CFS and LM tissues of patients with severe blepharop-
tosis contained strong positive expression of elastin, 
which was distributed in an intertwined network. In 
addition, a Western blot and semiquantitative analy-
sis of elastin expression were performed in the adult, 
adolescent and child groups. The experimental results 
showed that there was no significant difference in elas-
tin expression between the CFS and the LM in either 
adults or adolescents (P > 0.05). However, in the child 
group, the expression of elastin was significantly higher 
in the CFS than in the LM (P < 0.05). This result sug-
gests that the LM and CFS of eyes with severe con-
genital blepharoptosis are rich in elastic fibers and have 
high elastin expression, which implies that clinicians 
can apply CFS + LM complex suspension surgery to 
correct severe congenital blepharoptosis. In addition, 
further analysis of the expression of elastin in the CFS 
of adults, adolescents and children showed that the CFS 
tissue of adults and adolescents had significantly lower 
elastin expression than that of children (P < 0.05), indi-
cating that elastin expression in the CFS decreased with 
age. These results support the feasibility of CFS + LM 
suspension surgery as a cure for severe congenital 
blepharoptosis in pediatric patients.

The limitations of the present study must also be 
acknowledged. First, a larger sample size is needed in 
future studies. Second, the relationship between elas-
tin expression and the long-term postoperative effect 
of CFS + LM suspension needs to be investigated. 
Third, the elastin expression of LM in different age 
groups needs to be explored. In summary, our study 
confirmed that the CFS and LM are rich in elastic fib-
ers and elastin; additionally, this study tested the elas-
tin expression of the  CFS in different age groups for 
the first time, demonstrating that elastin expression in 
the CFS decreases with age. Thus, it is feasible to apply 
CFS + LM complex suspension surgery to cure severe 
congenital blepharoptosis in pediatric patients.
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