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Abstract
Objectives: To evaluate the clinical results of amniotic membrane transplantation alone or in combination with adjuvant therapies in 
conjunctival fornix reconstruction.
Materials and Methods: The clinical results of patients who presented to our clinic between 2002 and 2016 due to conjunctival fornix 
obliteration and underwent amniotic membrane transplantation alone or in combination with additional treatments were retrospectively 
analyzed. The Foster and Mondino classifications were used to grade fornix obliteration. In all cases, the area of conjunctival defect formed 
after symblepharon lysis was covered with amniotic membrane. In advanced fornix obliteration, amniotic membrane transplantation was 
combined with 0.04% mitomycin-C (MMC), oral mucosal transplantation, fornix formation (anchoring) sutures, symblepharon ring, 
eyelid surgery, fibrin glue, and limbal autograft. Deep and scarless restoration of the fornix was considered surgical success.
Results: Twenty-two men and 5 women with a mean age of 45.54±4.17 years were included in the study. The etiology of fornix 
obliteration was mechanical trauma in 16 cases, chemical burn in 6 cases, recurrent pterygium in 3 cases, thermal burn in 1 case, and 
recurrent chalazion surgery in 1 case. Indications for amniotic membrane transplantation were socket insufficiency in 12 cases, cosmetic 
reasons in 4 cases, keratoplasty preparation in 3 cases, ptosis in 3 cases, entropion in 2 cases, strabismus in 2 cases, and diplopia in 1 
case. The mean follow-up period was 45.04±8.4 months. Twenty-four of 27 cases (88.8%) were successful, while 3 (12.2%) failed due 
to recurrence of symblepharon.
Conclusion: Amniotic membrane transplantation is a successful method when used alone in the reconstruction of early-stage 
conjunctival fornix obliteration and provides safe and effective results in advanced-stage fornix obliteration when performed in 
combination with topical 0.04% MMC, oral mucosal transplantation, and limbal autograft surgeries.
Keywords: Adjuvant treatments, amniotic membrane transplantation, fornix stenosis, mitomycin-C, symblepharon
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Introduction
The conjunctival fornix is anatomically crucial for 

providing a tear reservoir and also facilitates the full range 
of ocular motility when there is natural, smooth contact 
between the lid and globe during blinking.1 Obliteration of 
the fornix may be caused by various ocular surface disorders 
such as chemical and thermal burns, mechanical trauma, 
mucous membrane pemphigoid, Stevens-Johnson syndrome, 
adenoviral membranous conjunctivitis, recurrent pterygium, and 
evisceration or enucleation surgeries.1,2,3,4

Fornix obliteration associated with different etiologies may 
affect ocular surface health through a number of pathogenic 
mechanisms: reduction of the tear reservoir, interruption of 
tear flow and spread, blink-related microtrauma resulting 
from an irregular tarsal surface, cicatricial entropion and 
trichiasis, limitation of Bell’s phenomenon, inflammation in 
the conjunctival epithelium, restriction of ocular motility, 
strabismus and visual loss related to ptosis, and inadequate 
socket for prosthesis wear.4,5

Symblepharon lysis is the first procedure performed in 
fornix reconstruction surgeries in patients with symblepharon or 
fornix contracture. Various tissue grafts (autologous conjunctiva, 
amniotic membrane, buccal or nasal mucosa) are used to cover 
the palpebral or bulbar conjunctival defects. This is usually 
followed by an additional procedure to prevent re-adhesion, such 
as the use of symblepharon rings, silicone implants, anchoring 
sutures, placement of a custom conformer, or application of beta 
radiation, topical cyclosporine, or topical 0.04% mitomycin-C 
(MMC).6,7,8,9,10

Limited usability and scarring in the donor area are serious 
problems in autologous conjunctival grafts.10 Buccal-nasal 
mucosa grafts have the disadvantages of poor cosmetic outlook 
and risk of infection. Successful outcomes have been reported 
after fornix reconstructions with symblepharon lysis followed by 
amniotic membrane transplantation (AMT) and intraoperative 
MMC in cicatricial pemphigoid, Stevens-Johnson syndrome, 
chemical burns, recurrent pterygium excision, and contracted 
sockets.3,4,11,12 

Herein we report the outcomes of AMT alone or in 
combination with adjuvant therapies such as MMC application, 
oral mucosa transplantation (OMT), anchoring sutures, and 
limbal autografting for reconstruction of the fornix in various 
ocular surface disorders.

Materials and Methods
The study conformed to the tenets of the Declaration of 

Helsinki (clinical trial number: 3167). The medical records of 
patients with fornix obliteration and inadequate conjunctival 
tissue to cover the whole tarsus or symblepharon at the Ankara 
Training and Education Hospital between 2002 and 2016 were 
retrospectively screened. Patients with a follow-up duration 
shorter than 6 months were excluded. Two grading systems, the 
Foster and Mondino, were used to evaluate fornix obliteration.13 
Grade 1 and 2 were regarded as early stages, and grade 3 and 4 
were considered advanced stages. 

In patients with chemical or thermal burn, the surgery was 
delayed 6 months to allow the resolution of inflammation. All 
operations were performed after ocular surface inflammation 
signs subsided. All of the surgeries were done by the same 
surgeon (Y.K.).

Surgical Procedures for Fornix Reconstruction
Symblepharon Lysis: After placing the lid margin and 

the limbal traction sutures, symblepharon was released by 
conjunctival dissections. All adhesions of the residual conjunctiva 
and/or lid margin to the sclera were meticulously dissected 
to expose the sclera. Subconjunctival scar tissue was removed 
extensively, leaving the conjunctiva intact. All scar tissues at the 
insertion of the rectus muscles were removed to achieve a free 
and mobile globe. 

AMT: Amniotic membranes (AM) were prepared as described 
by Lee and Tseng.14 The AM was trimmed to fit the entire 
conjunctival defect, including the bulbar surface of the fornix 
and the deeper portion of the palpebral aspect of the fornix. The 
membrane was then secured to the recessed conjunctival edge 
with a few interrupted stitches or continuous 8/0 Vicryl, with 
its margin placed under the conjunctival margins to facilitate 
epithelial growth over the membrane.

Adjuvant Treatments
MMC Application: After cauterizing focal hemorrhages, 

0.04% MMC-soaked sponges were applied to the conjunctival 
fornices for 3 minutes. After this procedure, the fornices were 
irrigated with 100 ml saline solution. AMT was performed to 
cover the defect area (Figure 1).

OMT: In advanced cases where there was no residual tarsal 
conjunctiva or it was not sufficient to cover the whole width 
of the tarsus, it was decided to use an oral mucosal graft with 
AMT. In these advanced cases, after minimal cauterization of the 
bleeding vessels to the defect area, multiple pieces of surgical 
sponge soaked in 0.04% MMC were applied to the fornix for 
5 minutes, then the eye was washed with 100 mL of balanced 
salt solution. An oral mucosal graft 30% larger than the tarsal 
conjunctival defect was harvested from the lower lip using 
manual dissection. The submucosal tissue was shaved off to 
obtain a thin graft. With the anterior epithelial surface facing 
the globe, the superior edge of the oral mucosal graft was sutured 
to the residual conjunctival edge or lid margin using 8-0 Vicryl 
suture with a continuous lock technique. The inferior edge of 
the oral mucosal graft was secured deep in the fornix using one 
transcutaneous double-armed 5-0 polypropylene suture (Ethicon 
Inc, Somerville, NJ, USA) in each quadrant (anchoring sutures). 
Then, a single layer of cryopreserved AM, stromal side down, 
was used to cover the exposed sclera using fibrin glue (Tisseel; 
Baxter Inc, Vienna, Austria) when necessary. A muscle hook 
was used to push the AM deep into the fornix to create an 
anatomically deep fornix (Figure 2). When a socket procedure 
was needed, the conjunctiva of the contracted socket was incised 
at the involved fornix. Dissection was carried down to the orbital 
rim. All fibrotic scar tissue was carefully excised. The AM graft 
was placed over the exposed area. The graft was sutured to the 
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conjunctival margin with continuous 8/0 Vicryl sutures and 
secured to the fornix with anchoring sutures by passing two 
double-armed mattress sutures through the full thickness of the 
lid and tied over the skin with bolsters (Figure 3). 

A symblepharon ring was secured behind the eyelids 
with pressure into the fornix to prevent re-obliteration of the 
anatomical fornix that was formed at the end of the surgery. 
An anchoring suture was often placed for the same reason in 
advanced cases. The procedure was concluded with temporary 
tarsorrhaphy.

Postoperatively, all patients were treated with topical 
corticosteroids and tapered off in 3 months. Topical antibiotics 
were applied three or four times a day until epithelialization of 
the AM was completed. Full epithelialization was determined 
on the first visit at 2 weeks postoperatively, when no fluorescein 
staining was demonstrated over the AM. Sutures were removed 
at postoperative 2 weeks. The anchoring sutures and temporary 
tarsorrhaphy sutures and symblepharon ring were removed at 
postoperative 4 weeks. 

Demographic characteristics, causes of acquired 
anophthalmia, the underlying disease, duration of obliteration, 
and the number of previous socket operations were recorded. 
Clinical data including follow-up time, results, ocular surface 
complications, and recurrences were also documented. Success 
was defined as an anatomically deep fornix without scarring or 
motility restriction and ability to wear prothesis during the last 
visit. SPSS version 14 (SPSS Inc, Chicago, IL, USA) was used for 
descriptive statistics.

Results

Our study included 27 eyes of 27 patients with fornix 
obliteration. The mean age was 45.54±4.17 years (range: 17-84); 
22 patients (81.5%) were men and 5 (18.5%) were women. The 
demographic data, clinical presentation, and surgical outcomes 
are summarized in Table 1. 

Figure 1. A, B) A 19-year-old woman with thermal burn, stage 3c obliteration 
of the upper fornix, and ptosis. C) Postoperative 1 month after symblepharon lysis, 
mitomycin-C application, and amniotic membrane transplantation. D) After 65 
months, the patient has a deep upper fornix with no ptosis or recurrence

Figure 2. A) A 17-year-old male patient with stage 2c obliteration of the lower 
fornix, cicatricial entropion, and inability to wear the prosthesis after evisceration 
surgery. B) Postoperative 1 week after symblepharon lysis, amniotic membrane 
transplantation, and anchoring suture surgery. C) After 28 months, the patient has 
a deep lower fornix, no entropion or recurrence, and can wear the prosthesis

Figure 3. A, B) A 25-year-old man with grade 3a obliteration of the upper fornix 
after alkali burn and entropion. C) Postoperative 6 months after symblepharon 
lysis, mitomycin C application, and amniotic membrane transplantation. D) 
Deep upper fornix on downgaze. E) Postoperative 3 weeks after limbal autograft, 
amniotic membrane transplantation, oral mucosa graft, and anchoring suture 
surgery. F) After 25 months, the patient has a deep upper fornix with no entropion 
or recurrences.
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We performed only AMT in 6 patients in the early stage and 
obtained successful results in all cases. Additional treatments 
were applied in the other 10 early-stage patients because they 
had previous surgery or eyelid malposition. Failure was observed 
only in 1 of 16 (6.3%) patients with early-stage disease. We 
performed only AMT in 3 of 11 advanced cases and failure was 
observed in 1 case (9.1%). We achieved successful results with 
additional treatments in the other 8 advanced cases. The mean 
follow-up period was 45.0±8.4 months (range: 6-175). 

The most common underlying etiology associated with 
symblepharon was mechanical trauma (blunt/penetrating eye 
injuries) (n=16, 59.2%). Other causes of symblepharon were 
alkali burns in 6 patients (22.2%), recurrent pterygium in 3 
patients (11.1%), thermal trauma in 1 patient (3.7%), and 
recurrent chalazion surgery in 1 patient (3.7%).

The most common indication for surgery was fornix 
obliteration (n=12, 44.4%). The surgery was performed in 
4 patients (14.8%) for cosmetic reasons, 3 patients (11.1%) 
for preparation before keratoplasty to maintain ocular surface 
regularity, 3 patients (11.1%) for blepharoptosis, 3 patients 
(11.1%) for restrictive strabismus, and 2 patients (7.4%) for 
entropion. Patients had an average of 1.67±0.22 (range: 0-5) 
ophthalmologic surgeries before symblepharon surgery.

AMT was performed in all cases after symblepharon lysis and 
symblepharon ring was used after surgery in 15 cases (55.5%). 
Adjuvant treatments were performed after AMT in necessary 
cases. MMC (0.04%) was applied topically for 3 minutes 
before the defect site was covered with AM in 11 patients 
(40.7%) with severe symblepharon. No surgical complications 
were encountered in any of these patients. Other methods 
and procedures used in combination with AMT for fornix 
reconstruction included OMT in 3 patients (11.1%), anchoring 
sutures in 14 patients (51.8%), eyelid surgery in 2 patients 
(7.4%), fibrin glue in 2 patients (7.4%), limbal autografting in 1 
patient (3.7%), and medial rectus recession in 1 patient (3.7%). 
Fornix obliteration and restrictive strabismus were present in the 
patient with recurrence of pterygium (3 times). A defect in the 
medial rectus muscle was detected intraoperatively. The surgical 
treatment involved symblepharon lysis and AMT, as well as 
medial rectus repair and recession, fibrin glue, and anchoring 
sutures. The patient’s strabismus improved and no recurrence 
was observed during follow-up (Figure 4a).

In postoperative examinations, the AM completely covered 

the conjunctiva, and signs of transient inflammation in the AM 
graft site resolved within two weeks in all patients.

Anatomical success (deep fornix) was achieved in 24 patients 
(88.8%). In 3 patients, failure occurred due to symblepharon 
recurrence (11.1%). In one of the failed cases, the etiology was 
alkali burn and only AMT was performed. The other failed 
cases were associated with mechanical trauma or recurrent 
pterygium and we performed AMT with MMC. In three failed 
cases, symblepharon reoccurred 2-4 months postoperatively. In 
these 3 patients, in whom we used a symblepharon ring, the 
tarsorrhaphy sutures were opened in the first week, resulting 
in the ring becoming dislodged, which we believe allowed 
fornix obliteration to recur in a short time. In these cases, 
after 6 months to allow resolution of active inflammation, 
fornix reconstruction was planned with AMT and additional 
treatments. An anatomically successful deep fornix was followed 
up with photographic documentation. In socket patients, success 
was evaluated with photographic documentation and ability to 
wear the prosthesis.

Discussion

The current study showed that a high success rate (88.8%) 
was achieved with or without adjuvant treatments such as 
intraoperative MMC application, anchoring sutures, OMT, 
eyelid surgery, limbal autografting, and medial rectus recession 
in addition to symblepharon lysis and AMT during 45.04±8.4 
months of postoperative follow-up in 27 eyes with fornix 
obliteration.

Obliteration of the fornices can cause many ocular 
pathologies such as dry eye, irregular tarsal surface and blink-
related microtrauma, entropion, trichiasis, limitation of Bell’s 
phenomenon, restriction of eye movements, loss of vision due 
to strabismus and ptosis, inflammation in the conjunctival 
epithelium, and inability to retain an ocular prosthesis. 

Numerous methods have been developed for reconstructing 
the fornix with cheek and lip mucosa grafts, conjunctival 
autograft, and AMT.12,15 Fornix depth and conjunctival surface 
area should be augmented by using grafts of optimal type and 
appropriate size.16 Advantages of oral mucosal grafts are graft 
stability and the ability to easily procure sufficiently sized grafts, 
even for repeated procedures. Disadvantages of oral mucosal grafts 
include prolonged operative time, discomfort at the donor site, 
color mismatch of the graft, and risk of failure due to infection. 
Kurtul et al.17 pointed out that although AMT and OMT 
provided similar results in terms of socket reconstruction, AMT 
was superior in terms of impression cytology and inflammation. 
Conjunctival autograft also has limited availability, and fibrosis 
can occur in the recipient region.18 Conjunctival autograft use 
after pterygium excision is very successful but may result in 
postoperative complications such as subconjunctival fibrosis in 
the harvest area and diplopia due to restrictive strabismus created 
by scar tissue.19 AM consists of a single epithelium, thick basal 
membrane, and avascular stroma. It is used for many ocular 
and conjunctival disorders.20 AM promotes the differentiation 

Figure 4. A) A 64-year-old man with grade 4 obliteration of the lower fornix 
and restrictive strabismus after recurrent pterygium. B) Postoperative 3 weeks 
after amniotic membrane transplantation, medial rectus recession, fibrin glue, and 
anchoring suture surgery
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of goblet cells and survival of conjunctival epithelium.20 AM 
acts directly on ocular surface fibroblasts by suppressing tumor 
growth factor-beta signals and allowing the formation of the 
normal keratocyte phenotype not only pathologically, but 
also physiologically.21 The advantages of AM over the mucous 
membrane and conjunctival autografts are its anti-inflammatory 
and anti-infective properties, lack of immunogenicity, unlimited 
availability, the absence of donor site trauma to the patient, 
shorter operative time, faster recovery, and matching the color of 
the surrounding conjunctiva after complete healing because of 
its translucency.3,10,22,23 For this reason, we covered the defect area 
with AM in all our cases. 

Although AMT alone has been successfully used to reconstruct 
the fornix in eyes with lower grades of symblepharon severity,16 
its usefulness is limited in eyes with severe symblepharon. 
We performed only AMT in 6 patients in the early stage and 
successful results were obtained in all cases. Since the other 10 
early-stage cases had previous surgery or eyelid malposition, 
additional treatments were applied and only 1 failure occurred. 
We performed only AMT in 3 of 11 cases with advanced-
stage disease, and although we observed failure in only 1 case, 
successful results were achieved with additional treatment in 8 
cases.

Kheirkhah et al.15 evaluated symblepharon severity according 
to photographic documentation and reported that cicatricial lysis 
and AMT achieved overall success in 92.8% of grade I eyes and 
in 100% of grade II eyes. Additional anchoring sutures improved 
success rates to 100% of grade I eyes and 71.4% of grade III/IV 
eyes. Additional oral mucosa or conjunctival autograft improved 
the success rate to 100% in grade III/IV eyes. In our study, 
OMT was required in 3 cases (11.1%), limbal autografting in 
1 case (3.7%), and anchoring sutures in 14 cases (51.8%) in 
combination with AMT for fornix reconstruction. Success was 
achieved in cases where we used OMT and anchoring sutures 
with AMT. 

Several reports also showed that fornix reconstruction could 
be accomplished by AMT with or without intraoperative 
MMC.18,24 Some authors recommended the use of MMC for 
active and aggressive recurrent pterygium or in combination 
with a grafting procedure, as used in this study. This is because 
it is not theoretically possible to completely remove the 
subconjunctival fibrous tissue, especially in recurrent pterygium, 
as inflamed tissue extends deep into the fornix.25 In our study, 
AMT with MMC failed in 2 of 10 cases. One of these patients 
had early-stage fornix obliteration, the other had advanced fornix 
obliteration, recurrent pterygium, and restrictive strabismus.

Restrictive esotropia is a rare severe complication after 
pterygium excision surgery. Restrictive esotropia may occur due to 
scarring of the conjunctiva surrounding complex connective tissue, 
direct trauma to the rectus muscle, formation of symblepharon, 
and recurrence of pterygium.2,26 Increased pterygium recurrence 
increases the risk of restrictive strabismus.27 Surgical treatment 
is challenging because it requires a combination of surgery on 
the conjunctival-perimuscular connective tissue complex and 
the medial rectus muscle. Surgery is effective in improving the 

primary position deviation, but some restricted esotropia may 
persist.28 AMT seems to help prevent recurrence of adhesions 
in patients with restrictive strabismus caused by conjunctival 
scarring.29 Management of recurrent pterygium with severe 
symblepharon using MMC, double AMT, cryopreserved limbal 
allograft, and a conjunctival flap was reported to be effective.30 
In our study, two of three patients who developed restrictive 
esotropia due to recurrent pterygium achieved good results with 
the use of AMT plus adjuvant treatment. Only one of the three 
recurrent pterygium cases with restrictive strabismus recurred. 
We applied adjuvant therapies with AMT in all of them. In our 
unsuccessful case, we applied MMC together with AMT.

Kheirkhah et al.15 showed that a combined approach 
of cicatricial lysis, intraoperative MMC application, OMT, 
and sutureless AMT is an effective surgical strategy for the 
management of severe symblepharon. They concluded that 
adjuvant mucosal grafting is needed to improve the clinical 
outcome and that oral mucosa may be a good option for this. 
Oral mucosal grafts have long been used to cover conjunctival 
defects during fornix reconstruction in eyes with symblepharon 
or surgical correction of anophthalmic contracted sockets.16,31 
We also achieved successful results when OMT was added to 
adjuvant treatments combined with AMT and intraoperative 
MMC application in 2 patients with advanced and 1 patient with 
early-stage fornix obliteration.

Contracted socket and fornix shortening in the anophthalmic 
orbit can lead to inadequate space for the retention of a prosthesis. 
Socket contracture may result from various processes such as 
fibrosis from a severe initial injury, implant extrusion, chronic 
infection, and inability to wear a prosthesis or conformer.32 
An AM is a useful option for forniceal reconstruction in 
socket contracture. This technique achieved a success rate of 
80% without serious complications.33 Bajaj et al.34 evaluated 
20 patients who underwent AMT or OMT for socket failure 
and reported that lower fornix depth and socket volume were 
similar in both of the groups. An AM has many advantages 
in socket reconstruction, such as having an anti-fibrotic effect 
on the mucous membrane, being translucent, and acting as a 
substrate graft. Hao et al.35 emphasized that the use of AMT in 
contracted sockets was associated with a more favorable outcome 
compared to buccal mucosa and nasal mucosal grafts. In our 
study, we performed AMT alone in 5 of 12 patients with socket 
contracture and AMT with MMC in the other 7 patients, and 
obtained successful results in all cases.

Study Limitations
The main limitations of our study are the lack of a control 

group and our inability to compare results between the groups 
due to the small number of patients who developed symblepharon 
secondary to various diseases that may require different surgical 
approaches included in this study. With these limitations in 
mind, our results underlined that cicatricial lysis and AMT with 
or without adjuvant therapy is an effective surgical method for 
the management of fornix obliteration. Fornix reconstruction 
surgeries using the correct and effective approach according to 
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the severity of symblepharon and underlying reason for fornix 
obliteration yielded successful results both in functional and 
cosmetic terms.

Conclusion

Surgical treatment with AMT alone yielded satisfactory 
outcomes in patients with early-stage fornix obliteration. In 
patients with early disease who have previous surgical history 
and eyelid malposition, successful results can be obtained by 
applying additional treatments together with AMT. In patients 
with advanced fornix obliteration for which AMT alone is 
inadequate, adjuvant treatment with OMT, anchoring sutures, 
eyelid surgery, fibrin glue, limbal autografting, and MMC 
in addition to AMT provides successful, safe, and effective 
outcomes. 
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