
1Scientific REPORTS | 7:43256 | DOI: 10.1038/srep43256

www.nature.com/scientificreports

Clinical Investigation of the 
Posterior scleral contraction to 
Treat Macular Traction Maculopathy 
in Highly Myopic Eyes
An-Peng Pan, Ting Wan, Shuang-Qian Zhu, Liang Dong & An-Quan Xue

Myopic traction maculopathy (MTM) can cause vision disabilities in highly myopic eyes. This 
retrospective case series investigated the clinical outcomes of posterior scleral contraction (PSC) using 
genipin-cross-linked sclera as the material to treat MTM in highly myopic eyes. In total, 32 eyes from 
29 highly myopic patients who underwent PSC for MTM were recruited. The changes in best-corrected 
visual acuity (BCVA) and axial length were evaluated, macular reattachment and macular hole (MH) 
closure was assessed by optical coherence tomography, and complications were evaluated. At the 
final follow-up, the retina was completely reattached in 25 eyes (78.1%), essentially reattached in 4 
eyes (12.5%), and partially reattached in 3 eyes (9.4%). The logMAR BCVA improved significantly from 
1.18 ± 0.45 preoperatively to 0.87 ± 0.45 postoperatively (P < 0.001). The 32 eyes were further divided 
into the MH group (16 eyes) and the non-MH group (16 eyes) for comparison. The MH was closed in 9 
eyes (56.3%). The retinal reattachment rate was 75.0% in the MH group and 81.25% in the non-MH 
group, and the logMAR BCVA improved significantly in both groups. The PSC using genipin-cross-
linked sclera as the material can effectively treat MTM in highly myopic eyes, and significant visual 
improvement can be achieved with minimal complications.

The prevalence of high myopia is increasing, and this disease has become a major cause of blindness in the Asian 
population1–6. Myopic traction maculopathy (MTM) is one of the severe complications that can potentially cause 
visual disabilities in highly myopic eyes7–10. Macular hole retinal detachment (MHRD) is considered to be the 
final stage of MTM and requires surgical treatment to preserve visual function. Although myopic foveoschisis 
(MF) is considered to be the initial stage of MTM, it tends to be stable for long periods of time11,12, and the pres-
ence of foveal detachment (FD) associated with MF often warrants treatment to prevent progression of the disease 
towards a stage of poorer visual and anatomic prognosis10,13,14.

Currently, surgical treatment for MTM in highly myopic eyes includes pars plana vitrectomy (PPV) with gas 
tamponade with or without internal limiting membrane (ILM) peeling, PPV with silicone oil tamponade, macu-
lar buckle, and posterior scleral reinforcement (PSR) alone or combined with vitrectomy15–24. Among the various 
surgical techniques used to treat MTM, the most common procedure used currently is PPV with gas tamponade 
with ILM peeling. Vitrectomy with ILM peeling can release vitreous traction and abnormally rigid ILM to treat 
MTM effectively, but the retinal reattachment rate for MHRD, which is considered to be the final stage of MTM 
and one of the most challenging complications of high myopia, is variable, ranging from 63.2% to 86% with an 
even lower hole closure rate25–28. Meanwhile, visual improvement was hard to achieve despite anatomical and sur-
gical success in eyes with MHRD21,25,29, and reoperations are still needed in certain cases27,30. The reason for poor 
functional and anatomical outcomes may be that the vitrectomy alone does not address the pulling effect exerted 
by the posterior staphyloma or prevent the stretching of the posterior sclera. On the other hand, retinal thinning 
and chorioretinal atrophy continue after vitrectomy. On the contrary, the PSR or macular buckle as a surgery to 
prevent the stretching of the posterior sclera can relieve the traction on the retina from the outer sclera and seems 
to be an acceptable approach that has been proven to be effective to treat MTM22,31,32. In recent years, clinical 
applications of the cross-linking technology and biological membrane materials have increased. The cross-linked 
biological membrane exhibits increased toughness and mechanical strength, enhanced elastic modulus and good 
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histocompatibility33–37. We cross-linked the donor sclera as the surgical material to treat MTM, and the standard 
PSR was modified. More importantly, the axial length was shortened intentionally by 1/10 of the preoperative 
axial length, and the vitreous volume was reduced such that the surgery was named a posterior scleral contraction 
(PSC).

In the present study, we retrospectively reviewed the clinical outcomes of PSC using genipin-cross-linked 
sclera as the material to treat MTM in highly myopic eyes. The efficacy and safety of PSC were evaluated for more 
than 6 months postoperatively.

Methods
The inclusion criteria included a spherical equivalent ≥ − 6.00 Diopters (D) and being diagnosed with high myo-
pia. The preoperative optical coherence tomography (OCT) was reviewed to confirm the presence of MTM, and 
subjects received the PSC surgery with genipin-cross-linked sclera as the material. Subjects with a history of 
ocular trauma or surgery (other than cataract surgery), choroidal neovascularization and severe cataracts were 
excluded from the investigation. Overall, 32 eyes from 29 consecutive patients with MTM were included in this 
retrospective study, and the PSC surgeries were performed from January 2013 to April 2015 at the Eye Hospital of 
Wenzhou Medical University. The pre- and postoperative data, including the best-corrected visual acuity (BCVA) 
by logMAR, axial length, fundus photo, intraocular pressure (IOP) and OCT images, were collected by reviewing 
the medical records of all subjects. The AL was measured via an optical biometer (IOL Master, Zeiss, Germany), 
and high-resolution OCT (Carl Zeiss Meditec Inc., Dublin, California, USA) images were used to evaluate the 
retinal reattachment. This study followed the tenets of the Declaration of Helsinki and was approved by the Ethics 
Committee of the Eye Hospital of Wenzhou Medical University. Signed informed consent that allowed use of the 
data for research was obtained from each patient.

Preparation of the sclera. Human sclera was obtained from a local eye bank after the cornea had been 
removed for transplantation. The donor sclera was cleaned and soaked in a mixed solution of 0.05%~0.5% gen-
ipin (Wako, Japan) and 20%~40% alcohol at 20~30 °C for 3~5 weeks. Then, the sclera was sterilized by 3% pov-
idone iodine solution for 12~24 hours, and 75% alcohol was used for deiodination. Bacteriological tests were 
conducted on all the sclerae to confirm sterility. Prior to use, the genipin-cross-linked sclerae were kept in an 
airtight container full of 75% alcohol. During the surgery, the donor sclera was cut into spindle strips (Fig. 1). The 
designed length of the scleral strip was 1.5 times the axial length, the width was 0.4 times the axial length in the 
middle and 3~5 mm at both ends, and the sclera strip was rinsed with normal saline before use.

Surgical procedure. The surgical technique for posterior scleral reinforcement was published previously31,38. 
The PSC was a modified version of PSR, and more importantly, the axial length was shortened and vitreous vol-
ume was reduced. The Intraoperative photographs of the PSC surgery in one case were showed in Figs 2 and 3.  
Schematic drawings which depicted the relationships between the sclera strip and the landmarks of the posterior 
globe has been published previously38. The surgical procedure was as follows. PSC was performed under general 
anesthesia. A 210° peritomy of the conjunctiva was performed along the inferior temporal axis of the limbus. A 
radial cut was made at each end of the peritomy to expose the inferior and lateral rectus muscles, and traction 
sutures were prepared for these muscles. With the assistance of the traction sutures and a muscle hook that 
lifted up the complete inferior oblique, the sclera strip was sequentially passed underneath the inferior oblique 
(Fig. 2A), lateral rectus and inferior rectus muscles. During this process, efforts were made to protect the optic 
nerve and vortex veins from damage (Fig. 2B). Firstly, the middle part of the sclera strip was placed at the poste-
rior pole, and the inferior nasal end was fixed to the pre-equatorial sclera, 2 mm behind and outside the insertion 
point of the medial rectus muscle (Fig. 2C). Secondly, before suturing the superior temporal end, approximately 
0.05~0.2 mL aqueous humor was released using a 25-gauge syringe needle (1 mL) inserted into the superior ante-
rior chamber (Fig. 2D). Thirdly, after making sure that the middle part of the sclera strip was placed at the pos-
terior pole (Fig. 3A), the sclera strip was tightened by pulling, and the superior temporal end was fixed to the 
pre-equatorial sclera, 2 mm behind and outside the insertion point of the superior rectus muscle (Fig. 3B). The 
expected shortening of the axial length was 1/10 of the axial length. The scleral strip was stretched into a U shape 
to surround the posterior pole. Before the end of the procedure, the scleral strip was checked to assure that it was 
correctly positioned and oriented (Fig. 3C and D). The posterior pole was inpsected with indirect ophthalmos-
copy to ensure that the optic nerve head and major blood vessels were normal and that the macular was slightly 

Figure 1. The genipin-cross-linked sclera used in posterior scleral contraction (PSC) surgery. The donor 
sclera was cut into spindle strips.
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bulged. Finally, the conjunctival incision was closed using 8–0 absorbable sutures. Postoperatively, dexametha-
sone (0.1%) and antibiotic eye drops were recommended for use four times daily for 3 weeks.

Retinal reattachment assessed by OCT. The macular 12 azimuth scan OCT images were reviewed for 
all subjects. The retinal detachment area (the azimuth scan of maximal detachment was used) was compared 
before and after surgery (at each follow-up), and the retina reattachment was divided into four categories base on 
the following crieteria: completely reattached, the retinal detachment completely disappeared and the retina was 
successful reattached; essentially reattached, the retinal detachment area was reduced by more than 80%; partially 
reattached, the retinal detachment area was reduced by 40%~79%; and not reattached, the retinal detachment 
area was reduced by less than 39%.

Statistical analysis. All statistical analyses were performed using SPSS 16.0 (SPSS Inc., Chicago, Illinois, 
USA). All continuous variables are expressed as the means ±  standard deviations. Preoperative and postoperative 
parameters, including logMAR BCVA and AL values, were compared by paired t-test to assess if changes were 
significant. A p-value of less than 0.05 was considered significant.

Results
The patient demographics are described in Table 1. Twenty-six of the patients were women (29 eyes), and 3 were 
men (3 eyes). The mean age was 55.97 ±  12.31 years (range 33–80 years). Based on the OCT findings, 12 eyes were 
diagnosed with MHRD and 4 eyes had lamellar holes. Among all the eyes, 18 eyes had foveal retinal detachment 
and foveal retinoschisis, 6 eyes had only foveal retinal detachment, and 8 eyes had foveal retinal detachment, 
foveal retinoschisis and epiretinal membrane. The mean follow-up time was 15.4 ±  7.6 months.

Rate of retinal reattachment, macular hole closure, visual acuity and axial length. At the final 
follow-up, the retina was completely reattached in 25 eyes (78.1%), essentially reattached in 4 eyes (12.5%), 
and partially reattached in 3 eyes (9.4%). The logMAR BCVA improved significantly at final follow-up from 
1.18 ±  0.45 preoperatively to 0.87 ±  0.45 postoperatively (P <  0.001). The logMAR BCVA was improved in 26 
eyes (81.25%) and unchanged in 6 eyes (18.75%). The axial length at the finial follow-up was 27.60 ±  2.08 mm 
when compared to the preoperative axial length (29.76 ±  2.23 mm), where the axial length reduction was 
2.16 ±  0.62 mm, which is slightly regressed compared to the axial length reduction at the 1-week follow-up 
(2.73 ±  0.64 mm). All 32 eyes were further divided into the MH group (16 eyes) and the non-MH group (16 eyes) 
for comparison, and there were no significant differences between the two groups in age, follow-up, preoperative 
AL or preoperative logMAR BCVA. In the MH group, the MH was closed in 9 eyes (56.3%). The features of the 

Figure 2. Intraoperative photographs of the posterior scleral contraction (PSC) surgery in one case (Left 
eye). (A) With the assistance of the traction sutures, the sclera strip (white arrow) was passed underneath the 
inferior oblique, next to the insertion point of the inferior oblique (asterisk). (B) The sclera strip (white arrow) 
was passed underneath the inferior rectus with caution, efforts were made to protect vortex vein (black arrow) 
from damage. (C) The inferior nasal end of sclera strip (white arrow) was fixed to the pre-equatorial sclera, 
2 mm behind and outside the insertion point of the medial rectus (MR) muscle. (D) A 25-gauge syringe needle 
(1 mL) was inserted into the superior anterior chamber to release the aqueous humor. S: superior; I: inferior; N: 
nasal; T: temporal; LR: lateral rectus; IR: inferior rectus; MR: medial rectus.
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macular hole and the surgical outcomes are presented in Table 2. The retinal reattachment rate was 75.0% (12/16) 
in the MH group and 81.25% (13/16) in the non-MH group, and the logMAR BCVA improved significantly at 
the final follow-up from 1.12 ±  0.43 preoperatively to 0.81 ±  0.43 postoperatively (P <  0.001) in the MH group 
and from 1.25 ±  0.47 to 0.92 ±  0.48 (P <  0.001) in the non-MH group. There was no significant difference in 
the improvement in logMAR BCVA, pre- or postoperatively between the MH group and the non-MH group 
(0.31 ±  0.22 vs 0.32 ±  0.29, P >  0.05). The clinical information for a typical eye with MHRD (Eye No. 6) who had 
received PSC is presented in Figs 4 and 5. Figure 6 shows the pre- and postsurgery OCT images of 3 eyes.

Complications. The early postoperative OCT showed iatrogenic retinal folds (Fig. 5A), which were more 
significant in the eyes with MF, and the retinal folds were gradually flattened, accompanied by the reattaching of 
the retina. No obvious macular atrophy was noted during follow-up by carefully comparing the pre- and post-
operative fundus photos. There were no severe complications such as vitreous hemorrhage, persistent elevated 
intraocular pressure, rejection or infection during the follow-up period.

Discussion
For the high myopia patient, axial elongation continues as the patient ages39, and in patients with MTM, the 
mismatch between the retina and the outer choroid-sclera complex associated with posterior staphyloma and 
axial elongation is a major cause of the traction over the macula40,41. The mismatch may also be the reason for the 
failure of the PPV to reattach the retina and close the MH in refractory cases. The PSC used in this study, aimed 
at one of the main causative factors of MTM, was an intervention to match the outer choroid-sclera complex with 
the inner retina to achieve the therapeutic effect. In this study, the retina was completely reattached in 25 eyes 
(78.1%), essentially reattached in 4 eyes (12.5%), and partially reattached in 3 eyes (9.4%), which indicated that 
the PSC was effective at reattaching the retina in eyes with MTM by relieving the traction over the macular. The 
PSC was not only a way to strengthen the weak posterior sclera but also a way to contract the expanded posterior 
sclera. The choroid/retina was also contracted simultaneously, and this can be proved by the retinal folds shown 
in the early postoperative OCT images. We observed that the retinal folds were gradually flattened, and the ret-
inal detachment was gradually reattached as well during the follow-up, which was consistent with our previous 
study31 and was considered a rematch of the retina to the outer choroid-sclera complex after the sclera expansion 
remitted.

Several studies22,31,41–43 that tried to deal with the mismatch between the retina and the outer choroid-sclera 
complex by other buckling techniques have been reported. Ohba et al.41 compared the outcomes of episcle-
ral macular buckling with PPV for MHRD in highly myopic eyes, and they found that the episcleral macular 
buckling with a macular plomb achieved a retinal reattachment rate of 93.3%, which was better than PPV, after 

Figure 3. Intraoperative photographs of the posterior scleral contraction (PSC) surgery, the same case  
as in Fig. 2. (A) Ensured that the middle part of the sclera strip (white arrow) was placed at the posterior pole.  
(B) The superior temporal end of sclera strip (white arrow) was fixed to the pre-equatorial sclera, 2 mm behind 
and outside the insertion point of the superior rectus (SR) muscle. (C) The scleral strip (white arrow) was 
checked to assure that it was correctly positioned without damaging the vortex vein (black arrow). (D) Ensured 
that the sclera strip (white arrow) was stretched into a U shape to surround the posterior pole. S: superior; I: 
inferior; N: nasal; T: temporal; LR: lateral rectus; IR: inferior rectus; MR: medial rectus; SR: superior rectus.
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primary surgery. The higher anatomical success rate in Ohba’s study compared to our study (93.3% in Ohba’s 
study vs 75.0% in the MH group) can be explained by (1) the longer follow-up (a mean of 52.8 months in Ohba’s 
study vs a mean of 15.4 months in our study), (2) the different surgical materials and surgical procedures, and 
(3) the different ways to assess retinal reattachment (three-mirror contact lens biomicroscopy in Ohba’s study vs 
OCT scans in our study). Parolini et al.22 investigated the efficacy of an L-shaped macular buckle to treat MTM 
in highly myopic eyes, and they found that the L-shaped macular buckle alone can achieve 100% retinal reattach-
ment and 60% MH closure in MTM. The MH closure rate was comparable to our study. The different surgical 
materials, surgical procedures and patient characteristics are the likely reason for the discrepancy of retinal reat-
tachment rates between Parolini’s study and our study.

The amount of sclera contraction can be reflected by the shortening of the AL. During the surgery, the ante-
displacement of the superior temporal end of the sclera strip determined the amount of AL shortening, and the 
expected shortening of the AL was 1/10 of the AL. The anterior chamber puncture can soften the eyeball to ease 

Eye 
No. Gender

Age 
(years)

Before operation

MH OCT

After operation

Reduction of 
AL (mm)

Retina 
reattachment

BCVA 
Change

Follow-up
(months)

LogMAR 
BCVA

AL 
(mm)

LogMAR 
BCVA

AL 
(mm)

1 F 65 1.3 30.52 Yes FD, MF 0.7 28.05 2.47 Completely 0.6 18

2 M 62 0.8 32.08 Yes, lamellar 
hole FD, MF 0.4 29.34 2.74 Completely 0.4 24

3 F 48 1.3 31.43 No FD, MF 0.7 29.45 1.98 Completely 0.6 12

4 F 74 0.52 29.29 No FD, MF, 
ERM 0.52 26.83 2.46 Completely 0 12

5 F 59 0.7 32.63 Yes, lamellar 
hole FD, MF 0.4 29.73 2.9 Completely 0.3 34

6 F 59 1.3 29.99 Yes FD 0.7 27.78 2.21 Completely 0.6 24

7 F 55 0.82 31.13 Yes FD, MF, 
ERM 0.8 29.64 1.49 Completely 0.03 9

8 F 64 2 30 Yes FD 1.4 26.63 3.37 Completely 0.6 30

9 F 37 1.4 27.95 No FD, MF 0.8 26.1 1.85 Completely 0.6 24

10 F 37 1.4 29.14 Yes, lamellar 
hole

FD, MF, 
ERM 1.3 27.88 1.26 Completely 0.1 24

11 F 69 0.7 33.95 No FD, MF 0.52 31.57 2.38 Completely 0.18 8

12 F 59 1.3 26.9 No FD, MF, 
ERM 0.8 23.98 2.92 Completely 0.5 22

13 F 39 1 27.99 No FD, MF 0.7 26.12 1.87 Completely 0.3 18

14 F 39 1 28.44 No FD, MF 0.7 26.04 2.4 Completely 0.3 18

15 F 52 1.3 29.63 Yes, lamellar 
hole FD, MF 0.7 27.39 2.24 Completely 0.6 12

16 F 33 1 32.01 Yes FD 0.8 30.45 1.56 Completely 0.2 10

17 F 58 1.3 28.48 No FD, MF 1.3 26.22 2.26 Completely 0 15

18 F 51 1 34.56 Yes FD, MF 0.7 32.74 1.82 Completely 0.3 11

19 F 57 1.3 25.44 No FD, MF, 
ERM 0.7 23.91 1.53 Completely 0.6 7

20 M 79 0.8 27.6 Yes FD, MF, 
ERM 0.52 25.63 1.97 Completely 0.28 7

21 F 65 1.3 28.73 Yes FD 0.8 26.33 2.4 Completely 0.5 8

22 F 50 2 33.85 No FD, MF 1 30.52 3.33 Completely 1 6

23 F 63 2 26.17 No FD, MF 1.7 25.07 1.1 Completely 0.3 13

24 M 43 1 28.9 No FD 0.52 27.8 1.1 Completely 0.48 6

25 F 52 1.3 31.43 No FD, MF 1.3 29.27 2.16 Completely 0 8

26 F 59 0.7 27.86 Yes FD, MF 0.52 26.47 1.39 Essentially 0.18 30

27 F 62 0.52 30.49 Yes FD, MF, 
ERM 0.4 27.88 2.61 Essentially 0.12 12

28 F 59 0.92 30.48 Yes FD, MF 0.8 27.73 2.75 Essentially 0.12 12

29 F 58 1.3 29.05 No FD, MF, 
ERM 1.3 26.76 2.29 Essentially 0 15

30 F 80 2 30.48 No FD 2 27.86 2.62 Partially 0 18

31 F 36 0.52 27.98 No FD, MF 0.22 26.87 1.11 Partially 0.3 15

32 F 68 2 27.73 Yes FD, MF 2 25.3 2.43 Partially 0 12

Table 1.  Outcomes of posterior scleral contraction (PSC) to treat myopic traction maculopathy (MTM) in 
highly myopic eyes at the last follow-up. AL: axial length; BCVA: best-corrected visual acuity; OCT: optical 
coherence tomography; ERM: epiretinal membrane; FD: foveal detachment; MF: myopic foveoschisis; MH: 
macular hole; Y: yes; N: no.
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the shortening of the AL and avoid the postoperative spike of the IOP. In this study, the axial length reduction 
was 2.73 ±  0.64 mm at one week after surgery, which indicated that the expected amount of sclera contraction 
was successfully achieved. If the sclera shortening was insufficient, the sclera expansion cannot be remitted suf-
ficiently; if the sclera shortening was excessive, the retinal folds can be severe. Both situations were antagonistic 
to retina reattachment. In this study, 3 eyes had partially reattached more than one year postoperatively, and this 
partial reattachment may be related to the insufficient sclera shortening and the reduction of the AL to 1.11 mm 
in one eye.

The maintenance of posterior sclera contraction was hugely related to the stability of the sclera strip in vivo. 
Degradation of the implanted human sclera has been reported38, and this degradation can cause loss of the ther-
apeutic effect long-term. The cross-linked biological membrane exhibited increased toughness and mechanical 
strength, enhanced elastic modulus and good histocompatibility33–37. Studies35–37 have reported the safety of gen-
ipin as a chemical to cross-link the sclera. After cross-linking by genipin, the human sclera exhibited an improved 
ability to resist deformation. Zhu’s study31 found a slow increase in the AL during the initial few months after per-
forming the posterior scleral reinforcement using genipin-cross-linked sclera, but AL was stabilized at 6 months 
after the operation. In our study, the reduction of the AL was 2.73 ±  0.64 mm one week after surgery and was 
2.16 ±  0.62 mm at the final follow-up, which indicated that there was a regression of the AL reduction initially, but 
the AL was then maintained well enough to provide sufficient therapeutic effect with no re-detachment noticed 
at the final follow-up. On the other hand, the genipin-cross-linked sclera used in this study was dark blue in color 
(Fig. 1), which increased the visibility and was easy to recognize during the surgery.

The closure rate for the MH was thought to be important for determining the visual outcome after surgery28. 
In the literature, the MH closure rates after PPV varied, ranging from 31% to 63%16,25,28,44. The exact pathogenesis 

Eye No.

Before operation

MH closureAL (mm) MH feature

1 30.52 < 500 um closed

2 32.08 lamellar hole closed

5 32.63 lamellar hole closed

6 29.99 < 500 um closed

7 31.13 > 500 um closed

8 30 > 1000 um not closed

10 29.14 lamellar hole not closed

15 29.63 lamellar hole closed

16 32.01 < 300 um closed

18 34.56 < 300 um closed

20 27.6 > 500 um closed

21 28.73 > 500 um not closed

26 27.86 > 500 um not closed

27 30.49 > 500 um not closed

28 30.48 > 500 um not closed

32 27.73 < 500 um not closed

Table 2.  The features and outcomes of the macular hole in 16 eyes with macular hole retinal detachment 
(MHRD) in highly myopic eyes.

Figure 4. The patient was 59 years old, female, with a logMAR BCVA of 1.30, and the axial length was 
29.99 mm. The preoperative optical coherence tomography (OCT) image of the left eye revealed a significant 
macular hole retinal detachment (MHRD).
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of MHRD in highly myopic eyes remains unclear. Anteroposterior vitreous traction45,46 and tangential vitre-
ous traction10,47 were thought to be the causative factors for macular hole formation, but in highly myopic eyes, 
the extensive chorioretinal atrophy and posterior staphyloma can play important roles in developing MHRD. 
Studies22,31,43,48,49 have shown the effectiveness of various methods (PSR, macular buckle, or posterior episcle-
ral buckling) that addressed posterior staphyloma to treat MTM. Ripandelli et al.43 reported that better visual 
and anatomic outcomes were achieved by posterior episcleral buckling compared with vitrectomy for MHRD in 
highly myopic eyes, and they believed that the scleral buckle can reduce the posterior staphyloma and release the 
tangential traction over the macula to facilitate the closure of the macular hole. In the present study, by means 
of PSC, the AL was shortened and the posterior sclera was contracted, which then may relieve the traction over 
the macula. As a result, the MH was closed in 9 eyes (56.3%), and the closure rate was comparable with those by 
means of PPV reported in the literature. Our study also found that 3 of 4 eyes (75%) with a lamellar hole were 
closed, 4 of 5 eyes (80%) with an MH size smaller than 500 μ m were closed, and 2 of 7 eyes (28.6%) with an MH 
size larger than 500 μ m were closed. These results indicated that the closure rate of the macular hole after PSC was 
hugely affected by the preoperative features of the hole, and a lamellar hole or small macular hole (< 500 μ m) had 
higher closure rates when compared to a large macular hole (> 500 μ m). For the eyes with a lamellar hole or small 
macular hole, PSC alone may be sufficient to achieve anatomic success, but for the eyes with a large macular hole 
(> 500 μ m), macular hole closure may be hard to achieve without releasing the inner traction from the vitreous. 
Combined surgery, PSC combined with PPV, which dealt with both intraocular and outer ocular traction, may be 
an effective approach to improving anatomic success.

Figure 5. The patient’s left eye received posterior scleral contraction (PSC) in June 2013, the genipin-cross-
linked sclera was spindle shaped, and the length of the sclera strip was 45 mm with a width of 12 mm in 
the middle. (A) One week after the surgery, significant retinal folds were noted, and the macular hole was still 
present. The axial length (AL) was 27.09 mm with a reduction of 2.90 mm compared to the preoperative AL 
(29.99 mm), and the LogMAR BCVA was 1.30. (B) One month after the surgery, the retinal detachment area 
was reduced, the AL was 27.47 mm, and the logMAR BCVA was 1.0. (C) Six months after the surgery, the retinal 
detachment area continued to reduce, retinal folds were relieved, the AL was 27.78 mm, and the logMAR BCVA 
was 1.0. (D) Twelve months after the surgery, the retina was essentially reattached, the AL was 27.83 mm, and 
the logMAR BCVA was 1.0. (D) Twenty-four months after surgery, the retina was completely reattached, the 
AL was 27.78 mm with a reduction of 2.21 mm compared to the preoperative AL (29.99 mm), and the logMAR 
BCVA was 0.7.
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The logMAR BCVA was significantly improved (P <  0.01) after the PSC, which was related to remission of 
the retina expansion and maintenance of the structure of the posterior pole. Studies21,25,29 have shown that visual 
improvement was hard to achieve, despite the anatomical and surgical success, by PPV with gas tamponade with 
or without ILM peeling in highly myopic eyes with MHRD. Taniuchi et al.21 evaluated the efficacy of PPV with 
or without ILM peeling for each stage of MTM, and improvement in vision was found in the MF and FD groups 
but was not found in the MH group. They believe that MHRD is the late stage of MTM, and once progressed to 
the MH stage, it was difficult to achieve a significant improvement in vision. MHRD was believed to be a decom-
pensation of the retina volume to the enlarged posterior wall caused by various factors. Theoretically, in eyes with 
posterior staphyloma and axial elongation, PPV combined with gas tamponade may force the detached and rela-
tively insufficient retina against the enlarged outer choroid-sclera complex, and the retina around the macula may 
be centrifugally stretched, which may further deteriorate the retinal function if decompensation already existed. 
On the contrary, the PSC can modify the posterior pole configuration by means of sclera contraction, which can 
reattach the retina and correct the mismatch between the retina and the choroid-sclera complex without stretch-
ing the macula. In our study, vision was improved in the MH group, and there was no significant difference in the 
improvement in logMAR BCVA between the MH group and non-MH groups, which indicated that the PSC was 
effective in treating MHRD in highly myopic eyes by contracting the posterior sclera and matching the retina with 
the outer choroid-sclera complex.

The limitations of this study include the relatively low number of eyes. The study may also be limited by its 
retrospective design and short follow-up period. Moreover, several factors that may affect the visual outcome and 
anatomic success were not assessed in this study, including the duration of the visual symptoms and the height of 
retinal detachment. Therefore, prospective studies with longer follow-up, large sample size and complete infor-
mation are necessary in the future to confirm the findings of this study.

This study analyzed the changes in logMAR BCVA and AL before and after PSC surgery, along with the 
rate of retinal reattachment and macular hole closure to investigate the clinical outcomes of PSC using 
genipin-cross-linked sclera as the material to treat MTM in highly myopic eyes. The results showed that the 
PSC can effectively treat MTM in highly myopic eyes with minimal complications, and it can also provide good 
anatomic results, stable retinal reattachment, satisfactory macular hole closure rate and improved visual acuity. 
More importantly, visual improvement can be achieved in eyes with MHRD. In conclusion, PSC can be a valuable 
surgical option to treat MTM.

Figure 6. (A) For eye No. 8, preoperatively, OCT images showed a huge macular hole and associated retinal 
detachment. The logMAR best-corrected visual acuity was 2.0. The axial length was 30.0 mm. (B) After 
posterior scleral contraction (PSC), there was a complete retinal reattachment, but the macular hole was not 
closed. The logMAR best-corrected visual acuity was 1.4. The axial length was 26.63 mm. (C) For eye No. 26, 
preoperatively, OCT images showed a macular hole and associated retinal detachment, and the epiretinal 
membrane was present as well. The logMAR best-corrected visual acuity was 0.52. The axial length was 
30.49 mm. (D) After PSC, the macular hole was not closed, and the retinal detachment area was reduced by 
more than 80% but not completely. The retinal detachment was still present around the macular hole edge, 
which was defined as essential reattachment. The logMAR best-corrected visual acuity was 0.4. The axial 
length was 27.88 mm. (E) For eye No. 31, preoperatively, OCT images showed foveal detachment and myopic 
foveoschisis. The logMAR best-corrected visual acuity was 0.52. The axial length was 27.98 mm. (F) After 
PSR, the retinal detachment area was reduced by 40%~79%, and retinal detachment was still present, which 
was defined as partial reattachment. The logMAR best-corrected visual acuity was 0.22. The axial length was 
26.87 mm.
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