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had a significant impact on the heterogeneity 
(Supplementary Figure 3). However, when the 
study of Jiang 2021 was removed, the hetero-
geneity was still high among the remaining 6 
studies (I2=91%, P<0.1). Therefore, we chose 
the random effect model for the study, and the 
results showed that the corneal epithelial heal-
ing time was significantly shorter in the LSCT 
group than in the AMT group (pooled MD=-1.17, 
95% CI: -2.15, -0.19, P<0.05, random effect) 
(Figure 5).

Postoperative recurrence rate: The data on the 
postoperative recurrence rate were obtained 

from 14 RCTs [19-30, 32, 34] with a total of 
601 cases in the LSCT group and a total of 575 
cases in the AMT group. The forest plot demon-
strated that the postoperative recurrence rate 
was significantly lower in the LSCT group than 
in the AMT group (pooled RR=0.42, 95% CI: 
0.30, 0.59, P<0.05, fixed effect) with low het-
erogeneity among all studies (I2=0%, P=0.46) 
(Figure 6).

Postoperative complication rate: The data on 
the postoperative complication rate were avail-
able in 5 RCTs [19, 21, 23, 29, 30] with 227 
cases in the LSCT group and 235 cases in the 

Figure 4. Forest plot of postoperative Schirmer I test between the LSCT and the AMT groups. Results of Schirmer I 
test 1 month (A), 3 months (B), and 6 months (C) post-surgery. Abbreviations: LSCT: Limbal Stem Cell Transplanta-
tion; AMT: Amniotic Membrane Transplantation. 

Figure 5. Forest plot of postoperative corneal epithelial healing time between the LSCT and the AMT groups. Abbre-
viations: LSCT: Limbal Stem Cell Transplantation; AMT: Amniotic Membrane Transplantation. 
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AMT group, which is summarized by forest plot 
(Figure 7). There was no significant heterogene-
ity among the 5 studies as determined by het-
erogeneity test (I2=0%, P=0.72). Similar to the 
results of postoperative recurrence rate, the 
postoperative complication rate was lower in 
the LSCT group than in the AMT group, although 
the difference was not statistically significant 
(pooled RR=0.57, 95% CI: 0.31, 1.04, P=0.07, 
fixed effect).

Publication bias

The shape of the funnel plot revealed that the 
data of each outcome measure were symmetri-
cal (Figure 8), which was confirmed by Begg’s 
and Egger’s tests (all P>0.05), indicating that 
the results of each outcome measure in our 
meta-analysis did not have a publication bias. 

Discussion

Pterygium is a common ocular surface disease 
with a global prevalence of 12% [35]. Although 
it is known that pterygium is a multifactorial 
degenerative disease [1], the etiopathology of 
pterygium remains unclear. One of the primary 
risk factors of pterygium is exposure to ultravio-
let light, and the most effective treatment 
method is surgery. Furthermore, LSCT and AMT 
are commonly used for pterygium surgery. In 
recent years, the recovery of the ocular surface 
after pterygium surgery, such as tear film stabil-
ity, corneal epithelial healing time, recurrence 
rate, and complications, has received increas-
ing attention. A previous study has shown that 
regardless of the surgical approach, the tear 
film stability of patients after pterygium surgery 
has been improved to certain extent [13]. 

Figure 6. Forest plot of recurrence rate between the LSCT and the AMT groups. Abbreviations: LSCT: Limbal Stem 
Cell Transplantation; AMT: Amniotic Membrane Transplantation. 

Figure 7. Forest plot of postoperative complication rate between the LSCT and the AMT groups. Abbreviations: LSCT: 
Limbal Stem Cell Transplantation; AMT: Amniotic Membrane Transplantation. 
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Figure 8. Funnel plot of each outcome measure between the LSCT and the AMT groups. Results of BUT 1 month (A), 3 months (B), and 6 months (C) post-surgery; 
Results of Schirmer I test 1 month (D) 3 months (E), and 6 months (F) post-surgery; (G) Results of postoperative corneal epithelial healing time; (H) Results of recur-
rence rate; (I) Results of postoperative complication rate. Abbreviations: LSCT: Limbal Stem Cell Transplantation; AMT: Amniotic Membrane Transplantation; BUT: 
Tear Break-Up Time. 
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However, there are conflicting results about the 
degree of improvement in tear film stability and 
in recurrence rates post-surgery between LSCT 
and AMT [5, 16, 17, 21, 22, 31-33]; hence, we 
conducted this meta-analysis to provide a more 
robust and accurate assessment on the effica-
cy of LSCT and AMT.

Although the Schirmer I test is also applied, the 
BUT is the most used clinical diagnostic test for 
tear film stability [36]. It measures the time 
interval between the complete blink and the 
appearance of the first break in the tear film 
[37]. In contrast, the Schirmer I test is a com-
monly used method for measuring tear produc-
tion [37]. Tear osmolarity is a function of tear 
secretion and tear evaporation [12]. A study 
has shown that lower tear production can lead 
to higher tear osmolarity levels [38]. And there 
is an interconnection between hyperosmolarity 
and tear instability [39]. Therefore, the Schirmer 
I test can be used as an indirect indicator for 
measuring the tear film stability. 

In this study, we found that patients in the AMT 
group presented significantly better results of 
the BUT and Schirmer I test at 1 month after 
surgery than those in the LSCT group. Never- 
theless, there was no statistical difference in 
BUT at 3 and 6 months after surgery between 
the LSCT and AMT groups. However, the LSCT 
group showed a significantly increased tear 
production (based on the Schirmer I test) at 3 
and 6 months after surgery compared to the 
AMT group, suggesting that AMT is better for 
the early stage of tear film stability, but LSCT 
seems superior in long-term postoperative tear 
film stability. The LSCT is the transplantation of 
conjunctival tissue with limbal stem cells above 
or below into the location following pterygium 
excision. Compared with the AMT, the LSCT has 
more damage to the conjunctival and corneal 
tissues in the early postoperative period, with a 
reduced conjunctival goblet cell population; 
therefore, the ocular surface integrity is more 
compromised. As a result, tear film stability is 
better in the early postoperative period in AMT 
than in LSCT. As the wound heals, LSCT pro-
vides normal growing conjunctival and corneal 
epithelial cells, accelerating the ocular surface 
reconstruction, thereby leading to a long-term 
postoperative tear film stability.

The shortened corneal epithelial healing time 
after pterygium surgery reflects the effective 

control of ocular surface inflammation which 
can reduce patient discomfort [40]. In contrast 
to the amniotic membrane, limbal stem cells 
not only have the ability of histiocyte renewal 
and regeneration, but also can continuously 
divide and proliferate to supplement the cor- 
neal epithelium scraped during surgery, and 
thus accelerating its healing. Therefore, post-
operative corneal epithelial healing is theoreti-
cally faster with LSCT. Our study confirmed this 
notion, showing that corneal epithelial healing 
time was shorter in the LSCT group than in the 
AMT group after primary pterygium surgery, 
and the difference was statistically significant.

Compared with simple excision of pterygium, 
both LSCT and AMT are effective in reducing 
the postoperative recurrence rate [1]. Limbal 
epithelium acts as a barrier between conjunc-
tiva and cornea, and the stem cells derived 
from LSCT can restore the barrier and prevent 
fibrous connective tissue proliferation and  
neovascular ingrowth, thereby inhibiting the 
recurrence of pterygium [17]. Hence, it is con-
ceivable that the LSCT has the advantage in 
reducing postoperative pterygium recurrence. 
Although the studies by Zheng and Clearfield 
showed no statistical difference between the 
LSCT and the AMT in the postoperative recur-
rence rate, both meta-analyses suggested a 
lower recurrence rate in the LSCT group [5, 17]. 
In line with this, the study by Li indicated that 
the postoperative recurrence rate was signifi-
cantly lower in the LSCT group than in the AMT 
[16], which was further supported by our find-
ings. After pooling the postoperative complica-
tions from multiple original studies, we found 
that the LSCT group had a lower incidence of 
postoperative complications than that in the 
AMT group, although the difference was not 
statistically significant.

In this meta-analysis, we compared the tear 
film stability between the LSCT and the AMT. 
We also comprehensively analyzed the postop-
erative corneal epithelial healing time, recur-
rence rate, and complication rate using data 
from larger number of RCT studies. The LSCT 
appears to be a better option for primary pte-
rygium, although the AMT has its own advan-
tages. Patients can benefit from the AMT with 
ocular surface reconstruction, such as exten-
sive conjunctival scarring and chemical injury, 
or when future glaucoma surgery is required [1, 
10]. Nevertheless, it should be noted that our 
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study has some limitations. First, only publica-
tions written in English or Chinese were includ-
ed; thus, those in non-English or non-Chinese 
were missing. Second, some studies had a rela-
tively small sample size, which needs further 
validation. 

In conclusion, our analysis showed that AMT 
was superior to LSCT for the early stage of tear 
film stability after primary pterygium excision, 
while LSCT was more effective than AMT in 
long-term postoperative tear film stability. The 
LSCT had a shorter postoperative corneal epi-
thelial healing time than AMT. Furthermore, the 
postoperative recurrence rate of primary pte-
rygium excision was lower in the LSCT than in 
the AMT. Taken together, we suggest that the 
postoperative recovery of primary pterygium 
excision combined with LSCT may be better 
than AMT. Further studies with larger sample 
sizes, well-designed RCTs, and longer follow-
ups are needed to confirm our conclusion. 

Acknowledgements 

This work was supported by the Key Research 
and Development Program of Shandong Pro- 
vince, China (No. 2018GSF118081). 

Disclosure of conflict of interest 

None. 

Address correspondence to: Dr. Guo-Ling Chen, 
Department of Ophthalmology, The Second Hospital 
of Shandong University, Jinan 250033, Shandong, 
China. E-mail: sdey1777@163.com

References

[1] Chu WK, Choi HL, Bhat AK and Jhanji V. Pte-
rygium: new insights. Eye (Lond) 2020; 34: 
1047-1050.

[2] Clearfield E, Muthappan V, Wang X and Kuo IC. 
Conjunctival autograft for pterygium. Cochrane 
Database Syst Rev 2016; 2: CD011349.

[3] Ye F, Zhou F, Xia Y, Zhu X, Wu Y and Huang Z. 
Evaluation of meibomian gland and tear film 
changes in patients with pterygium. Indian J 
Ophthalmol 2017; 65: 233-237.

[4] Safarzadeh M, Heidari S, Azizzadeh P, Sheiba-
ni K, Nassiri N, Heidari L and Aghataheri S. 
Comparative assessment of tear function 
tests, tear osmolarity, and conjunctival impres-
sion cytology between patients with pterygium 
and healthy eyes. J Ophthalmic Vis Res 2019; 
14: 11-17.

[5] Clearfield E, Hawkins BS and Kuo IC. Conjunc-
tival autograft versus amniotic membrane 
transplantation for treatment of pterygium: 
findings from a cochrane systematic review. 
Am J Ophthalmol 2017; 182: 8-17.

[6] Akbari M, Soltani-Moghadam R, Elmi R and  
Kazemnejad E. Comparison of free conjuncti-
val autograft versus amniotic membrane 
transplantation for pterygium surgery. J Curr 
Ophthalmol 2017; 29: 282-286.

[7] Singh V, Tiwari A, Kethiri AR and Sangwan VS. 
Current perspectives of limbal-derived stem 
cells and its application in ocular surface re-
generation and limbal stem cell transplanta-
tion. Stem Cells Transl Med 2021; 10: 1121-
1128.

[8] Yin J and Jurkunas U. Limbal stem cell trans-
plantation and complications. Semin Ophthal-
mol 2018; 33: 134-141.

[9] Sippel KC, Ma JJ and Foster CS. Amniotic mem-
brane surgery. Curr Opin Ophthalmol 2001; 
12: 269-281.

[10] Mamede AC, Carvalho MJ, Abrantes AM, Laran-
jo M, Maia CJ and Botelho MF. Amniotic mem-
brane: from structure and functions to clinical 
applications. Cell Tissue Res 2012; 349: 447-
458.

[11] Willcox MDP, Argüeso P, Georgiev GA, Holo-
painen JM, Laurie GW, Millar TJ, Papas EB, Rol-
land JP, Schmidt TA, Stahl U, Suarez T, Sub-
baraman LN, Uçakhan OÖ and Jones L. TFOS 
DEWS II tear film report. Ocul Surf 2017; 15: 
366-403.

[12] Ozsutcu M, Arslan B, Erdur SK, Gulkilik G, Ko-
cabora SM and Muftuoglu O. Tear osmolarity 
and tear film parameters in patients with uni-
lateral pterygium. Cornea 2014; 33: 1174-
1178.

[13] Linaburg T, Choi D, Bunya VY, Massaro-Giorda-
no M and Briceño CA. Systematic review: ef-
fects of pterygium and pingueculum on the 
ocular surface and efficacy of surgical exci-
sion. Cornea 2021; 40: 258-267.

[14] Zhang Q, Bao N, Liang K and Tao L. Adjuvant 
use of cyclosporine a in the treatment of pri-
mary pterygium: a systematic review and me-
ta-analysis. Cornea 2018; 37: 1000-1007.

[15] Malla T, Jiang J and Hu K. Clinical outcome of 
combined conjunctival autograft transplanta-
tion and amniotic membrane transplantation 
in pterygium surgery. Int J Ophthalmol 2018; 
11: 395-400.

[16] Li M, Zhu M, Yu Y, Gong L, Zhao N and Rob-
itaille MJ. Comparison of conjunctival auto-
graft transplantation and amniotic membrane 
transplantation for pterygium: a meta-analysis. 
Graefes Arch Clin Exp Ophthalmol 2012; 250: 
375-381.

mailto:sdey1777@163.com


Comparison of postoperative recovery of pterygium

652 Am J Transl Res 2023;15(2):641-652

[17] Zheng K, Cai J, Jhanji V and Chen H. Com- 
parison of pterygium recurrence rates after 
limbal conjunctival autograft transplantation 
and other techniques: meta-analysis. Cornea 
2012; 31: 1422-1427.

[18] Kodavoor SK, Preethi V and Dandapani R. Pro-
file of complications in pterygium surgery - a 
retrospective analysis. Indian J Ophthalmol 
2021; 69: 1697-1701.

[19] Chen LR, Yao JP, Yuan Z, Zhang YZ, Zhou Y and 
Gao B. Comparative analysis of surgical exci-
sion combined with limbal stem cell transplan-
tation and amniotic membrane transplanta-
tion for the treatment of pterygium. Intern Eye 
Sci 2012; 12: 2006-2008.

[20] Jiang N, Zhao GQ, Hu LT, Zhang J and Che CY. 
Comparison of curative effects of limbal stem 
cell transplantation and amniotic membrane 
transplantation combined with mitomycin C for 
pterygium. Chin J Pract Ophthalmol 2008; 26: 
1202-1204.

[21] Jiang L, Li F, Yang X and Wan PF. Influence of 
different grafts on vision, corneal astigmatism 
and tear film function in patients with pterygi-
um. Intern Eye Sci 2021; 21: 1612-1616.

[22] Jiang LW, Liu ST and Gao L. Observation on ef-
ficacy of pterygium excision combined with au-
tologous limbal epithelial bulbar conjunctival 
transplantation in the treatment of patients 
with pterygium. Intern Eye Sci 2022; 22: 680-
684.

[23] Keklikci U, Celik Y, Cakmak SS, Unlu MK and 
Bilek B. Conjunctival-limbal autograft, amniot-
ic membrane transplantation, and intraopera-
tive mitomycin C for primary pterygium. Ann 
Ophthalmol (Skokie) 2007; 39: 296-301.

[24] Küçükerdönmez C, Akova YA and Altinörs DD. 
Comparison of conjunctival autograft with am-
niotic membrane transplantation for pterygium 
surgery: surgical and cosmetic outcome. Cor-
nea 2007; 26: 407-413.

[25] Li X, Zhou L and Li SW. Amniotic membrane 
transplantation versus limbal autograft trans-
plantation for the treatment of pterygium. Chin 
J Pract Ophthalmol 2005; 23: 857-859.

[26] Li D, Liu Y and Wang EP. Observation of trans-
plantation of limbai autograft vs. dried amnion 
in the treatment of pterygium. Acta Med Univ 
Sci Technol Huazhong 2007; 36: 835-837.

[27] Ma XS and Li B. Therapeutic effect of the two 
surgical methods for pterygium. Int J Ophthal-
mol 2010; 10: 2352-2353.

[28] Ozer A, Yildirim N, Erol N and Yurdakul S. Long-
term results of bare sclera, limbal-conjunctival 
autograft and amniotic membrane graft tech-
niques in primary pterygium excisions. Oph-
thalmologica 2009; 223: 269-273.

[29] Tananuvat N and Martin T. The results of amni-
otic membrane transplantation for primary 
pterygium compared with conjunctival auto-
graft. Cornea 2004; 23: 458-463.

[30] Tang HY, Ma H, Lu M and Ling HJ. Comparison 
of clinical effects of three adjuvant therapeu-
tics to primary pterygium excision. Intern Eye 
Sci 2013; 13: 974-976.

[31] Wang YX, Zhou J, Chen Y, Wang M, Chen Y and 
Kang GJ. Curative effect of pterygium resec-
tion and autologous limbal stem cell trans-
plantation combined with amniotic membrane 
transplantation in the treatment of pterygium. 
Intern Eye Sci 2021; 21: 2156-2160.

[32] Xu B, Zhang MC and Gao L. Limbal epithelial 
autograft transplantation and amniotic mem-
brane transplantation combined with pterygi-
um excision for primary pterygium. Intern Eye 
Sci 2014; 14: 2019-2021.

[33] Yue H, Ren QJ, Gu SY, Zhou Q and Huang J. 
Clinical observation of tear film stability on two 
types of surgical methods for treatment of pte-
rygium. Chin J Pract Ophthalmol 2012; 30: 
823-825.

[34] Zheng HJ, Yu JE, Li S and Zhang CY. Observa-
tion and analysis of efficacy in different pte-
rygium surgery. Chin J Pract Ophthalmol 2005; 
23: 839-841.

[35] Rezvan F, Khabazkhoob M, Hooshmand E, 
Yekta A, Saatchi M and Hashemi H. Prevalence 
and risk factors of pterygium: a systematic re-
view and meta-analysis. Surv Ophthalmol 
2018; 63: 719-735.

[36] Methodologies to diagnose and monitor dry 
eye disease: report of the diagnostic method-
ology subcommittee of the international dry 
eye WorkShop (2007). Ocul Surf 2007; 5: 108-
152.

[37] Wolffsohn JS, Arita R, Chalmers R, Djalilian A, 
Dogru M, Dumbleton K, Gupta PK, Karpecki P, 
Lazreg S, Pult H, Sullivan BD, Tomlinson A, 
Tong L, Villani E, Yoon KC, Jones L and Craig JP. 
TFOS DEWS II diagnostic methodology report. 
Ocul Surf 2017; 15: 539-574.

[38] Wanzeler ACV, Barbosa IAF, Duarte B, Barbosa 
EB, Borges DA and Alves M. Impact of pterygi-
um on the ocular surface and meibomian 
glands. PLoS One 2019; 14: e0213956.

[39] Liu H, Begley C, Chen M, Bradley A, Bonanno J, 
McNamara NA, Nelson JD and Simpson T. A 
link between tear instability and hyperosmolar-
ity in dry eye. Invest Ophthalmol Vis Sci 2009; 
50: 3671-3679.

[40] Chen Q, Li Y, Xu F, Yan Y, Lu K, Cui L and Li M. 
Comparison of inferior and superior conjuncti-
val autograft for primary pterygium. Curr Eye 
Res 2015; 40: 786-791.



Comparison of postoperative recovery of pterygium

1 

Supplementary Figure 1. The sensitivity analysis of BUT 3 months post-surgery between the LSCT and the AMT 
groups. Abbreviations: BUT: Tear Break-Up Time; LSCT: Limbal Stem Cell Transplantation; AMT: Amniotic Membrane 
Transplantation. 

Supplementary Figure 2. The sensitivity analysis of BUT 6 months post-surgery between the LSCT and the AMT 
groups. Abbreviations: BUT: Tear Break-Up Time; LSCT: Limbal Stem Cell Transplantation; AMT: Amniotic Membrane 
Transplantation. 
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Supplementary Figure 3. The sensitivity analysis of postoperative corneal epithelial healing time between the LSCT 
and the AMT groups. Abbreviations: LSCT: Limbal Stem Cell Transplantation; AMT: Amniotic Membrane Transplanta-
tion. 


