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Abstract. Conjunctival sac stenosis is the contraction of the 
conjunctival sac as a result of trauma or disease. The aim 
of the present study was to observe the clinical effects of 
low‑level laser therapy (LLLT) combined with hydroxyapatite 
(HA) orbital implantation as a treatment strategy for conjunc‑
tival sac stenosis. A total of 10 patients with conjunctival 
sac stenosis were treated with scleral graft transplantation in 
conjunction with HA implantation and postoperative LLLT. In 
addition, a rabbit model was used to investigate the biological 
mechanism underlying the effects of LLLT with the aim of 
preventing and treating orbital implantation exposure. The 
right eyeball was removed, orbital implantation performed 
and LLLT applied to experimental groups. 99mTc‑Methyl 
diphosphonate scanning methods were performed at different 
timepoints to compare the average radioactivity count of the 
region of interest between surgical (right) and control (left) 
eyes (R/L). Histopathological examination was performed 
8 weeks post‑surgery, followed by analysis of fiber vascular‑
ization. Following LLLT, moderate conjunctival wounds were 
completely healed within 2 weeks and severe stenosis wounds 
healed within 3 weeks. Following prosthesis implantation 
in the rabbit model, a significantly elevated R/L ratio was 
observed after 4 weeks, whereas no significant difference was 
observed compared with the control group at 6 and 8 weeks 
postoperatively. Histopathological examination revealed that 
all implants were fibrotic. Overall, the present study demon‑
strated that LLLT promoted the survival of conjunctival 
grafts, stimulated conjunctival incision healing and promoted 
early vascularization of HA implants. Clinical trial registra‑
tion no: ChiCTR‑DDT‑12002660 (www.chictr.org/cn/).

Introduction

Conjunctival sac stenosis is the contraction of the conjunc‑
tival sac as a result of trauma or disease. Conjunctival 
sac stenosis is divided into congenital and posteriority, 
congenital micro‑ophthalmia or nonocular disease, which 
may be present in combination with other deformities. 
The postnatal nature is largely due to chemical burns, 
conjunctival tissue defects caused by explosion injuries 
and the conjunctival sac stenosis caused by subsequent 
scar healing. Conjunctival sac narrowing is further classi‑
fied into mild, moderate and severe: Mild conjunctival sac 
stenosis is defined as sac narrowing to less than one‑third of 
the normal size and the sac and conjunctival dome becomes 
shallow; moderate conjunctival sac stenosis is defined as 
conjunctival sac narrowing to ~ one‑half the usual size; and 
severe conjunctival sac stenosis is defined as a conjunctival 
sac narrowing by more than one‑third of the normal sac size, 
disappearance of the fornix and closure of the conjunctival 
sac (1).

At present, the standard treatment for conjunctival 
sac stenosis primarily involves mucosal or scleral trans‑
plantation and total eye reconstruction surgery  (2,3). 
These procedures are often unsuccessful due to infection, 
delayed orbital implant vascularization, exposure of the 
prosthetic socket and other disruptions of graft healing. In 
the present study, survival of the implant, wound healing 
of the conjunctival sac and the vascularization of the pros‑
thesis were assessed, which are associated with surgical 
outcomes of conjunctival sac stenosis and postoperative 
complications (4,5). Low‑level laser therapy (LLLT) does 
not require subsequent physical therapy. A number of 
studies have demonstrated positive outcomes of LLLT, 
including the promotion of wound healing (6,7), reduction 
of inflammation  (8,9) and increased blood flow to local 
blood vessels (10).

The aims of the present study were to observe the clinical 
effects of LLLT combined with hydroxyapatite (HA) implanta‑
tion in the treatment of conjunctival sac stenosis. Experiments 
in a rabbit model were simultaneously performed to observe 
the effects of LLLT on the vascularization of the prosthesis in 
animals. Together, the results of the present study highlight a 
possible mechanism by which LLLT may prevent exposure of 
the prosthesis.
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Case report

Ethics. The protocols used in the present study were approved 
by The Affiliated Eye Hospital of Nanchang University Ethics 
Committee (Nanchang, China). All participating patients 
provided informed written consent prior to inclusion in the 
present study.

Observation of clinical efficacy of LLLT in human patients. 
Clinical trial registration no: ChiCTR‑DDT‑12002660 (www.
chictr.org/cn/). Between 2016 and 2017, 10 cases of conjunctival 
sac stenosis were investigated in 7 males and 3 females, aged 
10‑67 years old (average age, 36.5 years). Patients who had 
diseases which may have influenced wound healing, including 
diabetes, uremia, chronic inflammatory disease (acute or 
chronic infectious disease), endocrine disease, autoimmune 
disease, blood disease or tumor diseases were excluded. 
Patients were divided into mild, moderate and severe groups 
based on the severity of conjunctival sac narrowing and all 
patients underwent a scleral graft procedure, HA implantation 
combined with the eye 18‑20 mm diameter. Following bandage 
removal 3 days after surgery, LLLT was administered. Patients 
in the moderate stenosis group were treated using two courses 
of LLLT, whereas patients in the severe group were treated 
using three courses of LLLT and the time interval between 
all treatments was 2 days. Survival of the sclera graft and 
conjunctival healing was observed at various time points after 
the operation. Antibiotics and epidermal growth factors were 
administered during laser treatment and follow‑up and weekly 
check‑ins were conducted to monitor the conjunctival incision 
until it was completely healed.

Postoperative LLLT following eye removal and HA orbital 
implantation in a rabbit model. A total of 30 male and female 
New Zealand white rabbits, weighing 2‑3 kg, were used in 
the present study. HA implantations were 12 mm in diameter, 
had a 500 µm pore size and a 100% interoperability rate 
(Beijing YHJ Science And Trade Co., Ltd.). The rabbits were 
randomly divided into the laser irradiation group (groups B 
and C; n=20) and control group (group A, n=10). Each animal 
underwent right eye removal and HA prosthesis implantation. 
Irradiation groups B and C were treated with LLLT 3 days 
postoperatively; one course of treatment was given to group B 
and two courses of treatment were given to group C and the 
time interval between treatments was 1 week.

Laser probe and irradiation procedure. A semiconductor 
laser (JAM2‑II type; Jiangxi Teli Anaesthesia & Respiration 
Equipment Co., Ltd.) was used to issue radiation at a wavelength 
of λ=650 nm with an adjustable power of 10 mW (0‑20 mW). 
The spot diameter was 10 mm, with the laser power density at 
12.7 mW/cm2. Irradiation was performed once daily for 5 min 
at a dose of ~3.8 J/cm2 over a period of 5 days.

99mTc‑Methyl diphosphonate (99mTc‑MDP) bone imaging exami‑
nation in the rabbit model. To quantitatively assess the degree 
of vascularization following HA prosthesis implantation, a 
radionuclide scan was performed using single photon emission 
computed tomography (SPECT) on all the experimental animals 
at 1, 2, 4, 6 and 8 weeks after surgery. SPECT pretreatment 

conditions for peak 140 kev, window width is 15%, 256x256 
static matrix, the preset count to 5x105 and the orbital symmetry 
position region of interest (ROI) was selected. The average 
radioactivity ratio was presented as R/L and the experiments 
were repeated five times to calculate the average radioactivity 
ratio. Intravenous 99mTc‑MDP imaging agent 4mCi was injected 
and after 3 h the rabbits were anesthetized by animal intramus‑
cular injection with ketamine (50 mg/kg) and chlorpromazine 
(25 mg/kg) (11) and laid on the test bench.

Histopathological examination of HA orbital implantation. 
The animals were sacrificed during the 8th postoperative 
week, with the connective tissue around their eyes observed. 
The implant was fixed for 24 h with formaldehyde and after 
72 h the nitrate was removed. Conventional paraffin embed‑
ding, sagittal section and H&E staining were all performed 
respectively. The fibrovascular and inflammatory cell infiltra‑
tion in the LLLT groups and control group were observed 
under an optical microscope (magnification, x4 and x40).

Statistical analysis. Statistical analyses were performed using 
SPSS software (IBM Corp.). The data are expressed as the 
mean ± standard deviation (unless otherwise shown). The 
average radioactivity count ratio of ROI between surgical eyes 
and control eyes (R/L) in groups A, B and C was compared 
at different time points using one‑way ANOVA. After the 
comparison, t‑test was used between the groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patients treated with LLLT exhibit favorable postoperative 
conjunctival healing. Patient information, diagnosis and treat‑
ment and postoperative conjunctival healing data are presented 
in Table I and clinical manifestations of conjunctival sac stenosis 
are depicted in Figs. 1‑3. All 10 patients received LLLT on four 
different occasions. Observation of conjunctival incision healing 
at different time points following laser treatment revealed new 
blood vessel formation, granulation tissue hyperplasia, reduced 
secretion and relieved conjunctival congestion edema. After 
2 weeks post LLLT, it was observed that the conjunctival inci‑
sion was fully healed in patients with moderate conjunctival sac 
stenosis, whereas complete healing of the incision in patients 
with severe conjunctival sac stenosis was observed at 3 weeks 
following LLLT. During the follow‑up, the conjunctival wound 
healing of each group was assessed, and all incisions were 
observed to be clean with no secretions or complications.

LLLT in a rabbit model demonstrates favorable postoperative 
healing following HA implantation. All 30 animals survived 
the experiments. Following HA implantation, good conjunc‑
tival wound healing was observed with no secretions and the 
site was clean. No signs of infection, eye exposure or other 
complications were observed. After 8  weeks post LLLT, 
normal eye movement was observed.

99mTc‑MDP imaging in LLLT treated rabbits increases the radio‑
activity count ratio in ROI. The average radioactivity count ratio 
in the ROI was significantly increased in LLLT groups B and C 
compared with the control group A at 1, 2 and 4 weeks post LLLT 
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(P>0.05). There was no significant difference in the average radio‑
activity count ratio in the ROI between groups B and C. In addition, 
there was no significant difference in the average radiological 
count (R/L) in groups A, B and C at 6 and 8 weeks post‑surgery 
(P<0.05; Figs. 4 and 6). The average R/L values of LLLT groups B 
and C were higher compared with the control group A between 1 
and 4 weeks post‑surgery, whereas at 6 and 8 weeks, no significant 
difference was observed between the 3 groups.

Histopathological examination of HA implants in LLLT rabbits 
demonstrated generation of new fibrovascular tissue. In the 8th 
postoperative week, the HA implants were examined, and the 
implants were surrounded by fibrovascular tissues, sclera and 
inflammatory cells. Sagittal section H&E staining displayed 
formation of new fibrovascular tissues in the HA implants and 
no obvious inflammatory cell infiltration in LLLT groups B and 
C. In the control group A, only new vascular fibrous tissues were 
observed around the orbital implants (Fig. 5).

Discussion

The treatment of conjunctival sac stenosis is difficult; a number 
of studies have reported the use of variants or autologous tissue 
slices for repair, such as autologous sclera, fascia, conjunctiva, 
hard palate mucosa, decellularized dermal, amniotic membrane, 
temporal shallow artery temporalis fascia island flap, but cases of 
postoperative restenosis in the conjunctival sac and implant expo‑
sure continue to be reported (2). Additional factors also contribute 
to the complexity of conjunctival sac stenosis, including a lack 
of conjunctival epithelial cells around conjunctival epithelial 
hyperplasia of the cell division that require repair, with several 
patients possessing conjunctival tissues with slow growth rates 
post injury. Often, the healing time and high conjunctival surface 
tension results in dissolving of the allograft or autograph phenom‑
enon (3) and loss of conjunctival tissue carrier support can lead to 
complete failure due to postoperative infection.

In the event of extensive conjunctival destruction caused by 
conjunctival sac narrowing, treatment is largely limited to surgery 
with the severity of stenosis determining the procedure performed. 
The primary purpose of treatment is to restore the form of the 
patients conjunctival sac. Moderate and severe conjunctival sac 
narrowing is commonly caused by chemical injury, burns or other 
causes of conjunctival sac of scar contracture and is characterized 
by narrowing of the dome, which is often repaired by transplanta‑
tion. Previous studies have investigated the use of an allograft or 
autograft as a means for conjunctival sac repair; however, as the 
transplant can only be used as a basement membrane, a lack of 
conjunctival epithelial cell division and proliferation can extend 
the conjunctival incision healing time (12). Meanwhile, in cases 
where the conjunctival surface tension is increased due to exces‑
sive allograft or autograft dissolution phenomena, exposure of 
orbital implants can cause procedure failure (12,13).

In the present study, patients with moderate and severe 
conjunctival sac stenosis received a conjunctival sac scleral graft 
implantation and HA implants to fill the eye socket and to restore 
conjunctival sac form. HA is a commonly used filling material 
and its clinical application has permitted rapid development in 
orbital plastic surgery. The porous structure of HA is beneficial 
for the growth of vascular fibers and rapid vascularization is the 
basis of successful orbital implantation. In the present study, LLLT 
was performed post‑surgery to promote the biological effects of 
wound healing and to observe its clinical therapeutic effect on 
conjunctival sac stenosis. The results showed that the local inflam‑
matory symptoms after treatment were significantly reduced. The 
use of LLLT can stimulate conjunctival blood vessels around the 
wound, increase the speed of local fascia tissue formation and 
vascularization, promote conjunctival epithelial cell growth to 
cover the surface of the implant, promote faster wound healing 
and thus reduce postoperative follow‑up complications.

In the present study, LLLT was employed for adjuvant treat‑
ment following application of the regular operation method 
and the mechanism underlying promotion of tissue healing 
and the accompanying curative effects have been previously 
reported  (14). Hornig  et  al  (15) demonstrated that LLLT 
promoted tissue healing by stimulating fibroblast activity, 
whereas de Araújo et al (16) investigated the effects of He‑Ne 
laser irradiation on wound healing in mice demonstrating 
wound inflammation relief, accelerated fibroblast activation 
and an increased number of collagen fibers in irradiated 

Figure 1. Intraoperative: The patient's left eye operated on using HA orbital 
implant and allograft patch repair. The eye socket is visibly full, peripheral 
conjunctival tissue exhibited congestion, edema and residual conjunctival 
edge was stitched on the peripheral part of the graft and the central wide 
range of dental exposed.

Figure 2. After 1 week of laser irradiation treatment, conjunctival hyperemia 
and edema had subsided and there were no obvious secretions. The conjunc‑
tiva was vasodilated, neovascular bud growth was observed and conjunctival 
tissue began to spread to the graft area.

Figure 3. After 1 month of laser treatment, there were no obvious secretions 
of the eye, conjunctival hyperemia and edema had completely subsided and 
the conjunctival tissue completely covered the graft area, with a healing state 
achieved.
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areas. A previous study utilized LLLT on traumatic tympanic 
membrane perforation and demonstrated that LLLT influenced 
wound healing by inducing changes in tympanic membrane 
proliferation activity, increasing squamous cell hyperplasia, 
cell migration and fibroblast proliferation as well as increasing 

vascularization and this study concluded that the use of LLLT 
increased matrix and collagen synthesis and promoted fibrous 
tissue regeneration, ultimately reducing the healing time post 
tympanic membrane perforations (17).

Based on previous studies and the results obtained in the 
present study, it was concluded that LLLT can be applied as a 
postoperative adjuvant therapy to promote healing, improve 

Figure 4. After 1 week post HA orbital implantation, the average R/L of group B and C was higher compared with group A. After 2 weeks post HA orbital 
implantation, the average R/L of group B and C was higher compared with group A. After 4 weeks post HA orbital implantation, the average R/L of group 
B and C was higher compared with group A. After 6 weeks post HA orbital implantation, there was no difference detected in average R/L between 3 groups. 
After 8 weeks post HA orbital implantation, there was no significant difference detected in regard to the average R/L between three groups. HA, hydroxy‑
apatite; R/L, the average radioactivity count of the region of interest between surgical (right) and control (left) eyes; group A; control group underwent right 
eye removal and HA orbital implantation only (n=10); group B, underwent right eye removal and HA orbital implantation followed by one course of LLLT 
3 days post‑surgery (n=10); group C, underwent right eye removal and HA orbital implantation followed by two courses of LLLT with a time interval of 1 week 
between treatments starting 3 days post‑surgery (n=10); roi0, region of interest 0; roi1, region of interest 1.

Figure 6. Histopathological examination 8 weeks post right eye removal and 
HA orbital implantation in the control and irradiation groups in the rabbit 
model. Animals in the irradiation groups received one or two courses of 
LLLT starting 3 days post‑surgery with a time interval of 1 week between 
treatments if appropriate. In the irradiation groups, dense collagen fibers 
were observed in the center of the implantation indicative of fresh angiogen‑
esis with no signs of inflammatory cell infiltration were observed, whereas, in 
the control group, only new vascular fibrous tissue was observed around the 
orbital implants. Magnification, x4 and x40.

Figure 5. Average radioactivity count ratio R/L of region of interest at different 
time points post irradiation. Values are expressed as the mean ± standard 
error of the mean. *P<0.05, **P<0.01. Group A control group underwent right 
eye removal and HA orbital implantation only. Group B underwent right eye 
removal and HA orbital implantation followed by one course of LLLT 3 days 
post‑surgery. Group C underwent right eye removal and HA orbital implanta‑
tion followed by two courses of LLLT with a time interval of 1 week between 
treatments starting 3 days post‑surgery. n=10/group. R/L, the average radio‑
activity count of the region of interest between surgical (right) and control 
(left) eyes; LLLT, low‑level laser therapy.
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graft survival and conjunctival incision healing in patients with 
conjunctival sac stenosis. The mechanisms underlying these 
favorable postoperative outcomes may include: Promotion of 
conjunctival epithelial cell proliferation and migration, thus 
accelerating plant of conjunctival tissue to center around the 
crawling; promotion of local microcirculation; promotion of 
absorption of exudate in the human body and alleviation of 
inflammation, stimulating fibroblast proliferation and collagen 
formation beneficial for tissue repair and wound healing; and 
promotion of vascularization of the HA implant. In the present 
study, the influence of LLLT on the vascularization of the HA 
implant was widely observed. The results of animal experi‑
ments demonstrated that there were numerous new fibrous 
vascular tissues formed around the eye seat of implant, sclera 
shell and the eye muscle attachment and the surface of the 
sphere could be observed in the perforation of the fiber vessels. 
Radionuclide scanning also revealed that vascularization in 
the prosthetic eye following LLLT was faster compared with 
the control group. Overall, it was found that LLLT promotes 
the success of conjunctival grafts and conjunctival incision 
healing in patients with conjunctival sac stenosis. In addi‑
tion, LLLT significantly promotes the early vascularization 
of HA implants. However, further investigation to resolve the 
underlying mechanism of LLLT promoting tissue healing, 
prevention and the control of ocular surface exposure postop‑
eratively in patients with conjunctival sac stenosis is required 
to further validate the findings of the present study.
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