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Abstract. The aim of the present study was to evaluate the 
efficacy of helium‑neon laser therapy in the treatment of 
hydroxyapatite orbital implant exposure and compare the 
results with those of a combined drugs and surgery regimen. 
A total of 70 patients with hydroxyapatite orbital implant 
exposure in 70 eyes were randomly divided into two groups: 
Helium‑neon laser therapy (group A) and drugs plus surgery 
(group B). Each group contained 35 patients. The healing 
rates and times of the conjunctival wound were recorded and 
compared following helium‑neon laser treatment or the drugs 
plus surgery regimen. Changes in the hydroxyapatite orbital 
implant prior to and following helium‑neon laser irradiation 
were analyzed. A similar animal study was conducted using 
24 New Zealand white rabbits, which received orbital implants 
and were then received drug treatment or helium‑neon therapy. 
In the human experiment, the rates for conjunctival wound 
healing were 97.14% in group A and 74.29% in group B, with 
a significant difference between the groups (χ2=5.71, P<0.05). 
Patients with mild exposure were healed after 7.22±2.11 days 
of helium‑neon laser therapy and 14.33±3.20 days of drugs 
plus surgery. A statistically significant difference was found 
between the groups (t=8.97, P<0.05). Patients with moderate 
to severe exposure were healed after 18.19±2.12  days of 

helium‑neon laser therapy and 31.25±4.21 days of drugs plus 
surgery. The difference between the groups was statistically 
significant (t=7.91, P<0.05). Enhanced magnetic resonance 
imaging showed that the helium‑neon laser therapy signifi-
cantly promoted vascularization of the hydroxyapatite orbital 
implant. These results, combined with pathological findings 
in animals, which showed that a helium‑neon laser promoted 
vascularization and had anti‑inflammatory effects, suggest 
that helium‑neon laser irradiation is an effective method for 
treating hydroxyapatite orbital implant exposure, thereby 
avoiding secondary surgery.

Introduction

Orbital deformities that occur following enucleation, eviscera-
tion or exenteration are often corrected with hydroxyapatite 
orbital implantation. Following this surgery, local inflamma-
tion or delayed vascularization of the orbital implant may 
hinder the healing of conjunctival wounds, causing conjunc-
tival dehiscence (1,2) and even orbital implant exposure and 
prolapse. These complications are usually treated with drugs 
and secondary surgery  (3‑5). Orbital implant exposure is 
currently treated with various surgical techniques, including 
a dermal fat graft  (6,7), acellular dermal graft  (8), palate 
mucosal repair (9), oral mucosal repair (10), Enduragen® graft 
repair (11), subconjunctival tissue flap repair (12) and fresh 
amniotic membrane repair (13). These surgical methods are 
unsatisfactory, however, as they cannot eliminate local inflam-
mation or accelerate vascularization of the orbital implant. 
Secondary surgery usually causes unsatisfactory restoration, 
and patients must undergo multiple repair surgeries and some-
times removal of the orbital implant.

It has been well established that laser therapy is useful in 
several therapeutic scenarios (14,15). A plethora of beneficial 
effects have been demonstrated for numerous in vitro and in vivo 
test systems, including antibacterial, antiviral, antitumor, cellular 
differentiation, immunopotentiating and repair activities (16). In 
particular, helium‑neon lasers based on red light allow primary 
chromophores to act as endogenous porphyrins (17). Although 
helium‑neon laser therapy has achieved satisfactory results with 
regard to wound healing (18,19), its application to hydroxyapa-
tite orbital implant exposure has not been reported to date.
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Local helium‑neon laser irradiation has been conducted in 
patients with orbital implant exposure in the First Affiliated 
Hospital of Nanjing Medical University (Nanjing, China) since 
2007; the present study concerns the investigation into the 
clinical efficacy of the technique.

Materials and methods

Patients. A total of 70  patients (46  men and 24  women) 
with hydroxyapatite orbital implant exposure were included 
in this study between January 1997 and July 2014, noncon-
secutively. The mean age of the subjects was 37.6  years 
(range, 23‑62 years). Among the patients, 35 were treated 
with helium‑neon laser therapy (group A): 22 men and 13 
women, with a mean age of 36.5 years (range, 25‑55 years). 
In total, 30 patients underwent orbital implantation at the first 
stage and the other 5 patients that were unable to undergo 
the first stage operation for various reasons were included in 
the second stage. The patients in group A were followed up 
for 2‑28 months postoperatively. The remaining 35 patients 
were treated with drugs and surgery (group B): 25 men and 
10 women with a mean age of 39.5 years (range, 24‑60 years). 
A total of 22 patients underwent orbital implantation at the 
first stage and the other 13 patients at the second stage. The 
group B patients were followed up for 5‑40 months post-
operatively. The two groups had no statistically significant 
differences in age or gender (P>0.05).

Animal experiment. A total of 24  New Zealand white 
7‑month‑old rabbits (equally male and female) weighing 2‑3 kg 
were obtained from Nanjing Medical University. The rabbits 
received 10‑mm diameter hydroxyapatite orbital implant (IOI 
Corp.) and were divided into two groups. In one group, the 
rabbits were treated with 0.5% levofloxacin ophthalmic solu-
tion and 21,000 IU/5 ml bFGF eye drops (4 times per day) 
following surgery. The other group underwent helium‑neon 
laser irradiation plus the eye drops. After 2 weeks of treatment, 
the hydroxyapatite orbital implants harvested from the rabbit 
eyes underwent pathology examinations.

Degree of orbital implant exposure. Orbital implant exposure 
of <7 mm was considered mild, while that of 7‑10 mm was 
moderate to severe. Patients were excluded if their orbital 
implant exposure was >10 mm, the anterior orbital implant 
appeared to have prolapsed or there was orbital infection (19).

In this study, 24  patients in group  A had mild orbital 
exposure and 11 patients had moderate to severe exposure. 
Similarly, in group B, 24 patients had mild orbital exposure 
and 11 had moderate to severe exposure.

Treatment. The orbital implant (20 mm diameter; IOI Corp., 
San Diego, CA, USA) was wrapped with a pedicled scleral 
flap. Implantation was performed following evisceration. In 
group A, a helium‑neon laser multifunction therapy machine 
(LJL40‑HA; Shanghai Institute of Laser Technology, 
Shanghai, China) was used as follows: Maximum output 
power, 50  MW; emission wavelength, 632.8  nm; main 
voltage, 220±22 V; frequency, 50±1 Hz. The aperture size 
was adjusted based on the conjunctival sac. Irradiation was 
applied for 15 min continuously once a day for 10 days. During 

the follow‑up period, patients were administered 0.5% levo-
floxacin ophthalmic solution [Santen Pharmaceutical (China) 
Co. Ltd., Suzhou, China] and recombinant bovine basic fibro-
blast growth factor (bFGF) eye drops (21,000 IU/5 ml; Zhuhai 
Essex Bio‑Pharmaceutical Co., Ltd., Shenzhen, China) 4 times 
per day. The patients were rechecked every 5 days postopera-
tively until the conjunctival wounds had healed. In group B, 
patients with mild orbital implant exposure were treated with 
levofloxacin ophthalmic solution and recombinant bovine 
bFGF eye drops. Patients with moderate to severe exposure 
underwent surgical restoration and drug therapy if drugs alone 
did not diminish the exposure. Surgical restoration included 
conjunctival flap transposition for a conjunctival wound and 
allogeneic scleral repair for evident implant exposure and 
scleral dissolution.

Statistical analysis. Data were statistically processed using 
SPSS software (version 13.0; SPSS, Inc., Chicago, IL, USA). 
The healing rates were compared using the χ2 test. Healing 
times were compared using a two independent samples t‑test. 
Data expressed as the mean ± standard deviation. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Healing rates. In group A, all 24 patients with mild orbital 
implant exposure underwent a course of helium‑neon laser 
irradiation, following which their conjunctival wounds had 
healed, giving a 100% healing rate. The average healing time 
was 7.22±2.11  days. Conjunctival hyperemia was clearly 
attenuated, secretion was reduced and eyelid activities were 
normal. The remaining 11 patients with moderate to severe 
exposure underwent one course of helium‑neon laser irra-
diation. Four patients achieved conjunctival wound healing, 
and six more were completely healed following two courses 
of laser therapy. There was no exudation or conjunctival 
hyperemia and the eyelid moved freely. One patient with 
severe conjunctival dehiscence and anterior implant exposure 
underwent allogeneic scleral restoration and conjunctival flap 
implantation to repair a conjunctival wound. The conjunctival 
wound healed following three courses of local helium‑neon 
laser irradiation with no complications.

In group B, 24 patients with mild orbital implant expo-
sure were treated with drugs. Among them, 22 cases healed. 
The healing rate was 91.67%. The average healing time was 
14.33±3.20 days, which was significantly longer than that for 
group A (Table I). The 11 patients with moderate to severe 
exposure were treated with drugs and surgery. Among them, 
4 patients experienced healing. The healing rate was 36.36%, 
which was clearly lower than that in group A (90.91%).

The total efficiency rate of helium‑neon laser irradiation 
was 97.14%, which was significantly higher than that for the 
drugs plus surgery treatment (74.29%). A comparison of the 
treatment outcomes between the two groups is shown in Table I.

Conjunctival healing times. The results showed that the average 
healing time of conjunctival wounds was 7.22±2.11 days for the 
mild‑exposure patients in group A and 14.33±3.20 days for the 
mild‑exposure patients in group B. The difference was signifi-
cant (t=8.97>t0.05(44)=2.12, P<0.05). Patients with moderate to 
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severe orbital implant exposure had an average healing time of 
18.19±2.12 days in group A and 31.25±4.21 days in group B. 
The difference was significant (t=7.91>t0.05(12)=2.179, P<0.05). 
Helium‑neon laser irradiation clearly shortened the healing 
time of the conjunctival wounds in patients with mild or 
moderate to severe orbital implant exposure (Table II).

Changes in hydroxyapatite orbital implants prior to and 
following helium‑neon laser irradiation. Patients with moderate 
to severe orbital implant exposure underwent magnetic reso-
nance imaging (MRI) prior to and following helium‑neon 
laser irradiation. The results showed that the front part of the 
orbital implant was not vascularized in patients with apparent 
conjunctival dehiscence (Fig. 1). By contrast, following one 
course of helium‑neon laser irradiation, vascularization of the 
front part of the orbital implant was clearly visible (Fig. 2). The 
conjunctival wound was healed with no complications. The 
findings indicate that helium‑neon laser irradiation signifi-
cantly promotes orbital implant vascularization.

In an animal experiment, New Zealand white rabbits were 
given 10‑mm diameter hydroxyapatite orbital implants (IOI 
Corp.) and divided into two groups. In one group, the rabbits 
were treated with 0.5% levofloxacin ophthalmic solution and 
21,000 IU/5 ml bFGF eye drops (4 times per day) following 
surgery. The other group underwent helium‑neon laser irra-
diation plus the eye drops. After 2 weeks of treatment, the 
hydroxyapatite orbital implants harvested from the rabbit eyes 
underwent pathology examinations. In the rabbits that received 
eye drops alone, there was sparse fibrous tissue around the 
orbital implant, only a few new blood vessels were evident 
and a large number of inflammatory cells (mainly neutrophils) 
and red blood cells were present. Following helium‑neon laser 
irradiation plus eye drops, mature and dense fibrous tissues 
were noted around the implants. No inflammatory cells were 
apparent. The findings indicated that, in addition to promoting 
orbital vascularization, helium‑neon laser irradiation has 
anti‑inflammatory effects.

Discussion

Orbital implant exposure is a common complication following 
orbital implantation. Custer and Trinkaus (20) estimated that 

Figure 1. Magnetic resonance image obtained prior to helium‑neon laser 
irradiation. 

Figure 2. Magnetic resonance image obtained following helium‑neon laser 
irradiation.

Table I. Comparison of conjunctival wound healing rates between the two groups.

	 Helium‑neon laser irradiation group (group A)	 Drugs and surgical treatment group (group B)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Degree of	  	 No. of	 No. of			   No. of	 No. of 	
conjunctival		  healing	 nonhealing	 Healing		  healing	 nonhealing 	 Healing
dehiscence	 N	 cases	 cases	 rate, %	 N	 cases	 cases	 rate, %

Mild	 24	 24	 0	 100.00	 24	 22	 2	 91.67
Moderate to	 11	 10	 1	 90.91	 11	   4	 7	 36.36
severe								      
Total 	 35	 34	 1	 97.14	 35	 26	 9	 74.29

Comparison between the two groups: Mild, χ2=0.52<χ2
0.05(1)=3.84, P>0.05; moderate to severe, χ2=4.91>χ2

0.05(1)=3.84, P<0.05; overall, 
χ2=5.71>χ2

0.05(1)=3.84, P<0.05.
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the total incidence of postoperative orbital implant exposure in 
China was 4.9%, and the prevalence in China reportedly ranged 
from 1.6 to 21.6% between 1998 and 2004 (21). The majority 
of patients with mild exposure (7 mm) and conjunctival dehis-
cence are healed by drugs, whereas those with moderate to 
severe exposure undergo both drug and surgical treatment. The 
surgical treatment may include local debridement, polishing of 
the orbital implant surface and allogeneic scleral transposition 

for conjunctival flap restoration (3‑5,20). Secondary surgical 
restoration is sometimes ineffective in patients with severe 
exposure. Custer and Trinkaus (20) noted that 29% of severe 
cases required removal of the orbital implant.

Conjunctival dehiscence and orbital implant exposure 
following orbital implant surgery are the results of delayed 
histogenesis of orbital fibrovascular tissue and local inflam-
matory reactions (1,2). Tambe et al (1) found that all of the 
patients who failed surgery appeared to have chronic inflam-
mation according to pathological sections of the exposed 
orbital implant. Sustained local chronic inflammatory reac-
tions may affect orbital implant vascularization, delay orbital 
fibrous vascularization, reduce the local anti‑inflammatory 
reaction of the orbital implant and hinder local wound healing, 
ultimately expanding a bulbar conjunctival wound and causing 
apparent orbital implant exposure. Eye drops mainly function 
at the conjunctiva so it is difficult for them to reach the orbital 
implant. Surgical treatment can debride local wounds and 
restore conjunctival wounds. Since the combination of drugs 
and surgical treatment cannot prevent orbital inflammation or 
promote vascularization, their use has a low success rate for 
treating orbital implant exposure.

Lasers can play an important role in tissue repair. Kazem 
Sakouri  et  al  (22) postulated that the use of lasers could 
enhance callus development during the early stage of the 
healing process in rabbits. Similarly, it has been suggested that 
low‑level laser therapy may accelerate fracture repair or cause 
increased callus volume and bone mineral density, particu-
larly during the early stages of absorbing hematoma and bone 
remodeling  (23). A previous study has demonstrated that 
helium‑neon laser therapy significantly increased the number 
of blood vessels after 7 days of irradiation (24).

Helium‑neon laser is red light at 632.8 nm. The incident 
beam can partially reach into 15 mm of tissue, causing local 
vascular dilation and accelerated blood flow. The laser thus 
plays a role in reducing inflammation, has an anti‑swelling 
effect and promotes functional recovery. Calin and 
Parasca (25) found that a laser at 630‑700 nm significantly 
repaired injured tissue. In addition, low‑energy helium‑neon 
lasers strengthen phagocytosis by macrophages and promote 
the absorption of inflammation (26). Local helium‑neon laser 
therapy contributes to the prevention of the inflammatory 
reaction and promotes local tissue proliferation and wound 
healing. These efficacies of helium‑neon laser therapy provide 
strong theoretical evidence for its use in the clinical treatment 
of orbital implant exposure.

In the present study, 35  patients with orbital implant 
exposure were treated with helium‑neon laser therapy 

Figure 3. Pathological section of a rabbit orbital implant (stain, hematoxylin 
and eosin; magnification, x10).

Figure 4. Pathological section of a rabbit orbital implant following 
helium‑neon laser irradiation (stain, hematoxylin and eosin; magnification, 
x10).

Table II. Comparison of the healing times of conjunctival wounds for the two groups. 

	 Healing time in	 Healing time in	  	
Exposure	 group A (days)	 group B (days)	 t	 P‑value

Mild 	   7.22±2.11	 14.33±3.20	 8.97	 <0.05
Moderate to severe	 18.19±2.12	 31.25±4.21	 7.91	 <0.05

Group A, helium‑neon laser irradiation group; group B, drugs plus surgery group.
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(group A), and 34 of them achieved complete healing. The 
efficacy rate was 97.14%, which was significantly higher than 
that for patients in group B (74.29%), who were on a drugs 
plus surgery regimen. In addition, helium‑neon laser therapy 
markedly shortened the healing time of the conjunctival 
wounds in patients with mild conjunctival dehiscence and 
orbital implant exposure (Table II). Enhanced MRI scans and 
animal experiments (Figs. 3 and 4) confirmed the contribu-
tion of helium‑neon lasers to the promotion of vascularization 
and prevention of inflammation. These results have revealed 
the underlying mechanisms of helium‑neon laser therapy 
for treating hydroxyapatite orbital implant exposure: The 
technique promotes vascularization of the orbital implant; 
improves internal microcirculation of the orbital implant; 
enhances the anti‑infection capacity; enhances local vasodi-
lation, accelerating blood flow; and strengthens phagocytosis 
by macrophages, promoting the absorption of inflammatory 
cells and thereby promoting the healing of conjunctival 
wounds.

In conclusion, helium‑neon laser therapy is superior to 
combined drugs and surgery for treating hydroxyapatite orbital 
implant exposure accompanying postoperative conjunctival 
dehiscence. It can significantly increase the healing rate 
of conjunctival wounds and shorten the healing time. This 
low‑cost method is safe and efficient and can serve as a routine 
precautionary measure for patients in poor local and systemic 
conditions. In summary, helium‑neon laser therapy is an ideal 
treatment for hydroxyapatite orbital implant exposure.
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