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Abstract
● AIM: To evaluate the long-term results of different orbital 
decompression techniques performed in patients with 
Graves' ophthalmopathy (GO).
● METHODS: Totally 170 cases with GO underwent 
orbital decompression between 1994 and 2014. Patients 
were divided into 4 groups as medial-inferior, medial-
lateral (balanced), medial-lateral-inferior, and lateral 
only according to the applied surgical technique. 
Surgical indications, regression degrees on Hertel 
exophthalmometer, new-onset diplopia in the primary gaze 
and new-onset gaze-evoked diplopia after surgery and 
visual acuity in cases with dysthyroid optic neuropathy (DON) 
were compared between different surgical techniques.
● RESULTS: The study included 248 eyes of 149 patients. 
The mean age for surgery was 42.3±13.2y. DON was the 
surgical indication in 36.6% of cases, and three-wall 
decompression was the most preferred technique in 
these cases. All types of surgery significantly decrease 
the Hertel values (P<0.005). Balanced medial-lateral, and 
only lateral wall decompression caused the lowest rate 
of postoperative new-onset diplopia in primary gaze. The 
improvement of visual acuity in patients with DON did not 
significantly differ between the groups (P=0.181). 
● CONCLUSION: The study show that orbital decompression 
surgery has safe and effective long term results for 
functional and cosmetic rehabilitation of GO. It significantly 
reduces Hertel measurements in disfiguring proptosis and 
improves visual functions especially in DON cases. 
● KEYWORDS: orbital decompression; Graves’ ophthalmopathy; 
dysthyroid optic neuropathy
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INTRODUCTION

G raves’ ophthalmopathy (GO) is the most frequently 
occurring and most complicated extrathyroidal symptom 

of Graves’ disease (GD)[1-2]. The rate of GO in GD was 
reported as 25%, but it can be detected in up to 80% of the 
cases with detailed clinical and radiological evaluations[3-4]. 
Upper eyelid retraction is the most common feature of GO, 
but the clinical spectrum may also involve chemosis, exposure 
keratopathy, extraocular muscle dysfunction, exophthalmos, 
and dysthyroid optic neuropathy (DON)[5-10]. Most of the 
clinical features of GO can be explained by the inflammatory 
processes taking place in the restricted area of the bony orbit, 
which usually increase the intraorbital volume and retrobulbar 
pressure. In selected cases, orbital decompression surgery may 
be necessary to expand the bony orbit and/or excise orbital 
fatty tissue to avoid irreversible damage to the visual function. 
Orbital decompression surgery was first described in 1911[11] 
to provide more space for the orbital soft tissue that can 
provide a decrease in exophthalmos[12-13]. The aim of this study 
was to evaluate the surgical results of the different orbital 
decompression techniques and their long-term outcomes.
SUBJECTS AND METHODS
Orbital decompression surgery was performed in 170 GO cases 
in the Oculoplastic and Orbital Surgery Unit of the Department 
of Ocular Diseases at Gazi University in Turkey between 1994 
and 2014. The data from these patients was retrospectively 
reviewed. Ethical approval was obtained from the Ethical 
Committee of Clinical Research at Gazi University (approval 
number: 363, approval date: July 14, 2014). A consent form 
was obtained from each patient for the publication of their 
photographs.
Those patients that followed up for at least two years after the 
surgery were included in the study. Nine patients died and 12 
were lost to follow-up. Finally, the data from 149 cases was 
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recorded, including the age, gender, family history, smoking 
status, thyroid function, diagnostic age for GO, time elapsed 
from the first ocular symptoms to orbital surgery, presence of 
DON, orbital decompression technique, follow-up duration 
after orbital surgery, preoperative and postoperative new-onset 
diplopia, related complications, and additional medical and/or 
surgical interventions. 
The patients were divided into 4 groups according to the 
surgical technique applied: inferomedial, balanced (medial and 
lateral), three-wall (medial, lateral, and inferior), and lateral 
wall only. 
All of the patients underwent full ophthalmic examinations, 
including pupillary responses, visual acuity (VA), refraction, 
color vision, biomicroscopy, intraocular pressure, fundoscopy, 
and visual field analyses, and the axial proptosis was measured 
via Hertel exophthalmometry both preoperatively and 
postoperatively. Nasal endoscopic evaluations were performed 
in all cases. In each patient, the paranasal sinuses and bony 
orbit were evaluated via orbital computed tomography 
(CT) and/or magnetic resonance imaging (MRI) before 
and after the operation. The orbital images were evaluated 
for the involvement of the extraocular muscles, orbital fat 
compartment, optic nerve appearance, and apical crowding. 
The ocular motility and the degree of strabismus were assessed 
using an orthoptic examination, Hess chart, and prisms. 
The diagnosis of DON was based on the presence of any 
combination of visual deficits, including the VA, visual field, 
and color vision. It was also supported by at least one of the 
following: apical crowding, optic disc edema, and afferent 
pupillary defect[14-15].
Statistical Analysis  The data were analyzed with the Statistical 
Package for the Social Sciences (SPSS, version 11.5, USA) 
for Windows. The Kolmogorov-Smirnov test was used to 
determine whether the continuous and categorical variables 
were normally distributed, and Levene’s test was used to 
determine whether the variances were homogenous. The 
one-way analysis of variance (ANOVA), Mann-Whitney 
U, Kruskal-Wallis, Pearson’s Chi-squared, likelihood ratio, 
Wilcoxon signed rank, McNemar’s test, and paired samples 
t tests were employed when necessary. A P value of <0.05 
was considered to be significant; however, the Bonferroni 
correction was performed to keep type I errors under control in 
all the multiple comparisons.
Surgical Technique  The lateral wall decompression was 
performed via an extended upper eyelid crease incision. 
Following the incision, the superior and lateral aspects of the 
orbital rim were exposed. A high-speed micromotor burr was 
used to sculpt the bone. The frontal, zygomatic, and frontalis 
bones were thinned from the frontozygomatic fissure to the 
superior orbital fissure. The zygomatic bone corpus was 

harvested, a thin orbital rim was left in the lateral site, and the 
thick bone of the greater wing of the sphenoid was excised by 
protecting the dura mater. The zygomatic and maxillary bones 
around the inferior orbital fissure were also excised. Incisions 
were made in the periorbital tissue, creating herniation of the 
orbital fat tissue and lacrimal gland into the newly created 
spaces.
If floor decompression was planned, a lateral canthotomy and 
cantholysis of the lower limb of the lateral canthal tendon 
was performed, and a transconjunctival incision was made 
just below the lower tarsal border, creating a swinging lower 
eyelid flap. The periosteal incision was made at the inferior 
orbital rim, and the periorbital fascia was reflected off the 
floor. A mallet and chisel were used to puncture the floor bone, 
and the pieces of bone were removed. Care was taken when 
removing the bony canal of the infraorbital nerve. The orbital 
floor was removed to the posterior wall of the maxillary sinus, 
and the overlying periorbital tissue was excised. In all cases, 
the inferomedial orbital strut was preserved to prevent globe 
luxation and decrease the risk of postoperative new-onset 
diplopia. 
In all of the cases that underwent lateral wall decompression, 
the inferolateral fat pocket was removed by using a 
radiofrequency unit (Ellman International Inc., Hicksville, NY, 
USA) with a Colorado microneedle tip (Colorado Biomedical, 
Inc., Evergreen, CO, USA). This excision was performed 
under direct visualization to avoid injury to the dilated vessels 
and rectus muscles. An average of 3.5 cubic centimetre of fat 
was removed from this region.
The transcaruncular approach was used for the medial wall 
decompression. First, the eyeball and the orbital contents were 
deviated laterally with a malleable retractor. An incision was 
made in the periosteum parallel to the posterior lacrimal crest, 
and the subperiosteal dissection was done with a Freer elevator. 
The orbital medial wall was excised with Takahagi forceps. 
The bony opening was enlarged to the anterior ethmoidal 
foramen superiorly and the maxillary strut inferiorly. Finally, 
incisions were made to the periorbital fascia for the herniation 
of the orbital fat.
RESULTS
All of the patients were diagnosed as GD and they were 
euthyroid and taking antithyroid medications, with clinical and 
laboratory examinations being conducted at least 4mo before 
surgery [the free triiodothyronine (T3) and free thyroxine (T4) 
were within the normal ranges and the thyroid-stimulating 
hormone was low or within the normal range]. Family history 
for thyroid dysfunction was present in 41.6% of the cases. 
Smoking habit was present in 78.5% of the patients where 
24.8% were current smokers. The demographic characteristics 
of the patients and the types of surgery are shown in Tables 1 
and 2, respectively.

Orbital decompression surgery
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The preference for three-wall decompression surgery in the 
DON cases was significantly higher (P<0.001), whereas the 
balanced medial and lateral or lateral wall only decompressions 
were preferred for the cosmetic cases (Table 3).
Both the intragroup and intergroup comparisons of the 
preoperative and postoperative Hertel values were compared 
regarding the types of surgery. The postoperative Hertel 
measurements were significantly lower in all the groups, and 
Table 4 summarizes the mean preoperative and postoperative 
Hertel values with the mean decreases. 
The groups were also evaluated in terms of new-onset diplopia 
in the primary gaze and new-onset gaze-evoked diplopia after 
surgery (Tables 5 and 6). Gaze-evoked diplopia emerged 
postoperatively in different gaze positions defined as new onset 
gaze-evoked diplopia. The patients who underwent different 
types of surgery for each of their eyes were not included in 
the evaluation. Of the patients with new-onset diplopia in the 
primary gaze, one having medial-inferior wall decompression, 
four having medial-lateral wall decompression, and two 
having medial-lateral-inferior wall decompression underwent 
strabismus surgery, and one having medial-lateral wall 
decompression and two having medial-lateral-inferior wall 
decompression were treated with prismatic glasses. The 
preoperative diplopia in the primary gaze regressed in one 
patient who underwent medial-inferior wall decompression, 
one patient who underwent medial-lateral-inferior wall 
decompression and two patients who underwent medial-lateral 
wall decompression. Since the numbers of these patients were 
limited, no statistical evaluation was conducted.
The effects of the different types of surgery on the VA in 
the DON cases are shown in Table 7. The VA improvement 

did not significantly differ between the groups. Of the two 
eyes having only light sensation, a VA of finger counting 
and 0.6 (Snellen chart) were achieved after the three-wall 
decompression surgery (Figure 1). Of the two patients without 
light sensation, finger counting levels were achieved after the 
three-wall decompression surgery (Figure 2). The relative 
afferent pupillary defect (RAPD) did not improve and color 
vision remained at 0/20 in all but one case having a VA of 0.6 
(Snellen chart) after the operation.
Only one patient who underwent medial-lateral-inferior 
wall decompression showed intraorbital vision-threatening 
hemorrhaging on the first day after surgery. Surgical drainage 
was performed and the patient did not have any other surgery-
related complications. In the DON cases, systemic steroid 
treatment was necessary in 5 eyes after medial-inferior-lateral 
wall decompression and in 4 eyes after 2-wall decompression 
due to the features of persistent optic neuropathy. Six eyes 
responded to additional intravenous steroid treatment. 
The three eyes that underwent medial and lateral wall 
decompression necessitated further decompression within 
3-9mo after initial surgery to improve optic nerve functions 
and underwent inferior wall decompression with additional 
orbital fat removal. Visual improvement was achieved in all 

Table 1 Patient characteristics                                                    n (%)

Characteristics Value (149 cases)
Surgery age (y) 42.3±13.2 (14-81)
Diagnostic age (y) 39.0±13.3 (5-80)
Sex

Male 60 (40.3)
Female 89 (59.7)

Surgical technique 248 eyes
Inferomedial wall 15 (6)
Balanced (medial-lateral)+fat 181 (73)
Three wall (medial-lateral-inferior)+fat 39 (15.75)
Lateral+fat 13 (5.25)
DON 248 eyes
Negative 157 (63.4)
Positive 91 (36.6)
Final patient situation 170 patients
In follow-up 149 (87.7)
Deceased 9 (5.3)
Lost to follow-up 12 (7)

DON: Dysthyroid optic neuropathy.

Figure 1 Patient with GO  Right eye VA=10/10, left eye VA=light 
perception (+) (Snellen chart), left unilateral exposure keratopathy 
with DON. Left eye VA=6/10 (Snellen chart) after medial-inferior-
lateral decompression surgery. 

Figure 2 Patient with GO  Right eye VA= finger counting, left 
eye VA=light perception (-), bilateral DON (+). Right eye VA=6/10 
(Snellen chart), left eye VA=finger counting after bilateral medial-
inferior-lateral decompression surgery.
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these cases after second surgery and remained stable during the 
follow-up period.
DISCUSSION
In the current study, the indication for surgery was DON in 91 
of 248 eyes (36.6%). DON was determined in 25 of 39 eyes 
that underwent medial, lateral, and inferior wall decompression 

(64.1%). This rate was 32.6% (59 of 181 eyes), 33.3% (5 of 
15 eyes), and 15.3% (2 of 13 eyes) in medial-lateral, medial-
inferior, and lateral only group, respectively. Although our 
findings were partly consistent with the literature[16-17], it 
appeared that the medial-lateral-inferior wall decompression 
was performed more frequently in the presence of DON in our 
practice. Medial and lateral wall decompression was performed 
for cosmetic reasons in 122 of 181 eyes (67.4%), and this rate 

Table 2 Demographic characteristics according to the operation type

Variable Medial-inferior 
(15 eyes)

Medial-lateral 
(181 eyes)

Medial-lateral-inferior
 (39 eyes)

Lateral 
(13 eyes) P

Surgical age (y) 42.1±12.1 40.5±13.2 48.4±10.5 45.6±17.9 0.082a

Diagnostic age (y) 39.7±10.8 37.4±13.6 43.9±9.7 40.9±20.1 0.237a

Sex, n (%) 0.451b

Male 3 (30.0) 42 (39.6) 12 (50) 3 (33.3)

Female 7 (70.0) 64 (60.3) 12 (50) 6 (66.6)

Follow-up duration (y) 4 (2-20) 6 (2-17) 6.5 (2-16) 6 (3-10) 0.158c

aOne-way ANOVA; bPearson Chi-squared test; cKruskal-Wallis test.

Table 3 DON frequency according to the type of procedure

Variable Medial-inferior (15 eyes) Medial-lateral (181 eyes) Medial-lateral-inferior (39 eyes) Lateral (13 eyes)

DON 5 (33.3%)a,b,d 59 (32.6%)a,c,f 25 (64.1%)c,d,e 2 (15.3%)b,e,f

DON: Dysthyroid optic neuropathy. Pearson’s Chi-squared test. aP=0.942, medial-inferior vs medial-lateral groups; bP=0.274, medial-inferior 
vs lateral groups was statistically insignificant; cP<0.001, medial-lateral vs medial-lateral-inferior groups; dP<0.001, medial-inferior vs medial-
lateral-inferior groups; eP=0.002, medial-lateral-inferior vs lateral groups; fP=0.201, medial-lateral vs lateral groups.

Table 4 Mean preoperative and postoperative Hertel values

Hertel value No. of eyes Preoperative Postoperative gP Difference

Medial-inferior 15 26.8±3.3 (22-32) 19±3.4 (13-25) <0.001 7.8±1.9 (4-11)a,b,f

Medial-lateral 181 25.9±3.3 (19-35) 20.1±2.6 (14-27) <0.001 5.7±2.7 (1-13)a,c,d

Medial-lateral-inferior 39 27±3.3 (20-35) 20.1±3.8 (13-28) <0.001 6.9±2.7 (3-14)c,e,f

Lateral 13 23.6 ±1.8 (21-27) 19.9±2.1 (16-23) 0.002 3.7±1.6 (2-6)b,d,e

According to the Bonferroni adjustment, P<0.0125 was significant. Intergroup comparisons of preoperative and postoperative Hertel values 
(Kruskal-Wallis test). aP=0.001, medial-inferior vs medial-lateral groups; bP=0.001, medial-inferior vs lateral groups; cP=0.030, medial-lateral 
vs medial-lateral-inferior groups; dP=0.003, medial-lateral vs lateral groups; eP<0.001, medial-lateral-inferior vs lateral groups; fP=0.09, medial-
inferior vs medial-lateral-inferior groups. gIntragroup comparisons of preoperative and postoperative Hertel values (Wilcoxon signed rank test).

Table 5 Comparison of the new-onset diplopia in the primary 
gaze rates

Surgical technique
Patients without 

preoperative diplopia
in primary gaze

New-onset 
diplopia in 

primary gaze

Medial-inferior 6 1/6 (16.7%)b,c

Medial-lateral 85 5/85 (5.8%)a,c

Medial-lateral-inferior 16 4/16 (25%)a,b

Lateral 6 0

Intergroup comparisons of new-onset diplopia in the primary gaze, 
Likelihood ratio test (Chi-squared). aP=0.031, medial-lateral vs 
medial-lateral-inferior groups; bP=0.6, medial-inferior vs medial-
lateral-inferior groups; cP=0.37, medial-inferior vs medial-lateral 
groups.

Table 6 Comparison of new-onset gaze-evoked diplopia rates

Surgical technique
Patients without 

preoperative gaze-
evoked diplopia

New-onset 
gaze-evoked 

diplopia

Medial-inferior 6 1/6 (16.6%)b,c

Medial-lateral 83 13/83 (15.6%)a,c

Medial-lateral-inferior 15 3/15 (20%)a,b

Intergroup comparisons of new-onset diplopia in the primary gaze. 
Likelihood ratio test (Chi-squared). aP=0.44, medial-lateral and 
medial-lateral-inferior groups; bP=0.73, medial-inferior and medial-
lateral-inferior groups; cP=0.93, medial-inferior and medial-lateral 
groups.

Orbital decompression surgery



Int J Ophthalmol,    Vol. 11,    No. 8,  Aug.18,  2018         www.ijo.cn
Tel:8629-82245172     8629-82210956        Email:ijopress@163.com

1367

was 84.6% (11 of 13 eyes) in the lateral wall group. In parallel 
with the recent tendency, a large number of cases in the 
present study underwent decompression surgery for cosmetic 
reasons[16-17]. Balanced medial and lateral wall or only lateral 
wall decompression were the preferred techniques of orbital 
decompression for cosmesis.
In the present study, four different types of surgery caused 
significant decrease in the Hertel values. The medial-
inferior wall decompression and medial-lateral-inferior wall 
decompression exhibited similar decreases in the Hertel values 
(P=0.09). Overall, the mean decreases in the Hertel values were 
7.8 mm after the medial-inferior wall decompression, 6.9 mm 
after the medial-lateral-inferior wall decompression, 5.7 mm 
after the medial-lateral wall decompression and 3.7 mm after the 
lateral wall decompression alone. According to retrospective 
studies, the decompression of the lateral wall only, inferior and 
medial walls, lateral and medial walls, and three walls brought 
about regressions in proptosis of 2-3 mm, 4-6 mm, 4-5 mm, 
and 8 mm, respectively[17-21]. The decompression of four walls 
can achieve a regression of 12-14 mm[18-19]. The degree of 
retroplacement achieved by medial-lateral wall decompression 
was similar to that reported in the literature[17,20-21]. However, 
the medial-inferior wall decompression yielded a slightly 
higher degree of retroplacement when compared to that 
reported in the literature[18-19,22-27]. The reason of this difference 
may be the limited number of eyes included in this group. In 
the present study, the degree of retroplacement was slightly 
lower than in the literature in the three-wall decompression 
surgery due to its more frequent use in the presence of DON 
and more marked fibrotic process in the orbit in patients with 
DON[14,28]. Consistent with this finding, it has been reported 
that the mean amount of retroplacement was 6.4 mm after a 
three-wall orbital decompression in GO patients with optic 
nerve involvement[29]. Lateral wall decompression alone 
produced a mean retroplacement of 3.7 mm in the present 
study, which is compatible with that in the literature[30-34]. 

The rate of diplopia in the primary gaze after medial-inferior 
wall decompression surgery was 16.7%, which is similar to 

that reported in the literature[23-24]. Cruz et al[27] reported that the 
rate of new-onset diplopia after transconjunctival inferomedial 
wall decompression, without the protection of inferomedial 
orbital support (orbital strut), was 13%. Eing et al[35] reported 
that the rate of diplopia appearing after transconjunctival 
inferomedial wall decompression was 14%. In fact the rate 
of diplopia appearing after inferomedial wall decompression 
ranges from 13% to 84%[22,27,35-36]. However, the rate of newly 
emerging diplopia after transconjunctival inferomedial wall 
decompression combined with lateral wall decompression 
was reported to be 1.8%-12.5% in the studies by Paridaens 
et al[25] and Bailey et al[26]. Both studies emphasized that the 
preservation of the ethmoid and maxillary junction, considered 
to be inferomedial orbital support (orbital strut), caused a 
decrease in the diplopia rate[25-26]. This bony structure prevents 
the inferomedial displacement of the globe and decreases both 
the hypoglobus rate and iatrogenic diplopia[25-26]. 

Although we protected the orbital strut during surgery, our rate 
of diplopia in the primary gaze after medial-lateral-inferior 
decompression surgery was 25%, which was higher than in 
the literature. This high rate of diplopia might have been due 
to the preference for three-wall decompression, especially in 
the presence of DON, since it is known that ocular motility 
problems frequently appear in patients with DON[14-15]. 
Mainville et al[37] reported higher rates of new-onset diplopia 
in patients with open periorbital tissue, another cause of our 
high rates could be the opening of the periorbital tissue in 
all the eyes. A different surgical method called the orbital 
sling procedure was defined in 2002[38]. In this procedure, 
the periorbital section supporting the medial rectus muscle 
was kept intact, and the rate of diplopia appearing after this 
procedure was reported from 0 to 7.7%[38-39]. In the present 
study, the orbital sling procedure was not applied in any of our 
patients. 
Balanced medial-lateral wall decompression is directed to 
prevent the extraorbital muscle imbalance and diplopia caused 
by a single or asymmetrical wall excision[17]. There have been 
several studies emphasizing the low incidence of postoperative 

Table 7 Preoperative and postoperative VA values (logMAR) of the DON patients

Group No. of eyes Preoperative Postoperative P Difference

0.181a

Medial-inferior 5 0.74±1.30 0.08±0.18 0.260b -0.66±1.13

Medial-lateral 59 0.52±0.70 0.19±0.38 <0.001c -0.33±0.53

Medial-lateral-inferior 25 0.78±0.79 0.18±0.42 <0.001c -0.60±0.60

Lateral 2 0.18±0.02 0.00 0.310b -0.17±0.01

VA: Visual acuity; DON: Dysthyroid optic neuropathy. aIntergroup comparisons of VA improvement, one-way 
ANOVA. According to the Bonferroni adjustment, P<0.025 was significant; bWilcoxon Signed Ranks test; cIntragroup 
comparisons of preoperative and postoperative VA values (logMAR), Paired samples t-test. According to the Bonferroni 
adjustment, P<0.00625 was significant.
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diplopia with balanced orbital decompression[17,20-21]. The rate 
of diplopia after medial-lateral wall decompression has been 
reported to range from 0 to 33%, and the study revealing the 
rate of 33% included nine patients[20-21,40-44]. In the present 
study, 5.8% of the cases undergoing medial-lateral wall 
decompression developed diplopia in the primary gaze. When 
compared to the medial-inferior and medial-lateral-inferior 
wall decompression, the medial-lateral wall decompression 
was found to cause a lower rate of diplopia.
Even though it was not statistically significant, the rate of 
new-onset gaze-evoked diplopia was lower in the medial-
lateral wall decompression when compared with the other 
surgical techniques (medial-inferior and medial-lateral-inferior 
decompression).
Decompression surgery in the presence of DON achieved a 
rapid resolution in addition to its acceptable side-effect profile. 
It is thought that decompression surgery exerts its effects by 
eliminating persistent congestion by creating newly space for 
congested and inflamed orbital soft tissue. 
It has been shown in the literature that decompression surgery 
using different techniques can provide an improvement in 
visual function by 70%-95% in patients with DON[22-24,28,30,45-48]. 

However, it is emphasized that relapses in optic neuropathy 
can appear after decompression, and that additional medical 
and/or surgical management may be needed[45]. Similarly, in the 
current study, three eyes required further decompression within 
3-9mo after initial surgery to improve optic nerve functions 
and 9 eyes required additional steroid therapy. 
In the current study, medial-lateral wall decompression and 
medial-lateral-inferior wall decompression provided significant 
increases in the VA in DON cases. The VA also increased in 
those cases undergoing medial-inferior wall decompression 
and in the lateral group, although not significantly. This finding 
can be explained by the small number of patients in these 
groups. Although the VA showed similar improvement between 
the groups, it was clinically more marked in the medial-lateral-
inferior wall decompression group. This implies that the three-
wall decompression should be preferred, especially in cases 
with very low VA. Of the two cases having the sense of light 
upon admission, medial-lateral-inferior wall decompression 
provide a VA of 0.6 (Snellen chart) and counting finger levels 
after surgery. 
Of the two patients without the sense of light before the 
medial-inferior-lateral decompression surgery, VA of counting 
finger levels was achieved after surgery. Therefore, it is 
suggested that those patients without the sense of light should 
also be given a chance for improvement. It has been stated in 
the literature that the presence of preoperative optic atrophy is 
not a predictor of the improvement in the VA[24], which seems 
to be supported by the findings of the present study.

The most important limitation of the present study was that 
it had a retrospective design. In addition, the heterogeneous 
distribution of the cases in the groups did not allow for a 
clear statistical evaluation of some of the findings. However, 
the results of the study show that medial-lateral wall 
decompression, medial-inferior wall decompression, and 
medial-lateral-inferior wall decompression are effective and 
reliable treatment options with regard to the regression of the 
Hertel values and correction of visual function in GO patients. 
Overall, medial-lateral wall decompression caused a lower 
rate of diplopia in the primary gaze. Nevertheless, prospective, 
randomized studies that will allow a more reliable comparison 
of the different surgical techniques with regard to the Hertel 
values, visual function, and postoperative incidence of diplopia 
are needed.
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