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Abstract. The aim of this study was to compare the surgical outcomes of deep lateral
orbital decompression using the rim-sparing technique versus the rim-removal
technique in Graves’ orbitopathy (GO). A retrospective cohort study of 75 orbits in 50
patients with GO was performed. Proptosis, best corrected visual acuity (BCVA),
intraocular pressure (IOP), upper and lower lid margin to reflex distances (MRD-1 and
MRD-2, respectively), diplopia, ocular restriction, and GO quality of life (GO-QOL)
questionnaire results were analyzed pre- and postoperatively. The average proptosis
reduction ranged from 3.5 mm to 6.7 mm with the rim-sparing technique and from
3.6 mm to 6.7 mm with the rim-removal technique (P > 0.05). All orbits with
dysthyroidopticneuropathy in the rim-sparinggroupand87.5%ofsuchorbits in the rim-
removal group showed improved BCVA (P = 0.321). Reductions in IOP, MRD-1, and
MRD-2 were observed with both techniques. Patients in the rim-sparing group had
greater improvements in GO-QOL appearance score (P = 0.043). In conclusion, rim-
sparing orbital decompression provides efficacious outcomes with greater
improvements in patient quality of life than the rim-removal technique. The rim-sparing
techniqueshouldbeconsideredasapreferableoptionbecause itpreserves the integrityof
the lateral vertical maxillary buttress and bony protection for the orbital contents.
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Graves’ orbitopathy (GO) is the most
common orbital inflammatory disorder
and has several manifestations, including
proptosis, eyelid retraction, restrictive
strabismus, and diplopia1,2. In addition,
approximately 3–5% of patients experi-
ence sight-threatening exposure kerato-
pathy or dysthyroid optic neuropathy
ons. Published by Elsevier Ltd. All rights reserved.
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(DON) with serious impacts on quality of
life3,4.
Systemic glucocorticoids, orbital radio-

therapy, and rehabilitative surgery are the
mainstay treatments for GO. When surgi-
cal rehabilitation is indicated, orbital de-
compression is widely accepted as the
first-line procedure to restore visual func-
tion in patients with DON and/or exposure
keratopathy and to relieve disfiguring
proptosis5. Orbital decompression
involves augmenting the orbit volume
by removing orbital wall/walls or reducing
the herniated fat, thus creating sufficient
space for the orbital contents. The extent
of orbital decompression varies from pa-
tient to patient depending on the severity
of exophthalmos and clinical manifesta-
tions5,6.
Deep lateral wall decompression has

been shown to offer favourable outcomes
with a low risk of postoperative diplopia7.
This procedure is usually performed after
lateral orbital rim-removal, with or with-
out rim repositioning. Rim-removal lateral
wall decompression without rim reposi-
tioning is recommended for improved vi-
sualization of the surgical field and better
proptosis reduction8. However, this ap-
proach may damage the integrity of the
lateral vertical maxillary buttress, result-
ing in instability of the face, and has a
deleterious effect on the function of the
lateral canthal tendon9. Furthermore, tem-
ple-related problems manifesting as tem-
poral hollowing may arise when lateral
orbital rim repositioning is not per-
formed8,10. Deep lateral wall decompres-
Fig. 1. Measurement of proptosis based on CT im
technique, the preoperative and postoperative
Reconstructed orbital bony structures and measu
show a patient who underwent bilateral orbital d
sion after temporary rim removal with rim
repositioning requires the additional use of
individual implants, which may result in
various complications, such as long-term
sensory disturbances11. Mehta and Dur-
rani first reported a new rim-sparing tech-
nique in which the lateral orbital wall was
removed through a horizontal skin inci-
sion placed lateral to the lateral canthus
while preserving the lateral rim12. This
approach achieves ideal proptosis reduc-
tion and keeps the lateral rim intact with-
out requiring repositioning of the orbital
rim.
It appears that no study reported in the

literature has compared the surgical
effects of this new rim-sparing technique
and the rim-removal technique. This study
was performed to compare the surgical
outcomes of deep lateral wall orbital de-
compression using the rim-sparing tech-
nique versus the rim-removal technique in
patients with GO.

Materials and methods

A retrospective study was performed on
all consecutive patients with GO who
underwent orbital decompression with
the rim-sparing or rim-removal technique
in the Department of Ophthalmology of
Shanghai Ninth People’s Hospital be-
tween March 2015 and December 2017.
The study was approved by the ethics
committee of the medical centre and ad-
hered to the tenets of the current version of
the Declaration of Helsinki. Written con-
sent was obtained from the participants.
ages for (A) the rim-sparing technique, and (B) th
 CT images were digitally merged using Mi
rement lines (orange line) were provided for the
ecompression with the rim-sparing technique (C
Patients were eligible if they were 18 to
75 years of age, underwent orbital decom-
pression including decompression of the
lateral wall due to disfiguring proptosis,
DON, or exposure keratopathy, and had
well-controlled thyroid function in the
past 3 months. Patients who underwent
deep lateral wall decompression with
rim repositioning were excluded. The data
collected included preoperative and post-
operative (3 months after surgery) propto-
sis, best corrected visual acuity (BCVA),
intraocular pressure (IOP), upper and low-
er lid margin to reflex distance (MRD-1
and MRD-2, respectively), diplopia, ocu-
lar restriction, and surgical complications.
A GO quality of life (GO-QOL) question-
naire concerning visual function and ap-
pearance in patients with GO was also
completed5. Higher scores mean better
health-related quality of life. Special at-
tention was paid to the presence of post-
operative temple-related problems and
oscillopsia. Photographs were taken of
the temporal region of each patient.
Demographic data including sex, age,

and medical history were reviewed for
each patient. Proptosis was assessed using
computed tomography (CT) of the orbit
(Fig. 1A, B). All CT data were imported
into Mimics 17.0 (Materialise, Leuven,
Belgium). Previously determined standard
anatomical points were applied for prop-
tosis measurements13. IOP was measured
using a KT-800 tonometer (KOWA,
Nagoya, Japan) in primary gaze. Measure-
ments of eyelid retraction were obtained in
patients in the primary position. The pres-
e rim-removal technique. For the rim-removal
mics 17.0 software (Materialise, Belgium).

 measurement of proptosis. The photographs
) preoperatively, and (D) and postoperatively.
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ence of subjective diplopia was rated
according to the VISA classification (vi-
sion, inflammation, strabismus, and ap-
pearance): 0 = no diplopia, 1 = diplopia
with horizontal or vertical gaze, 2 = inter-
mittent diplopia in straight gaze, and
3 = constant diplopia in straight gaze14.
Ocular restriction was assessed by catego-
rizing patients according to four grades
based on the range of duction: 0 � 45�,
1 = 30–45�, 2 = 15–30�, and 3 � 15�. A
change of at least one grade was consid-
ered to be clinically relevant14.
The surgical techniques were recorded.

Safety was assessed based on the inci-
dence of postoperative complications such
as severe haemorrhage and cerebrospinal
fluid leakage.

Surgical technique

The number of orbital walls decompressed
was based on the severity of preoperative
proptosis. Deep lateral wall decompres-
sion was performed if the proptosis mea-
surement was less than 20 mm. Balanced
Fig. 2. (A) Photograph showing the intraoperativ
landmark of the osteotomy made in the lateral w
bony window following osteotomy. (E) Preopera
decompression with the rim-sparing technique. 
decompression (deep lateral and medial
walls) was performed if the proptosis
measurement was between 20 mm and
24 mm. Three-wall decompression (deep
lateral, medial, and inferior walls) was
performed if the proptosis measurement
was more than 24 mm. The decision re-
garding the surgical technique was made
together with the patient after explaining
the potential advantages and disadvan-
tages of the rim-sparing and rim-removal
techniques. One technique was not
favoured over the other technique.
The preoperative surgical plan was cre-

ated using the virtual surgical software
Mimics 17.0 and Endo-Navi (UEG,
Shanghai, China). The maximum decom-
pression area and important structures
such as the optic nerve and infraorbital
nerve bundle were outlined. The plan was
exported to the navigation system Endo-
Navi.
The dynamic reference frame was at-

tached to the patient’s skull and face
matching was performed, following which
the accuracy of the navigation system with
e landmarks for the incision along the double eye
all 5 mm posterior to the lateral rim. (C and D) P
tive and (F) postoperative CT images of a patien
(G–I) Postoperative three-dimensional CT recon
an error of less than 1.5 mm was con-
firmed. A horizontal skin incision was
made along the double eyelid fold. The
lateral orbital rim was exposed from the
skull base to the level of the orbital floor.
The temporalis fascia was exposed along
the posterior edge of the lateral rim before
reflecting the temporalis muscle laterally.
The periosteum was incised 2 mm poste-
rior to the lateral orbital rim in an ‘H-like’
manner, along the length of the lateral
wall.
For the rim-sparing group, the lateral

orbital rim was preserved and kept intact.
An L-shaped surgical landmark was out-
lined, and osteotomies were created in the
lateral wall 5 mm posterior to the lateral
orbital rim at the level of the superior
margin of the zygomatic arch. The deep
lateral wall to the trigone of the greater
wing of the sphenoid, which is the narrow
space of the sphenoid between the superior
and inferior orbital fissures, was removed
(Fig. 2). The lateral window was enlarged
widely with rongeurs and a cutting burr.
For the rim-removal group, osteotomies
lid fold. (B) Photograph showing the L-shaped
hotographs showing the intact orbital rim and
t who underwent left deep lateral wall orbital
struction; the left orbital rim was left intact.
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were made 1 cm above the frontozygo-
matic suture and the level of the superior
margin of the zygomatic arch. En bloc
removal of the lateral orbital rim was
performed, and the rim was not reposi-
tioned. The deep lateral wall decompres-
sion was then performed. Additional
medial wall and/or inferior wall decom-
pression was performed successively by
transconjunctival and transcaruncular
approaches as planned. No strabismus or
eyelid surgery was performed at the time
of the orbital decompression or prior to the
postoperative assessment in any case.

Statistical analysis

The statistical analysis was performed
using SPSS version 14.0 (SPSS Inc., Chi-
cago, IL, USA). The Student t-test and
paired t-test were used to compare the
means of continuous variables and nor-
mally distributed data; otherwise, the
Mann–Whitney U-test and Wilcoxon test
were used. The x2 test was used to com-
pare categorical data. BCVA was con-
verted to the logarithm of the minimal
angle of resolution (logMAR) for statisti-
cal analysis. P-values of <0.05 were con-
sidered statistically significant.

Results

Seventy-five orbits in 50 patients (16 male
and 34 female) who underwent orbital
decompression were included (Table 1).
The mean age of the patients was
40.2 � 13.3 years. Follow-up ranged from
4 to 36 months. All surgeries were per-
formed by a single surgeon. The rim-spar-
ing technique was performed on 23 orbits
and the rim-removal technique was per-
formed on 52 orbits. Forty-seven orbits
underwent surgery due to disfiguring
proptosis and 28 orbits underwent surgery
due to DON, including five orbits that also
had exposure keratopathy. One-wall de-
compression (deep lateral wall) was per-
formed in 18 orbits. Twenty-four orbits
underwent balanced decompression (deep
Table 1. Demographic characteristics of the pa

Characteristics
R

Sex, n (%) 

Male 6 (
Female 17

Age (years), mean � SD 37
Side, n (%) 

Right 13
Left 10

Disease duration (months), median (IQR) 24

SD, standard deviation; IQR, interquartile range
lateral and medial walls), while 33 orbits
underwent three-wall decompression
(deep lateral, medial, and inferior walls).
No significant differences in preopera-

tive proptosis were observed between de-
compression with the rim-sparing
technique and decompression with the
rim-removal technique in patients who
underwent deep lateral wall decompres-
sion, balanced decompression, and three-
wall decompression (all P > 0.05) (Table
2). No significant difference in proptosis
reduction was found between the decom-
pression with rim-sparing technique and
the decompression with rim-removal tech-
nique. The average proptosis reduction
was 3.5 � 0.5 mm in the rim-sparing
group and 3.6 � 1.1 mm in the rim-re-
moval group for patients who underwent
deep lateral wall decompression
(P = 0.907). For balanced decompression,
the average proptosis reductions were
4.9 � 0.7 mm and 4.6 � 1.2 mm in the
rim-sparing group and rim-removal group,
respectively (P = 0.559). For three-wall
decompression, the average proptosis re-
duction was 6.7 � 0.3 mm for the rim-
sparing group and 6.7 � 1.2 mm for the
rim-removal group (P = 0.995). A greater
degree of proptosis before surgery resulted
in a greater reduction (r = 0.678,
P < 0.001 vs. r = 0.686, P < 0.001), re-
gardless of the technique used.
Four orbits (17.4%) in the rim-sparing

group and 24 orbits (46.2%) in the rim-
removal group had reduced BCVA and
underwent decompression due to DON.
All patients in the rim-sparing group
and 87.5% (21/24) of the patients in the
rim-removal group showed improvements
after surgery (P = 0.321). The improve-
ment in BCVA was similar in the two
groups (0.460 � 0.201 vs. 0.571 � 0.300
logMAR, P = 0.489). BCVA did not wors-
en in any orbit.
Despite normal preoperative IOP, mean

reductions of 2.6 mmHg and 3.1 mmHg
(P < 0.001) were observed after orbital
decompression with the rim-sparing and
rim-removal techniques, respectively. The
tients enrolled in this study.

im-sparing
(n = 23)

Rim-removal
(n = 52) P-value

0.681
26.1) 16 (30.8)

 (73.9) 36 (69.2)
.5 � 10.3 41.4 � 14.4 0.196

0.713
 (56.5) 27 (51.9)
 (43.5) 25 (48.1)
.0 (12.5–44.0) 18.5 (10.0–43.0) 0.501

.

reduction in the rim-sparing group was not
significantly different from that measured
in the rim-removal group (P = 0.451). Me-
dian reductions of 1.0 mm in both MRD-1
and MRD-2 were achieved in the rim-
sparing group (P < 0.001). Similarly, me-
dian reductions of 1.0 mm and 1.5 mm in
MRD-1 and MRD-2, respectively, were
achieved in the rim-removal group
(P < 0.001). Removal of the orbital rim
did not contribute to a greater improve-
ment in upper eyelid retraction
(P = 0.129) or lower eyelid retraction
(P = 0.863).
Among the patients who underwent

decompression due to disfiguring propto-
sis, no patient (0/13) in the rim-sparing
group but four patients (22.2%, 4/18) in
the rim-removal group experienced wors-
ening diplopia (new-onset diplopia or
worsening of pre-existing diplopia); the
difference between the two groups was
significant (P = 0.029). One patient had
undergone deep lateral wall decompres-
sion, one had undergone balanced decom-
pression, and two had undergone three-
wall decompression. On multivariate
analysis, neither the orbital walls decom-
pressed nor the surgical technique used
(rim-sparing or rim-removal) were asso-
ciated with the rate of postoperative
worsening diplopia (P > 0.05). Two
patients (12.5%, 2/16) with DON in the
rim-removal group also experienced
worsening diplopia. One orbit (3.6%, 1/
28) experienced new-onset esotropia after
rim-removal three-wall decompression.
An improvement in ocular restriction oc-
curred in three orbits (13.0%, 3/23) with
the rim-sparing technique and in four
orbits (7.7%, 4/52) with the rim-removal
technique (P = 0.761).
Three orbits (5.8%) in the rim-removal

group but no orbits in the rim-sparing
group experienced slight but not disturb-
ing temporal hollowing (P = 0.133)
(Fig. 1C, D). No patients complained of
oscillopsia.
No significant differences in preopera-

tive GO-QOL appearance score or visual
functioning score were observed between
the rim-sparing group and the rim-removal
group. The GO-QOL scores showed sig-
nificant improvements postoperatively.
The average improvement in the GO-
QOL appearance score was 25.9 � 14.1
in the rim-sparing group and 17.7 � 12.8
in the rim-removal group (P = 0.043). The
average improvement in the GO-QOL
visual functioning score was 10.8 � 14.5
in the rim-sparing group and 12.1 � 13.2
in the rim-removal group (P = 0.751).
Patients in the rim-sparing group had sig-
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Table 2. Proptosis reduction (millimetres) in the rim-sparing group versus the rim-removal
groupa.

Rim-sparing Rim-removal P-value

One-wall Preoperative proptosis 18.7 � 1.1 19.2 � 0.7 0.297
R-S: n = 8 Postoperative proptosis 15.2 � 1.3 15.7 � 1.7 0.533
R-R: n = 10 Proptosis reduction 3.5 � 0.5 3.6 � 1.1 0.907

P-value <0.001 <0.001
Two-wall Preoperative proptosis 21.5 � 0.7 21.3 � 1.1 0.600
R-S: n = 10 Postoperative proptosis 16.6 � 0.7 16.6 � 1.2 0.921
R-R: n = 14 Proptosis reduction 4.9 � 0.7 4.6 � 1.2 0.559

P-value 0.001 <0.001
Three-wall Preoperative proptosis 24.9 � 0.7 25.1 � 1.2 0.790
R-S: n = 5 Postoperative proptosis 18.2 � 0.6 18.4 � 1.7 0.838
R-R: n = 28 Proptosis reduction 6.7 � 0.3 6.7 � 1.2 0.995

P-value <0.001 <0.001

R-S, rim-sparing; R-R, rim-removal.
a All data are presented as the mean � standard deviation.
nificantly greater improvements in the
GO-QOL appearance score.
No cases of severe haemorrhage or

cerebrospinal fluid leakage were noted.

Discussion

Augmenting the orbit volume to reduce
proptosis for functional and aesthetic
improvements and relieving compression
of the optic nerve due to retrobulbar inflam-
mation and tissue proliferation in DON are
the overall goals of the planning and evalu-
ation of orbital decompression. This study
showed similar outcomes for proptosis re-
duction and BCVA improvement in the
rim-sparing group and rim-removal group,
with greater improvements in patient qual-
ity of life in the rim-sparing group.
The rim-sparing orbital decompression

technique used on the study patients
resulted in a comparable degree of prop-
tosis reduction to that achieved with the
rim-removal technique, suggesting that
removing the orbital rim does not contrib-
ute to a more effective reduction in prop-
tosis. As reported by Goldberg et al.7, the
amount of proptosis reduction achieved
through deep lateral wall decompression
is highly dependent on the removal of
bone from the deep lateral orbit, including
the lacrimal keyhole, the orbital door
jamb, and the basin of the inferior orbital
fissure. The lateral orbital rim plays a
limited role in proptosis reduction but
an important role in preserving a bony
protection for the globe and the outer
shape of the orbit10,15,16. The lateral verti-
cal maxillary buttress, which is essential to
the stability of the face by interfacing with
the cranium or skull base, extends down
from the frontal bone through the zygo-
maticofrontal suture, down the lateral or-
bital rim, across the zygoma and
zygomaticomaxillary suture, and into the
columns of bone above the posterior
molars9. Therefore, the lateral orbital
rim acts as a vital lateral support structure.
Furthermore, some studies have raised

concerns regarding temple-related pro-
blems following lateral wall decompres-
sion, such as temporal hollowing17.
Fichter et al.18 reported that three of 18
patients had temporal hollowing after rim-
removal lateral wall decompression. In the
study by Ueland et al.17, a surprisingly
high incidence (56%) of patients with
postoperative temporal hollowing was
reported, but hollowing occurred to a less-
er extent when the orbital rim was left
intact. The rim-sparing technique is
recommended to minimize disruption to
the anatomy of the temporalis muscle and
minimize the complication of temporal
hollowing15,17,19–21. Under these circum-
stances, a comparable gain in proptosis
reduction with the rim-sparing technique
and a lower incidence of depressed iatro-
genic deformity is a better choice.
Sagiv et al.10 found that proptosis re-

duction was similar in patients with or
without rim repositioning in balanced de-
compression and three-wall decompres-
sion. The results of the present study are
consistent with those of their study. Since
the orbital rim in the present study was left
intact, the orbital rim did not require repo-
sitioning, which saved the time for repo-
sitioning of the rim. Repositioning of the
orbital rim also requires the additional use
of titanium plates and leads to higher
hospitalization expenses. In addition, var-
ious complications may result from inter-
nal fixation using titanium plates;
infection and long-term sensory distur-
bances including discomfort, cold intoler-
ance, palpability, and pain are causes for
plate removal11. The literature-reported
rates of plate removal in craniofacial sur-
gery vary from 2.6% to 33.3%11,22,23. A
significantly higher risk of plate removal
has been reported for plates situated in the
orbital rim than for plates situated in the
maxilla or the frontal bone22. The thin soft
tissue cover in the midface and the upper
third of the face causes greater awareness
of plates inserted in these regions.
Concerning visual acuity, 89.3% of orbits

with DON showed improved visual acuity
after decompression surgery. A satisfactory
improvement in BCVA was obtained in both
the rim-sparing group and the rim-removal
group, indicating that the rim-sparing tech-
nique is applicable to GO with DON. Three
of the orbits with DON without sufficient
improvement had already achieved maximal
decompression (three-wall decompression).
It is presumed that the residual visual deficits
were likely attributable to the long disease
duration of DON (13, 13, and 40 months),
which may have led to irreversible optic
nerve dysfunction.
In both groups, IOP decreased signifi-

cantly after orbital decompression regard-
less of the number of walls removed or the
technique used, consistent with the results
shown in other studies6,24. Significant
decreases in MRD-1 and MRD-2 were
also observed, suggesting that orbital de-
compression does not only contribute to
proptosis reduction but also improves ad-
ditional aesthetic outcomes such as eyelid
retraction. The literature tends to support
this beneficial effect6,18,25.
Reducing the incidence of postopera-

tive diplopia has been a goal of many
reported variations in orbital decompres-
sion, and rates of new-onset strabismus
vary among surgeons and techniques,
ranging from 0% to 62.5%26,27. In this
study, these incidences were assessed only
in orbits without DON and exposure ker-
atopathy, because restoring visual func-
tion is the main goal in these orbits. It is
also speculated that the BCVA improve-
ment in two patients with DON may have
led to subjective worsening of diplopia.
The rate of worsening postoperative dip-
lopia was 0% in the rim-sparing group and
22.2% in the rim-removal group in the
present study (P = 0.029). Although the
rate of worsening diplopia was significant-
ly higher in the rim-removal group, more
orbits in the rim-removal group had un-
dergone balanced and three-wall decom-
pression (Table 3). Patients with deep
lateral wall decompression exhibit a lower
incidence of postoperative diplopia due to
limited lateral shifting of the intraorbital
contents19, whereas inferior-medial wall
decompression is associated with a rela-
tively high rate of new-onset diplopia with
disturbance of the extraocular muscle bal-
ance28. On multivariate analysis, the sur-
gical technique and the orbital walls
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Table 3. The number of walls decompressed among orbits undergoing decompression due to
disfiguring proptosis.

Rim-sparing
(n = 19)

Rim-removal
(n = 28) P-value

One-wall, n (%) 7 (36.8) 9 (32.1) 0.595
Two-wall, n (%) 9 (47.4) 11 (39.3)
Three-wall, n (%) 3 (15.8) 8 (28.6)
decompressed were not risk factors for a
higher rate of postoperative worsening
diplopia in the present study. The surgical
influence of decompression on diplopia
reflects the feasibility of performing de-
compression prior to strabismus surgery.
This study has some limitations given

its nature as a retrospective study. Further-
more, the rim-sparing technique is chal-
lenging with a limited view of the surgical
fields, although the Endo-Navi system
compensated for this disadvantage. Differ-
ences in surgical skills for each technique
may have resulted in more favourable
outcomes for the rim-removal technique.
In addition, temple-related problems may
be late complications of decompression
surgery. Long-term aesthetic outcomes
remain to be observed as they manifest
over time. Prospective, randomized con-
trolled trials will provide more definitive
evidence to confirm the present study
findings.
In conclusion, the rim-sparing tech-

nique provides efficacious outcomes for
the treatment of GO with a greater im-
provement in patient quality of life than
the rim-removal technique. The rim-spar-
ing technique preserves the important
components of the lateral vertical maxil-
lary buttress and provides a bony protec-
tion for the orbital contents. It also
eliminates the need to reposition the or-
bital rim, which requires the additional use
of titanium plates. The rim-sparing tech-
nique should be considered as a preferable
option for deep lateral wall orbital decom-
pression in GO.
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