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ABSTRACT

Background: Thyroid-associated ophthalmopathy (TAO) may lead to severe exophthalmos and dysthyroid optic neuropathy
(DON), which can threaten visual function. Orbital decompression surgery is often required when medical therapy is insuf-
ficient; however, traditional deep lateral wall decompression techniques remain associated with several complications.
Objective: To evaluate the clinical efficacy and safety of modified deep lateral wall decompression surgery in patients with TAO
and DON.

Method: This retrospective single-arm study included sixteen patients who underwent modified deep lateral wall decom-
pression at the Third Affiliated Hospital of Sun Yat-sen University between January 2022 and May 2023, with a 3-month
postoperative follow-up. Postoperative assessments included visual acuity, intraocular pressure, exophthalmos, ocular
motility, diplopia, and complications.

Results: At 3 months postoperatively, patients showed significant improvement in visual acuity, exophthalmos, and intraocular
pressure (p < 0.001). The remission rate of postoperative limited ocular motility symptoms was 60% (n = 10). Among the twelve
patients with preoperative diplopia, 6 showed improvement in symptoms. No cases of cerebrospinal fluid (CSF) leakage or
vibration-induced diplopia occurred, and only one patient experienced temporary periorbital skin numbness, which resolved by
3 months.

Conclusion: The modified deep lateral wall decompression surgery shows promise as a potentially safer and effective treatment
option for patients with TAO and DON, demonstrating improvements in vision, exophthalmos, and intraocular pressure with a
low incidence of complications. However, these preliminary results warrant further validation in prospective or comparative

controlled trials.

1 | Introduction

Thyroid-associated ophthalmopathy (TAO), also known as
Graves' ophthalmopathy, is an autoimmune inflammatory dis-
order commonly associated with thyroid dysfunction and

represents the most frequent orbital disease in adults. Progres-
sive enlargement of orbital fat and extraocular muscles may lead
to exophthalmos, diplopia, exposure keratopathy, and in severe
cases, dysthyroid optic neuropathy (DON), which threatens
irreversible visual loss. When medical therapy fails to control
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disease progression or optic nerve compression is present,
orbital decompression surgery becomes essential for functional
preservation and reconstructive purposes [1, 2].

Among various decompression approaches, deep lateral wall
decompression has gained widespread use due to its substantial
effectiveness in reducing exophthalmos and its relatively lower
incidence of postoperative diplopia compared to other tech-
niques. However, traditional deep lateral wall decompression
still carries risks such as cerebrospinal fluid (CSF) leakage,
periorbital skin sensory loss, and temporal fossa depression
[3, 4].

Although traditional deep lateral wall decompression, typically
performed via a transorbital approach with incremental bone
removal from the inside to the outside, is effective, it has several
limitations. When the deep orbital wall must be reached during
surgery, damage to the zygomatic nerve, leading to periorbital
skin numbness, is often unavoidable. The prolonged traction of
orbital contents during surgery can also induce the oculocardiac
reflex, causing sudden drops in heart rate and blood pressure,
potentially leading to cardiac arrest and even jeopardizing the
patient's life. Additionally, prolonged operation time can result
in severe postoperative conjunctival congestion and edema.
Furthermore, the lack of clear anatomical landmarks during the
inside-to-outward approach makes it difficult to identify the
dura mater and temporalis muscle, increasing the risk of post-
operative complications such as CSF leakage and temporal fossa
depression [5-7].

To address these issues, we propose a modified deep lateral wall
decompression technique that removes bone progressively from
the outside to the inside to optimize surgical access, minimize
intraoperative trauma, and potentially reduce postoperative
complications. This study aims to evaluate the clinical efficacy
and safety of this modified technique, providing a possible
improvement in surgical management for patients with TAO
and DON.

2 | Materials and Methods

2.1 | Patient Population

A retrospective analysis was performed on the medical records of
patients who underwent internal, external, and inferior wall
orbital decompression surgery performed by the same surgeon at
the Department of Otolaryngology, the Third Affiliated Hospital
of Sun Yat-sen University, between January 2022 and May 2023.
The study was approved by the Ethics Committee of the Third
Affiliated Hospital of Sun Yat-sen University (112025-105-01).
Inclusion criteria: patients diagnosed with Graves' ophthalmop-
athy; clinical activity score (CAS) < 3, presenting with optic
disc edema; steroid-insensitive; chronic, stable exophthalmos
(exophthalmos change < 1 mm in two consecutive follow-ups);
patients with timely follow-up at 3 months postoperatively and
with Hertel exophthalmometry records. Exclusion criteria: visual
impairment due to head trauma or optic canal fracture; acute or
unstable exophthalmos; exophthalmos caused by malignant tu-
mors; patients lost to follow-up postoperatively.

2.2 | Study Design

Before surgery, all patients received high-dose intravenous ste-
roids and antithyroid medication. Multidisciplinary consulta-
tions determined surgical necessity, and the lead surgeon chose
the approach based on exophthalmos severity and symptoms.
Preoperative and 3-month postoperative exophthalmometry
were conducted by the same ophthalmologist using a Hertel
exophthalmometer at a consistent angle to measure corneal
surface-to-orbital rim distance. Data included visual acuity,
intraocular pressure, diplopia and exophthalmos. Surgical
duration was measured from the initiation of incision to the
removal of the surgical drape, with the time recorded by the
circulating nurse and verified by the anesthesiologist. Blood loss
was assessed by both the surgeon and the anesthesiologist, and
both values were documented in the surgical records. Post-
operative CSF leakage, vibration-induced diplopia, and peri-
orbital skin sensory loss were documented by otolaryngologists.
Data were collected from patients’ inpatient medical records and
postoperative follow-up documentation.

2.3 | Surgical Technique

The surgery was performed under general anesthesia. A con-
ventional approach using transnasal endoscopic decompression
via the ethmoid sinus was employed for orbital and inferior wall
decompression, preserving the anterior strut structure. The pa-
tient was positioned supine, rotated 45° to the contralateral side,
and slightly reclined. A curved incision, approximately 2 cm in
length, was made along the eyebrow arch toward the lateral
orbital rim (Figure 1a). Subcutaneous tissue was dissected to
expose the lateral orbital rim. Dissection proceeded along the
lateral orbital wall, beneath the temporalis fascia, without
entering the orbit. The temporalis muscle was detached from
the surface of the orbital wall, and dissection continued down-
ward to the point where the greater wing of the sphenoid bone
turns laterally, exposing the junction of the greater wing of the
sphenoid with the squamous portion of the temporal bone (the
spheno-temporal suture) (Figure 1b), as well as the junction of
the zygomatic orbital process and the greater wing of the
sphenoid (the zygomatic-sphenoid suture) (Figure 1c).

Under nasal endoscopic visualization, the bony structures of the
lateral orbital wall were gradually removed at the bending point
of the greater wing of the sphenoid and the zygomatic orbital
process until the orbital fascia was exposed (Figure 1d). The
dura mater, orbital fascia, superior orbital fissure, and inferior
orbital fissure served as the anatomical boundaries. The lateral
orbital wall between the upper and lower orbital fissures was
widely decompressed by removing the bone of the lateral orbital
wall and greater wing of the sphenoid. This was done from the
dura mater outward to the orbital fascia (Figure 1e). Following
orbital decompression, the orbital fascia was incised radially,
and a portion of the intraorbital fat was removed, allowing for
the release of orbital contents into the newly created space
formed by decompression of the lateral orbital wall (Figure 1f).
After complete hemostasis, the temporalis fascia was sutured
with absorbable sutures, and the wound was closed in layers,
with sterile dressings applied to the surgical site. Postoperative
3D imaging of the bony structure is shown in Figure 2.
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Modified deep lateral orbital wall decompression procedure. (a) Curved incision at the lateral orbital rim. (b) Exposure of the spheno-

temporal suture, located at the junction of the greater wing of the sphenoid and the squamous portion of the temporal bone. (c) Exposure of the
zygomatic-sphenoid suture, at the junction of the zygomatic orbital process and the greater wing of the sphenoid. (d) Exposure of the orbital
fascia. (e) Grinding down of the lateral orbital wall and the greater wing of the sphenoid bone. The outer boundary reaches the dura mater, and
the inner boundary reaches the orbital fascia. (f) Radial incision of the orbital fascia, followed by removal of part of the orbital fat, allowing

orbital contents to herniate into the newly created space after decompression.

FIGURE 2 |

Preoperative and postoperative orbital spiral CT examination. (a) Preoperative spiral CT. (b) Postoperative spiral CT at 4 days.

(c) Four-dimensional reconstruction at 4 days postoperatively. Red dashed line indicates the decompression range on the right side in a

representative case of bilateral modified deep lateral wall decompression (sphenoid door jamb region), illustrating the extent of bone removal.
Quantitative volumetric annotation was not performed due to anatomical variability across patients.

2.4 | Data Analysis

Data analysis was performed using SPSS software version 27.0
(IBM Corp., Armonk, NY, USA). Continuous variables were
assessed for normality using the Shapiro-Wilk test. Variables
with a normal distribution are presented as mean + standard
deviation (SD), whereas non-normally distributed data are
presented as median (interquartile range). Categorical variables
are summarized as frequency and percentage (%). Preoperative
and postoperative comparisons of continuous variables were
conducted using the Wilcoxon signed-rank test, given the non-
normal distribution of the paired data.

3 | Results

A total of sixteen patients who underwent three-wall orbital
decompression with preservation of the orbital rim were included
in this study, with ten patients diagnosed with TAO and six with
DON. There were seven male and nine female patients. The
average surgery duration was 320 min, and the average intra-
operative blood loss was 50 mL (according to surgical and anes-
thesia records). 3 months postoperatively, patients showed
significant improvements in visual acuity, intraocular pressure,
and exophthalmos compared to preoperative levels (Table 1). Ten
patients (62.50%) had limited eye movement preoperatively, and
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TABLE 1 | Comparison of ophthalmic examination results preoperatively and postoperatively.

Parameter Preoperative

0.20 (0.15-0.40)
24.50 (23.90-25.00)
24.00 (23.75-25.00)

Visual acuity
Exophthalmos (mm)

Intraocular pressure (mmHg)

Postoperative 3 months Z p
0.60 (0.58-0.73) —-3.53 < 0.001
20.50 (19.43-21.00) -3.52 < 0.001
20.00 (20.00-21.00) -3.62 < 0.001

four patients (25.00%) had limited eye movement postoperatively.
Twelve patients (75.00%) experienced diplopia preoperatively,
and no new cases of diplopia occurred postoperatively. Of the
twelve patients with preoperative diplopia, six (50%) showed re-
lief of their symptoms. No cases of cerebrospinal fluid leakage or
vibration-induced diplopia were observed postoperatively. One
patient reported subjective numbness of the periorbital skin,
which recovered to normal after 3 months. Preoperative and
postoperative orbital spiral CT changes are shown in Figure 2.

4 | Discussion

Orbital decompression surgery is a complex procedure designed
to reduce exophthalmos and relieve pressure at the orbital apex
to preserve vision while minimizing surgical risks. Although
several studies have proposed different approaches to the
number of walls for decompression based on the degree of
exophthalmos and the presence of optic nerve damage, no
unified treatment guidelines have been established yet [8, 9].
For patients with severe exophthalmos and optic nerve
compression, particularly those with DON, a three-wall or
internal-external balanced decompression surgery is often
required to prevent new-onset diplopia and effectively alleviate
symptoms [10, 11].

In traditional deep lateral orbital wall decompression, the sur-
gical field is gradually extended from the anterior orbital region
to deeper parts. While this approach effectively relieves exoph-
thalmos, it typically requires the removal of part of the orbital
rim due to the bone grinding technique used from within the
orbit to the outside, which may increase the risk of post-
operative diplopia. More importantly, during orbital in-
terventions, it is often necessary to separate the orbital fascia
from the lateral bony structures, resulting in inevitable damage
to the zygomatic nerve and its vascular bundle, which can cause
periorbital numbness and other complications. Reports indicate
that the incidence of periorbital numbness varies significantly
[12, 13]. Additionally, extensive grinding of the zygomatic
orbital process may lead to a large communication between the
temporal fossa and the orbit, causing complications such as
postoperative vibration-induced diplopia and temporal fossa
depression. Vibration-induced diplopia occurs when contraction
of the temporalis muscle during chewing or walking is trans-
mitted to the eye, causing periodic diplopia, with an incidence
rate ranging from 5.1% to 35% [14-16]. Temporal fossa depres-
sion primarily results from the atrophy of temporal fossa fat or
damage to the temporalis muscle, with reported incidence rates
varying, reaching up to 56% [14, 17]. In the present study, only
one patient experienced transient periorbital skin numbness,
which completely resolved within 3 months, suggesting that the

modified outside-to-inside decompression strategy may effec-
tively reduce zygomatic nerve-related sensory complications.

Siah et al. suggested that when grinding the external wall of the
orbit from inside to outside, leaving a layer of bone to separate
the orbit from the temporal fossa can effectively prevent these
postoperative complications, or by implanting a reconstructive
material in the external orbital wall, most cases of temporal
fossa depression can be improved [18]. However, preserving the
external orbital wall or implanting reconstructive material may
limit the space available after decompression, thereby affecting
the decompression effect [19].

In response to these issues, increasing attention has been paid to
the effect of bone removal at the sphenoid door jamb (SDJ) on
deep lateral orbital wall decompression. Studies have shown
that bone removal at the SDJ is an independent predictive factor
for the effectiveness of deep lateral wall decompression surgery
[20, 21]. Therefore, the focus of decompression should be on the
SDJ region, where removal of bone in this area can release more
space while avoiding excessive bone removal associated with the
zygomatic orbital process, thereby reducing the occurrence of
postoperative complications. Our surgical strategy was therefore
designed to prioritize bone removal at the SDJ while minimizing
unnecessary manipulation of the zygomatic orbital process.

With the development of nasal endoscopy, in recent years, a
nasal endoscopy-assisted deep lateral wall decompression sur-
gery with preservation of the orbital rim has emerged, offering
new approaches to reduce the risks associated with traditional
surgeries [13, 22, 23]. Based on this, we propose a modified deep
lateral wall decompression technique that removes bone from
the greater wing of the sphenoid from outside to inside, while
preserving the zygomatic orbital process bone. This method not
only effectively reduces exophthalmos but also protects the
zygomatic nerve and its vascular bundle, significantly lowering
the incidence of periorbital skin numbness. The advantages of
the modified surgery are primarily reflected in several aspects:
First, the surgical path is optimized by removing bone from the
outside to the inside, avoiding traction on the eye and thus
reducing the risk of oculocardiac reflex. Second, most of
the zygomatic orbital process bone is preserved, protecting
the zygomatic nerve and vascular bundle, which decreases
the incidence of periorbital numbness. Third, the procedure
avoids large-scale removal of temporal fossa fat, reducing the
risk of vibration-induced diplopia and temporal fossa depres-
sion. Consistent with these proposed advantages, our results
demonstrated significant postoperative improvements in visual
acuity, exophthalmos, and intraocular pressure at 3 months,
with no cases of cerebrospinal fluid leakage or vibration-
induced diplopia, and only one case of transient periorbital
skin numbness. These findings support the safety and efficacy of
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the modified technique in reducing both functional impairment
and procedure-related complications.

5 | Study Limitations

This study has several limitations. First, as a retrospective single-
arm study without a control group using the traditional surgical
approach, it is not possible to directly compare the outcomes or
complication rates between the modified and conventional
techniques. Second, the sample size was relatively small (n = 16),
which may limit the statistical power and generalizability of the
findings. Third, the follow-up duration was relatively short, with
evaluation performed only at 3 months postoperatively. There-
fore, the impact of ongoing inflammation in TAO patients,
delayed complications, and long-term stability of surgical out-
comes could not be fully assessed. In addition, although Figure 2
illustrates the decompression range with a red dashed boundary,
individualized quantitative measurements of bone removal vol-
ume were not performed due to anatomical variability among
patients in the sphenoid door jamb region. Future studies will
incorporate standardized 3D CT volumetric analysis to quantify
bone removal and establish correlations with clinical outcomes.
Future research should include larger-sample, prospective ran-
domized controlled trials with extended follow-up periods to
validate the clinical advantages and long-term safety of this
modified technique.

6 | Conclusion

This study preliminarily evaluated the clinical efficacy and safety
of the modified deep lateral wall decompression surgery in pa-
tients with TAO. The results demonstrated improvements in vi-
sual acuity, reduces of exophthalmos, and decreased intraocular
pressure following surgery. Additionally, postoperative compli-
cations were infrequent, and no severe adverse events, such as
cerebrospinal fluid leakage, vibration-induced diplopia, or tem-
poral fossa depression, were observed during the short-term
follow-up period. These findings suggest that the modified tech-
nique shows promise as a potentially safe and effective surgical
option for TAO patients; however, further prospective compara-
tive studies with larger sample sizes and longer follow-up periods
are needed to validate these preliminary results.
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