ARQUIVOS BRASILEIROS DE

PUBLICACAOQ OFICIAL DO
CONSELHO BRASILEIRO
DE OFTALMOLOGIA

http://dx.doi.org/10.5935/0004-2749.2026-0041

Submitted for publication:
March 12,2026

Accepted for publication:
July 18, 2026

Funding:
This study received no specific financial
support.

Disclosure of potential conflicts of interest:
The authors declare no potential conflicts of
interest.

Corresponding author:
Maria Antonieta da A. Ginguerra Nascimento
E-mail: ma@iwserver.com.br

Data Availability Statement:
The datasets generated and/or analyzed during
the current study are already available.

Edited by
Editor-in-Chief-in-Chief: Newton Kara-Junior
Associate Editor: Tammy H. Osaki

ORIGINAL ARTICLE

Reduce enophthalmos with fat transfer in
anophthalmic sockets

Maria Antonieta da A. Ginguerra-Nascimento'“#, Laura Goldfarb Cyrino' &, Mario Padula**“,

Carolina Passareli Diniz' &, Vitor Expedito Alves Ribeiro* "=, Andrea Alves Morato' ",

Yolanda de Souza Mares' &, Carlos Augusto Ferraresi Sampaio? =, Maria Eugenia B. Gorski' =/,

Mariana Nobrega Meireles Baptista'**/, Jose Byron Vicente Dias Fernandes' =,

Eloisa Maria Mello Santiago Gebrim*“#, Suzana Matayoshi'

1. Division of Ophthalmology, Faculdade de Medicina, Universidade de Sao Paulo, Sdo Paulo, SP, Brazil.

2. Department of Medicine, Centro de Ciéncias da Satde, Universidade Federal do Piaui, Teresina, P, Brazil.
3.Faculty of Medicine, Pontificia Universidade Catdlica do Parana, Londrina, PR, Brazil.

4.Division of Radiology, Faculdade de Medicina, Universidade de Sdo Paulo, Sdo Paulo, SP, Brazil.

ABSTRACT

Purpose: To evaluate the efficacy of autologous fat grafting for treating enophthalmos in anophthalmic
sockets. Methods: In this prospective interventional case series, consecutive patients with anophthalmic
sockets and enophthalmos were enrolled between August 2013 and July 2025. Clinical ophthalmologic
examination, Hertel exophthalmometry, and orbital computed tomography scans were performed.
Enophthalmos was assessed clinically and radiologically before and after orbitallipofilling with autologous
fat. Fat was harvested from the inner thigh and injected into the inferolateral orbital compartment. The
volume of injected fat was determined according to the degree of enophthalmos measured by Hertel
exophthalmometry. Follow-up ranged from 2 to 60 months (median, 7 months). Results: Thirteen patients
(13sockets)underwent orbital autologous fat grafting using Coleman’s technique. Theinjected fat volume
ranged from 3.7 to 6 mL per procedure (median, 4.2 mL). Clinically, areduction in enophthalmos of 1-5 mm
was observed in 12 cases (median, 2 mm), which was associated with a decrease in prosthesis thickness.
One patient developed afat cyst due to anterior fat migration, and three patients required repeat grafting
because of undercorrection. Computed tomography scans, available for nine patients, demonstrated a
6.8%-10.8% increase in intraorbital volume, particularly in the inferolateral quadrant. Conclusions: Clinical
and radiological assessments demonstrated that lipofilling is an effective technique for restoring orbital

volume in anophthalmic sockets with enophthalmos.

KEYWORDS: Anophthalmos; Enophthalmos; Orbital volumetry; Fat grafting; Orbital reconstruction

INTRODUCTION

Loss or surgical removal of the eyeball, either by evisceration or enucleation,
results in the formation of an anophthalmic socket, which is typically associated with
an approximately one-third reduction in orbital volume®.

To address orbital volume loss, minimally invasive techniques using injectable
materials have emerged as viable treatment options, reducing the risks associated
with additional surgery and scarring in complex sockets®. Alloplastic fillers, including
hyaluronicacid and calcium hydroxyapatite, have demonstrated short-term efficacyG4.

Autologous fat grafting has been proposed as an effective alternative for orbital
volumization®®. Previous studies have reported potential benefits, including
improved cosmetic outcomes and a lower risk of complications than alloplastic fillers.
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However, limitations related to long-term graft stability and
variability in outcomes have also been reported. Despite
these findings, few studies have correlated both clinical and
radiological outcomes in patients with anophthalmic sockets
and orbital implants who undergo this procedure. This lack
of comprehensive evidence highlights the need for further
investigation to optimize the technique and evaluate its long-
term efficacy in orbital rehabilitation.

This study aimed to evaluate the clinical and radiological
outcomes of orbital fat graftingin patients withanophthalmic
sockets and enophthalmos.

METHODS

A prospective study was conducted to clinically and
radiologically evaluate 13 patients with anophthalmic
sockets and enophthalmos who underwent intraorbital
autologous fat grafting.

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the Hospital
Ethics Committee.

The inclusion criteria were age >18 years, the presence of
an anophthalmic socket with enophthalmos, and a history
of previous surgery involving either an alloplastic orbital
implant or a dermoadipose graft. The exclusion criteria were
a history of orbital fracture or ongoing oncologic treatment.
All participants underwent comprehensive ophthalmologic
examinations. Clinical data collected included sex, age,
etiology of anophthalmia, affected side, type of primary
surgery, implant type, and preoperative and postoperative
relative enophthalmos measurements.

Enophthalmos was measured using a Hertel exophthal-
mometer before surgery and during follow-up. Standardized
photographs were obtained with patients seated in the
primary gaze position using a 48-MP camera positioned 1 m
away under consistent lighting and ambient conditions.

Preoperative and postoperative orbital computed tomo-
graphy (CT) scans were acquired using a 64-slice CT scanner
with 1-mm collimation, a 0.625-mm reconstruction interval,
120 kVp, 80 mA, and a 0.5-s acquisition time. The images
were postprocessed, and orbital volume measurements
were performed using segmentation and thresholding
techniques after excluding the ocular prosthesis.

Autologous fat grafting was performed according to
Coleman’s technique, which emphasizes atraumatic fat
harvesting to preserve adipocyte viability, purification by
centrifugation, and transplantation of small aliquots to
promote adequate graft vascularization(3),

Arq Bras Oftalmol. 2026;89(5):e2026-0041

All procedures were performed in the operating
room under local anesthesia. Retrobulbar anesthesia was
administered using 3 mL of a 1:1 mixture of 2% lidocaine and
0.25% bupivacaine with epinephrine. The donor site on the
inner thigh was infiltrated with a modified Klein tumescent
solution consisting of 500 mL of 0.9% saline, 20 mL of 2%
lidocaine, 20 mL of 0.25% bupivacaine, and 0.5 mL of 1:1000
epinephrine. Sixty milliliters of the solution was distributed
among three 20-mL syringes.

Fat was manually aspirated using 10-mL syringes
attached to 2- and 3-mm-diameter, 15-cm-long cannulas.
The target harvest volume was determined according to
the preoperative difference in Hertel exophthalmometry
measurements between the orbits, with an additional 50%
to compensate for volume loss during centrifugation. The
donor-site incisions were closed with 5-0 mononylon sutures.

After centrifugation, the blood and oil layers were
discarded, and the purified fat was transferred to 1-mL
syringes for injection.

Fat grafting was performed through transcutaneous
cannulation at theinferolateral orbital rim, an area associated
with a lower risk of intravascular injection®. A 14- or
16-gauge Jelco™ catheter was used to access the postseptal
space. Fat was injected using 1.2-mm-diameter, 7-cm blunt-
tip cannulas connected to 1-mL syringes. The graft was
injected in small aliquots (0.03-0.1 mL) into the postseptal
and extraconal spaces along the orbital floor using a fanning
technique until symmetry with the contralateral orbit was
achieved or the patient reported discomfort.

Perioperative antibiotic prophylaxis consisted of intra-
venous cefalotin administered during surgery, followed by
oral cephalexin (2g/day) for 7 days postoperatively. Patients
were instructed to avoid manipulating the treated area and
to refrain from applying cold compresses.

Postoperative follow-up included clinical examination,
standardized photography, and Hertel exophthalmometry
at 1 and 6 months. Orbital CT was repeated 6 months after
the fat grafting procedure. Preoperative and postoperative
enophthalmos measurements were compared using the
Wilcoxon signed-rank test. A p-value <0.05 was considered
statistically significant.

RESULTS

A total of 13 anophthalmic sockets in 13 patients underwent
intraorbital autologous fat grafting. Of these, 11 patients
completed clinical follow-up, whereas two were lost to
follow-up and excluded from further analysis (Figure 1).
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13 cases of anophthalmic socket with
intraorbital implant and enophthalmos

[

I

11 cases completed

2 cases lost to follow-up

treatment <6m after procedure

[ 1
3 cases of early
undercorrection

8 cases effective
volumization in the socket

1 case of complication
at recipient site

Flowchart illustrating the clinical course of patients who underwent
intraorbital autologous fat grafting

Radiological assessment was available for 9 cases, with
a minimum follow-up of 2 months after the procedure
(median, 7 months). The majority of patients were female
(10/13), and the age ranged from 22 to 75 years (median, 51
years). Ten sockets had previously undergone evisceration,
and three had undergone enucleation. At the time of
grafting, 54% of the sockets contained alloplastic orbital
implants, whereas 46% contained dermoadipose grafts. The
left orbit was affected in 8 cases and the right orbit in 5. The
etiologies of anophthalmia included ocular trauma (38.5%),
glaucoma (23.1%), infection (15.4%), intraocular tumor
(7.7%), and other causes, including inflammatory conditions
(ocular burn or retinal detachment; 15.4%).

The injected fat volume per procedure ranged from 3.7
to 6mL (median, 4.2mL). Relative enophthalmos, defined as
the difference in Hertel exophthalmometry measurements
between the anophthalmic and contralateral orbits,
ranged from 2 to 6mm preoperatively (median, 4mm).
Postoperatively, the reduction in enophthalmos ranged
from 1 to smm (median, 2mm) in the 12 evaluable patients
(Table 1). Individual patient data are presented in table 2.
Complications were limited: three patients required a second
fat grafting procedure because of undercorrection (cases
3, 4, and 10), and one patient developed a transient fat cyst
with local inflammation that resolved after oral antibiotic
therapy (case 6).

Representative clinical and radiological images are shown
in Figures 2 and 3. Figure 2 illustrates the clinical course of
patient 9, who presented with elephant eye syndrome (EES)
after childhood enucleation with an alloplastic implant. Six
months after fat grafting, marked aesthetic improvement
and a better prosthetic fit were observed. Similarly, patient
12 (Figure 3) demonstrated an increase in orbital volume of
approximately 1.37cm? at the 6-month follow-up.

Demographic and clinical data of patients treated with autologous fat
grafting

Range Frequency

Age (years) 22-75 48.5
Gender

Female 10 77%

Male 3 23%
Prior surgery

Evisceration 10 77%

Enucleation 3 23%
Implant type

Alloplastic 7 54%

Dermisfatgraft 6 46%

Mean Median

Previous surgeries (n) 1-5 2.08 2.00
Volume of injection(mL) 3.7-9.2 5.48 4.20
No. of injections 1-2 1.23 1.00
Enophthalmos before (mL) 2-6 4.08 4.00
Enophthalmos after (mL) 1-5 2.00 2.00
change in Hertel exophthalmometry (mm) 2.25 2.00
Volume gain (%) 8.8 8.0
Follow-up (months) 6-60 14.53 7.00

Preoperative and postoperative enophthalmos measu-
rements were compared using the Wilcoxon signed-rank test
because of the non-normal distribution of the data. The
analysis demonstrated a significant reduction in relative
enophthalmos after autologous fat grafting (median
reduction, 2mm; Wilcoxon V=0, p<0.001), indicating
consistent clinical improvement across the cohort (Figure 4).

Quantitative CT volumetry confirmed a consistent pos-
toperative increase in orbital volume in all evaluated sockets.
Across the cohort, postoperative orbital volumes were
consistently greater than baseline values, with mean relative
volumetric gains ranging from approximately 6.8% to 10.8%.
Table 3 summarizes the preoperative and postoperative
volumetric measurements obtained by CT, demonstrating
measurable fat retention over follow-up periods of 6-60
months.

No consistent trend toward lower volumetric gains was
observed in sockets that had undergone multiple previous
surgeries. The mean volumetric gain was 10%#1.3% in sockets
with one previous surgery, 8.2%+0.8% in those with two
previous procedures, and approximately 9%-10% in sockets
withthreeormoreprevioussurgeries. Spearman’s correlation
analysis showed no significant association between the
number of previous surgeries and postoperative volumetric
gain (p=-0.19, p>0.05). Likewise, no significant differences
were observed according to the primary reconstruction
procedure (evisceration vs. enucleation) or implant type
(dermoadipose graft vs. alloplastic implant).

Arq Bras Oftalmol. 2026;89(5):e2026-0041
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Table 2. Demographic and clinical individual case data of patients treated with autologous fat grafting.

Case (y:?:s) Sex Cause of eye removal Surgery Implant  Side Vol. (mL) Proc’:z'ures PrE:Fn'.::l) Poi:?::n) Hf::;;(‘:;;“) ;:I::Ihl;;,
1 52 F Trauma ocular Evi DA L 4.0 1 2 1 +1 60
2 59 F Descolamento retina Evi DA R 3.7 1 6 2 +4 6
(Alta miopia)
3 51 Trauma face Evi DA R 4.0 +5.0 2 6 1 +5 18
4 61 F Queimadura quimica Evi 1A L 4.0+ 4.5 2 5 3 +2 22
5 22 F Descolamento de retina Evi 1A R 4.2 1 3 1 +2 6
pds uveite posterior
6 75 M Trauma ocular Evi 1A L 6.0 1 5 2 +3 17
7 50 M Trauma ocular Ev 1A L 4.0 1 5 3 +2 4
8 61 F Glaucoma Evi 1A L 4.2 1 2 — — 2
9 25 F Tumor na Enu 1A R 5.0 1 4 2 +2 9
Infancia
10 66 F Glaucoma Enu DA L 4.0 +5.2 2 6 4 +2 26
1 36 F Infecqdo corneana Evi 1A L 4.4 1 3 1 +2 6
12 29 F Glaucoma congénito Enu DA L 4.0 1 4 3 +1 6
13 42 F Trauma ocular Evi DA R 4.0 1 2 1 +1 7

DA=, dermoadipose graft; Enu= enucleation; Evi= evisceration; IA= alloplastic implant. Summary of the 13 patients (13 anophthalmic sockets) treated with intraorbital autologous fat grafting. The mean
age was 48.4 years, and the median age was 51 years (range, 22-75 years). Most patients were female (77%). Ten sockets had undergone evisceration and three had undergone enucleation. Eight sockets
were left-sided and five were right-sided. The total injected fat volume ranged from 3.7 to 9.2mL (median, 4.2mL). Preoperative enophthalmos ranged from 2 to 6mm (median, 4mm), with a postoperative

reduction of 1-5 mm (median, 2mm). Complications are described in the Results section.

E o

Figure 2. Patient 9. Female patient with a right anophthalmic socket containing an alloplastic implant following childhood enucleation for retino-
blastoma. (Top left and upper center) Clinical presentation of elephant eye syndrome. (Top right) Initial ocular prosthesis. (Middle left and center)
Preoperative images showing the enophthalmic appearance of the socket. (Bottom left and bottom center) Six-month postoperative images after
volumization with 5 mL of autologous fat graft. (Bottom right) Final ocular prosthesis.

No significant clinical complications, including throm-
boembolic events, were observed during or after the
procedure. Most patients reported mild intraoperative
discomfort, described as pressure at the recipient site
during fat injection, which resolved within 24-48 h with oral
analgesics.

Undercorrection of enophthalmos was observed in three
patients (cases 3, 4, and 10) between the first and third

Arg Bras Oftalmol. 2026;89(5):2026-0041

postoperative months. These patients underwent a second
fat grafting procedure 6 months later to correct the residual
volume deficit.

One patient (case 6) developed a fat cyst associated
with local inflammation and suspected secondary infection;
however, culture results were negative. The complication
occurred approximately 1 month after surgery and resolved
completely after a 14-day course of oral cephalexin.
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21.46cm?

o 21.46cm®

Measured orbital volumes: 20.09 cm? (preoperative) and 21.46 cm? (postoperative)

Patient 12. (A-C) Preoperative axial, sagittal, and coronal computed
tomography (CT) images of the left anophthalmic socket. (D) Corresponding
preoperative orbital volume measurements. (E, F) Postoperative axial and coronal
CT images obtained 6 months after fat grafting, demonstrating increased orbital
volume, particularly in the lateral compartment (white arrow). (G) Corresponding
postoperative orbital volume measurements.

Enophthalmos (mm)

T T
Preoperative Postoperative

Comparison of preoperative and postoperative enophthalmos measure-
ments using the Wilcoxon signed-rank test. The analysis demonstrated a significant
reduction in relative enophthalmos following autologous fat grafting (median
reduction, 2 mm; Wilcoxon V=0, p<0.001).

Donor-site complications were minor and infrequent.
Mild contour irregularities of the medial thigh were obser-
ved in a few patients and improved with conservative ma-
nagement and local massage.

DISCUSSION

The main causes of anophthalmic sockets include ocular
trauma, intraocular infections, refractory glaucoma, and
intraocular tumors(>'®, In this series, trauma was the most
frequent cause (38.5%), followed by glaucoma (23.1%),
infection (15.4%), inflammatory conditions (15.4%), and
intraocular tumors (7.7%). In addition to its disfiguring effects,
this condition impairs social reintegration, self-esteem, and
quality of life, particularly among working-age adultst.

The primary goal of rehabilitation is to restore orbital
symmetry, ensure prosthesis stability, and minimize
periocular deformities”®, Ideally, this is achieved at the
time of globe removal by placing a primary orbital implant,
either alloplastic or autologous (e.g., a dermis-fat graft),
to restore orbital volume®'>'). However, many patients
develop progressive orbital soft-tissue atrophy over time,
resulting in postenucleation or postevisceration socket
syndrome. This syndrome is characterized by enophthalmos,
upper eyelid ptosis, deep superior sulcus deformity, inferior
fornix foreshortening, prosthesis instability, and lower
eyelid laxity®"). Progressive thickening of the prosthesis to
compensate for the volumetric deficit often leads to EES,
which further exacerbates lower eyelid malposition and
orbital asymmetry(52°2), This condition not only increases
cosmetic deformity but also contributes to functional
impairment. In the present series, classic features of EES
were observed in cases 6 (Figure 2) and 9, highlighting
the syndrome as a clinical marker of progressive socket
atrophy and a strong indication for secondary volumetric
reconstruction.

Injectable fillers, such as hyaluronic acid and calcium
hydroxyapatite,providetemporaryorbitalvolumerestoration
with favorable short-term outcomes(72%?), However, these
materials are associated with high resorption rates, potential
migration, and an increased risk of chronic inflammation
after repeated procedures, limiting their long-term utility®.

Autologous fat grafting has emerged as a promising
alternative because it provides autologous tissue with
excellent biocompatibility, low immunogenicity, cost-
effectiveness, and regenerative properties attributed
to adipose-derived stem cells®. The technique was first
described by Neuber in 1893 for facial reconstruction and
was subsequently refined by Coleman in the 1990s, who
emphasized atraumatic fat harvesting, purification by
centrifugation,andmicro-aliquotinjectionwithbluntcannulas
to optimize graft survival through neovascularization(.

In orbital surgery, the inferolateral postseptal extraconal
approach is commonly used to minimize vascular risk and
achieve appropriate three-dimensional graft distribution®3.

Arq Bras Oftalmol. 2026;89(5):e2026-0041
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Orbital volumetric computed tomography (CT) measurements before and after autologous fat grafting in the anophthalmic sockets

Patient P(rc(:n(;')l' Inj(enc‘:i)o n 1;::':"2:‘:;’ P(OCS;:;T Final volume gain (cm?) Volume gain (%)
1 20.42 4 60 22.28 1.86 9.0
2 19.47 3.7 6 20.80 1.33 6.8
3 16.14 445 18 17.52 1.38 8.5
4 14.05 4+4.5 NP NP —
5 19.18 4.2 NP NP —
6 17.10 6 17 18.95 1.85 10.8
7 31.96 4.0 NP NP —
8 21.22 4.2 NP NP —
9 16.18 5 9 17.55 1.37 8.4
10 19.10 4+5.2 26 20.80 1.70 8.9
1 17.76 4.4 6 20.00 2.24 10.8
12 20.09 4 6 21.46 1.37 6.8
13 20.02 4 7 21.55 1.53 7.6

CT= computed tomography; NP= not performed; Post= Postoperative; Pre= Preoperative.

Outcome assessment includes standardized clinical pho-
tography, Hertel exophthalmometry, and thin-slice CT with
volumetricsegmentation, enabling quantitative evaluation of
orbital volume gaint7>"2?), Radiological studies have reported
volume increases of up to 25% after fat grafting, primarily
within the inferolateral compartment, and these increases
correlate with clinical improvement in enophthalmos (mean
reduction, 1-5 mm)and prosthesis stability®+?®. In the present
study, relative volumetric gains ranged from 6.8% to 10.8%.

Final volumetric gain in anophthalmic sockets can
be monitored using orbital CT. In this series, CT-based
volumetric measurements demonstrated a persistent
increase in orbital volume during follow-up periods ranging
from 2 to 60 months (Table 3).

Previous studies have also validated orbital CT volumetry
for assessing structural changes in pathological conditions,
such as thyroid eye disease, and age-related orbital remo-
deling72®),

Collectively, these findings indicate that fat grafting
is clinically effective for orbital volumization and that its
results can be objectively confirmed and monitored over
time using imaging. However, the current literature is limited
by heterogeneous surgical techniques, small sample sizes,
the lack of standardized radiological protocols, and the
scarcity of long-term randomized controlled trials(®293). In
the present study, clinical measurements obtained using a
standard scleral shell showed a stronger correlation with
the overall degree of enophthalmos, thereby minimizing the
confounding effect of variations in prosthesis thickness.

The significant reduction in relative enophthalmos
observed in this series (median decrease, 2mm; p<0.001)
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supports the clinical efficacy of autologous fat grafting for
orbital volume restoration. This finding, illustrated in figure 4,
demonstrates consistent postoperative improvement across
the cohort. Theseresults are consistent with previous reports
by Hardy et al. and Cervelli et al.®?), who also demonstrated
measurable improvement in enophthalmos after orbital
fat grafting. The present study adds to this evidence by
integrating clinical and radiological assessments and further
supports autologous fat grafting as a minimally invasive and
repeatable technique for socket volumization.

This study helps address these gaps by combining
clinical and radiological outcomes and using standardized
photography, Hertel exophthalmometry, and quantitative CT
volumetry to objectively evaluate orbital volume restoration
after autologous fat grafting in anophthalmic sockets with
diverse etiologies and surgical histories.

Volumetric gain after orbital lipofilling appeared to be
independent of the socket’s surgical history. Neither the
number of previous procedures, the type of primary surgery
(evisceration or enucleation), nor the implant material
(alloplastic or dermis-fat graft) significantly influenced the
postoperative increase in orbital volume. These findings
suggest that even extensively manipulated sockets retain
sufficient vascular and stromal support for partial graft
survival®m™, Similar observations were reported by Hardy
and Fox, who demonstrated reliable fat retention regardless
of the underlying etiology or reconstructive history(om.
Thus, meticulous fat harvesting, purification, and micro-
aliquot injection appear to play a more important role
in graft integration than the socket’s previous surgical
complexity®,
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Despite the small sample size, autologous fat grafting
was clinically and radiologically effective for restoring
volume in anophthalmic sockets with enophthalmos.
Favorable outcomes were observed even in patients with
a history of trauma, infection, burns, or multiple previous
procedures and were associated with few procedure-related
complications.

Clinically, enophthalmos decreased in all patients after
orbital fat grafting, as demonstrated by Hertel exoph-
thalmometry. Radiologically, the benefits of fat grafting
were also evident, with partial maintenance of the grafted
fat volume observed over follow-up periods ranging from 6
to 60 months.
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