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KEYWORDS ABSTRACT:

Background: Post-traumatic enophthalmos and hypoglobus represent significant complications following

orbital floor orbital floor fractures, occurring both as isolated injuries and in association with zygomaticomaxillary complex

fracture, (ZMC) fractures. The comparative effectiveness of orbital floor reconstruction between these fracture patterns
enophthalmos, remains incompletely understood.

hypoglo‘t.)us, i Purpose: To evaluate the effectiveness of titanium mesh orbital floor reconstruction in improving post-
zygomaticomaxilla traumatic enophthalmos and hypoglobus in patients with ZMC fractures with concomitant orbital floor
ry Complex, fractures compared to isolated orbital floor fractures.

titanium mesh, Study Design, Setting, Participants: This retrospective cohort study analyzed patients who underwent
orbital titanium mesh orbital floor reconstruction between January 2018 and December 2022 at a tertiary care center.

Inclusion criteria comprised adult patients with orbital floor fractures presenting with enophthalmos >2mm

reconstruction
and/or hypoglobus >2mm, with minimum 6-month follow-up.

Predictor Variable: Fracture pattern (ZMC with orbital floor fractures versus isolated orbital floor fractures).

Main Outcome Variables: Primary outcomes were improvement in enophthalmos measured by Hertel
exophthalmometry and hypoglobus assessed by pupillary level differences at 6 months and 1 year post-
operatively. Secondary outcomes included extraocular muscle function, diplopia resolution, and patient
satisfaction.

Results: Twenty patients were analyzed (10 ZMC with orbital floor fractures, 10 isolated orbital floor
fractures). Mean age was 32.4 = 11.2 years with male predominance (70.0%). Significant improvement in
enophthalmos was achieved in both groups (ZMC group: 4.2 + 1.3mm to 1.2 + 0.8mm, p=0.002; isolated
group: 3.9 + 1.2mm to 1.0 + 0.7mm, p=0.001). Hypoglobus improved significantly (ZMC group: 3.3 + 1.1mm
to 0.8 = 0.6mm, p=0.004; isolated group: 3.1 + 0.8mm to 0.7 + 0.5mm, p=0.002). Extraocular muscle function
normalized in 85% of patients at 1 year. Overall success rates were 80.0% for ZMC group and 90.0% for
isolated fractures (p=1.000).

Conclusions: Titanium mesh orbital floor reconstruction effectively improves post-traumatic enophthalmos
and hypoglobus with comparable success rates regardless of fracture pattern. Both ZMC-associated and
isolated orbital floor fractures demonstrate excellent functional and aesthetic outcomes with low complication
rates.
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1. Introduction

Post-traumatic enophthalmos and hypoglobus represent
significant functional and aesthetic sequelac following
orbital floor fractures, with reported incidence rates
ranging from 15% to 60% in untreated cases.'™ These
complications result from orbital volume expansion due
to bony defects, herniation of orbital contents into the
maxillary sinus, and subsequent fibrotic contracture of
periorbital tissues.*® The resultant posterior and inferior
displacement of the globe creates not only cosmetic
deformity but also functional impairment including
diplopia, extraocular muscle restriction, and decreased
visual field.”

Orbital floor fractures commonly occur as isolated
injuries following direct orbital trauma or in association
with zygomaticomaxillary complex (ZMC) fractures. ' 2
The mechanism of injury, extent of bony disruption,
degree of soft tissue involvement, and timing of surgical
intervention collectively influence treatment
outcomes.”™'* While isolated orbital floor fractures
typically result from focused impact to the orbital rim,
ZMC fractures with orbital floor involvement often
represent more extensive trauma with greater soft tissue
injury and potential for periorbital scarring.'¢"'®

Contemporary surgical management of post-traumatic
enophthalmos and hypoglobus centers on anatomical
restoration of the orbital floor using various
reconstructive  materials.'*'  Titanium mesh has
emerged as a preferred reconstructive material due to its
biocompatibility, structural integrity, ease of contouring,
and long-term stability.?** The material's radiopacity
facilitates postoperative imaging assessment, while its
permanent nature provides sustained support against
recurrent herniation.?>%’

Despite advances in surgical technique and
reconstructive materials, comparative studies analyzing
outcomes between different fracture patterns remain
limited.?*3° Understanding whether concomitant ZMC
fractures influence orbital reconstruction outcomes is
crucial for treatment planning, patient counseling, and
prognostic assessment. Several authors have suggested
that ZMC-associated orbital floor fractures may have
inferior outcomes due to more extensive soft tissue injury
and scar formation.?'3* However, this relationship has
not been systematically evaluated using standardized
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outcome measures and consistent reconstructive
techniques.

The primary objective of this study was to evaluate the
effectiveness of titanium mesh orbital floor
reconstruction in improving post-traumatic
enophthalmos and hypoglobus. Secondary objectives
included comparing functional and aesthetic outcomes
between ZMC fractures with concomitant orbital floor
fractures versus isolated orbital floor fractures, assessing
extraocular muscle function recovery, and identifying
factors predictive of successful reconstruction.

2. Materials and Methods
Study Design and Ethical Approval

This retrospective cohort study was conducted at the
Department of Oral and Maxillofacial Surgery, a tertiary
care centre . The study adhered to the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines for observational research.*
Patient consent was waived for this retrospective chart
review in accordance with institutional policy and
regulations.

Study Population and Setting

All patients who underwent orbital floor reconstruction
between January 2018 and December 2022 were
identified from electronic medical records and surgical
databases. The study was conducted at a Level I trauma
center in a dedicated craniomaxillofacial centre.

Eligibility Criteria

Inclusion criteria: (1) age >18 years; (2) orbital floor
fractures confirmed by computed tomography (CT)
imaging; (3) presence of clinically significant
enophthalmos >2mm and/or hypoglobus >2mm; (4)
orbital floor reconstruction performed using titanium
mesh implants; (5) complete pre-operative and post-
operative clinical and radiographic records; (6) minimum
6-month follow-up; (7) surgery performed within 4
weeks of initial trauma.

Exclusion criteria: (1) previous orbital surgery; (2)
bilateral orbital fractures; (3) associated optic nerve
injury; (4) incomplete medical records; (5) loss to
follow-up before 6 months; (6) significant medical
comorbidities affecting wound healing; (7) age >70
years; (8) use of non-titanium reconstructive materials.
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Patient Categorization

Patients were categorized into two groups based on
fracture pattern: Group 1 comprised patients with ZMC
fractures with concomitant orbital floor fractures, while
Group 2 included patients with isolated orbital floor
fractures. ZMC fractures were defined as fractures
involving the zygomaticofrontal, zygomaticomaxillary,
and/or zygomaticotemporal sutures with associated
orbital floor involvement. Isolated orbital floor fractures
were defined as fractures confined to the orbital floor
without involvement of other facial bones.

Variables and Data Collection

Patient demographics, injury characteristics, surgical
details, and outcome measures were systematically
extracted from electronic medical records using
standardized data collection forms. Pre-operative high-
resolution CT scans were reviewed by two independent
observers to assess fracture pattern, orbital volume
changes, and degree of soft tissue herniation. Clinical
photographs and comprehensive ophthalmological
examinations provided additional functional and
aesthetic assessment data.

Surgical Technique

All procedures were performed by board-certified oral
and maxillofacial surgeons with subspecialty training in
craniomaxillofacial trauma. Surgical approach selection
was based on fracture characteristics and surgeon
preference, including subciliary, transconjunctival, or
combined approaches. All orbital floor reconstructions
utilized preformed titanium mesh implants contoured to
restore normal orbital anatomy. Mesh sizing was
determined intraoperatively based on defect dimensions.
When indicated, titanium screws (1.7mm diameter) were
used for mesh fixation. Concomitant ZMC reduction and
fixation were performed using standard techniques when
appropriate.

Outcome Assessment
Primary Outcomes:

e Enophthalmos: Measured using Hertel
exophthalmometry (Hertel, Zeiss, Germany) with
baseline measurements obtained pre-operatively and
at 6-month and 1l-year follow-up appointments.
Values >2mm difference from the contralateral eye
were considered clinically significant.
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e Hypoglobus: Assessed by measuring pupillary level
differences and vertical globe displacement relative
to the contralateral eye using standardized
photographic techniques and clinical examination.

Secondary Outcomes:

e Diplopia: Evaluated using Hess chart analysis and
extraocular muscle function testing in nine cardinal
directions of gaze.

e Extraocular muscle function: Assessed using forced
duction testing and graded muscle restriction on a 0-
4 scale (O=normal, 4=complete restriction).

e Patient satisfaction: Measured using a validated
visual analog scale (0-10, with 10 representing
complete satisfaction).

e Complications: Categorized as early (<30 days) or
late (=30 days) and graded according to severity.

Treatment success was defined as >50% improvement in
pre-operative measurements or achievement of normal
values (<2mm difference from contralateral eye) for both
enophthalmos and hypoglobus.

Statistical Analysis

Statistical analysis was performed using SPSS version
23.0 (IBM Corporation, Armonk, NY). Continuous
variables were expressed as mean + standard deviation
after confirmation of normal distribution using the
Shapiro-Wilk test. Categorical variables were presented
as frequencies and percentages. Between-group
comparisons utilized independent samples t-tests for
normally distributed continuous variables and Mann-
Whitney U tests for non-parametric data. Categorical
variables were analyzed using chi-square tests or Fisher's
exact tests when expected cell counts were <5. Within-
group pre- and post-operative changes were assessed
using paired t-tests. Multivariable logistic regression
analysis was performed to identify predictors of
successful outcomes. Statistical significance was set at
p<0.05, and all tests were two-tailed.

3. Results
Study Population

During the 5-year study period, 34 patients underwent
orbital floor reconstruction. After applying inclusion and
exclusion criteria, 20 patients who received titanium
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mesh reconstruction were included in the final analysis.
Group 1 (ZMC with orbital floor fractures) comprised 10

Baseline Characteristics

Table 1. Baseline Demographics, Injury Characteristics, and Pre-operative Clinical Findings

patients, while Group 2 (isolated orbital floor fractures)

included 10 patients.

Group 1: ZMC +

Group 2: Isolated

h isti Total (n=2 -val
Characteristic otal (n=20) Orbital (n=10) Orbital (n=10) p-value
Demographics

Age (years), mean = SD 324+11.2 34.1+£12.8 30.7+£9.6 0.486
Male gender, n (%) 14 (70.0) 7 (70.0) 7 (70.0) 1.000
B i kg/m?
ody mass index (kg/m?), mean 24.8+3.6 252+4.1 24.4+3.1 0.608
+SD
Mechanism of injury, n (%) 0.527
Motor vehicle accident 8 (40.0) 5(50.0) 3(30.0)
Assault 6 (30.0) 3 (30.0) 3 (30.0)
Sports injury 4 (20.0) 1(10.0) 3(30.0)
Fall 2 (10.0) 1 (10.0) 1 (10.0)
Injury characteristics
Time from injury to 42+3.1 3.8429 4.6+3.4 0.542
presentation (days), mean = SD
i +
Time to SurgerSyD(dayS)’ featt 11.8+5.4 10.9+4.8 12.7+6.1 0.459
Associated injuries, n (%) 8 (40.0) 5(50.0) 3(30.0) 0.650
Pre-operative clinical findings
+
En‘)phthalmossémm)’ mean 40+13 42413 39412 0.578
Hypoglobus (mm), mean + SD 32+1.0 33+1.1 3.1+£0.38 0.608
Pupillary level difference (mm), 28409 29+1.0 27408 0.585
mean + SD
Pre-operative symptoms, n (%)

Diplopia 14 (70.0) 7 (70.0) 7 (70.0) 1.000
Extraocular muscle restriction 16 (80.0) 8 (80.0) 8 (80.0) 1.000
Numbness in infraorbital nerve

distribution 15 (75.0) 8 (80.0) 7 (70.0) 1.000

Extraocular muscle restriction
0.847
grade, n (%)
Grade 1 (mild) 8 (40.0) 4 (40.0) 4 (40.0)
Grade 2 (moderate) 6 (30.0) 3 (30.0) 3(30.0)
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Group 1: ZMC +

Group 2: Isolated

Characteristic Total (n=20) Orbital (n=10) Orbital (n=10) p-value
Grade 3 (severe) 2 (10.0) 1(10.0) 1 (10.0)
No restriction 4 (20.0) 2 (20.0) 2 (20.0)

The mean age was 32.4 = 11.2 years with a 3.5:1 male
predominance. Motor vehicle accidents were the most
common injury mechanism (40.0%), followed by assault
(30.0%) and sports injuries (20.0%). No significant
differences  in injury

baseline  demographics,

Surgical Characteristics and Techniques

characteristics, or pre-operative clinical findings were
observed between groups. Mean time to surgery was 11.8
+ 5.4 days, falling within recommended guidelines for
early intervention.

Table 2. Surgical Approach, Techniques, and Perioperative Details

Variable Total (n=20) Group 1 (n=10) Group 2 (n=10) p-value
Surgical approach, n (%) 0.607
Subciliary 9 (45.0) 5(50.0) 4 (40.0)
Transconjunctival 8 (40.0) 4 (40.0) 4 (40.0)
Combined subciliary/transconjunctival 3 (15.0) 1(10.0) 2 (20.0)
Titanium mesh characteristics
Mesh thickness (mm) 0.4=+0.0 0.4=+0.0 0.4=+0.0 1.000
Mesh surface area (cm?), mean + SD 32+0.8 3.4+09 3.0£0.7 0.241
Screw fixation utilized, n (%) 14 (70.0) 7 (70.0) 7 (70.0) 1.000
Number of screws used, mean £+ SD 2.1+£0.9 22+1.0 20+0.8 0.612
Operative details
Surgery duration (minutes), mean + SD 98.5+£32.1 126.0 + 28.4 71.0+19.8 <0.001*
Estimated blood loss (mL), mean + SD 82.5+41.2 105.0 £ 38.7 60.0 +32.1 0.009*
Concomitant procedures, n (%)
ZMC reduction and fixation 10 (50.0) 10 (100.0) 0(0.0) <0.001*
Infraorbital nerve exploration 4 (20.0) 3 (30.0) 1(10.0) 0.582
Canthopexy 3 (15.0) 2 (20.0) 1(10.0) 1.000
Perioperative complications, n (%)
Intraoperat.ive blee(%ing requiring 1(5.0) 1 (10.0) 0(0.0) 1,000
intervention
Immediate postoperative hematoma 0 (0.0 0 (0.0) 0 (0.0 -
Hospital stay
Length of stay (days), mean + SD 1.8+0.9 22+1.0 1.4+0.5 0.032*
Same-day discharge, n (%) 6 (30.0) 2 (20.0) 4 (40.0) 0.628
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*Statistically significant (p<0.05)

All patients underwent reconstruction with 0.4mm
titanium mesh. As expected, Group 1 patients had
significantly longer operative times (126.0 + 28.4 vs 71.0
+ 19.8 minutes, p<0.001) and greater estimated blood
loss (105.0 + 38.7 vs 60.0 £ 32.1 mL, p=0.009) due to

Primary Outcomes

concomitant ZMC procedures. Screw fixation was
utilized in 70% of cases with no significant difference
between groups. The perioperative complication rate was
low (5.0%) with one case of intraoperative bleeding
requiring additional hemostatic measures.

Table 3. Primary Outcomes: Enophthalmos, Hypoglobus, and Treatment Success

Outcome Measure Group Pre-operative | 6 Months 1 Year Change at 1Y p-valuet
Enophthalmos
(mm)
Group 1 (n=10) 42+13 1.4+09 1.2+0.8 3.0=+1.1 0.002*
Group 2 (n=10) 39+1.2 1.2+£0.8 1.0£0.7 -29=+1.0 0.001%*
Between-group p- 0.578 0.592 0.540 0.823
valuef
Hypoglobus (mm)
Group 1 (n=10) 33+1.1 1.0+£0.7 0.8+£0.6 -2.5+0.9 0.004*
Group 2 (n=10) 3.1+£0.8 09+0.6 0.7+0.5 24+0.7 0.002*
Between-group p- 0.608 0.713 0.641 0.754
value]
Pupillary level
difference (mm)
Group 1 (n=10) 29+1.0 0.8+0.6 0.6+£0.5 -2.3+0.8 0.002*
Group 2 (n=10) 2.7+£0.8 0.7+0.5 0.5+£04 -22+0.6 0.001*
Between-group p- 0.585 0.672 0.598 0.742
valuef
Treatment Success
at 1 Year, n (%)
Enophthalmos
improvement >50% Group 1 i i ?(90.0) i i
Group 2 - - 10 (100.0) - 1.000§
Hypoglobus
1 - - . - -
improvement >50% Group ?(90.0)
Group 2 - - 10 (100.0) - 1.000§
Combined success Group 1 i i 8 (80.0) i i
rate
Group 2 - - 9 (90.0) - 1.000§
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Outcome Measure Group Pre-operative | 6 Months 1 Year Change at 1Y p-valuet
Patient satisfaction
(VAS 0-10)
Group 1 (n=10) - 8.1+t14 83+13 - -
Group 2 (n=10) - 8412 8.6x1.0 - -
Between-group p- i 0.592 0.561 i
value]

*Statistically significant (p<<0.05) for pre-operative vs. 1-year comparison using paired t-test, TWithin-group comparison
(pre-operative vs. 1-year), {Between-group comparison using independent t-test, §Chi-square test or Fisher's exact test

Both groups demonstrated significant and sustained
improvement primary outcome measures.
Enophthalmos improved by mean 3.0mm in Group 1 and
29mm in Group 2 (p=0.823 for between-group
comparison).  Hypoglobus
improvement

in all

showed  comparable

of 2.5mm and 2.4mm respectively

Secondary Outcomes and Functional Assessment

(p=0.754). Pupillary level differences normalized
effectively in both groups. No significant differences in
treatment success rates or patient satisfaction were
observed between fracture patterns,

combined success rates of 85% at 1-year follow-up.

with overall

Table 4. Secondary Outcomes: Diplopia, Extraocular Muscle Function, and Complications

Outcome Group 1 (n=10) | Group 2 (n=10) | Total (n=20) p-value
Diplopia Resolution at 1 year, n (%)
Complete resolution 7 (70.0) 8 (80.0) 15 (75.0) 1.000
Partial improvement 2 (20.0) 1(10.0) 3(15.0)
No improvement 1(10.0) 1(10.0) 2 (10.0)
Extraocular muscle function at 1 year
Normal range of motion, n (%) 8 (80.0) 9 (90.0) 17 (85.0) 1.000
Mild restriction (Grade 1), n (%) 2 (20.0) 1(10.0) 3 (15.0)
Moderate-severe restriction (Grade >2), n (%) 0(0.0) 0 (0.0) 0(0.0)
Forced duction test results at 1 year
Negative (normal), n (%) 8 (80.0) 9 (90.0) 17 (85.0) 1.000
Positive (restriction present), n (%) 2 (20.0) 1 (10.0) 3 (15.0)
Visual acuity changes
No change from baseline, n (%) 9 (90.0) 10 (100.0) 19 (95.0) 1.000
Improvement from baseline, n (%) 1 (10.0) 0 (0.0) 1(5.0)
Deterioration from baseline, n (%) 0(0.0) 0 (0.0) 0 (0.0)
Complications
Early complications (<30 days), n (%)
Temporary lower eyelid ectropion 1 (10.0) 1(10.0) 2 (10.0) 1.000
Prolonged edema (>2 weeks) 0(0.0) 1 (10.0) 1(5.0) 1.000
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Outcome Group 1 (n=10) | Group 2 (n=10) | Total (n=20) | p-value
Wound dehiscence 0(0.0) 0 (0.0) 0 (0.0 -
Infection 0(0.0) 0(0.0) 0(0.0) -
Late complications (=30 days), n (%)
Implant exposure 0(0.0) 1 (10.0) 1(5.0) 1.000
Persistent infraorbital numbness 2 (20.0) 1(10.0) 3(15.0) 1.000
Late enophthalmos recurrence 0(0.0) 0 (0.0) 0(0.0) -
Overall complication rate, n (%) 2 (20.0) 3 (30.0) 5(25.0) 1.000
Revision surgery required, n (%) 0 (0.0 1 (10.0) 1(5.0) 1.000
Return to normal activities
Time to return to work (days), mean + SD 142 +6.8 11.8+4.9 13.0+£5.9 0.364
Time to resumrflggf;;ﬁ“ﬁes (days), 425+12.1 38.7+10.3 406112 | 0447

Functional outcomes demonstrated excellent recovery
with diplopia resolution in 75% of patients and
normalization of extraocular muscle function in 85% of
cases. No significant differences in secondary outcomes
were observed between groups. The overall complication
rate was 25%, with most complications being minor and
self-limiting. One patient in Group 2 required revision
surgery due to late implant exposure at 8 months post-
operatively. Visual acuity was preserved or improved in
all patients, with no cases of vision loss or significant
deterioration.

Predictive Factors for Treatment Success

Multivariable logistic regression analysis was performed
to identify factors associated with treatment success,
defined as combined improvement in both enophthalmos
and hypoglobus of >50% or achievement of normal
values. Due to the small sample size, confidence
intervals were wide and no factors reached statistical
significance. However, several trends were identified
that may warrant investigation in larger studies: isolated
orbital floor fractures (OR 2.25, 95% CI 0.33-15.32),
larger mesh surface area (OR 1.45, 95% CI 0.68-3.09),
and use of screw fixation (OR 2.80, 95% CI1 0.41-19.12)
showed positive associations with successful outcomes.

4. Discussion

This retrospective cohort study demonstrates that
titanium mesh orbital floor reconstruction effectively
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improves post-traumatic enophthalmos and hypoglobus
with comparable outcomes regardless of fracture pattern.
The 85% overall success rate observed in our series
aligns with previously reported outcomes in the
literature, supporting the reliability of titanium mesh
reconstruction techniques.>*’

Comparison with Existing Literature

Our findings are consistent with several recent studies
evaluating orbital floor reconstruction outcomes.
Burnstine demonstrated 88% success in correcting
enophthalmos >2mm following orbital reconstruction in
a series of 97 patients.*® Similarly, Ellis and Tan reported
success rates of 75-90% in their comparative study of
cranial bone grafts versus titanium mesh for pure
blowout fractures.®*® The mean improvement in
enophthalmos observed in our study (2.9-3.0mm)
compares favorably with these published series and
exceeds the 1.5mm improvement threshold considered
clinically significant.**2

Fracture Pattern and Outcomes

The comparable outcomes between ZMC-associated and
isolated orbital floor fractures represent a novel finding
with important clinical implications. Previous studies
have suggested that ZMC fractures may be associated
with inferior outcomes due to more extensive soft tissue
trauma and periorbital scarring.”*~** However, our data
indicate that when orbital floor reconstruction is
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performed using standardized techniques with titanium
mesh, fracture pattern does not significantly influence
functional or aesthetic outcomes. This finding challenges
the conventional wisdom regarding ZMC-associated
orbital injuries and suggests that the extent of bony
reconstruction, rather than the injury pattern itself, may
be the primary determinant of surgical success.

The observation that both groups achieved similar
success rates despite Group 1 having longer operative
times and greater estimated blood loss supports the
effectiveness of comprehensive surgical management.
The ability to address both ZMC and orbital floor
components simultaneously may actually provide
advantages by allowing for coordinated reconstruction
and optimal anatomical restoration.*¢ 8

Titanium Mesh as Reconstructive Material

The exclusive use of titanium mesh in our series
eliminated implant material as a confounding variable
and provided consistent results across both fracture
patterns. Titanium mesh offers several advantages over
alternative reconstructive materials, including excellent
biocompatibility, ease of contouring, radiopacity for
postoperative assessment, and long-term stability.*!
The 0.4mm thickness utilized in our study provided
adequate structural support while maintaining flexibility
for precise contouring to restore orbital anatomy.

The use of screw fixation in 70% of cases reflects
contemporary practice patterns aimed at ensuring
implant stability and preventing migration. While our
small sample size precluded definitive conclusions
regarding fixation methods, the trend toward improved
outcomes with screw fixation warrants investigation in
larger studies.>*>*

Functional Outcomes and Quality of Life

The high rates of diplopia resolution (75%) and
extraocular muscle function normalization (85%)
observed in our study demonstrate the functional benefits
of orbital reconstruction beyond aesthetic improvement.
These outcomes are particularly important given that
functional limitations often have greater impact on
patient quality of life than cosmetic concerns.>>” The
progressive improvement in muscle function from 6
months to 1 year suggests that continued recovery occurs
well beyond the initial healing period, emphasizing the
importance of extended follow-up.
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Patient satisfaction scores averaging 8.5/10 reflect both
functional improvement and aesthetic restoration. The
correlation between objective measures of improvement
and subjective satisfaction validates the clinical
significance of the anatomical corrections achieved
through reconstruction.>®¢°

Timing of Intervention

The mean time to surgery of 11.8 days in our series falls
within current recommendations for early intervention
within 2-4 weeks of injury.®’~** Early reconstruction
helps prevent fibrotic contracture of orbital tissues and
facilitates optimal surgical outcomes. The absence of
significant differences in timing between groups
suggests that both fracture patterns received
appropriately timed intervention according to established
protocols.

Complications and Safety Profile

The overall complication rate of 25% in our series, with
most complications being minor and self-limiting,
compares favorably with published literature on orbital
reconstruction. The single case requiring revision
surgery (5%) falls within the expected range for orbital
procedures and emphasizes the generally low morbidity
associated with titanium mesh reconstruction.®*-¢

The absence of serious complications such as vision loss,
persistent diplopia, or implant infection demonstrates the
safety profile of contemporary orbital reconstruction
techniques when performed by experienced surgeons.
The temporary nature of most complications, including
lower eyelid ectropion and prolonged edema, supports
the use of titanium mesh reconstruction for appropriate
candidates.®”*°

Clinical Implications

These findings have several important clinical
implications for the management of post-traumatic
orbital deformities:

1. Treatment Planning: Fracture pattern (ZMC-
associated versus isolated) should not be considered
a primary factor in predicting reconstruction
outcomes when using titanium mesh implants.

2. Patient Counseling: Patients with both ZMC-
associated and isolated orbital floor fractures can be
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counseled regarding similar expected outcomes and
functional recovery patterns.

3. Surgical Decision-Making: The degree of orbital
displacement and functional impairment, rather
than fracture complexity, should guide surgical
decision-making.

4. Resource Allocation: Similar surgical resources
and follow-up protocols should be allocated
regardless of fracture pattern.

5. Study Strengths and Limitations

The strengths of this study include the use of
standardized reconstructive material (titanium mesh),
comprehensive  functional  assessment including
extraocular muscle testing, validated outcome measures,
and adherence to STROBE guidelines for observational
research. The single-institution design with consistent
surgical techniques minimizes technical variability as a
confounding factor.

Several limitations must be acknowledged. The small
sample size (n=20) limits statistical power and
generalizability of findings. The retrospective design
introduces potential selection bias, as surgical candidates
may represent a subset of patients with more severe
symptoms or specific characteristics. The absence of a
control group limits assessment of natural history versus
surgical intervention. Additionally, the study lacks long-
term follow-up beyond 1 year, which would be valuable
for assessing durability of outcomes and late
complications.

The single-center design, while providing consistency in
surgical technique, may limit external validity. Surgeon
experience and institutional factors may not be
representative of other settings. Finally, the subjective
nature of some outcome measures, particularly diplopia
assessment and patient satisfaction, introduces potential
measurement bias.

6. Future Directions
Future research should focus on several key areas:

1. Larger prospective studies with standardized
protocols and extended follow-up periods to
validate these preliminary findings.
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2. Comparative effectiveness research examining
different titanium mesh configurations, sizing
strategies, and fixation techniques.

3. Development of predictive models incorporating
patient factors, injury characteristics, and surgical
variables to optimize patient selection and
counseling.

4. Investigation of emerging technologies including
patient-specific implants and computer-assisted
surgical planning for orbital reconstruction.

5. Long-term outcomes assessment with follow-up
extending to 5-10 years to evaluate implant stability
and late complications.

6. Economic evaluation comparing costs and
outcomes of different reconstructive approaches
and materials.

7. Conclusions

Titanium mesh orbital floor reconstruction effectively
improves post-traumatic enophthalmos and hypoglobus
with comparable success rates in both ZMC fractures
with concomitant orbital floor involvement and isolated
orbital floor fractures. This retrospective analysis of 20
patients treated exclusively with standardized titanium
mesh reconstruction demonstrated significant functional
improvement in 85% of cases, high patient satisfaction
scores, and acceptable complication rates. Fracture
pattern does not appear to influence treatment outcomes
when wusing consistent reconstructive techniques,
suggesting that surgical decision-making should
prioritize the degree of orbital displacement and
functional impairment rather than injury complexity.
These findings support the continued use of titanium
mesh for orbital reconstruction in post-traumatic orbital
deformities and provide evidence-based guidance for
patient counseling regarding expected outcomes across
different fracture patterns.
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