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Purpose: This study investigated the clinical characteristics, management strategies, and visual outcomes of perforating ocular
injuries associated with intraorbital foreign bodies (IOrFBs).

Methods: We retrospectively reviewed 54 patients with perforating ocular injuries and IOrFBs admitted to the Eye & ENT Hospital
of Fudan University from January 1, 2007, to December 31, 2024. This study was reviewed and approved by the Ethics Committee of
the Eye & ENT Hospital of Fudan University (Approval No. 2024146). Data collected included demographics, injury circumstances,
foreign body composition, size and location (measured on preoperative computed tomography [CT] images), surgical approaches, and
visual outcomes. Statistical analyses were performed using R, with significance set at p < 0.05.

Results: Of the 54 patients, 87.0% (47) were male, and 92.6% (50) sustained occupational injuries (both p < 0.001). Ferromagnetic
metallic fragments were the predominant cause (77.8%, 42). Anatomically, 40.7% (22) of foreign bodies were confined to the orbit,
while 18.5% (10) involved the inferior globe wall and 16.7% (9) extended to the posterior pole. Larger IOrFB diameters were
significantly associated with poorer preoperative and postoperative visual acuity (p < 0.05). Surgical interventions were performed as
either single-stage or staged procedures, depending on the severity of the injury. The surgical strategies included pars plana vitrectomy
(PPV) alone without foreign body removal; PPV combined with IOrFB extraction; PPV followed by subsequent orbital surgery for
foreign body removal; orbital surgery for foreign body extraction followed by subsequent PPV; and IOrFB extraction alone without
PPV. The most common surgical approach was combined PPV with orbital surgery (35.2%, 19). Notably, surgical approach was not an
independent predictor of final visual outcomes.

Conclusion: 10rFBs primarily affect working-age men and are typically caused by occupational metallic trauma. Larger foreign
bodies predict worse baseline and final vision, whereas foreign body location and surgical approach do not independently influence
visual prognosis. These findings highlight the need for early detection, occupational safety measures, and individualized management
to optimize outcomes.
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Introduction

Perforating ocular injuries are defined as traumas in which a foreign object enters one part of the eye and exits through
another, creating both entry and exit wounds.' When complicated by an intraorbital foreign body (IOrFB), such injuries
constitute a severe ophthalmic emergency associated with substantial risks, including retinal detachment, proliferative
vitreoretinopathy, optic nerve injury, and orbital cellulitis or infection, posing considerable challenges for ophthalmic
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An IOrFB refers to a foreign object that has penetrated the ocular wall and lies predominantly or entirely within the
orbital cavity, most commonly resulting from high-velocity impacts in industrial or construction environments.”* With
the progression of industrialization, the incidence of occupational orbital injuries—particularly those caused by metallic
projectiles—has been increasing, predominantly affecting working-age males.®* '

Previously reported IOrFBs associated with perforating ocular injuries include metal, lead, glass, wood, stone, and
plastic. These injuries predominantly affect middle-aged individuals and are closely related to occupational exposure,
particularly in industrial and construction settings; other causes include accidental falls and traffic accidents.>”%!%!3
Among these, metallic foreign bodies represent the most prevalent type, occasionally leading to periorbital fibrosis,
strabismus, fistula formation, or chronic inflammatory reactions.'® In contrast, wooden foreign bodies are more prone to
cause optic nerve injury, abscess formation, and pronounced inflammatory responses,'” thereby necessitating urgent
medical or surgical intervention.

The diagnosis of perforating ocular injuries complicated by IOrFBs remains challenging due to the wide variability in
foreign body composition, morphology, and anatomical distribution. Imaging evaluation plays a pivotal role in diagnosis.
Computed tomography (CT) is the preferred modality owing to its high sensitivity for detecting metallic and high-density
inorganic materials, as well as its rapid image acquisition. Magnetic resonance imaging (MRI) offers advantages in
identifying low-density organic materials such as wood; however, it should be performed cautiously because of the
potential hazards in the presence of metallic foreign bodies.®”-*!517

Prompt assessment and the adoption of an optimal management strategy are crucial for preserving visual function and
minimizing long-term complications. Surgical decision-making largely depends on the foreign body’s location, its
proximity to critical orbital structures, and the patient’s clinical presentation.'*'*'® Nevertheless, controversy persists
regarding the optimal timing and surgical approach, and no consensus has been reached on balancing the urgency of
intervention against operative risks.

Given the importance of delineating epidemiological characteristics to better understand injury mechanisms and
inform preventive strategies, this retrospectively study analyzed 54 cases of perforating ocular injuries complicated by
IOrFBs treated at the Eye & ENT Hospital of Fudan University between 2007 and 2024, aiming to comprehensively

characterize their epidemiological patterns, clinical features, management strategies, and prognostic determinants.

Materials and Methods

Study Design and Inclusion Criteria

This single-center retrospective case series included hospitalized patients diagnosed with perforating ocular injuries
complicated by IOrFBs at the Eye & ENT Hospital of Fudan University, Shanghai, between January 1, 2007, and
December 31, 2024. As a major tertiary referral center in Eastern China, the hospital specializes in the management of
complex and severe ophthalmic conditions.

This study was reviewed and approved by the Ethics Committee of the Eye & ENT Hospital of Fudan University
(Approval No. 2024146). Given that this was a retrospective clinical study using previously collected data, did not
involve any intervention or additional risk to participants, and all data were anonymized prior to analysis, the Ethics
Committee granted a waiver of individual informed consent from study participants. All study procedures complied with
the principles outlined in the Declaration of Helsinki.

The inclusion criteria were as follows: (1) patients hospitalized for the treatment of open-globe injury involving
posterior segment penetration, which was classified as Zone III open-globe injury and further defined as perforating
ocular injury according to the Birmingham Eye Trauma Terminology (BETT) system, characterized by the presence of
both entrance and exit wounds;*? (2) confirmation of foreign bodies penetrating the globe wall, with most or all of the
foreign body located within the orbital cavity, as verified by orbital CT; and (3) availability of at least six months of
postoperative follow-up.

Accordingly, only patients with perforating open-globe injuries accompanied by intraorbital foreign bodies were
included, whereas cases of isolated intraorbital foreign bodies without globe penetration were excluded.
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Given the extended study period (2007-2024), long-term follow-up was not feasible for some patients treated in
earlier years, primarily due to the limited use of mobile communication devices at that time. To ensure data consistency
and reliability, a minimum follow-up duration of six months was established as the inclusion threshold.

Data Collection and Definitions

Data were retrieved from the hospital’s electronic medical record system and included demographic information (age,
sex), injury circumstances, foreign body characteristics, slit-lamp findings of both anterior and posterior segments,
imaging results, surgical interventions, and visual outcomes at the final follow-up.

The injury setting was categorized as either occupational or non-occupational. Occupational injuries referred to work-
related trauma sustained during machinery operation, welding, construction, or similar activities, whereas non-
occupational injuries included accidental trauma occurring in daily life (eg, household incidents, traffic accidents).
Classification was based on patient interviews and medical documentation.

Patients with perforating ocular injuries due to IOrFBs present as open-globe injuries, for which orbital CT is the
preferred initial imaging modality in the emergency setting, while ocular ultrasonography is performed routinely
performed when clinically indicated to further assess intraocular structures. The characteristics of IOrFBs were analyzed
according to material composition and anatomical location; materials were classified as metallic, wooden, or other types
based on surgical records and pathological findings. Anatomical localization and foreign body size were determined
primarily through orbital CT and categorized into six groups: (1) Entirely intraorbital: the foreign body penetrated the
globe wall and was located completely within the orbital cavity; (2) Inferior globe wall involvement: the foreign body
was partially located in the vitreous cavity and partially traversed the inferior sclera into the orbit; (3) Posterior pole
involvement: the foreign body was partially within the vitreous cavity and partially exited through the macular or optic
disc region into the orbit; (4) Temporal globe wall involvement: the foreign body was partially located in the vitreous
cavity and partially penetrated the temporal sclera into the orbit; (5) Nasal globe wall involvement: the foreign body was
partially within the vitreous cavity and partially traversed the nasal sclera into the orbit; (6) Superior globe wall
involvement: the foreign body was partially in the vitreous cavity and partially exited through the superior sclera into
the orbit.

Surgical Approaches
Operative details and intraoperative observations were reviewed from medical records. Surgical interventions were
performed as single-stage or staged procedures, with the approach determined by the characteristics of the IOrFBs, the
patient’s ocular condition, and changes in surgical techniques over the study period. Patients were classified into five
groups according to the surgical approach: Group 1: Pars plana vitrectomy (PPV) alone without IOrFB removal (single-
stage); Group 2: PPV combined with IOrFB extraction (single-stage); Group 3: PPV followed by subsequent orbital
surgery for IOrFB removal (staged procedures); Group 4: Orbital surgery for IOrFB removal followed by subsequent
PPV (staged procedures); Group 5: Orbital foreign body extraction alone without PPV (single-stage).

Notably, all patients had undergone primary globe repair for ocular trauma in an emergency setting either prior to or
concurrently with the above-mentioned procedures.

Visual Acuity Assessment and Statistical Analysis

Best-corrected visual acuity (BCVA) was evaluated preoperatively (Pre-BCVA) and at the final follow-up (Post-BCVA)
to assess surgical efficacy. The change in visual acuity (ABCVA) was calculated as the difference between Post-BCVA
and Pre-BCVA. BCVA values were expressed using the logarithm of the minimum angle of resolution (logMAR)
scale.'”?° For qualitative assessments, the following logMAR conversions were applied: counting fingers (CF) = 2.1,
hand motion (HM) = 2.4, light perception (LP) = 2.7, and no light perception (NLP) = 3.0.

Statistical analyses were performed using R statistical software (version 3.6.1; R Core Team). As the data were not
normally distributed, continuous variables were presented as medians with ranges (minimum—maximum). Intergroup
comparisons were conducted using the Mann—Whitney U-test, and paired Pre- and Post-BCVA values were analyzed
using the Wilcoxon signed-rank test. Simple linear regression was used to explore associations with foreign body size.

Clinical Ophthalmology 2026:20 heeps: 3



Niu et al

No multivariate analyses were performed; therefore, the results reflect associations rather than independent effects.
A p-value < 0.05 was considered statistically significant.

Results

Patient Demographics and Prognostic Analysis

Between 2007 and 2024, a total of 54 patients with perforating ocular injuries accompanied by IOrFBs were hospitalized
at the Eye and ENT Hospital of Fudan University. The baseline characteristics of these patients—including age, sex,
IOrFB conditions, primary therapeutic interventions, and BCVA at presentation and at final follow-up (expressed in

logMAR)—are summarized in Table 1.

Table | Baseline Demographics and Visual Outcomes for Patients Entering the Study

Parameter n (%)/Media (Range) | p
Gender
Male 47 (87.0%) *<0.001
Female 7 (13.0%)
Age (years)
Median (Min, Max) 38 (12, 70)
Traumatic causes *<0.001
Occupational injuries 50 (92.6%)
Non-occupational injuries 4 (7.4%)
Injury-causing objects *<0.001
Ferromagnetic metals 42 (77.8%)
Non-ferromagnetic metals 3 (5.6%)
Stones 4 (7.4%)
Others 5 (9-2%)
Foreign Particle Diameter (mm)
Median (Min, Max) 5.0 (0.7, 25.0)
Localization of the primary IOrFB Portion *<0.001
Nasal side of the globe wall 4 (7.4%)
Temporal side of the globe wall 6 (11.1%)
Inferior globe wall 10 (18.5%)
Posterior pole of the globe wall 9 (16.7%)
Entirely within the orbit 22 (40.7%)
Superior globe wall 3 (5.6%)
Time interval from primary repair to surgical approach (days) | 3.2 + 4.3
Surgical Approach** *<0.001
[ 14 (25.9%)
2 15 (27.8%)
3 4 (7.4%)
4 19 (35.2%)
5 2 (3.7%)
Follow-up Time (years) 44+ 65
(Continued)
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Table | (Continued).

Parameter n (%)/Media (Range) | p
Pre-BCVA

Median (Min, Max) 2.4 (0, 3.0)

Post-BCVA

Median (Min, Max) 2.1 (0, 3.0)
Pre-BCVA-Post-BCVA

Median (Min, Max) 0 (0.6, 2.6)

Notes: *p < 0.001; **Group |, pars plana vitrectomy (PPV) alone without foreign body removal; Group 2, PPV combined with
IOrFB extraction; Group 3, PPV followed by subsequent orbital surgery; Group 4, orbital surgery for foreign body removal
followed by subsequent PPV; and Group 5, orbital foreign body extraction alone without PPV.
Abbreviation: IOrFB, intraorbital foreign body.

As shown in Table 1, the median age of patients was 38 years (range, 1270 years). Males were predominantly

affected, accounting for 87.0% (47 cases; p < 0.001). Regarding etiology, occupational trauma was the leading cause,

representing 92.6% (50 cases; p < 0.001), while non-occupational injuries (eg, domestic or traffic accidents) comprised

only 7.4% (4 cases). Further analysis revealed that patients with occupational injuries exhibited relatively better

preoperative visual acuity compared with those with non-occupational causes (p; = 0.04). However, postoperative visual

outcomes remained poor in both groups, with no statistically significant difference between them (Table 2).

Table 2 Relevant Factors for Visual Outcome Among Patients Entering the Study

Pre-BCVA pl Post-BCVA p2 ABCVA p3
n (%)/Media Media Media Media
(Range) (Range) (Range) (Range)

Age 0.29 0.33 0.43
<30 I'l (20.4%) 2.4 (0.0-3.0) 2.0 (0.0-3.0) 0.3 (—0.6-2.3)
> 30 43 (79.6%) 2.7 (0.0-3.0) 2.4 (0.1-3.0) 0.0 (—0.6-2.6)
Sex 0.60 0.78 0.75
Male 47 (87%) 2.4 (0.0-3.0) 2.3 (0.0-3.0) 0.0 (—0.6-2.6)
Female 7 (13%) 24 (2.1-2.7) 1.3 (0.5-3.0) 0.8 (—0.3-2.2)
Injury-causing objects 0.19 0.53 0.23
Ferromagnetic metals 42 (77.8%) 2.4 (0.0-3.0) 2.1 (0.0-3.0) 0.0 (-0.6-2.6)
Non-magnetic metals 3 (5.6%) 2.4 (0.0-3.0) 3.0 (0.3-3.0) —0.3 (-0.6-0)
Stone 4 (7.4%) 24 (2.1-2.7) 1.5 (0.3-3.0) 0.8 (-0.3-2.0)
Other 5(9.3%) 3.0 24-3.0) 2.7 (0.3-3.0) 0.0 (0.0-1.7)
Traumatic causes *0.04 0.72 0.41
Occupational injuries 50 (92.6%) 2.4 (0.0-3.0) 2.1 (0.0-3.0) 0.0 (—0.6-2.6)
Non-occupational injuries 4 (7.4%) 2.8 (2.7-3.0) 2.0 (0.8-3.0) 0.8 (0.0-1.9)
Foreign Particle Diameter 5 (0.7-25.0) 2.4 (0.0-3.0) *0.02 | 2.1 (0.0-3.0) *0.04 | 0.0 (-0.6,2.6) | 0.67
Localization of the primary IOrFB 0.60 0.77 0.64
Portion

(Continued)
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Table 2 (Continued).

Pre-BCVA pl Post-BCVA p2 ABCVA p3

n (%)/Media Media Media Media

(Range) (Range) (Range) (Range)
Nasal side of the globe wall 4 (7.4%) 2.3 (0.1-3.0) 1.1 (0.1-3.0) 0.5 (0.0-1.28)
Temporal side of the globe wall 6 (11.1%) 2.4 (0.0-2.7) 1.8 (0.0-3.0) 0.0 (—0.6-2.3)
Inferior globe wall 10 (18.5%) 2.4 (2.1-3.0) 2.3 (0.4-3.0) 0.0 (-0.6-2.2)
Posterior pole of the globe wall 9 (16.7%) 2.7 (2.1-3.0) 1.3 (0.4-3.0) 0.8 (—0.3-2.6)
Entirely within the orbit 22 (40.7%) 2.5 (0.0-3.0) 2.4 (0.1-3.0) 0.0 (—0.6-2.3)
Superior globe wall 3 (5.6%) 2.4 (24-3.0) 2.4 (2.0-3.0) 0.0 (0.0-0.4)
Surgical Approach™* 0.95 0.75 0.61
| 14 (25.9%) 2.5 (0.7-3.0) 2.0 (0.1-3.0) 0.4 (-0.3-2.3)
2 15 (27.8%) 2.4 (0.0-3.0) 2.1 (0.0-3.0) 0.0 (—0.6-2.6)
3 4 (7.4%) 24 (2.1-24) 1.8 (0.9-2.7) 0.4 (0.0-1.5)
4 19 (35.2%) 2.4 (0.0-3.0) 2.4 (0.3-3.0) 0.0 (—0.6-2.2)
5 2 (3.7%) 2.5 (2.1-3.0) 1.9 (0.8-3.0) 0.6 (0.0-0.3)

Notes: *p < 0.05; **Group |, pars plana vitrectomy (PPV) alone without foreign body removal; Group 2, PPV combined with IOrFB extraction; Group 3, PPV followed by
subsequent orbital surgery; Group 4, orbital surgery for foreign body. Removal followed by subsequent PPV; and Group 5, orbital foreign body extraction alone without PPV.
Abbreviation: I0rFB, intraorbital foreign body.

With the aid of a clinical case database, we listed the total number of patients who underwent foreign bodies removal
surgery in our hospital and calculated the incidence of IOrFBs from the year 2007 to 2024. We found that approximately
2571 patients underwent foreign bodies remove surgery in our hospital, and the proportion of IOcbFBs was approxi-
mately 2.1%.

Injury-Causing Objects Material, Location and Prognostic Analysis

As shown in Table 1, ferromagnetic metals were the predominant causative material, accounting for 77.8% of cases (42/
54; p < 0.001), which was significantly higher than non-ferromagnetic metals (3 cases), stone (4 cases), and other
materials (5 cases: wood, glass, detonator fragments, bone fragments, and concrete; one case each).

Regarding the anatomical distribution of the foreign bodies, 40.7% (22/54; p < 0.001) were entirely confined to the
orbit. Other locations included the inferior globe wall (18.5%, 10 cases), posterior pole (16.7%, 9 cases), temporal globe
wall (11.1%, 6 cases), nasal globe wall (7.4%, 4 cases), and superior globe wall (5.6%, 3 cases). These findings indicate
that most IOrFBs were caused by high-energy projectiles or sharp objects that penetrated the globe and became lodged
within the orbital cavity. Representative orbital CT images from selected patients are shown in Figure 1.

However, no statistically significant differences in either preoperative or postoperative visual acuity were observed
among groups stratified by foreign body material or location (Table 2; p > 0.05). This indicates that, while clinically
important for surgical planning, neither the anatomical distribution nor the material composition of IOrFBs independently
predicted visual prognosis in this cohort.

Foreign Particle Diameter and Prognostic Analysis

In this study, the diameters of IOrFBs were measured in 54 patients with perforating ocular injuries. The mean diameter
was 5.0 mm (range, 0.7-25.0 mm), reflecting the diversity of foreign body types and substantial variation in size
(Table 1).

To assess the clinical significance of size, we analyzed its correlation with visual acuity. As shown in Table 2 and
Figure 2, linear regression analysis demonstrated that larger IOrFB diameters were significantly associated with poorer
visual acuity both preoperatively (p; = 0.02) and postoperatively (p, = 0.04), suggesting that larger foreign bodies may
predict worse baseline and postoperative vision in this cohort.
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Figure | Representative orbital CT images illustrating the anatomical localization of intraorbital foreign bodies (IOrFBs). (A) Entirely intraorbital: CT shows a foreign body
completely confined within the orbit; (B) Inferior globe wall involvement: CT demonstrates a foreign body at the inferior globe wall (approximately the 6:30 o’clock
position) with trans-scleral extension into the orbit; (C) Posterior pole involvement: CT reveals a foreign body at the posterior pole involving the optic nerve, with trans-
scleral extension into the orbit; (D) Temporal globe wall involvement: CT shows a foreign body at the temporal globe wall with trans-scleral extension into the orbit; (E)
Nasal globe wall involvement: CT demonstrates a foreign body at the nasal globe wall (approximately the 7:30-8 o’clock position) with trans-scleral extension into the orbit;
(F) Superior globe wall involvement: CT depicts an elongated foreign body within the vitreous cavity exiting through the superior sclera, with trans-scleral extension into the
orbit. (Red arrows indicate IOrFBs).

A 4, Y=0.03577*X +2.154 B 4-
Y =0.04964*X + 1.462
p=0.023
p=0.037
31 3
s g
m 2+ g 2
o -
o 3
a
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0 10 20 30 0 10 20 30

Foreign Particle Diameter(mm) Foreign Particle Diameter(mm)

Figure 2 Linear regression analysis of the effect of foreign body diameter on VA in patients with perforating ocular injuries. (A) Preoperative BCVA and (B) postoperative
BCVA both showed significant negative correlations with IOrFBs diameter (*p<0.05).
Abbreviations: |OrFBs, intraorbital foreign bodies; BCVA, best-corrected visual acuity; Pre-BCVA, preoperative BCVA; Post-BCVA, BCVA at final follow-up.

However, comparison of the degree of visual improvement (postoperative versus preoperative acuity) across different
size groups revealed no statistically significant differences (p; > 0.05), indicating that the extent of visual recovery
following surgery is not substantially influenced by foreign body size.

Overview of Surgical Approaches and Prognostic Analysis
After primary globe repair, patients underwent PPV or orbital surgery according to their clinical condition. As shown in

Table 1, five surgical approaches were employed: PPV alone (25.9%, 14 cases), PPV with concurrent foreign body
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removal (27.8%, 15 cases), PPV followed by subsequent orbital surgery (7.4%, 4 cases), orbital surgery followed by PPV
(35.2%, 19 cases), and orbital surgery alone (3.7%, 2 cases). Orbital surgery followed by PPV was the most frequently
performed approach (p < 0.001), reflecting the variety of surgical strategies required to manage these complex injuries.

As shown in Table 2, there were no statistically significant differences among the five surgical groups in preoperative
BCVA, postoperative BCVA, or visual improvement (all p > 0.05). These findings suggest that, although the choice of
surgical approach is clinically important for operative planning, it did not independently predict visual prognosis in this
cohort.

Surgical Approaches by Injury-Causing Objects Material

All 42 patients with ferromagnetic metal IOrFBs underwent surgical intervention, with procedures tailored to individual
clinical conditions. Twelve patients underwent PPV alone without foreign body removal, 13 underwent PPV combined
with IOrFB extraction, 13 underwent orbital surgery for foreign body removal followed by subsequent PPV, and 4
underwent PPV followed by subsequent orbital surgery for foreign body removal. Notably, in 22.2% of all 54 patients
(28.6% of those with ferromagnetic IOrFBs; 12/42), the foreign bodies remained in situ and stable at the final follow-up.

Three patients with non-ferromagnetic metal (copper) IOrFBs all underwent foreign body removal. Two patients, with
foreign bodies entirely intraorbital or partly located at the temporal globe wall, underwent orbital extraction followed by
PPV, while one patient, with a foreign body partially at the inferior globe wall, underwent PPV combined with IOrFB
extraction.

Four patients with stone IOrFBs were treated using different management strategies. One patient, whose foreign body
was entirely located within the orbit, underwent PPV alone without foreign body removal. Another patient, with a foreign
body partially involving the nasal-inferior globe wall, underwent PPV combined with IOrFB extraction. A third patient,
whose foreign body was partially embedded in the inferior globe wall, received orbital extraction followed by PPV. The
fourth patient, whose foreign body was partially positioned at the nasal globe wall and had traversed the nasal sclera into
the orbit, underwent orbital extraction alone without PPV. One patient with a glass IOrFB extending from the orbit to the
posterior pole underwent orbital extraction followed by PPV.

One patient with a glass IOrFB extending from the orbit to the posterior pole underwent orbital extraction followed
by PPV.

One patient with a wooden IOrFB entirely within the orbit underwent orbital extraction followed by PPV but
ultimately required enucleation with hydroxyapatite implantation due to phthisis bulbi.

The remaining three patients presented with IOrFBs from uncommon sources: a detonator fragment (possibly
containing copper, aluminum, and iron), bone fragments, and concrete. Of these, one (bone fragment) underwent PPV
alone without removal; one (detonator fragment) underwent orbital extraction alone; and one (concrete) underwent
orbital extraction followed by subsequent PPV.

Surgical Approaches by Foreign Body Location Distribution
Four patients with IOrFBs at the nasal globe wall all underwent foreign body removal: one underwent PPV after
extraction, two underwent simultaneous PPV with extraction, and one underwent orbital extraction alone without PPV.

Six patients with IOrFBs at the temporal globe wall underwent foreign body removal: four underwent orbital
extraction followed by PPV, and two underwent simultaneous PPV with extraction.

Ten patients with IOrFBs at the inferior globe wall underwent foreign body removal: three underwent orbital
extraction followed by PPV, and seven underwent simultaneous PPV with extraction.

Three patients had IOrFBs at the superior globe wall (all presumed ferromagnetic). Their management varied: one
underwent orbital extraction followed by PPV, another underwent simultaneous PPV with extraction, and one, whose
ferromagnetic foreign body was minimally embedded in the superior globe wall with most of the body in the orbit,
underwent PPV alone without removal.

Nine patients had IOrFBs at the posterior pole: three underwent PPV with simultaneous extraction, four underwent
orbital extraction followed by PPV, one underwent PPV first followed by extraction, and one, with a minimally
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embedded ferromagnetic IOrFB at the optic disc and majority orbital, underwent PPV combined with intraoperative
amniotic membrane transplantation without foreign body removal.

Among 22 patients with IOrFBs located entirely within the orbit, 12 (10 ferromagnetic metals, 1 stone, 1 bone
fragment) underwent PPV without removal, three underwent PPV followed by orbital extraction, six underwent orbital
extraction prior to PPV, and one patient with a detonator fragment underwent orbital extraction alone without PPV.

Discussion

In this retrospective cohort of Zone III perforating open-globe injuries accompanied by I0rFBs, we analyzed demo-
graphic characteristics, causative materials, foreign body size and location, and surgical strategies in relation to visual
outcomes. All included cases involved posterior segment penetration, representing a clinically severe and relatively
homogeneous subgroup of open-globe trauma. The injuries predominantly affected working-age males and were largely
occupational in nature, consistent with prior reports highlighting the vulnerability of industrial workers to high-velocity
ocular trauma.'**'"** Many injuries occurred in factory environments involving metal grinding, cutting, drilling, or
explosive mechanical forces, which generate high-speed projectiles capable of penetrating the globe. Factors such as
prolonged exposure to hazardous tools, inconsistent use of protective eyewear, and limited safety supervision may further
contribute to injury risk. These findings reinforce the importance of strengthened eye protection protocols, targeted safety
training, and stricter enforcement of occupational health regulations in high-risk workplaces.

Ferromagnetic metals were the most common causative material, and most foreign bodies were retained predomi-
nantly within the orbital cavity. Within this Zone III perforating injury cohort, larger foreign body size was associated
with poorer baseline visual acuity, whereas foreign body location (intraorbital versus intraocular extension) and surgical
approach were not significantly associated with final visual outcomes. These findings should be interpreted in the context
of a uniform injury zone and do not diminish the established prognostic importance of injury zone severity in open-globe
trauma (Figure 2).

The optimal management of retained IOrFBs remains controversial. Decisions regarding removal are influenced by
multiple factors, including size, composition, location, and potential complications associated with the foreign body. In
our cohort, ferromagnetic metals were the leading cause of injury, accounting for 77.8% of cases (42/54), consistent with
previous reports identifying metallic IOrFBs as the most frequent etiology in industrial settings.®*"'* Prior studies have
shown that ferromagnetic metal IOrFBs can remain in situ for periods ranging from 6 months to 68 years, with some
patients ultimately requiring surgical removal due to pain, visual impairment, or other complications.'*"'* These findings
suggest that certain metallic foreign bodies may be well-tolerated over extended periods but can later give rise to delayed
complications, emphasizing the need for long-term monitoring and timely intervention even in initially asymptomatic
cases. Consistent with previous reports, 22.2% of all patients in our cohort (28.6% of those with ferromagnetic IOrFBs;
12/42) retained ferromagnetic foreign bodies that remained stable at the final follow-up.

Intraorbital wooden foreign bodies represent another clinically significant type of IOrFB associated with globe
perforation. Due to their low density on CT, wooden foreign bodies can be misidentified as air or fat, resulting in missed
or incorrect diagnoses.”***> MRI can provide valuable complementary information, though it should be used cautiously
when the composition of the foreign body is uncertain.”*> Wooden IOrFBs are highly reactive because of their organic
composition, often causing tissue necrosis, infection, or abscess formation, which may lead to severe visual loss and thus
necessitate urgent removal.’*>' Moreover, organic materials can induce more extensive initial ocular damage, under-
scoring the importance of early detection and prompt intervention. In our cohort, one patient with a wooden 10rFB
located entirely within the orbit underwent orbital extraction followed by PPV; however, the eye ultimately progressed to
phthisis bulbi, requiring enucleation with hydroxyapatite implantation.

Beyond ferromagnetic metals, other reported orbital foreign bodies include glass, stone, and plastic, with varied
management approaches.™ In our study, postoperative visual outcomes did not significantly differ between materials,
suggesting that while surgical intervention may stabilize or modestly improve vision, the initial severity of the injury is
likely the primary determinant of visual prognosis.

Larger IOrFB size was associated with poorer preoperative and postoperative visual acuity in the present study
(Figure 2). While few previous studies have directly examined the relationship between orbital foreign body size and
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visual outcomes, numerous investigations of open-globe injuries have reported that larger foreign bodies cause greater
ocular disruption and are associated with worse visual prognosis. For example, a retrospective cohort study of 669
patients with intraocular foreign bodies (IOFBs) classified foreign body size as small (< 4 mm?), medium (4-16 mm?), or
large (> 16 mm?). Patients with larger IOFBs had significantly poorer final visual acuity, with 45.3% achieving <20/200,
whereas 50.3% of patients in the small-size group achieved >20/40 vision.*® Similarly, a medium-sized cohort study
identified maximum IOFB volume (measured by diameter or length) as an independent predictor of postoperative visual
outcomes, indicating that larger foreign body volume correlates with poorer visual prognosis.>”

The management of foreign bodies located entirely or predominantly within the orbit remains debated. In our series,
among 22 patients with IOrFBs entirely within the orbit, 12 (10 ferromagnetic metals, 1 stone, 1 bone fragment)
underwent PPV without foreign body removal. Additionally, two patients with ferromagnetic foreign bodies minimally
embedded in the superior or posterior globe wall, with the majority located in the orbit, also underwent PPV alone. This
conservative approach was considered appropriate given the absence of active infection, compressive optic neuropathy,
or other indications for urgent removal, as well as the elevated risk of iatrogenic ocular or orbital injury during extraction.
Inert materials that do not pose immediate threats may therefore be managed conservatively.

Selected cases may benefit from conservative management, minimizing surgical morbidity while achieving satisfac-
tory anatomical and visual outcomes. Prior studies support this approach, reporting that inert metallic or inorganic
IOrFBs, particularly when posterior and asymptomatic, can be safely retained.>* Nonetheless, careful long-term follow-
up is essential to monitor for delayed complications, including migration, chronic inflammation, or secondary
infection.'>'* These findings highlight the need for individualized treatment planning and further research to clarify
the indications for surgical removal versus retention of intraorbital foreign bodies.

Given that all included cases represented Zone III open-globe injuries, comparisons of visual outcomes across
different injury zones could not be performed. Consequently, the absence of a significant association between foreign
body location and baseline visual acuity in this study reflects findings within a homogeneous Zone III injury cohort and
should not be extrapolated to open-globe injuries of other zones, in which injury location remains an important
prognostic factor.

This study is limited by its retrospective, single-center design, which may restrict the generalizability of the findings.
Potential selection bias and incomplete medical records could have affected the accuracy of the collected variables. In
addition, the limited sample size and the absence of multivariate analyses mean that observed associations should not be
interpreted as independent prognostic factors. Other relevant prognostic variables, such as surgical timing or concomitant
ocular injuries, were not fully evaluated, and long-term visual function and quality-of-life outcomes were not assessed.
These limitations should be considered when interpreting the study results.

In summary, ferromagnetic metals were the most common cause of perforating ocular injuries with IOrFBs in our
cohort, predominantly affecting work-related individuals and often located entirely within the orbit. Larger foreign body
size was associated with worse baseline visual acuity, emphasizing the importance of early detection and timely
intervention. However, neither foreign body location nor surgical approach independently influenced final visual out-
comes, suggesting that prompt and appropriate surgical management can effectively address the anatomical complexity
of these injuries.

Conclusions

This study demonstrates that perforating ocular injuries with IOrFBs predominantly affect male laborers, with occupa-
tional ferromagnetic foreign bodies as the major cause. Larger IOrFBs were strongly associated with poorer visual
outcomes, whereas foreign body location and surgical approach had limited impact. These findings underscore the
importance of early diagnosis, timely intervention, and reinforced workplace eye-safety measures to reduce injury
incidence. Continued research is needed to optimize surgical management and improve visual rehabilitation.
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