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INTRODUCTION

Ultrasound biomicroscopy (UBM) has an established dia-
gnostic role in the pathologies of iridocorneal angle and 
ciliary body. It is an investigational tool for biometric asses-
sments and occult structural abnormalities of the anterior 
segment of the eye, and its application has gained popula-
rity in recent years (1, 2).
Ocular trauma can cause a wide spectrum of injuries (2). 
Some of these may go unnoticed. This is especially rele-
vant when media opacity hampers direct visualization, and 
some of these injuries may be at histologic structural levels 
(2-10).
The Persian Wednesday Eve festival, Chaharshanbe-Soori 
fireworks, is of public health ophthalmology significance 
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and the injuries and their sequelae (for example, angle re-
cession) have been reported recently (10-12).
The purpose of this study was to describe the UBM fin-
dings in a group of fireworks casualties. 

MATERIALS AND METHODS

Patients who presented to the emergency room of Farabi 
Eye Hospital owing to fireworks-related ocular injuries at 
the Chaharshanbe-Soori fireworks in March 2007 were stu-
died. Cases with severe closed-globe injury or suspected 
anterior segment foreign bodies were included. The fol-
lowing clinical entities were specifically covered: lamellar 
(corneal) (scleral) laceration, orbital fracture with deformity 
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or tissue entrapment, gross hyphema (unsettled or laye-
red), Berlin edema, and iridodialysis. Suspected or definite 
open globes were excluded.
Ultrasound biomicroscopy was performed by P40 ultra-
sound biomicroscope (Paradigm Medical Industries, West 
Salt Lake City, UT, USA) by a glaucoma subspecialist (G.F.) 
using an appropriate eye cup filled with sterile methylcel-
lulose for each patient after topical anesthetic drops had 
been instilled. Radial and axial views were obtained. The 
examination was performed for patients aged 9 years and 
over and carried out within 48 hours of injury on consen-
ting patients.
The Birmingham Eye Trauma Terminology (BETT) system 
was used to describe the type and zone of ocular injuries 
(13). The integrity of the study protocol was approved by 
Tehran University of Medical Sciences review board.

RESULTS

A total of 210 patients presented to the emergency room. 
Thirty-two of the 42 patients for whom UBM was planned 
were cooperative with UBM and compliant with follow-up 
visits, and were included in the study.
The mean age (± SD) of the participants was 23.2 (±11.1) 
with a median of 19 years. Twenty-six (81.3%) were male. 
The right eye was injured in 65.5%. All except one (case 10 
in Tab. I) were passersby or bystanders. The most frequent 
injuring device was Kapsouli (a manufactured explosive) 
(64.5%) followed by Narenjak (a homemade explosive) 
(22.6%) and Cigarette (a firecracker) (12.9%) (Fig. 1). The 
reported median distance of the injured patients from the 
fireworks focus was 1.0 m or less.
Ultrasound biomicroscopy and clinical findings for the pa-
tients are summarized in Tables I and II. All but one patient 

Fig. 1 - Sample fireworks agents. From left to right: Kapsouli, Narenjak, and Cigarette (see text for explanation).

Fig. 2 - Ultrasound biomicroscopy findings in the contused eyes of 
the fireworks casualties. (a) Angle recession (arrow: scleral spur). 
(b) Cyclodialysis. (c) Iridodialysis. (d) Zonulysis (arrow: round lens 
equator). (e) Subluxated crystalline lens (arrow: increased anterior 
chamber depth). (f) Vitreous prolapsed into posterior chamber (rup-
tured anterior hyaloid face) (large arrow: anteriorly bowed iris; small 
arrow: capsule of the lens). (g) Vitreous base avulsion. (h) Partial 
scleral laceration (see Tab. II).
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TABLE I -  CLINICAL AND ULTRASOUND BIOMICROSCOPIC FINDINGS FOR CHAHARSHANBE-SOORI FIREWORKS-RELATED BLUNT EYE 
INJURIES

No. Sex/
age, y

Firework 
agent

Reported 
distance, m

Type Injury 
zone

Presenting 
vision

Clinical findingsa UBM findings

1 F/53 Cigarette b Contusion III 14/20 Vitreous hemorrhage Unremarkable

2 M/19 Kapsouli ≤1 Contusion II 2 feet CF Corneal contusion Iridodialysis, cyclodialysis, 
corneal stromal thickening 

(edema)

3 M/9 Narenjak 3 Lamellar 
laceration

II HM Subconjunctival hemorrhage Supraciliary effusion, 
iridodialysis, cyclodialysis, 

suspected zonulysis, vitreous 
prolapse

4 M/12 Kapsouli ≤1 Lamellar 
laceration 

and 
suspected 

IOFB

II HM Iris sphincter rupture, 
subconjunctival 

hemorrhage, iridodialysis, 
partial thickness corneal 

laceration

Iridodialysis, intraocular 
foreign body suggested

5 M/25 Kapsouli ≤1 Contusion III 6/20 Corneal contusion, 
subconjunctival 

hemorrhage, Berlin edema 
and commotio retina

Unremarkable

6 F/42 Kapsouli 4 Contusion III HM Iris sphincter rupture, 
corneal contusion, vitreous 

hemorrhage, commotio 
retina, traumatic cataract, 

iridodialysis, anterior  
hyaloid face rupture, 

chemosis

Iridodialysis

7 M/12 Kapsouli ≤1 Contusion III 2/20 Subconjunctival 
hemorrhage, Berlin edema

Cyclodialysis, angle 
recession

8 M/14 Narenjak 2 Contusion III HM Iris sphincter rupture, 
subconjunctival 

hemorrhage, vitreous 
hemorrhage, Berlin edema 

and commotio retina, 
preretinal and intraretinal 
hemorrhage, optic nerve 

head avulsion

Cyclodialysis, dislocated 
crystalline lens

9 F/45 Narenjak b Contusion II 6/20 a Unremarkable

10 F/19 Kapsouli ≤1 Contusion II 2 feet CF a Angle recession

11 M/18 Narenjak b Contusion II 8/20 Lid contusion Unremarkable

12 M/13 Kapsouli ≤1 Contusion II b Iris sphincter rupture, 
traumatic cataract

Cyclodialysis, angle 
recession, conjunctiva and 
Tenon capsule thickening 
without sclera laceration

13 M/23 Kapsouli b Contusion II HM Iris sphincter rupture AC deepening

14 M/19 Narenjak 6 Contusion II 6/20 a Unremarkable

15 M/29 Cigarette 2 Contusion II b a Unremarkable

16 M/41 b 4 Contusion II 8/20 Iris sphincter rupture Cyclodialysis

17 M/20 Narenjak ≤1 Contusion II HM Iridodialysis, cyclodialysis Iridodialysis, cyclodialysis

Continued
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18 F/17 Kapsouli ≤1 Contusion III 6 feet CF Corneal contusion, 
subconjunctival 

hemorrhage, vitreous 
hemorrhage, commotio 

retina, intraretinal 
hemorrhage

Unremarkable

19 M/15 Kapsouli b Contusion II 8/20 Corneal contusion Angle recession

20 M/16 Kapsouli ≤1 Lamellar 
laceration

II 2/20 Corneal contusion, 
subconjunctival 

hemorrhage, iridodialysis

Ciliary body laceration, 
anterior chamber deepening, 

iridodialysis, subluxated 
crystalline lens, scleral 

thickening, suspected ciliary 
body contusion, vitreous 

base avulsion

21 M/23 Kapsouli ≤1 Contusion II HM Corneal contusion, iris 
sphincter rupture

Angle recession and 
widening

22 M/12 Kapsouli ≤1 Contusion II 16/20 Subconjunctival 
hemorrhage, lid laceration

Angle recession

23 M/23 Kapsouli ≤1 Lamellar 
laceration

II LP Subconjunctival 
hemorrhage, chemosis

Angle recession

24 F/35 Cigarette b Contusion III 2 feet CF Vitreous hemorrhage, 
subconjunctival hemorrhage

Cyclodialysis, angle 
recession, subluxated 

crystalline lens

25 M/53 Kapsouli 2 Contusion II b Corneal contusion Cyclodialysis

26 M/25 Kapsouli a Contusion II b Iris sphincter rupture Angle recession

27 M/16 Cigarette 3 Contusion II HM a Anterior chamber deepening, 
subluxated crystalline lens, 
angle widening, posterior 

bowing of iris

28 M/14 Narenjak ≤1 Contusion II HM a Cyclodialysis

29 M/18 Kapsouli ≤1 Contusion III b Iris sphincter rupture, 
corneal contusion, Berlin 

edema and commotio retina

AC deepening, zonulysis, 
angle recession, posterior 

bowing of iris

30 M/18 Kapsouli b Lamellar 
laceration 
and IOFB 
suspect

II 6 feet CF Iris sphincter rupture, 
subconjunctival 

hemorrhage, iridodialysis

Partial scleral laceration, 
anterior chamber deepening, 

iridodialysis, cyclodialysis, 
subluxated crystalline lens

31 M/17 Kapsouli b Contusion II b Traumatic cataract Iridodialysis, cyclodialysis, 
zonulysis, vitreous prolapse 

into posterior chamber

32 M/22 Kapsouli ≤1 Contusion II 6/20 a Zonulysis

AC = anterior chamber; CF = counting fingers; HM = hand motion; IOFB = intraocular foreign body; UBM = ultrasound biomicroscopy.
a All of the patients except case 17 had gross hyphema (including those details of clinical findings).
b Due to the emergency settings and inability to cooperate on the part of the patient, some of the details could not be obtained.

TABLE I -  CONTINUED

No. Sex/
age, y

Firework 
agent

Reported 
distance, m

Type Injury 
zone

Presenting 
vision

Clinical findingsa UBM findings
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tified by UBM (Fig. 2a). Thirteen eyes with cyclodialysis 
cleft were observed by UBM examination, in contrast to 
only 3 cases detectable in clinical examination (Fig. 2b). 
Three additional iridodialyses were detected by UBM (in 
addition to the 5 clinically detectable cases) (Fig. 2c). In 
5 cases, a subluxation of the crystalline lens was sugge-
sted (Fig. 2e).
Ultrasound biomicroscopy was used to rule out penetrating 
globe injury in an eye with sectoral hemorrhagic chemosis 
(case 30 in Tab. I; Fig. 2h). Ultrasound biomicroscopy de-
tected 4 cases of zonulysis (Fig. 2d), 2 cases of vitreous 
prolapse (Fig. 2f), 1 case of vitreous base avulsion (Fig. 
2g), 5 cases of anterior chamber deepening, and 2 cases 
of posterior bowing of the iris.

DISCUSSION

Our series consisted of a group of severe blunt injuries due 
to explosives, a quarter extending to BETT zone III. Hy-
phema is known to harbor other significant injuries in the 
globe. This is a clinical challenge, as the media are hazy in 
the setting of severe blunt trauma due to hyphema, corneal 
edema, and/or vitreous hemorrhage; this hampers detai-
led examination of the anterior and posterior segments (2). 
Also, gonioscopy is considered a contraindication in such 
clinical settings. 
In our study, UBM provided us with a comprehensive pro-
file of the anterior segment through imaging occult clinical 
injuries and detailing novel subclinical disruptions. The in-
juries were diverse, and we were able to document 3 more 
iridodialyses and 10 more cyclodialyses. We also observed 
10 cases of angle recession, 5 of crystalline lens subluxa-
tion, 4 of zonulysis, 2 of vitreous prolapse, 1 of vitreous 
base avulsion, 5 of anterior chamber deepening, and 2 of 
posterior bowing of the iris (Tabs. I and II).
Of the 42 patients planned to be examined by UBM, 7 were 
not compliant with follow-up and 3 could not cooperate 
with the examination. As we did not intend to provide de-
finite estimates and probabilities about the injuries and ri-
sks, this suboptimal participation should not endanger the 
qualitative nature of findings and inferences. Furthermore, 
we did not want to oblige patients, who had already been 
under stress, to a largely investigational modality. 
Ultrasound biomicroscopy allows us to visualize spaces 
and structures in the anterior segment of the eye that can-
not be directly observed (7). It is superior to other methods, 

(case 17 in Tab. I) had gross hyphema (as the sine qua 
non of a significant globe contusion and the major clinical 
picture for inclusion). Types and zones of injury, based on 
BETT classification, are presented in Table III. Seventy-five 
percent of the cases had extension to BETT zone II, and 
25% had extension to BETT zone III.
All cases were treated with topical steroids, prophylactic 
antibiotics, and cycloplegics and followed up daily for in-
traocular pressure monitoring and rebleeding on an outpa-
tient basis until the hyphema cleared. Severely contused 
eyes, such as cyclodialysis cases, were also given syste-
mic steroids for 1 week, which were then tapered over 2 
to 4 weeks. Two cases of clinically suspected intraocular 
foreign bodies were not confirmed in orbital computed to-
mography (CT) scanning and UBM examination (cases 4 
and 30 in Tab. I). Ten cases with angle recession were iden-

TABLE II -  FREQUENCY OF ULTRASOUND BIOMICROSCOPIC 
DIAGNOSES

Frequency (%)

Cyclodialysis 13 (41)

Angle recession 10 (31)

Iridodialysis 8 (25)

Subluxated crystalline lens 5 (16)

Zonulysis 4 (12)

Vitreous prolapse 2 (6)

Vitreous base avulsion 1 (3)

Partial scleral laceration 1 (3)

For sample images, see Figure 2.

TABLE III -  TYPES AND ZONES OF EYE INJURIES

Frequency (%)

Type

 Contusion 27 (84)

 Lamellar laceration 5 (16)

Zone

 II 24 (75)

 III 8 (25)

Zone II includes structures of the anterior segment and the pars plicata. Zone 
III includes all internal structures of the globe posterior to the posterior lens 
capsule.
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plan for formal follow-up observations to confirm UBM fin-
dings and we cannot measure accuracy indices. One of 
the authors (G.F.) made diagnoses based on characteristic 
and consistent UBM findings during examinations. 
Explosives can damage the eye through dispersing par-
ticles and blast waves and bring about the full spectrum 
of eye injuries described in BETT (13). The particles can 
contuse or rupture the globe or penetrate the eye wall. In 
this sense, explosive fireworks injuries are similar to other 
projectile injuries, but the blast waves can create concus-
sion injuries without touching the globe as well. For the 5 
cases with lamellar lacerations (Tab. I), we can speculate 
they were caused by a direct hit with dispersing particles, 
but generally, we could not definitely recognize the injury 
mechanism.
Hyphema (settled blood) in fact describes a sign in a blun-
tly traumatized eye, and contusion is too generic to descri-
be the injury for care planning and counseling purposes. In 
a related study, Rahimi et al (10) reported a 40% frequen-
cy of extensive angle recession in fireworks-related blunt 
eye injuries with hyphema, which emphasizes the need for 
strict long-term follow-up in such cases. The significance 
of such findings and those of the current report should be 
evaluated in longitudinal studies and repeat examinations.
Our study illustrates the value of UBM in the assessment 
of severely contused eyes. It makes evaluation for dialy-
ses and recessions possible at presentation and investi-
gationally, it provides us with an in vivo representation of 
hidden anterior segment disruptions. Through in-depth as-
sessment of the severity of an injury and examination of 
clinically invisible structures, we can grade the severity of 
the trauma and detect subclinical injuries and possible an-
terior segment foreign bodies. Then we can tailor follow-up 
accordingly: for example, plan stricter schedules for angle 
recession cases. We can also provide sounder counseling 
to the patients and their companions.
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particularly in the evaluation of zonular status and angle 
recession. It enables us to evaluate through indirect fin-
dings the presence and extent of zonular defects, that is, 
lens-iris diaphragm status, anterior chamber depth, poste-
rior bowing of the iris, and lens subluxation. By detection 
of supraciliary fluid and delineation of the connection from 
the anterior chamber to the supraciliary space, we confir-
med and/or detected cyclodialysis in 10 eyes. Angle reces-
sion could also be evaluated by UBM and was suggested 
in one case. We also detected novel histologic entities, that 
is, ciliary body laceration, angle widening, and supraciliary 
effusion (Tab. II). Advancements in this technology may ex-
pand its role; recent UBM generations image the zonules 
directly and make zonular integrity evaluation even more 
objective (1, 14).
None of our suspected cases of intraocular foreign bodies 
were confirmed in orbital CT scanning or UBM examina-
tion. Small anterior foreign bodies are common in explosi-
ve injuries with no apparent globe penetration, and a high 
index of suspicion is needed in such a setting (1, 2, 4). 
The single UBM-suspected case of a retrolenticular foreign 
body was not confirmed by CT scan (case 4 in Tab. I).
Along with simple X-ray, CT scanning, magnetic resonan-
ce imaging, and B-scan ultrasound (6, 15), UBM has been 
reported to be a helpful adjuvant, not only in detecting the 
foreign body, but also in characterization of its composition 
(16). UBM is particularly valuable in the detection of small 
and nonmetallic foreign bodies, including those missed by 
CT or B-scan ultrasound (3, 6). Laroche et al (16) sugge-
sted UBM as the preferred initial imaging step in searching 
for an occult foreign body.
Contact with the globe makes UBM impractical in certain 
cases, such as young patients, rebleeding, and open glo-
bes, and it should be noted that the diagnostic accuracy 
of UBM depends on the extension of the lesion, the pre-
sence of accompanying injuries, and the experience of the 
examiner; for instance, a small cyclodialysis may be left 
undetected. A dense hyphema clot may create an acou-
stic shadow and partially attenuate tissue borders, but in 
such cases clinical examination is more limited. Ultrasound 
biomicroscopy cannot assess posterior segment structu-
res and foreign bodies. It is largely an ancillary tool and is 
useful when clinical examination and observation is limi-
ted. Higher-frequency UBM performs better in the exact 
localization of the foreign body and the delineation of the 
surrounding tissues (16).
Our study findings are limited in the sense that we did not 
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