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Abstract
Ultrasound biomicroscopy (UBM) is the only available option for noninvasive, high-resolution imaging of the intricate
iridociliary complex, and for anterior segment imaging with corneal haze or opacity. While these unique features render UBM
essential for specific types of trauma, congenital anomalies, and anterior segment tumors, UBM imaging has found clinical utility
in a broad spectrum of diseases for structural assessments not limited to the anterior intraocular anatomy, but also for eyelid and
orbit anatomy. This imaging tool has a very specific niche in the pediatric population where anterior segment disease can be
accompanied by corneal opacity or clouding, and anomalies posterior to the iris may be present. Pediatric patients present
additional diagnostic challenges. They are often unable to offer detailed histories or fully cooperate with examination, thus
amplifying the need for high-resolution imaging. This purpose of this systematic review is to identify and synthesize the body of
literature involving use of UBM to describe, evaluate, diagnose, or optimize treatment of pediatric ocular disease. The collated
peer-reviewed research details the utility of this imaging modality, clarifies the structures and diseases most relevant for this tool,
and describes quantitative and qualitative features of UBM imaging among pediatric subjects. This summary will include
information about the specific applications available to enhance clinical care for pediatric eye disease.

Introduction

The concept of ultrasound biomicroscopy (UBM) specifi-
cally for ocular tissue was first introduced by Marmor who
used a probe frequency of 1000MHz on postmortem eyes

to obtain images of the human retina at resolutions com-
parable to light microscopy [1]. Ophthalmic use of UBM
was refined for in vivo use by Pavlin as an adaptation of
ultrasound technology, providing high-resolution images of
the anterior eye [2]. The modification on existing ultrasound
tools required an increase in ultrasound transducer fre-
quency. This dramatically enhances image resolution for
small structural anatomy, but results in less depth of sound
wave penetration, as high frequency sound waves attenuate
more quickly than low frequency sound waves. In the ori-
ginal Pavlin paper, a frequency of 100MHz was used, but
frequencies in the range of 35–50MHz offer the optimal
balance of resolution and depth of penetration for the
anterior chamber for most applications (Table 1). Anterior
segment optical coherence tomography (AS-OCT) was
introduced in 1994, soon after UBM, ultimately rendering
the use of the highest frequency transducers less relevant
[3]. The advantage of penetration depth became the key
driving force making this device an indispensable clinical
tool that AS-OCT could complement, but not replace.

As the pioneering team led by Pavlin reported clinical
results over the decade following their introductory paper,
numerous ophthalmologists followed suit. This new
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Table 1 Summary of ocular ultrasonic biomicroscopy frequencies.

Transducer
Frequency

Lateral
Resolution
* (Axial) 

Depth of 
Tissue
Penetration
(Focal
Zone) 

Clinical 
Applications

Advantages Disadvantages   

10 MHz 120-400 
µm (50-
200)

25 mm Retina, optic 
nerve, orbit 

Ability to view 
entire eye and 
surrounding
tissue

Relatively low 
resolution 

20-25 MHz 120-250 
µm (70-
100)

20-25 mm Retina, posterior 
lens

Optimal 
frequency for 
full globe 
imaging. 

No useful view of 
the anterior 
segment 

35-40 MHz 30-120 
µm (23-
60)

5-6 mm Anterior 
segment, 
posterior lens, 
ciliary body, 
anterior vitreous 

Good
resolution,
depth of view 
includes
deeper anterior 
chamber 
structures

Somewhat low 
resolution for 
superficial 
anatomy 

Need for 
supine
position,
cooperation,
and
immersion 
(using “shell 
and gel”) or 
bubble
(disposable 
water sealed 
sterile 
membrane) 

45-50 MHz 30-70 µm  
(15-50)

4-5 mm Anterior 
segment, better 
resolution for 
corneal imaging, 
Schlemm’s 
canal

Very good 
resolution 

Limited depth of 
penetration 

100 MHz 15-20 µm 3.5-4 mm Cornea, angle, 
anterior iris and 
anterior lens 

Excellent 
resolution 

Poor depth of 
penetration 

>100 MHz 10 µm <3.5 mm Cornea, 
conjunctiva,
superficial skin 
layers

Marginal 
improvement 
in resolution as 
frequencies
increase 
beyond 100 
MHz. Little 
advantage over 
AS-OCT. 

Cost, availability, 
increased signal 
to noise ratio. AS-
OCT generally 
better for the rare 
ultra-high
frequency
applications 

AS-OCT 
(for
comparison) 

15 µm Maximum 
6 mm (if 
media 
clear,
generally
depth is 
limited by 
iris surface) 

Cornea, angle, 
anterior iris and 
anterior lens 

Excellent 
resolution,
non- contact 

Poor depth of 
penetration, no 
view through 
corneal opacity, 
no view posterior 
to the iris, 
requires fixation 

*Resolution range due to variable transducer probe types 
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imaging tool quickly developed a niche in ophthalmic
imaging due to its ability to image through corneal opa-
cities, assess anterior segment tumors, introduce a method
for quantitative gonioscopy, and better define the relation-
ships among structures to understand disease mechanisms.
These applications merely scratched the surface of the
available clinical applications of a shallow depth yet high-
resolution imaging tool unrestrained by the need for light
penetration.

This review explores the utility of UBM in better
understanding pediatric ocular anatomy and assesses the
role of UBM in the diagnosis and management of pediatric
ocular conditions, including cataract, glaucoma, uveitis,
tumors, and ocular trauma. Results address UBM equip-
ment, the pediatric diseases of interest, and the specific
applications and outcomes of UBM imaging in pediatric
studies.

Methods

Search methods for identification of studies

A research librarian constructed and executed database
searches in MEDLINE (PubMed), Embase (Elsevier), and
Cochrane Central Register of Controlled Trials (Wiley) in
July 2020. Search strategies were comprised of two con-
cepts: UBM and children. A combination of text words
and database-specific terminology (e.g., MeSH) were used.
The search was not restricted by language or date of
publication. The complete PubMed strategy can be found
in Supplementary Material. References of included studies
were reviewed for relevance. Covidence was used to
manage and detect duplicate references and for screening
purposes.

Study selection and eligibility

An initial screening of titles and abstracts was first performed to
identify possible relevant studies. Duplicate articles were
removed from the initial database search, and the list of
references was managed with Covidence. Articles were
screened independently by two authors (JLA and LW). If
necessary, a third author (JP) resolved any disagreements. The
full texts of identified studies were examined. Full-text articles
were screened independently by two authors (JLA and JP). We
did not require blinding of assessors. Studies were eligible if
they met the following criteria: (1) use of cohort, case-control,
or cross-sectional study design; (2) study population included
enrollment of at least four pediatric subjects age 0–18 years old
(inclusion of adults was not grounds for exclusion as long as
the minimum pediatric enrollment was met); (3) use of UBM
was explicitly stated and results of UBM were reported.

Inclusion criteria:
• Human studies using
UBM to diagnose, pre-
dict, or guide manage-
ment.

• Observational or com-
parative studies of UBM
findings.

• Pediatric studies with
≥4 subjects age
≤18 years.

Exclusion criteria:
• Adult studies with sub-
ject ages >18 years.
(Predominantly adult
studies with ≤3 pediatric
subjects were reviewed
separately.)

• Case reports (reviewed
separately).

• Case series with ≤3 sub-
jects (reviewed sepa-
rately).

• Review articles.
• Studies lacking use of
UBM or not reporting
UBM results.

Data extraction

Covidence was used as an initial organizational tool to
extract the interventions, outcomes, and population char-
acteristics of each study. A Google Sheets spreadsheet was
then used to categorize the articles into subtypes according
to the number of pediatric subjects included. Studies with
four or more pediatric subjects were included for detailed
extraction. Studies with few pediatric subjects (n= 3 or
less) were evaluated separately as “case reports or small
series”. Outcomes were subcategorized by type of study
design, UBM platform used, probe frequency used, clinical
application including broad disease category (i.e., glau-
coma, trauma, uveitis) and specific disease category (i.e.,
glaucoma following congenital cataract surgery, traumatic
cyclodialysis, and toxocara uveitis), anatomy of interest,
and outcomes including the quantitative and qualitative
utility of UBM reported. Data extraction were done by three
authors (JLA, JP, and AD) and complete extraction was
rereviewed by two authors (JLA and JP). Google Translate
was used for data extraction from non-English publications.

Search results

There was a total of 1597 records across all databases (Ovid
MEDLINE, Cochrane CENTRAL, and EMBASE). Covi-
dence identified 350 duplicates, leaving 1247 records to
screen. Nine hundred and eighty-five studies were excluded
in the title and abstract screening and another 146 studies
were excluded in the full-text screening. The most common
reasons for exclusion were studies that had only adult
subjects, were unavailable, or did not use UBM. The
screening process as well as exclusion reasons are illu-
strated in Fig. 1. One hundred and sixteen studies were
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included for complete data extraction. Sixty-six studies
were separately reviewed as case reports and small series to
determine UBM equipment type and diseases of interest.

Results

A summary of the included studies regarding UBM
equipment type and study design are shown in Table 2.

Global perspective of the literature

The body of literature focused on pediatric applications for
UBM imaging includes numerous case reports (n= 32) and
small series (n= 34), as well as larger studies (n= 116),
most of which had prospective design (58%) and assessed
quantitative and clinical outcomes. Only 59% of papers
explicitly stated the UBM platform and probe frequency
used. Among those, the vast majority of studies utilized at
50MHz probe. In studies published prior to 2004, the
Humphrey-Zeiss UBM Model 840 (San Leandro, CA [50
MHz]) was the sole equipment reported. Studies published
after 2004 reported a variety of vendors and models.

The clinical focus of case reports and small series dif-
fered from that of the larger studies. Among small studies,
trauma was the most common clinical topic. Case reports
and small series may offer a foundation to suggest specific

clinical conditions that could benefit from larger formal
studies on pediatric UBM assessment.

Diseases of the pediatric anterior segment were key
diseases of focus in the literature evaluating pediatric use of
UBM imaging. These diseases are heterogenous and rare. In
order of incidence, cataract (1–15:10,000) [4], trauma
(5:10,000) [5], uveitis (3–6:100,000) [6, 7], congenital
corneal opacities including anterior segment dysgenesis
(3–6:100,000) [8], glaucoma (2:100,000) [9, 10], and anir-
idia (1–2:100,000) [11] combine to account for the majority
of treatable childhood blindness [12]. In particular pediatric
UBM use, glaucoma, intraocular mass lesions, uveitis,
cataract and other lens abnormalities, and cornea were the
five most commonly published disease categories, respec-
tively (Fig. 2). Extraocular muscle and eyelid studies using
UBM among pediatric subjects have grown since these
applications were first published in 2002 and 2004,
respectively [13, 14]. Genetic disease evaluation, in parti-
cular genotype–phenotype correlations have offered some
novel insights to the known natural history of diseases such
as cystinosis [15], and neurofibromatosis type 1 [16]. The
combination of rarity of disease, and challenge of patient
cooperation for imaging are likely reasons these types of
studies, while valuable, are infrequent.

Key pediatric disease insights offered by
UBM

Glaucoma

The 22 publications evaluating UBM use in the setting of
childhood glaucoma combined to contribute a total of 890
eyes from 557 pediatric subjects. More recently published
pediatric glaucoma studies were generally of good quality,
including a large proportion of quantitative data, comparative
studies, prospective design, and some studies incorporated
blinding of observers.

The primary subtype of pediatric glaucoma evaluated
using pediatric UBM was primary congenital glaucoma
(PCG). Sixty percent of the included glaucoma literature had

Records iden�fied in database search
(n=1597)

Records a�er duplicates removed
(n=1247)

Records screened using �tle and abstract
(n=1247)

Full text ar�cles assessed for eligibility
(n=262)

Studies included in systema�c review
(n=116)

350 duplicates removed

985 studies excluded

146 studies excluded

Reasons for ar�cles exclusion

99 adult studies
26 full text unavailable
14 did not involve UBM imaging
7 duplicate

66 studies 
excluded solely 

based on ≤3 
pediatric 

subjects and 
were reviewed 

separately

noitacifitnedI
gnine ercS

ytilibigilE
dedulc nI

Fig. 1 Systematic review diagram. Flow diagram of study selection
process.

Table 2 Studies evaluating pediatric use of UBM.

Large case series or comparative studies Case reports and small case series Total

Number of published studies 116 66 182

Study reported probe transducer frequency,
percent (number)

59% (68) 52% (34) 55% (101)

Using 50MHz probea, percent (number) 74% (50) 82% (28) 77% (78)

Prospective 58% (67) N/A

Most common clinical applications Glaucoma, ocular mass lesion, uveitis,
and lens/cataract

Trauma, ocular mass lesion, glaucoma,
and retina/choroid

aAmong studies reporting probe frequency.
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subjects with PCG. Other glaucoma aetiologies included
glaucoma following congenital cataract surgery, mechanical
angle obstruction (due to angle closure, plateau configuration,
anterior segment mass lesions including melanoma, nanoph-
thalmos, and Weill–Marchesani syndrome), and ocular and
systemic syndromes (anterior segment dysgenesis, aniridia,
Sturge Weber syndrome, and Neurofibromatosis Type 1).
Genotype–phenotype correlations were reported using UBM
for CYP1B1 [17] and Axenfeld–Rieger syndrome candidate
genes (PITX2, FOXC1, and PRDM5) [18]. No association
was found between CYP1B1 mutation and iridocorneal or
keratolenticular adhesions. UBM was used to identify
aniridia-subtype of Axenfeld–Rieger syndrome in subjects
with PITX2 mutations.

Five studies evaluated postoperative structural anatomy
using UBM. Surgical planning or evaluation of surgical
results related to predicting surgical outcomes and risk
factors, monitoring blebs, and integrating structural infor-
mation into surgical plans was performed.

Seven studies compared subjects with various subtypes of
pediatric glaucoma to matched controls. Data from case-
control studies looking specifically at congenital glaucoma are
shown in Table 3 [19–25]. Case-control UBM studies eval-
uating congenital glaucoma focused on variable structural
anatomy, but for studies with overlapping content, many
results were reproduced. Consistent findings across multiple
studies included increased anterior chamber depth, larger iri-
docorneal angles, smaller or nonexistent Schlemm’s canal,
smaller or thinner ciliary body, and elongated zonules among
subjects with congenital glaucoma compared to controls.
Although the many unique features quantitatively detailed in
the case-control studies in Table 3 have been corroborated by
multiple studies, they have not yet been evaluated in cohort
studies as potential markers for disease diagnosis or risk
factors for progression.

Studies utilizing UBM for the diagnosis or management
of glaucoma found this imaging tool to provide key infor-
mation regarding concurrent anomalous structures, and for
surgical planning.

Intraocular mass lesions

Intraocular mass lesions are key pediatric diseases evaluated
using UBM. Among the reviewed case reports and small
series, 50% of publications focused on iridociliary cysts and
50% evaluated small solid tumors of various subtypes but
not including retinoblastoma. Among larger studies inclu-
ded in this systematic review, 45% were focused on reti-
noblastoma, the most common intraocular malignancy in
children. Twenty-five percent were dedicated to evaluation
of iridociliary cysts, and the remaining 30% evaluated
various solid tumor subtypes.

In the diagnostic evaluation of children with retino-
blastoma, 10MHz b-scan probes are routinely used to identify
a retinal-based lesion with intra-tumoral foci of calcification,
which is pathognomonic for this intraocular cancer. Ultra-
sonography can also be used to monitor for regression in the
overall volume of the tumor with globe-sparing therapy.
UBM is indicated to evaluate for anterior tumor extension
including tumor anterior to the anterior vitreous face and
tumor touching the lens, features that indicate very advanced
intraocular disease (Group E) [26]. In a study of 50 children
with advanced retinoblastoma in India, UBM was both highly
sensitive (100%) and specific (95%) for anterior segment
involvement, which correlated with high-risk histopathologic
features [27]. A more recent indication for UBM in retino-
blastoma involves evaluation for tumor involvement of the
ciliary body prior to intravitreal injection of chemotherapy.
The use of UBM to rule out ciliary body involvement is a
critical first step in the safety-enhanced procedure for

Glaucoma
19%

(n=22)

Intraocular mass 
lesion
17%

(n=20)

Uveitis
12%

(n=14)
Lens or 
Cataract

11%
(n=13)

Cornea
8%

Eyelid or Lacrimal
6%

Strabismus
5%

Trauma
5%

Other* 
17%

(n=20)

Large case series and prospective studies n=116

Trauma
26%

(n=17)

Intraocular 
mass lesion

21%
(n=14)Glaucoma

15%
(n=10)

Retina/ choroid
9%

Genetic
8%

Uveitis
6%

Other*
15%

(n=10)

Case reports and small case series n=66

*In order of frequency: Lens or cataract (n=3), Cornea (n=2), Eyelid or lacrimal (n=1); also 
includes studies on control subjects (n=2) or studies with multiple areas of disease (n=2)

*In order of frequency: Genetic, Prematurity, Choroidal detachment; also includes 
studies on control subjects (n=11) or studies with multiple areas of disease (n=3)

Fig. 2 Summary of disease
types. Disease categories
evaluated by UBM in pediatric
populations by number of
publications.
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intravitreal injection described by Munier [28]. Due to the
enhanced safety profile now in place, aided by UBM imaging,
intravitreal chemotherapy injections are routinely done and
have been found to be safe and highly efficacious for the
treatment of vitreous seeding and intracameral seeding in
retinoblastoma [29].

Uveitis

Combined data from the 14 uveitis papers included in this
review involved a combined total of 620 pediatric subjects
and 838 eyes. Among these publications, five were
focused specifically on toxocara uveitis (N= 324 pedia-
tric subjects, 353 eyes). The majority of these subjects
were school-age children with significant visual compro-
mise. Toxocara features specifically identified using UBM
included: vitreal changes (described variably as con-
densations, strands, or membranes) in 68–87% of cases,
peripheral retinal granuloma (60%), pseudocysts, thick-
ened ciliary body, tractional cyclodialysis (41%), per-
ipheral retinal detachment, iris traction, and peripheral
anterior synechiae. All studies noted that peripheral retinal
granuloma was approximately twice as common as pos-
terior granuloma. One study noted 80% of peripheral
granulomas were located on the surface of the ciliary
body, further emphasizing the diagnostic utility of UBM
[30]. UBM identified 95% of peripheral granulomas
compared to intraoperative evaluation [31]. Compared
with indirect ophthalmoscope, statistical analysis showed
significant differences in the number of clock hours of
peripheral pathology detected by UBM [32]. In summary,
all toxocariasis studies found UBM to improve the
detection rate of peripheral granulomas, which were more
common than posterior granulomas. UBM demonstrated
value and reliability as a diagnostic tool for pediatric
patients with ocular toxocariasis.

Additional key uses of UBM among pediatric subjects
with uveitis were to evaluate causes of hypotony, pre-
sence of pars planitis, and to evaluate for toxocara uveitis.
Other reported uses include a general assessment of
inflammatory lesions of the iris, ciliary body, pars plana,
and peripheral vitreous in infectious, autoimmune, and
idiopathic cases. Specific features of pediatric uveitis on
UBM were damage to ciliary processes (most commonly
in the inferior quadrant), and granulomas (most com-
monly in the temporal quadrant). Ciliary atrophy in two
studies was found to be predictive of response to treat-
ment [33, 34]. Studies reported that UBM improved
detection of complications, diagnosis, and management in
pediatric uveitis. Clinical indication to use UBM in
pediatric uveitis is likely 8% overall, and up to 90–100%
in subsets of specific uveitis aetiologies and complica-
tions, such as toxocariasis and hypotony.

Lens and cataract

The body of literature on UBM for pediatric cataracts eval-
uates the anatomy at each relevant step in the congenital
cataract lifecycle: diagnosis and preoperative planning, sur-
gical removal, and postoperative assessment generally dedi-
cated to assessing intraocular lens (IOL) position. Fifty-seven
percent of publications evaluated the position and visual
outcome for various IOL types and locations including bag,
sulcus, scleral fixated, and iris claw [35–42]. The remaining
43% of publications evaluated pre- and postoperative anat-
omy. Preoperative evaluations quantified anterior chamber
anatomy and assisted in surgical management of capsular
anomalies (posterior defects and membranous cataracts) [43–
45]. Postoperative studies focused on the anatomy of aphakia
[46] and wound healing [47]. A single case-control compar-
ison study evaluated quantitative postoperative congenital
cataracts to control eyes [48]. Additional case-control and
cohort studies are needed in this area to generate consensus on
the anatomic changes and clinical implications of congenital
and childhood cataract surgery.

Ocular trauma

Nine papers were identified that described the use of UBM
in ocular trauma. Fifty-six percent of the studies looked at
either specific qualitative UBM features or UBM evaluation
of post-traumatic sequelae such as traumatic iris cysts or
corneal scarring. The remaining 44% of papers evaluated
the use of UBM in the setting of ocular trauma.

The largest study evaluating the use of UBM in ocular
trauma, performed in Montreal, Canada, included 109 eyes.
The authors concluded that UBM was superior to other
methods including CT and B-Scan in evaluating the zonular
status, as well as in identifying angle recession, cyclodialysis,
and superficial intraocular foreign bodies [49]. Another study
investigated the role of UBM in identifying suspected anterior
segment foreign bodies in 59 eyes. UBM successfully iden-
tified foreign bodies in the cornea, conjunctiva, iris, lens,
sclera, iridocorneal angle, and ciliary body. Different types of
foreign materials including metal, glass, and organic materials
were identified. The authors concluded that UBM is useful in
localizing anterior segment foreign bodies, and plays an
important role in therapeutic planning [50]. Two studies
evaluated the use of UBM in ocular fireworks trauma. In the
first study, UBM was performed in 32 eyes with severe
closed-globe injuries leading to hazy media at the Persian
fireworks festival. UBM was effective in identifying irido-
dialysis, cyclodialysis, angle recession, lens subluxation, and
anterior segment foreign body in these patients. Many of these
findings were not identified on clinical examination, and were
only found upon UBM imaging, illustrating the value of
UBM as an essential tool in the assessment of subclinical
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injury to the anterior segment, particularly in the setting of
explosive or ballistic injury mechanism [51]. Another study
evaluated 53 eyes of patients who had fireworks related
injuries in Southern China. The authors found that UBM was
helpful in the making the correct diagnosis and treatment plan
in these traumatized eyes [52]. These studies evaluating UBM
use in trauma included pediatric subjects, but were not
exclusively focused on the pediatric age group.

In summary, UBM has been evaluated as an imaging tool
in the evaluation of anterior segment ocular trauma in four
major studies, including 253 eyes. These findings demon-
strate that UBM is an important tool in evaluating anterior
segment abnormalities including zonular loss, angle reces-
sion, lens subluxation, cyclodialysis, and foreign body.
UBM is effective in identifying subclinical abnormalities,
not visible on clinical exam and may be invaluable in sur-
gical planning and therapeutic management.

Cornea

The most common topic of literature evaluating use of
UBM in pediatric subjects with corneal pathology was
congenital corneal opacities (CCO), including but not
limited to the spectrum of anterior segment dysgenesis.
Key findings from these studies include: (1) AS-OCT and
UBM can be used interchangeably for corneal thickness
and depth measurements in patients with CCO [53], (2) in
cases of CCO with penetrating keratoplasty histopatho-
logical correlation, UBM diagnosis was correct 100% of
cases while clinical diagnosis prior to UBM was correct in
62% of cases [54], (3) UBM informs genotype–phenotype
correlations [54], (4) UBM assisted in both diagnosis and
treatment decisions for CCO [55–59]. Other pediatric
corneal diseases evaluated using UBM includes kerato-
conus (acute hydrops [60, 61], and intrastromal ring
implantation [62]), and deep anterior lamellar keratoplasty
(DALK) outcomes and indications [63]. Normal corneal
growth evaluation using UBM identified and quantified
structures with statistically significant differences in
younger eyes, and provided baseline reference values for
comparison in future studies [64].

Beyond the anterior segment: eyelid, lacrimal,
strabismus, and retina

The rare ability of UBM to provide quantitative imaging
information to all structures of the eye yields information
about such diverse clinical situations as the level of anesthesia
[65], the status of dermatitis, the location of extraocular
muscle insertion, thickness of the levator complex in con-
genital ptosis, and the diameter of the canalicular apparatus.

Evaluation of extraocular muscle insertions in the setting
of strabismus was evaluated in six studies. All studies

concluded that recti muscle insertions can be well localized
using UBM [13, 66–68], with less accuracy for lateral
rectus position noted in only one study [69]. In general
measurements greater than 15 mm were the least accurate
[70], suggesting postoperative localization of the lateral and
superior rectus may be most difficult to measure using
current UBM technology.

Pediatric eyelid and lacrimal evaluations using UBM
revealed that congenital ptosis, and outcomes of congenital
ptosis surgery could be evaluated using UBM. Thinning of
the levator aponeurosis correlated closely with ptosis
[14, 71, 72]. UBM measurement before and after retro-
orbicularis oculus fat resection likewise correlated closely
with postoperative outcomes [73]. Various pediatric peri-
orbital dermatologic conditions such as port wine stain,
morphea, and chronic eczema demonstrated classic diag-
nostic patterns on UBM imaging that correlated directly
with histopathology [74]. Lacrimal system evaluation has
been carried out using UBM to analyse both structure and
function in patients of all ages, including pediatric, and in
several lacrimal conditions: chronic dacryocystitis, fistula,
mucocoele, dacryolith, silicone lacrimal intubation, con-
genital and acquired canalicular obstruction, Down’s syn-
drome, and facial nerve palsy [75, 76].

Neoplastic and uveitic applications (retinoblastoma and
toxocariasis, respectively) are the most prominent posterior
segment applications of UBM. Additional publications
utilizing UBM to evaluate the pediatric posterior segment
included correlation of scleral transillumination to UBM
images for localization of intravitreal injection or scler-
otomy site [77] and evaluation for choroidal detachment in
the setting of rhegmatogenous retinal detachment [78].

The structural anatomy of the pediatric eye

In order to fully appreciate the quantitative features of UBM
imaging in pediatric disease, a sophisticated understanding of
normal structural anatomy is essential. In this systematic
review, 13 studies were identified that evaluated normal
pediatric anatomy using UBM. Three of these studies focused
on premature infants [79–81], and four focused on anterior
segment changes concurrent with accommodation and dila-
tion [65, 82–84]. These studies provide useful normative data
[64, 85–87], and emphasize the importance of controlling for
age and environmental factors during UBM imaging.

Future directions

UBM imaging has matured over the last 30 years, yet
ample space for improvement still exists in technology
development and clinical use cases. Opportunity remains in
augmenting various steps in the process from image
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acquisition to image analysis. Hardware, software, dual
modality, automated and artificial intelligence (AI) image
analysis, and novel clinical applications are on the horizon.

In terms of hardware advances, future UBM transducers
will include features that enhance image resolution. The most
essential component of transducer function is the piezoelectric
element. Function of this element relies heavily on the sub-
stance material properties, and micromachining techniques.
Future advancements in both materials science [88] and
micromachining (i.e., mechanical dicing, and ceramic layer-
ing for middle frequency ocular ultrasound 10–35MHz [89];
etching, bonding, and lasering for higher frequency ultra-
sound fabrication 50–65MHz [90, 91]) will likely improve
the capability of this element, which is highly dependent on
electrical properties. Many such technologies are under active
development including high frequency linear arrays allowing
for more dynamic imaging with high frame rates by using
electronic rather than mechanical scanning [92].

Combined modality imaging is another potential future
advancement that can expand the capability of standard UBM.
Augmenting ultrasonic imaging of substructures with optical
technology for enhanced image resolution of superficial
structures may offer clinicians the best of both worlds. UBM
combined with scanning time-resolved optical spectroscopy
technologies (fluorescence and reflectance spectroscopy) has
shown enhanced tissue diagnostic features [93]. Several
additional bimodal techniques show promise for future clinical
applications and potentially enhanced in vivo diagnosis.

Advances in image analysis have improved the time-
intensive process of UBM image analysis, most commonly
by using macros in Matlab and ImageJ [94, 95]. Automa-
tion can be further advanced with higher level computer
programming in programs such as Python [96]. AI appli-
cations of UBM image analysis have been published among
adult subjects [97], leaving pediatric UBM image analysis
using AI an understudied area of great potential.

Identifying novel clinical applications, particularly in
pediatric populations, is key to realizing the full potential of
UBM. Remarkable breadth of pediatric disease has already
been evaluated with this technology to assist in evaluation of
every ocular and orbital tissue from skin, muscle, and fat to
the retina and ciliary body. Unfortunately, numerous pediatric
diseases remain unexplored using UBM, in particular many
genetic syndromes and surgical outcomes. Clinically, intrao-
perative UBM may have future applications in pediatric
ophthalmic disease. Given the growing popularity of intrao-
perative AS-OCT, and the pattern of parallel advancements of
these two technologies, intraoperative UBM is a logical future
step for diagnostic/therapeutic UBM applications in pediatric
eye disease. Intraoperative UBM has been reported in adult
subjects [98] and in a single pediatric case report [99], but the
full potential of UBM intraoperatively has probably not yet
been realized.

Conclusion

Four decades ago, Pavlin, Sherar, and Foster set out to
develop “an apparatus to be used in the clinical setting for
examining anterior structures of the eye not visible by [then]
current techniques”. Their team’s vision to create a tool
capable of imaging parts of the eye otherwise not directly
viewable opened up new possibilities, influencing the
ophthalmic assessment of not only the anterior segment, but
also the eyelid, extraocular muscles, and the posterior seg-
ment. Pediatric eye disease, and in particular diseases of the
anterior segment, can be associated with compromised view
through the cornea and disorganized anatomy, two areas
where UBM technology is the only available high-
resolution imaging modality.

By better understanding features of the pediatric eye that
have been previously studied, we aim to bring attention to
the areas of study that are lacking, in particular quantitative
outcomes assessments, longitudinal or cohort studies to
identify clinically relevant risk factors for clinical worsen-
ing or improvement, interventional cohort studies, and
continued evaluation of the structural anatomy of the
anterior segment that contributes to disease.
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