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** Aim — to determine optimal terms of the primary ocular prosthetics, to develop the most auspicious 
regimen of adaptation to the ocular prosthesis in children with congenital anophthalmia and microph-
thalmia. Material and methods. A total of 46 children aged from 1 month to 16 years with congenital 
defect were under observation. Among patients with congenital microphthalmia, only unpromising eyes 
were subject to ocular prosthetics. Examination methods in the laboratory included external examination 
of the orbit, palpebral fissure, and eyelids. The state of the cul-de-sac of eyelids, the configuration of the 
conjunctival cavity, the anterior segment of the abnormally small eyeball were assessed. Photography 
was performed to achieve a dynamic control of external prosthetics signs of, and to evaluate the face 
symmetry. Results. Best results were observed at early stepwise ocular prosthetics with consideration 
of features of the ocular prosthesis material, without prior surgery. Long-term cosmetic performance 
of children with congenital anophthalmia and microphthalmia directly depended on age at which the 
non-surgical treatment began, on the timely replacement of the ocular prosthesis, compliance to the 
regimen developed for the adaptation to the prosthesis. Conclusion. This study showed that the terms 
of primary ocular prosthetics are of crucial importance for the symmetrical development of soft tissues 
and facial skeleton. Prosthetics for patients with congenital anophthalmia should be started at the first 
month of life. The optimal term for primary prosthetics in congenital microphthalmia depends on the 
length  of  the  antero-posterior axis at birth. If the axial length is less than 7.5 mm, prosthetics should 
be started at the first month of life, if the axis is longer than 10  mm  — no later than from the fourth 
month of life.

** Keywords: congenital anophthalmia and microphthalmia; adaptation to the ocular prosthesis; terms of 
primary prosthetics.
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** Цель  — определение оптимальных сроков первичного глазного протезирования, разработка 
наиболее благоприятного режима адаптации к глазному протезу у детей с врождённым анофталь-
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мом и  микрофтальмом. Материал и методы. Под наблюдением находилось 46 детей в возрас-
те от 1 месяца до 16 лет с врождённой патологией. У пациентов с врождённым микрофтальмом 
глазному протезированию подлежали только бесперспективные глаза. Методы обследования 
в лаборатории включали внешний осмотр орбиты, глазной щели и век. Оценивали состояние сво-
дов век, конфигурацию конъюнктивальной полости, переднего отрезка уменьшенного глазного 
яблока. Для динамического контроля внешних показателей протезирования и оценки симметрич-
ности лица проводили фоторегистрацию. Результаты. Наилучшие результаты отмечались при 
раннем ступенчатом глазном протезировании с учётом особенностей материала глазного проте-
за без предшествующего хирургического вмешательства. Отдалённые косметические показатели 
у детей с врождённым анофтальмом и микрофтальмом напрямую зависели от возраста, в котором 
начиналось консервативное лечение, своевременности замены глазного протеза, соблюдения раз-
работанного режима адаптации к протезу. Заключение. Данное исследование показало, что для 
симметричного развития мягких тканей и лицевого скелета принципиальное значение имеют сроки 
первичного глазного протезирования. При врождённом анофтальме протезирование необходимо 
начинать с первого месяца жизни. Оптимальный срок первичного протезирования при врождённом 
микрофтальме зависит от  длины передне-задней оси глазного яблока при рождении. При значе-
нии оси менее 7,5 мм проводить протезирование нужно с первого месяца жизни, более 10 мм  — 
не позднее четвёртого месяца.

** Ключевые слова: врождённый анофтальм и микрофтальм; адаптация к глазному протезу; сроки 
первичного протезирования.

Fig. 1.	 Congenital microphthalmia with the rudiment of the eye
ball (the clinical picture is identical to the congenital 
anophthalmia)

Рис. 1.	 Врождённый микрофтальм с зачатком глазного 
яблока (клиническая картина идентична врождён-
ному анофтальму)

Congenital anophthalmia and microphthalmia are 
severe congenital malformations of the eye. Microph-
thalmia is characterized by a decreased eyeball size 
and functional impairments [1].

The global prevalence of microphthalmia varies 
between 2.4 and 3.5 per 10,000 births [2]; con-
genital microphthalmia is diagnosed in 3.2% to 
11.2% of all blind children [3,  4]. In Scotland, the 
prevalence of microphthalmia and anophthalmia 
is 19/100,000  [5]. In California, the prevalence 
of unilateral and bilateral anophthalmia reaches 
0.18 and 0.22 cases per 10,000 births, respec-
tively  [6]. In  Hawaii, the prevalence is 3.21 per 
10,000  births  [7]. The Laboratory of Ocular Pros-
thetics in Saint Petersburg reported that the preva-
lence of congenital microphthalmia is not lower than 
0.18 per 10,000  births.

The majority of patients with microphthalmia 
have some concomitant disorders. Khvatova et 
al. [8] reported a high prevalence of unilateral cata-
ract, microphthalmia, microcornea, nystagmus, 
and strabismus in children. According to Sudovs-
kaya et al. [9], 28.8% of children with congenital 
cataract have microphthalmia. In congenital mi-
crophthalmia, the eye can be slightly (by 1–2 mm) 
or significantly reduced in size (in  some cases it 
can hardly be found) [10]. The cornea is substan-
tially reduced with opacities. Moreover, patients 
with congenital microphthalmia often have typical 
coloboma of the iris [11].

Congenital anophthalmia (true and apparent) is 
characterized by an absent eyeball. Clinical mani-
festations of true and apparent anophthalmia and 
microphthalmia with a rudimentary eyeball are 
similar. The eyeball is absent in the orbit, although 
ultrasound B scanning or computed tomography/
magnetic resonance imaging usually allow visual-
izing its rudiment [12]. Congenital anophthalmia 
and microphthalmia can develop independently or 
as part of some syndrome [13,14]. Patients with 
congenital anophthalmia usually have their supe-
rior eyelid fornix hanging down (forming a “sail”) 
and the inferior eyelid fornix flattened, whereas the 
eyelid cavity floor is displaced toward the top of the 
orbit (Fig. 1) [15].
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Fig. 2.	 The structure of the ophthalmological morbidity of children who are consulted and live in St. Petersburg (the percentage 
of microphthalmia in the nosological structure is 25%)

Рис. 2.	 Структура офтальмологической заболеваемости детей, обратившихся и проживающих в Санкт-Петербурге 
(доля  микрофтальма в нозологической структуре составляет 25 %) 

42%

Disease / Заболевание — 84: 
Retinoblastoma / Ретинобластома — 35 (42%) 
Congenital malformation — microphthalmia /  
Врождённый порок развития микрофтальм — 21 (25%)
Consequence of congenital malformation — eyeball subatrophy / Последствие 
врождённого порока развития — субатрофия глазного яблока — 6 (7%)
Consequence of injury — anophthalmia /  
Последствие травмы  — анофтальм  — 5 (6%)
Consequence of injury — eyeball subatrophy / 
Последствие травмы  — субатрофия глазного яблока  — 8 (10%)
Consequence of retinopathy of prematurity — eyeball subatrophy / Послед-
ствие ретинопатии недоношенных — субатрофия глазного яблока — 6 (7%)
Coats disease / Болезнь Коатса — 2 (2%)
Teratoma / Тератома — 1 (1%)

1%2%

7%
10%

6%

7%

25%

Congenital anophthalmia and microphthalmia 
can be associated with exogenous and endogenous 
factors. Genetic factors have the most important 
role in the development of anophthalmia and mi-
crophthalmia: 50% to 75% of severe ocular disor-
ders are believed to be hereditary [16]. Congenital 
microphthalmia is often caused by degenerative and 
inflammatory processes [17]. Some viruses, includ-
ing Rubella virus, cytomegalovirus, influenza vi-
rus, parainfluenza virus, and coxsackievirus, exert 
a pronounced teratogenic effect. Most frequently, 
ocular malformations develop after fetal infection 
in the first trimester of pregnancy. Noninfectious 
causes include maternal vitamin A deficiency, x-ray 
exposure, alcohol abuse, and recreational drug use. 
Rhesus isoimmunization may also lead to microph-
thalmia [18]. The main risk factors for congenital 
anophthalmia and microphthalmia are maternal age 
>40 years, multiple births, low birth weight, and 
low gestational age [6,  7]. Doctors usually fail to 
identify the main factor that triggers the develop-
ment of this disorder [19].

Ocular prosthetics in children have some spe-
cific characteristics associated with physiologic 
growth of orbit, eyelids, eyeball, and whole face 
[20]. The orbit will not grow properly if it is not 
“filled,” which inevitably will cause problems with 
appearance. Therefore, ocular prosthetics should be 
planned as soon as possible. Surgery is recom-
mended when all possibilities of ocular prosthetics 
are exhausted [21].

We determined the optimal time for ocular pros-
thetics and developed an optimal regimen of adapta-
tion to the eye prosthesis in children with congenital 
anophthalmia and microphthalmia.

Materials and Methods
Of 46 children (1 month to 16 years old) 

with  congenital ocular disorders who were fol-
lowed at the Laboratory of Ocular Prosthetics 
in Saint  Petersburg, 35 had unilateral microph-
thalmia, five had bilateral microphthalmia, and 
six had anophthalmia. Of the participants resid-
ing in Saint Petersburg, 25% had microphthal-
mia (Fig. 2). Follow-up time varied from 4 months 
to 15 years.

All participants were divided into groups ac-
cording to age when they first underwent ocular 
prosthetics. Group 1 included 18 patients who un-
derwent primary ocular prosthetics in time, with 
individual prostheses or conformers taking into 
consideration the type of material they were made 
of, regularly, early (at the age of 0–4 months), and 
without previous surgery. Group 2 included seven 
patients who underwent primary ocular prosthetics 
with individual prostheses or conformers taking into 
consideration the type of material they are made of, 
regularly, at the age of 4–12 months, and without 
previous surgery. Group 3 included eight patients 
who underwent primary ocular prosthetics with in-
dividual and standard prostheses in the laboratory, 
and at the age of ≥1 year. Group 4 included five 
patients who initially underwent surgical correction 
and subsequently underwent ocular prosthetics with 
individual complex-shaped conformers. Group 5 in-
cluded eight patients who underwent primary ocular 
prosthetics in other regions and underwent ocular 
prosthetics with individual prostheses in our labora-
tory at the age of 5 to 6 years.

Patients with congenital microphthalmia under-
went ocular prosthetics only if no other treatment 
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 Table 1 / Таблица 1

Distribution of congenital microphthalmia and anophthalmia in groups in degrees, according to the classification of T.V. Sudovskaya
Распределение врождённого микрофтальма и анофтальма в группах по степеням в соответствии с классификацией 
Т.В. Судовской 

Diagnosis

Group

I  
(18)

II  
(7)

III  
(8)

IV  
(5)

V  
(8)

Total  
46

Complete unilateral microphthalmia, grade 2  
(AEL and corneal diameter decreased by 2.1–3 mm)

4 4

Complete unilateral microphthalmia, grade 3  
(AEL and corneal diameter decreased by ≥3.1 mm)

11 7 5 2 6 31

Complete bilateral microphthalmia, grade 3  
(AEL and corneal diameter decreased by ≥3.1 mm)

3  1 1  5

Congenital anophthalmia 2 2 2 6

options were available for them. Study participants 
underwent thorough examination of the affected and 
normal eye with mandatory assessment of visual 
functions. We performed visual examination of the 
orbit, palpebral fissure, and eyelids. We also evaluated 
the condition of the eyelid forniсes, the configuration 
of the conjunctival cavity, and the anterior segment 
of the reduced eyeball.

We identified the criteria for choosing appropri-
ate material for the ocular prosthesis according to 
its comparative characteristics and individual char-
acteristics of the reduced eyeball or anophthalmic 
cavity.

In primary ocular prosthetics during the first 
year of life, we measured axial eye length (AEL) 
at admission. The AEL is 17.30 mm in newborn 
boys and 17.21 mm in newborn girls. During the 
first year of life, AEL increases by 3.7 mm, whereas 
during the rest of the growth period it increases 
by 2.4 mm [22]. Knowledge of these growth char-
acteristics and AEL measurement at admission al-
low for the accurate prediction of ocular prosthetics 
outcomes and the need for prosthesis replacement 
during the first year of life. It is particularly im-
portant for children with unilateral anophthalmia 
and pronounced hypoplasia of the eyeball in mi-
crophthalmia.

The outcomes of ocular prosthetics were graded 
using the following scale: excellent, good, satis-
factory, and unsatisfactory. Assessment criteria 
included: (1) proper eye opening and complete 
eyelid closure over the prosthesis; (2) proper eye-
lid position: no upper/lower eyelid ptosis, no eyelid 
inversion, no eyelid eversion, and no upper eyelid 

retraction; (3) increased linear parameters of the 
palpebral fissure; (4) correct position of the eye 
prosthesis (iris position and inclination of the pros-
thesis); and (5) color of the eye prosthesis matches 
the fellow eye. We used photo registration to con-
trol external parameters of ocular prosthetics and 
to evaluate facial symmetry.

The distribution of patients according to the 
grade of microphthalmia and anophthalmia (evalu-
ated using the classification developed by Sudovs-
kaya [23]) is shown in Table 1. All 46 patients 
had congenital complete microphthalmia with 
concomitant disorders of the eyeball. Two chil-
dren had  systemic diseases. Two of six patients 
with congenital anophthalmia also had systemic 
disorders.

Results
Table 2 demonstrates the outcomes of ocular 

prosthetics. Patients from Group 1 (39.1%) received 
individual ocular prostheses with consideration of 
the material they were made of. Despite timely ocu-
lar prosthetics and adequate frequency of prosthe-
sis replacement, not all participants achieved good 
results.

Six patients had excellent outcomes, including 
four diagnosed with grade 2 and two with grade 
3  microphthalmia, when AEL was not <12 mm 
(Fig.  3).

Good and satisfactory results were obtained 
in eight and five patients, respectively. Children 
with less pronounced microphthalmia and AEL 
>10 mm had better cosmetic outcomes. We ex-
perienced difficulties with primary prosthetics in 
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Table 2 / Таблица 2

Results of ocular prosthetics by groups
Результаты глазного протезирования по группам

Group

Результат

Excellent Good Satisfactory Unsatisfactory

I (18) 5 8 5 0

II (7) 0 5 2 0

III (8) 0 2 6 0

IV (5) 0 0 1 4

V (8) 0 2 4 2

Fig. 3.	 Right-side congenital microphthalmia: a — before pros-
thetics; b — after prosthetics

Рис. 3.	 Врождённый микрофтальм справа: a — до протези-
рования; b — после протезирования

a

b

Fig. 4.	 Bilateral congenital microphthalmia in a 3 y.o. child: 
a — before prosthetics; b — after prosthetics

Рис. 4.	 Двусторонний врождённый микрофтальм у ребенка 
3 лет: a — до протезирования; b — после протези-
рования

a

b

Fig. 5.	 Dynamics of size changes of ocular prostheses during 
2.5 years

Рис. 5.	 Динамика изменения величины глазных протезов за 
2,5 года

a child with congenital bilateral microphthalmia 
(clinically similar to anophthalmia), who had too 
small fornices (<2 mm), which caused the prosthe-
ses to fall out from the cavity. We produced indi-
vidual prostheses with different shapes to achieve 
stable position in the cavity  (Fig. 4). We  gradu-
ally increased the prostheses size at each stage of 
their  production to achieve good results (Fig.  5). 
No  unsatisfactory  outcomes were registered in 
Group 1.

Patients from groups 2 (15.2%) and 3 (17.4%) 
had neither excellent nor unsatisfactory outcomes. 
We  performed only conservative prosthetics treat-
ment.

The best outcomes were observed in patients who 
received primary prosthetics earlier (Group 2). Three 
patients from Group 3 had shortened fornixes and 
incomplete eyelid closure over the prosthesis due to 
late prosthetics use.

Patients from Group 4 (11% of the entire sam-
ple) received prosthetics at our laboratory after 
surgical treatment. Four of five patients had un-
satisfactory outcomes. These children had abnor-
mal palpebral  fissures, lagophthalmos, postopera-
tive rigidity  of the conjunctival tissue, and a clear 
trend towards the reduction of the conjunctival 
cavity  (Fig.  6). Eyelid  scarring after external can-
thotomy worsened the outcome of ocular prosthetics 
(Fig. 7).

Patients from Group 5 (17.3%) received primary 
ocular prosthetics in other regions. All of them un-
derwent conservative treatment, but not everyone 
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Fig. 6.	 Congenital anophthalmia in a 2 y.o. child: a — the result 
of non-rational surgical intervention and late prosthesis 
fitting; b — prosthetics with individual conformers, in-
sufficient dynamics of tissue stretching of the socket

Рис. 6.	 Врождённый анофтальм у ребёнка 2 лет: а  — ре-
зультат нерационального хирургического вмеша-
тельства и позднего обращения на протезирование; 
b  — протезирование индивидуальными конформа-
торами, недостаточная динамика растяжения тка-
ней полости

a

b

Fig. 7.	 Left-side congenital microphthalmia in a 12 y.o. child. 
State after external cantotomy. Cicatricial deforma-
tion of the eyelids. Instability of the ocular prosthesis:  
a — before prosthetics; b — after prosthetics

Рис. 7.	 Врождённый микрофтальм слева у ребёнка 12 лет. 
Состояние после наружной кантотомии. Рубцовая 
деформация век. Нестабильность глазного протеза: 
a — до протезирования; b — после протезирования

a

b

had timely prosthetics placement. Some of our pa-
tients were 5 to 6 years old; their parents were 
seeking medical assistance, as they were not satis-
fied with the appearance of their children. We  ex-
amined three patients and found that their pros-
theses did not suit the cavity, and eyelid tissue 
was overstretched by the prostheses, which caused 
lower eyelid ptosis (Fig. 8). We produced individual 
glass and plastic eye prostheses for these patients 
at our laboratory.

Discussion
Ocular prosthetics is aimed to ensure proper 

development of the facial skeleton and to stimulate 
soft tissues and orbital bones by increasing the 
size of prostheses and, therefore, expanding the 
conjunctival cavity [24] using stepwise prosthe
tics  [21].

Small fornices and conical cavity shape in 
congenital anophthalmia significantly hampered 
prosthetics treatment due to prosthesis instabil-
ity (fallout). In such patients, prosthetics were 
aimed  to  expand the conjunctival cavity and form 
eyelid fornixes, suitable for stable prosthesis po-
sitioning.

We used only individual eye prostheses for patients 
with congenital anophthalmia. We produced various 
complex-shaped prostheses with a thin flattened 
lower edge, including fungiform ones and those with 
a stand on their top and a small bottom depending 
on the cavity depth to reduce any retraction of the 
prosthesis and increase its stability. Eye prostheses 
should fit the conjunctival cavity to avoid excessive 
stretching of conjunctival tissue resulting in eyelid 
inversion. If complex-shaped plastic prostheses could 
not be carefully polished, we used individual glass 
prostheses.

Patients with congenital anophthalmia who un-
derwent ocular prosthetics treatment during the 
first months of their lives had the best outcomes. 
We performed follow-up examination 2 weeks af-
ter primary prosthetics treatment and replaced the 
prosthesis with a larger one if necessary. Until the 
age of 6 months, we replaced the prosthesis every 
4  weeks. Later, it was replaced less frequently: 
once every 3 months until the age of 18 months, 
once every 6 to 8 months until the age of 5 years, 
and then once a year (or  more often if necessary). 
We recommended patients with congenital anoph-
thalmia to wear the prosthesis constantly, without 
removing it at night.

The same treatment strategy was used for pa-
tients with congenital microphthalmia, when the eye 
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Fig. 8.	 Left-side congenital microphthalmia in a 7 y.o. child (a); result of inadequate prosthetics with an excessively large 
prosthesis (b); satisfactory result of prosthetics in the laboratory of the Center (c); proportional individual eye prosthesis 
on the right (d)

Рис. 8.	 Врождённый микрофтальм слева у ребёнка 7 лет (а); результат неадекватного протезирования чрезмерно боль-
шим протезом (b); удовлетворительный результат протезирования в лаборатории Центра (c); справа соразмерный 
индивидуальный глазной протез (d)

a b

c d

rudiment could be detected by radiologic methods 
only.

To ensure better adaptation of patients with grade 
2–3 microphthalmia, it is important to start pros-
thetics treatment using individual prostheses suit-
ing the prosthetic cavity. The prosthesis should be 
properly positioned in the cavity, the eyelids should 
completely close over it, and there should be a reserve 
for free blinking in the fornices.

Our results suggested that primary prosthet-
ics therapy should be performed during the first 
4  months, if AEL is not <10 mm. We conducted 
follow-up examinations 2 weeks after primary pros-
thetics therapy at our laboratory. Next, prosthetics 
therapy was performed 4 months later. Until the 
age of 5 years, prostheses were replaced once every 
6  to 8 months and then once every 8 to 12 months. 
Patients with AEL <7.5 mm should undergo ocular 
prosthetics treatment earlier and require more fre-
quent prostheses replacements.

We developed the rules for adaptation to eye 
prostheses for children with microphthalmia. We 
recommend progressive adaptation to the eye 
prosthesis; the time of its wearing should be in-
creased gradually during 14 days. On the first day, 
the prosthesis is worn for 15 min, whereas on the 
second day, patients are recommended to wear it for 
30 minutes. The time should be increased gradu-
ally to reach 3 h by the end of week 1. By the end 
of week 2, patients wear the prosthesis during the 
whole day. Children additionally receive an antisep-

tic and an agent stimulating tissue repair during 
the adaptation period. At night, the prosthesis must 
be removed, disinfected, and stored in a dry place. 
We believe this is the optimal adaptation regimen 
for patients with congenital microphthalmia, and 
we recommend it for implementation into clinical 
practice.

Conclusion
Timely ocular prosthetics therapy is crucial for the 

symmetric development of soft tissues and facial skel-
eton. Infants with congenital microphthalmia should 
undergo primary prosthetics as soon as possible, ide-
ally during the first few months.

In patients with congenital microphthalmia, 
the optimal time of primary prosthetics therapy is 
determined by AEL measured at birth. If AEL is 
<7.5 mm, the procedure should be performed dur-
ing the first month. Infants with AEL >10 mm 
should undergo ocular prosthetics within the first 
four months. To achieve a good cosmetic effect, we 
recommend stepwise expansion of the conjunctival 
cavity taking into consideration the material of the 
eye prosthesis. To ensure normal development of 
the conjunctival cavity, primary ocular prosthet-
ics treatment should be performed in special labo-
ratories only by a specially trained ocular pros-
thetist.
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