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Abstract
Purpose: The improvement in visual acuity (VA) was determined during optical 
treatment in children with amblyopia before their participation in a randomised 
clinical trial comparing the effect of dichoptic video gaming using virtual reality 
goggles with occlusion therapy.
Methods: Children aged 4�12 years with an interocular VA difference �0.20 logMAR 
and an amblyogenic factor: strabismus <30�, �1.00 D anisometropia, astigmatism 
�1.50 D and/or hypermetropia �1.50 D were eligible for 16 weeks of optical treat-
ment. Children with previous amblyopia treatment were excluded. Compliance 
with spectacle wear was measured electronically over 1 week using the occlusion 
dose monitor (ODM). The reliability of these measurements was verified. The main 
outcome was an increase in amblyopic eye VA from baseline to 16 weeks.
Results: Sixty- five children entered the optical treatment period. Mean age was 
6.0 – 2.2 years (range: 4�12 years; IQR 4.5�6.7 years). Amblyopia was caused by ani-
sometropia in 53 (82%) children, strabismus in 6 (9%) and combined mechanism 
in 6 (9%). After optical treatment, mean VA improved by 0.20 logMAR (SD 0.28; 
p < 0.001) and 0.07 in the amblyopic and fellow eye, respectively (SD 0.20; p = 0.03). 
This resulted in 24 children (37%) with an interocular VA difference <0.20 logMAR 
and in 17% of children with VA at the start of 0.30 logMAR or worse. Poor VA in the 
amblyopic eye at baseline (p = 0.001) and high anisometropia (p = 0.001) were as-
sociated with VA improvement. On average, spectacles were worn 9.7 – 2.4 h/day 
(range: 2.3�13.6 h); mean compliance was 73% – 18% of estimated wake time. Only 
ambient temperature � 31°C or when spectacles were worn on top of the head pre-
vented a reliable ODM measurement.
Conclusions: VA improved by two lines resulting in more than a third of the chil-
dren being treated sufficiently with spectacles alone and no longer being classified 
as amblyopic. The ODM proved to be a reliable method of measuring compliance 
with spectacle wear.
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INTRO DUC TIO N

Amblyopia is a neurodevelopmental vision disorder in 
children due to a disturbance in early visual development, 
and requires timely detection and treatment during the 
sensitive period.1 Causes of amblyopia include strabismus 
(38%), anisometropia (37%) and both strabismus and ani-
sometropia (24%).2 Another less frequent cause is visual 
deprivation, which may be due to ptosis (2%).3 Previous 
investigations have demonstrated that optical treatment, 
also called refractive adaptation, is a necessary and distinct 
component of amblyopia therapy.4- 6 Despite various stud-
ies showing the importance of spectacle wear as a first step 
in amblyopia treatment,5,7,8 this is still not common prac-
tice. On occasion, spectacles are provided simultaneously 
with occlusion therapy or not prescribed at all, being re-
placed with extra hours of occlusion therapy. The benefi-
cial effect of spectacles has not only been demonstrated 
in children but also in adults.9,10 Prescribing a proper opti-
cal treatment prior to occlusion therapy may pre- empt the 
need for further occlusion therapy. Moreover, children who 
still need occlusion therapy will commence this treatment 
with improved visual acuity (VA) in the amblyopic eye, pos-
sibly leading to better compliance and a shorter occlusion 
period.3,7 Stewart et�al.5 stated that the average number of 
weeks required to achieve optimum VA during the optical 
treatment period was 14�15 weeks. We sought to highlight 
the need for optical treatment as a distinct component of 
amblyopia therapy.

In a randomised clinical trial (RCT; NCT03767985), we 
compared the effect of dichoptic video gaming using vir-
tual reality goggles with occlusion therapy for newly diag-
nosed amblyopia in children after optical treatment. This 
16- week optical treatment prior to enrolment was a pre-
requisite for participating in this study.11 Compliance with 
spectacle wear was electronically monitored using the oc-
clusion dose monitor (ODM). This device has been used in 
previous studies and proven to be a reliable device in mea-
suring compliance with occlusion therapy.12- 15 The aim of 
this study was to investigate the VA increase during optical 
treatment, and to validate the use of the ODM for moni-
toring compliance with spectacle wear objectively under 
various conditions. In addition, we investigated the effect 
of VA at the start of treatment, as well as the effects of age, 
sex, refractive error, type of amblyopia and compliance 
with spectacle wear on the improvement in VA resulting 
from optical treatment.

M ETH O DS

Study population

Children aged 4�12 years with an interocular difference in 
VA (IOD) �0.20 logMAR caused by anisometropia, strabis-
mus or both anisometropia and strabismus were recruited 
for a prospective randomised control trial (RCT) comparing 

the effect of dichoptic gaming with occlusion therapy 
(NCT03767985).16 Eligible children were recruited from five 
clinics in the Netherlands (Haaglanden Medical Center [The 
Hague], Tergooi Hospital [Hilversum, Blaricum], IJsselland 
Hospital, HU Clinics University of Applied Science Utrecht 
and Erasmus MC University Medical Center, Rotterdam) 
between December 2017 and June 2020. The majority of 
the participants were from The Hague, which comprises a 
multi- ethnical and - cultural population. Exclusion criteria 
were previous treatment for amblyopia, a neurological dis-
order, other eye disorders of diminished VA due to medi-
cation, brain damage or trauma. Children with strabismus 
>30� were also excluded as this prevented them from 
playing the dichoptic action video game and therefore 
entering the RCT. The Ethics Committee of the Erasmus 
University Medical Center and the boards of the partici-
pating clinics approved the protocol and informed con-
sent forms. Written informed consent from the parents or 
guardians was a prerequisite for participation. The research 
adhered to the tenets of the Declaration of Helsinki.

Study design

Eligible children received a routine ophthalmic examina-
tion by the treating orthoptist and ophthalmologist. This 
included the following: (1) baseline, post- cycloplegic- 
corrected VA using a tumbling E chart where possible. If 
they were too young, the Amsterdam Picture Chart, the 
Landolt C or Lea Hyvärinen charts were used; (2) ocular mo-
tility and (3) alignment using cover�uncover and alternat-
ing cover tests at 30 cm and 5 m. Cycloplegic refraction was 
performed using 1% cyclopentolate eye drops. Children 
received spectacles in cases of anisometropia with �1 D 
(spherical equivalent) difference between the two eyes, 
astigmatism with �1.5 D difference between the eyes in 
any meridian, hypermetropia (spherical equivalent) �1.5 D 
or �0.50 D myopia. Children were prescribed 0.50 D sym-
metrical undercorrection from the full cycloplegic refrac-
tion. Whenever possible, the cycloplegic refraction was 
confirmed subjectively. It was emphasised to the parents 

Key points

� Spectacle correction during optical treatment 
is an important first step in amblyopia therapy, 
which resulted in sufficient treatment of ambly-
opia in approximately a third of the children.

� Even children with visual acuity �0.30 logMAR 
at baseline benefited from an optical treatment 
period, resulting in resolution of the amblyopia 
in 20% of cases.

� The occlusion dose monitor is a reliable method 
of measuring compliance with spectacle wear.
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that wearing the spectacles was a prerequisite for partici-
pation in the RCT. Parents were instructed to let their child 
wear their spectacles during all waking hours and it was 
made clear that this was an important component of am-
blyopia treatment and may lead to VA improvement. All 
children were referred to the research centre where the 
orthoptist (ET) carried out a standard orthoptic and oph-
thalmologic examination after 16 weeks of optical treat-
ment. This included the following: (1) best- corrected VA 
with their own spectacles using the crowded tumbling E 
chart (preci sion-  vision. com), (2) stereo acuity using the 
Randot Stereotest Wirt circles (stere oopti cal. com) at 40 cm, 
(3) contrast sensitivity using the Pelli- Robson chart (preci 
sion-  vision. com) in older subjects and CSV- 1000 (vecto rvisi 
on. com) in the younger children, (4) ocular motility and (5) 
alignment with the cover�uncover and alternating cover 
test at 30 cm and 5 m. The research orthoptist assessed 
whether the child fulfilled the criteria of amblyopia (i.e., in-
terocular VA difference of 0.20 logMAR or more) and could 
be included in the RCT.

Families who had informed the treating orthoptist they 
would not wear the prescribed spectacles were not re-
cruited as this was a prerequisite for the RCT. We retrospec-
tively assessed how many families refused the spectacles 
by going through the clinical files during the study period.

Occlusion dose monitor

Compliance with spectacle wear was objectively moni-
tored using the electronic recordings of the ODM. The 
ODM is an investigational device used for study purposes 
only. Fielder developed the first prototype of this device in 
1991, and this was modified by the Amsterdam University 
Medical Center.17 In this study, the 2002 version of the ODM 
was used.14,17 This technique has proven to be reliable for 
the assessment of compliance with occlusion therapy.14 
The ODM was attached to the temple of the spectacles 
using a standard occlusion patch from Orthopad (Trusetal 
Verbandstoffwerk GMBH, tshs.eu/en/index.html) or 
Opticlude� (3 M�, 3mnederland.nl/�Figure�1), in order to 
monitor compliance with spectacle wear for 1 week. The 
ODM measured the temperature difference between the 
front and the back of the monitor every 3 min.14 Sensitivity 
was set at 0.063°C. After a period of recording, the data 
were saved on a computer by means of a docking system.

The families were instructed to keep the ODM attached 
to the glasses for 1 week, after which they could remove 
it, keep it in the container provided and return it at the 
next appointment. It was made clear to the families that 
the device measured the amount of time the spectacles 
were being worn. The battery duration was sufficient for at 
least 1 week. Within the expert group of orthoptists, it was 
decided to measure the compliance with spectacle wear 
directly after the 16 weeks of optical treatment, as we ex-
pected children to be more used to their glasses and com-
pliance would be more stable, compared to the first few 

weeks. It was important that the timing of the compliance 
measurement was the same for all children.

To investigate the reliability of these measurements, five 
members of the research group and their family members 
wore their spectacles with the ODM attached and kept 
diaries with time recordings of when the spectacles were 
worn. The ODM recordings and diaries were compared. 
In addition, measurements with the ODM attached to the 
spectacles were carried out under various conditions: (1) 
spectacles worn correctly; (2) spectacles on the table; (3) 
spectacles worn correctly but with the ODM placed upside 
down on the patch; (4) spectacles on top of the head; (5) 
spectacles in the case and (6) ODM on an occlusion patch 
being worn on the eye as a regular eye patch. Lastly, we 
investigated the influence of ambient temperature. We 
carried out measurements with the ODM on the spec-
tacles, varying the room temperature from 18°C to 33°C 
to determine the temperature range preventing reliable 
measurements.

Outcome measure and statistical analysis

VA in both the amblyopic eye and the fellow eye were com-
pared to the values after 16 weeks of optical treatment. The 
Wilcoxon signed- rank test was used to investigate whether 
the observed change was significant. The level of compli-
ance was defined as the actual time spectacles were worn 
as measured by the ODM, divided by the number of wak-
ing hours. For the number of waking hours, the systematic 
review of Galland et�al.18 was used, which was dependent 

F I G U R E  1  A 5- year- old girl wearing the occlusion dose monitor 
attached to the temple of the spectacles using an eye patch.
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