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DO ORTHOPTIC EXERCISES HAVE ANY INFLUENCE
ON CHILDREN AND ADOLESCENTS DIAGNOSED
WITH CONVERGENCE INSUFFICIENCY AND
ATTENTION DEFICIT/HYPERACTIVITY DISORDER?

Barbara Dawidowsky', Branimir Cerovski?, Aleksandra Klobucar' and Krsto Dawidowsky?

Zagreb Children’s Hospital, Zagreb, Croatia;
*Zagreb University Hospital Centre, Zagreb, Croatia

SUMMARY - The aim was to determine whether improvement of near point of convergence
(NPC) and binocular vision after orthoptic exercises had any impact on children and adolescents di-
agnosed with attention deficit/hyperactivity disorder (ADHD) and convergence insufficiency (CI). In
this clinical trial, 50 children and adolescents aged 6 to 18 years diagnosed with ADHD and CI re-
ceived orthoptic therapy that included home-based exercises (pencil push-ups and stereograms) and
office-based therapy on synoptophore. Binocular vision and NPC were measured before, during and
after therapy. Study subjects showed significant improvement (p<0.05) in NPC and binocular vision
after orthoptic exercises. We found statistically significant correlation between stereovision improve-
ment (Lang I) and near point of convergence, suggesting that improvement of binocular function is
possible in children with ADHD and CI. Our results showed that NPC enhancement improved
stereovision in patients with ADHD. Since progress of binocular function has positive effect on near
work and diminishes visual symptoms in children and adolescents with ADHD and CI, it might be
reasonable to suppose that orthoptic therapy helps these children improve concentration as well. Fur-
ther studies are needed to determine whether it might have positive impact on attention.
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Introduction

Attention deficit/hyperactivity disorder (ADHD)
is a neurodevelopmental disability estimated to affect
between 3% and 12% of the school age population'~.
ADHD is a clinical diagnosis and diagnostic criteria
are defined in the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-V') released
in May 2013 by the American Psychiatric Associa-
tion**. It is still not known exactly what causes ADHD,
but scientific evidence suggests that the disorder is ge-
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netically transmitted in many cases and results from
chemical imbalance or deficiency in certain neuro-
transmitters that help the brain regulate behavior’”.
The primary features associated with ADHD syn-
drome are inattention, hyperactivity and impulsivity,
and according to these main features, ADHD syn-
drome is now divided into three subtypes, as follows:
predominantly hyperactive-impulsive type, predomi-
nantly inattentive type, and predominantly combined
types?.

Regardless of the type of disorder, children will
have significant symptoms of all three characteristics
and these symptoms seriously affect the life of the
child, family, school and social relationship. Consider-
ing visual symptoms, they often complain of distur-
bance in reading and writing, blurred vision, double

Acta Clin Croat, Vol. 58, No. 4, 2019


http://doi.org/10.20471/acc.2019.58.04.14
https://creativecommons.org/licenses/by-nc-nd/4.0/

Barbara Dawidowsky ez a/.

Orthoptic exercises in children with convergence insufficiency and ADHD

vision, losing rows, difficulty in concentrating, head-
aches and eyestrain. Children and adolescents who ful-
fill the criteria for the diagnosis of ADHD often have
several other different psychiatric disorders (psychiat-
ric/neurodevelopmental comorbidity). It is supposed
that some connection exists between ADHD and
these comorbid disorders, even in common organic
and psychosocial etiopathogenesis. In the treatment of
children diagnosed with ADHD, a multimodal ap-
proach with combined medical and psychosocial treat-
ment has been most effective.

Convergence insufficiency (CI) is a common bin-
ocular vision disorder that affects 4%-8% of the popu-
lation'*"2. It was first described by von Graefe in 1855,
and is often associated with a variety of symptoms
such as headaches, eyestrain, blurred vision, diplopia,
reading slowly, losing rows, and difficulties in concen-
trating while doing work at near®'. CI is character-
ized by patient inability to converge the eyes as the
object moves from distance to near and/or the inability
to maintain the near point of convergence (NPC)". It
leads to the loss of binocular vision and results in dif-
ficulties while reading and writing. Over years, various
definitions have been used in the diagnosis of CI, but
an NPC <6 cm or exophoria greater at near are usual
clinical findings in most studies'®*. CI is a treatable
condition using orthoptic exercises that increase the
range of fusion convergence'?*. In 1999, Birnbaum ez
al. reported on the first controlled trial documenting
that vision therapy was effective in the management of
CI in adults®. In 2005, Rawstron e a/. concluded that
the only significant use of eye exercises was in the
treatment of CI?*. However, there has been a lack of
consensus regarding the most effective treatment. Var-
ious therapeutic options are available, e.g., passive
treatment with base in prism reading glasses, and ac-
tive treatments such as pencil push-ups, stereograms,
office-based orthoptic therapy and home computer-
ized therapy?*?7°. The lack of consensus may be partly
caused by considerable differences in terms of cost,
ease of implementation and availability of these treat-
ments in various countries.

Having noticed that many of the patients diag-
nosed with ADHD complained of various visual
symptoms, they were subjected to ophthalmologic
evaluation. Careful orthoptic examination revealed
that some of them had subnormal binocular vision and
receded NPC that pointed to symptomatic CI.
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Since the first published study reporting on the
connection of CI and ADHD?, only few studies have
investigated how visual function training affects chil-
dren with ADHD?%,

As some of the visual symptoms of CI and patients
with ADHD are very similar and may overlap, our aim
was to treat CI in children diagnosed with both
ADHD and CI and find out whether orthoptic thera-
py that successfully treats CI and simultaneously im-
proves binocular function had any influence on those
children as well. We were concerned whether children
with ADHD would be able to perform such exercises
successfully, since orthoptic therapy requires a lot of
attention and concentration; however, first results
showed that our patients were capable to perform
short home exercises and office based therapy resulting
in CI improvement.

Subjects and Methods

Ethics

All subjects participated with their parents who
signed a written consent and the study was conducted
according to the Declaration of Helsinki. All partici-
pants were informed on the details of the study. No
objections were raised by the School of Medicine,
University of Zagreb.

Participants were recruited from Department of
Child and Adolescent Psychiatry, Zagreb Children’s
Hospital and diagnosis of ADHD was confirmed by a
child psychiatrist according to the diagnostic criteria
based on DSM-IV. Upon verifying ADHD, complete
ophthalmologic evaluation was performed particularly
examining binocular vision and revealing the presence
of CI by measuring the NPC. CI was found in 62 of
172 (35.6%) patients diagnosed with ADHD and ex-
amined at our Ophthalmologic Department. They
were considered proper candidates for our study. Due
to various reasons, 12 of them dropped-out, and at the
end 50 children entered our trial. The major eligibility
criteria were receded NPC >6, low fusion range mea-
sured with synoptophore (fusion range <5) or subnor-
mal stereovision measured with stereo tests (Lang I
and II and Titmus tests) and synoptophore. Exclusion
criteria were some other psychiatric condition, history
of past ocular treatment, best corrected visual acuity
(BCVA) less than 0.8 on both eyes, refractive error
<+/-2.00 dsph and <+/-0.75 dcyl. If orthoptic exami-
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nation revealed any abnormality of binocular vision,
such as manifest strabismus, exophoria >6* or esopho-
ria >1%, any vertical deviation and anisometropia, par-
ticipants were excluded too.

Examination procedures

Eligibility testing included BCVA at distance, CI
diagnosed by measuring NPC with Royal Air Force
(RAF) ruler at least three times and the mean value
recorded, binocular tests performed using Lang I and
Lang II stereotests, and Titmus test. Fusion range was
measured with synoptophore, cycloplegic refraction
was measured and ocular health evaluation was per-
formed.

‘Therapy for CI lasted for 9 months on average and
consisted of home therapy including pencil push-ups
and stereogram exercises twice a day and office-based
orthoptic therapy on synoptophore (10 visits) at De-
partment of Ophthalmology, ENT and Neurosurgery,
Zagreb Children’s Hospital.

The pencil push-ups procedure uses a pencil as tar-
get, which must be moved towards the nose as close as
possible while trying to keep the target single and
clear. Furthermore, the participants were advised not
only to see the pencil tip as single at the nearest pos-
sible distance but also to maintain it as single for at
least 10 seconds (convergence sustenance). Partici-
pants were instructed to perform the pencil push-ups
twice a day, 6 to 10 times for approximately 5 minutes
at a time. They were also instructed how to perform
stereogram exercises (asked to achieve fused central
image of the picture on the card) twice a day at least 6
times. Parents were asked to perform pencil push-ups
with smaller children and were called at least once a
week to be reminded of the importance of compliance.
They were also instructed to regularly supervise and
ensure that their child was carrying out the procedure
correctly.

Results

A total of 50 participants, age range 6-18 years
(M=10.26, SD 2.78) met the inclusion/exclusion cri-
teria and were analyzed. They all were administered
orthoptic therapy for nine months on average. NPC,
binocular vision (Lang I and II tests, and Titmus test)
and fusion range on synoptophore were measured be-
fore therapy, and three and six months after the begin-
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Table 1. Descriptive data on NPC, stereo tests (Lang I,
Lang II, Titmus test) and synoptophore at first visit

Variable M (SD) TR (min, max)
NPC 11.16 3.431) |15 (4-19)
Lang I 1.62(0.878) |3 (0-3)

Lang 11 2.04(0.699)  |3(0-3)
Titmus test 2.24(0.797) 3(0-3)
Synoptophore 11.14 (6.395) 32 (0-32)

NPC = near point of convergence measured in centimeters; Lang I
and II = measures ability to see 0/3,1/3,2/3 or 3/3 figures; Titmus
test = measures ability to see 0/3, 1/3, 2/3 or 3/3 figures; synopto-
phore = measures fusion span in degrees; TR = total range; M =
mean; SD = standard deviation

Table 2. Descriptive data on NPC, stereo tests (Lang I,
Lang II, Titmus test) and synoptophore at second visit

Variable M (SD) TR (min, max)
NPC 6.32 (2.817) 11 (3-14)
LangI 2.60 (0.639) 2 (1-3)

Lang 11 272(0497)  |2(1-3)
Titmus test 2.88(0.385) 2 (1-3)
Synoptophore 16.98 (6.523) 29 (5-34)

NPC = near point of convergence measured in centimeters; Lang I
and II = measures ability to see 0/3,1/3,2/3 or 3/3 figures; Titmus
test = measures ability to see 0/3, 1/3, 2/3 or 3/3 figures; synopto-
phore = measures fusion span in degrees; TR = total range; M =
mean; SD = standard deviation

Table 3. Descriptive data on NPC, stereo fests (Lang 1,
Lang II, Titmus test) and synoptophore at third visit

Variable M (SD) TR (min, max)
NPC 5.10 (1.961) 7 (3-10)

Lang I 2.80 (0.606) 3(0-3)

Lang II 2.88 (0.520) 3(0-3)
Titmus test 2.88 (0.480) 2 (1-3)
Synoptophore 17.88 (7.542) 34 (4-38)

NPC = near point of convergence (measured in centimeters); Lang
I and I = measure ability to see 0/3,1/3,2/3 or 3/3 figures; Titmus
test = measures ability to see 0/3, 1/3, 2/3 or 3/3 figures; synopto-
phore = measures fusion span in degrees; TR = total range; M =
mean; SD = standard deviation

ning of treatment. Mean values, standard deviation
and total range methods of descriptive statistics were
used to assess their distribution (Tables 1-3).
Analysis of variance (t-test dependent variables
and ANOVA) was used to analyze differences in con-
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Table 4. ANOVA of three repeated convergence measurements

. Mean difference Level of significance
Measurement Measurement Standard deviation (M1-M2) ®
1 2 0.388 4.84* 0.000
3 0.421 6.06* 0.000
5 1 0.388 -4.84* 0.000
3 0.289 1.22% 0.000
3 1 0.421 -6.06" 0.000
2 0.289 -1.22% 0.000
*p<0.05

Table 5. ANOVA of three repeated Lang I stereo test measurements

.. Mean difference Level of significance

Measurement Measurement Standard deviation (M1-M2) ®
1 2 0.116 -0.98* 0.000

3 0.117 -1.18* 0.000
5 1 0.116 0.98* 0.000

3 0.081 -0.20 0.051
3 1 0.117 1.18* 0.000

2 0.081 0.20 0.051

*p<0.05

Table 6. ANOVA of three repeated Lang II stereo test measurements

.. Mean difference Level of significance
Measurement Measurement Standard deviation (M1-M2) ®)
1 2 0.105 -0.68* 0.000
3 0.096 -0.84* 0.000
2 1 0.105 0.68* 0.000
3 0.072 -0.16 0.093
1 0.096 0.84* 0.000
3 2 0.072 0.16 0.093
*p<0.05

vergence, fusion range and stereovision among the
three points of measurement. CI was determined by
measuring NPC; stereovision was measured with ste-
reo tests (Lang I and IT and Titmus tests), while fusion
range was tested on synoptophore. A level of 0.05 was
considered significant.

Most of the participants were boys (n=41; 82%)
and the mean duration of eye exercises was 8.82 (SD
5.09) months.

To determine statistically significant difference in
convergence among the first, second and third measure-
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ments, we used the analysis of variance for repeated
measurements. The results showed that each measure-
ment significantly differed from the other two (p<0.05).
'The difference between the first and second measure-
ment (M -M,=4.84, p<0.05), as well as between the first
and third measurement (IM,-M,=6.06, p<0.05) was sig-
nificant. Furthermore, we found a statistically signifi-
cant difference in the results between the second and
third measurement (M,-M,=1.22, p<0.05). For all the
participants with data available for three time points,
the mean NPC (11.6 cm, SD=3.431; range 4-19 c¢m) at
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Fig. 1. Lang I test: number of patients seeing 0, 1, 2 or 3 figures.

0/3=sees no figure; 1/3=sees one figure; 2/3=sees two figures; 3/3=sees three figures
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Fig. 2. Lang II test: number of patients seeing 0, 1, 2 or 3 figures.

0/3=sees no figure; 1/3=sees one figure; 2/3=sees two figures; 3/3=sees three figures

the beginning of therapy compared to the mean NPC at  words, there was statistically significant improvement of
final examination (5.10 cm, SD=1.961; range 3-10 cm)  convergence at three and six months of orthoptic thera-
improved significantly (M,-M,=1.22, p<0.05). In other  py initiation (Table 4).
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Table 7. ANOVA of three repeated Titmus ABC measurements

. Mean difference Level of significance
Measurement Measurement Standard deviation (M1-M2) ®

2 0.120 -0.64* 0.000
1 3 0.127 -0.64* 0.000
1 0.120 0.64* 0.000
2 3 0.057 0.00 1.000
3 1 0.127 0.64* 0.000
2 0.057 0.00 1.000

#p<0.05

Table 8. ANOVA of three repeated synoptophore measurements

.. Mean difference Level of significance
Measurement Measurement Standard deviation (M1-M2) ®

2 0.884 -5.84* 0.000

1 3 1.062 -6.74* 0.000

1 0.884 5.84* 0.000

2 3 0.682 -0.90 0.580

1 1.062 6.74* 0.000

3 2 0.682 0.90 0.580
“p<0.05

Table 2 shows data on differences among the three
points of measurement in Lang I stereo test, yielded by
the analysis of variance (ANOVA) for repeated mea-
surements. There was a statistically significant difter-
ence between the first and second measurement
(p<0.05), but no such difference between the second
and third measurement (p>0.05).

Results of the analysis of variance for three Lang II
stereo test measurements are shown in Table 3. There
was a statistically significant difference between the
first and second measurement (p<0.05), whereas there
was no such difference between the second and third
measurement (p>0.05). Accordingly, the values of
Lang I and II tests improved significantly after treat-
ment and were M=1.62 (SD 0.878) and M=2.04
(SD=0.699) for Lang I and Lang II, respectively, at
therapy initiation versus M=2.80 (SD 0.606) and
M-=2.88 (SD 0.520) (p<0.05) for Lang I and Lang II,
respectively, at final visit, indicating considerably bet-
ter results in binocular vision at the end of therapy
than at the first visit (Tables 5 and 6).

Figures 1 and 2 clearly illustrate improvements in
Lang I and Lang II, showing better results at second
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measurement through enhanced capacity of depth
perception; each time participants saw more figures,
which implicated better stereovision. Value 0/3 impli-
cates inability to see any figure; value 1/3 seeing one
figure out of three; value 2/2 seeing two figures out of
three; and value 3/3 seeing all three figures, each with
more depth perception and more difficult to see.

Differences in the means (M -M,) with standard
deviations and levels of significance (p) for Titmus
ABC test on three measurements are shown in Table
7. The results recorded on the first measurement
showed a statistically significant difference from the
second (M,-M,=-0.64, p<0.05) and third measure-
ment (M, -M,=-0.64; p<0.05), suggesting improve-
ment of stereovision after three months. As in other
tests of binocular vision (Lang I and II), there was no
statistically significant difference in the results record-
ed on the second and third measurement; in fact, the
results were identical (p>0.05) (Table 7).

To test difference in fusion range measured on syn-
optophore in our patients, we performed the analysis
of variance of three repeated measurements. The re-
sults showed a statistically significant difference be-

667



Barbara Dawidowsky ez al. Orthoptic exercises in children with convergence insufficiency and ADHD

18

16

14

12

10

|1

|2

o3

o N O O

Conv Lang | Lang Il

Titmus SY

Fig. 3. Near point of convergence, Lang I, Lang II, Titmus test and fusion span on
synaptophore (SY) before and after orthoptic therapy (measurements 1, 2 and 3).
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Fig. 4. Near point of convergence before therapy, and three and six months after therapy.

tween the first and second measurement (M,-M,=-
5.84, p<0.05), whereas the results recorded on the sec-
ond and third measurement showed no such difference
(p>0.05). The mean value of fusion range measured on
synoptophore was M=11.14 (SD 6.395), total range
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0-32 at the beginning and M=17.88, (SD 67.542),
range 4-38 at the end. Differences in the mean fusion
range between the beginning of therapy and final ex-
amination were also significant (p<0.05). It means that
the fusion range was significantly improved after three

Acta Clin Croat, Vol. 58, No. 4, 2019
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months and remained at the same level in the next
three-month period (Table 8).

The initial measurement was taken before therapy,
second after three months and third after six months
of therapy. The results showed statistically significant
improvement in all five values examined (NPC, Lang
I, Lang II, Titmus test and synoptophore) after three
and six months; however, we found no statistically sig-
nificant difference in the values between second and
third measurements, except for CI where the differ-
ence between the second and third measurement was
significant, suggesting that improvement occurred af-
ter the first three months and remained more or less
constant (Figs. 3 and 4).

Discussion

According to multiple studies** 3¢, orthoptic thera-

py improves NPC, which itself enhances improvement
in binocular potential (stereovision)®’. However, the
impact of eye exercises on children who have both
ADHD and CI has not yet been examined. Since CI
is a treatable disorder, therapy with orthoptic exercises
may help diminish visual symptoms in patients with
ADHD and CI.

For nearly 70 years, orthoptic specialists and pedi-
atric ophthalmologists use eye exercises in their prac-
tice. Various options of vision therapy or vision train-
ing are available, both simple, home-based exercises or
intensive, clinic-based methods.

The Convergence Insufficiency Treatment Trial
(CITT) Group designed a large multicenter trial com-
paring the effects of different treatment procedures on
CI, a condition where most professionals agree that
exercises are effective?”. Although proving that chil-
dren receiving office-based therapy had better out-
come compared to home-based methods, there was a
lack of strong evidence quantifying the effectiveness of
each therapy. Further studies® concluded that consen-
sus on the most appropriate home-based convergence
exercise was still lacking due to different opinions re-
garding the exact procedure of pencil push-ups and
their effectiveness in comparison to other home-based
exercises. In pencil push-ups, the aim should be to in-
crease both the phasic and tonic control of conver-
gence and therefore the convergence sustenance should
also be practiced®. The pencil push-ups, as advised in
the article by Scheiman ez a/. from the CITT Group,
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did not stress the role of convergence sustenance®. In
2006, Aziz et al. demonstrated in their study that defi-
ciencies in NPC, fusion convergence and asthenopic
symptoms responded well to orthoptic exercises, hav-
ing a high symptomatic cure rate of 83.3%"".

It is evident that CI is treated successfully with
various combinations of orthoptic exercises. Since CI
is a comorbid disorder in some children with ADHD,
it could also aggravate certain symptoms that are al-
most omnipresent in children with attention deficit
while performing near work. It has also been noticed
that children with attention deficit, due to the lack of
concentration, may appear as to have CI. Since we
tound a high incidence of CI in children with ADHD
(35.6%), we decided to examine the influence of or-
thoptic exercises on ADHD children and adolescents
also having CI.

The results of our study showed that NPC, as well
as stereovision, improved after orthoptic therapy in
children diagnosed with both ADHD and CI. Our
results showed statistically significant enhancement in
all five values examined (NPC, Lang I, Lang II, Tit-
mus test and synoptophore) three and six months after
therapy initiation; however, we found no statistically
significant difference in these values between the sec-
ond and third measurement, suggesting that improve-
ment occurred after the first three months and re-
mained almost more or less constant. Furthermore, our
results showed orthoptic exercises to be effective in
children and adolescents with ADHD who were diag-
nosed with CI.

The question of whether treatment of CI would di-
minish visual symptoms in children with ADHD had
intrigued us; although it is apparently common sense
that it does, it has not been studied before and proved
until now.

Conclusion

The results of our study showed that treatment of
CI with orthoptic exercises was efficient in children
and adolescents diagnosed with ADHD in spite of
their concentration difficulties and attention deficit.
Since eye exercises effectively reduce symptoms of CI
and also improve stereovision, we suppose that visual
therapy may contribute to the treatment of ADHD. It
could be advisable for children diagnosed with ADHD,
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especially with the Predominantly Inattentive Type
according to DSM-V criteria, to have thorough oph-
thalmologic evaluation with detailed observation of
NPC and stereovision. Furthermore, it may imply that
successful therapy of CI could possibly improve some
symptoms of ADHD. Since CI can aggravate atten-
tion while performing near work, it is sound to sup-
pose that by improving convergence, attention would
be improved as well. Further studies are needed to de-
termine whether visual therapy is effective in a larger
number of participants and which modality of therapy
tor CI is most effective for patients with ADHD and
CI. It would help determine whether improvement of
attention and concentration is possible after the treat-
ment of CL.

'This study could serve as a base trial for further re-
search into the connection of attention deficit and CI.
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Sazetak

IMAJU LI ORTOPTICKE VJEZBE UTJECA]J NA DJECU I ADOLESCENTE
S POREMECAJEM NEDOSTATKA PAZNJE S HIPERAKTIVNOSCU
1 ISTODOBNO INSUFICIJENCIJOM KONVERGENCIJE?

B. Dawidowsky, B. Cerovski, A. Klobucar i K. Dawidowsky

Cilj je bio ustanoviti imaju li ortopticke vjezbe koje smanjuju simptome insuficijencije konvergencije (IK) i unaprjeduju
stereovid utjecaj i na djecu koja uz dijagnozu IK imaju i poremecaj paznje s hiperaktivnos¢u (attention deficit/hyperactivity
disorder, ADHD). Ortopticka terapija je provedena na 50 djece s ADHD-om i istodobno dijagnosticiranom IK. Terapija je
ukljucivala vjezbe kod kuce i vjezbe u ortoptickom kabinetu na sinoptoforu. Mjerena je bliza totka konvergencije (BTK) i
binokularni vid na stereotestovima i sinoptoforu prije, tijekom i poslije terapije. Ispitanici su pokazali znacajno poboljsanje
(p<0,05) u BTK i testovima binokularnog vida nakon ortoptickih vjezbi. Pronadena je statisticki znacajna korelacija izmedu
poboljsanja BTK i stereovida (Lang I.), $to upucuje na zakljucak da je poboljsanje binokularnog vida moguce u djece i ado-
lescenata s IK i ADHD-om. Prema rezultatima nadeg istraZivanja ortopticka terapija dovodi do poboljsanja BTK i istodob-
nog poboljsanja binokularnog vida u djece s ADHD-om i IK. Kako unaprjedenje binokularnog vida ima pozitivan u¢inak na
kvalitetu rada na blizinu i istodobno smanjuje nespecifi¢ne vidne simptome koje Cesto imaju djeca s ADHD-om i IK, mo-
guce je da ortopticka terapija mozZe utjecati i na poboljsanje koncentracije, §to mislimo da je razumno dalje ispitati. Potrebna
su daljnja ispitivanja koja bi utvrdila utjecu li ortopticke vjezbe i kako na koncentraciju i paznju.

Kljuéne rijeci: Poremecaj nedostatka pazinje s hiperaktivnoscu; Ocna pokretljivost, poremecagi; Vid, binokularni
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