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Sixty primary school children, weremeasured for for accommodation and, ver gence
facility, accommodation accuracy, relative accommodation, fusional vergence/
reserve and heterophoria.

Analysis of Variancerevealed that no — single factor was significant by involved
among the six age groupsfor all the above (p>0.05). However, a significant age
difference (p<0.05) was found in the fusional reserve. The mean and standard
deviation was 20.08 (+6.43) cpm for the monocular accommodation facility, 19.77
(26.26) cpm for the binocular accommaodation facility, 20.18 (+5.00) cpm for the
vergencefacility, 0.44 (£0.27) D for the accommadation accuracy, -0.28 (+0.82) PD
for the heterophoria at distance, -1.84 (£3.9) PD for the near heterophoria, 3.25
(x0.79) D for the negative relative accommodation, and -3.90 (£1.32) D for the
positiverelative accommodation.

Therewasno age difference in the accommodation and the ver gence status between
yearsthe ages of 7 and 12 yearsold but the fusional reserve component of the
ver gence system varied with age. The vergence and the accommodation findings
in our subjectswere discussed and compared with previous studiesto serve asa
guidelinein clinical data inter pretation and diagnosisfor binocular vison problems
in Malay children.
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I ntroduction

The normative data for vergence and
accommodation parameters found in textbooks on
binocular vision has been used worldwide as
guidelines to diagnose and to treat binocular
anomalies (1-6). However, the clinical application
of the norms from the textbooks (mostly based on
Caucasian data) under different ethnic background
and different age groups might be complicated and
demand different datainterpretation to take into the
consideration of the influence of the age and race
factors. The effect of race has been reported to
influence the amplitude of accommodation (7-8).

However, the race effect on other binocular
parameters is negligible in adults (9). The age
differences on binocular parameters like the near
point of convergence, the amplitude of
accommodation, the heterophoria and the
accommodation facility have aso been reported (10-
11). Since both the race and age might influence the
norms for vergence and accommodation system, it
is important to investigate the vergence and
accommodation status in Malay primary school
children that had not been reported previously. The
baseline data from this study might lead to a better
interpretation and diagnosis for binocular vision
problemsin Malay primary school children.
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Materialsand Methods

Sixty Maay primary school children, Year 1
to Year 6, participated in this study. Ten subjects (5
males, 5 femaes) were randomly selected from each
Y ear in school. The selection criterion was 6/6 visua
acuity or better with no previous history of ocular
problems. Measurements were taken for
accommodation facility, vergence facility, accuracy
of accommodation, relative accommodation,
fusional reserve and heterophoria. The
accommodation component was examined under
both monocular and binocular viewing conditions,
while the vergence component was tested
binocularly only. All the procedures were performed
under room illumination.

Description of proceduresfor accommodation
measur ements

The accommodation facility was measured
with £1.50 Dioptres flippers, fixating N5 font size
text at 40cm. One cycle was measured as +1.50/ -
1.50/+1.50 or —1.50/ +1.50/ -1.50. Each subject
wastold to clear the +1.50DS lens and —1.50DS lens
aternately asfast as possible within one minute. The
+1.50DS flippers were placed first over the right
eye and then both eyes to measure monocular and
binocular accommodeation facility respectively. The
number of cycles per minute (cpm) was recorded.

The accuracy of accommodation was
measured by using the retinoscope and near card -
the Modified Estimation Method (MEM). The
accuracy of accommodation was recorded as the
total spherical power in dioptre (D) to neutralize the
retinoscopic reflex movement.

The relative accommodation was measured
with minus (negative) and plus (positive) lenses.
Subject fixated at the N10 font size text at 40cm,
while the power of the spherical lenses was increased
in 0.25D step until blur vision was reported by the
subject. Plus lenses were first used and followed by
minus lenses. The highest positive lens power before
blur vision was recorded as negative relative
accommodation, while the highest negative lens
power before blur vision was recorded as positive
relative accommodation. The findings were recorded
in Dioptre (D).

Description of procedures for vergence
measur ements

Vergence facility was measured by using the
loose prisms (3 prism dioptres base-out and 3 prism

10

dioptres base-in) while looking at the N5 text at
40cm. One cycle was measured as base-out / base-
in / base-out or base-in / base-out / base-in. This
procedure was conducted under binocular viewing
only with the base-in and base-out prisms dternately
placed in front of the right eye within 30 seconds.
Each subject was told to fuse the target as fast as
possible. The findings were recorded in cycles per
minute (cpm).

The heterophoria was measured with the
Maddox Rod Method at 6 meters and the Howell
Card Method at 33 centimeters. In the Maddox Rod
Method, the Maddox rod lens was placed in front of
the right eye, while the measuring prism was place
in front of the left eye. The right eye of the subject
saw ared streak light while the |eft eye saw the light
spot. The subject was asked to report the position of
the red streak light relative to the position of the
light spot. Crossed position indicated exophoria,
while uncrossed position indicated esophoria. Base-
in prism was used to measure the exophoria and
base-out prism was used to measure the esophoria.
In the Howell Card Method, an 8D base-down prism
was placed in front of the right eye. The patient was
instructed to report to which number or picture on
the bottom number/picture bar the top arrow pointed.
Odd numbers or pictures on the yellow side indicated
esophoriawhile even numbers or pictures on the blue
sideindicated exophoria. The findings were recorded
in prism dioptres (PD).

Thefusional vergence/ reserve was measured
with a prism bar at 6 meters (target: 6/9 Snellen)
and 40 centimeters (target: N5 text). The prism bar
was placed in front of the right eye. Base-out prisms
were used to measure positive fusional reserve while
base-in prisms were used to measure negative
fusional reserve. The break and recovery point was
determined objectively by observing the eye
movements. The break and recovery points were
recorded in prism dioptre (PD).

Results

Andysis of Variance (ANOVA-single factor)
did not show any significant difference for the six
age groups (Year 1 to Year 6) in the monocular
accommodation facility [F=1.68, df=5,54, p>0.05],
the binocular accommodation facility [F=2.29,
df=5,54, p>0.05], the vergence facility [F=2.57,
df=5,54, p>0.05], the accuracy of accommodation
[F=2.55, df=5,54, p>0.05], the positive relative
accommodation [F=1.52, df=5,54, p>0.05], the
negative relative accommodation [F=0.45, df=5,54,



p>0.05], the heterophoria at distance [F=1.31,
df=5,54, p>0.05], the near heterophoria [F=0.60,
df=5,54, p>0.05], the positive fusional reserve at
near — break point [F=3.33, df=5,54, p>0.05], and
the positive fusiona reserve at near — recovery point
[F=2.67, df=5,54, p>0.05]. Table 1 showed the mean
and standard deviation for the above ten parameters.

However, asignificant age difference was
found in the fusional reserve (both positive and
negative fusional reserve at distance, negative
fusional reserve at near). ANOV A-single factor
showed significant difference for the six age groups
(Year 1to Year 6) in the negative fusional reserve at
distance — break point [F=13.34, df=5,54, p<0.05],
the negative fusional reserve at distance — recovery
point [F=18.33, df=5,54, p<0.05], the positive
fusional reserve at distance — break point [F=7.80,
df=5,54, p<0.05], the positive fusional reserve at
distance — recovery point [F=11.66, df=5,54,
p<0.05], the negative fusiona reserve at near — break
point [F=4.40, df=5,54, p<0.05], and the negative
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fusional reserve at near — recovery point [F=5.24,
df=5,54, p<0.05]. The changes of the above
parameters with age were shown in Figures 1 to 3.

Discussion

There is no age difference in the
accommodation status (facility, relative and
accuracy) and the vergence status (heterophoria and
facility). However, the fusional reserve component
of the vergence system varies with age, except for
the positive fusional reserve at near.

The accommodation facility found in our
study was higher than the norms reported by
Scheiman & Wick (1). They reported 7 (£2.5) cpm
for monocular accommodation facility and 5 (£2.5)
cpm for binocular accommodation facility. The
monocular and binocular accommodation facilities
in our study were 20.08 (+6.43) cpm and 19.77
(x6.26) cpm respectively. The lower power of
flippers (+1.50D) used in our study might be the
contributing factor to our higher readings, compared

Table 1: The mean and standard deviation for vergence and accommodation system
in Malay primary school children.
Vergence and Accommodation Mean Standard
deviation

Monocular accommodation facility (in cpm) 20.08 6.43
Binocular accommodation facility (in cpm) 19.77 6.26
Accommodation accuracy (in D) 0.44 0.27
Positive relative accommodation (in D) -3.90 1.32
Negative relative accommodation (in D) 3.25 0.80
Heterophoria at distance (in PD) -0.28 0.82
Heterophoria at near (in PD) -1.84 3.94
Vergence facility (in cpm) 20.18 5.00
Positive fusional reserve at near 19.40 9.38
(break point) (in PD)
Positive fusional reserve at near 14.60 8.86
(recovery point) (in PD)

Notes: cpmindicates cycles per minute D indicates dioptre PD indicates prism dioptre
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Figurel: The negative fusional reserve at distance — break point
and recovery points was plotted against year in school
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Figure2: The positive fusional reserve at distance — break and
recovery points was plotted against year in school

35 -
P
T
g% 30
1o
85 2°7
-
E'E 201 —8— Break Point
-EE 15 4 —»— Recovery Point
L @
[T 4
'EE 10
0w .
&5 8

0 T T T T T 1

Y1 Y2 Y3 Y4 Y5 Y6
Year in school

12



with their £2.00D flippers because the range of the
relaxation and stimulation of the accommodation
system was smaller in lower power lenses.

The vergence facility (20.18 + 5 cpm)
reported in our study was approximately three times
higher than the vergence facility (7.0 cpm) reported
by Scheiman & Wick (1). The power of the prisms
used in previous study (8 base-in and 8 base-out)
was approximately three times higher than the prism
power (3 base-in and 3 base-out) used in the present
study. The difference in the prism power might
contribute to the difference of the vergence facility
findings between the two studies.

We used lower lens or prism power for the
accommodation facility and the vergence facility
assessment respectively because readings were
difficult to obtain for the lens and prism power
suggested in Scheiman & Wick (1) for comparison
purpose. The school children were found to be more
co-operative in performing the test when lower
power lenses and prisms were used.

The accuracy of accommodation reported in
our study was +0.44 (£ 0.27) D. It was very similar
to the norms reported in previous studies. Scheiman
& Wick reported the norm for accommodation
accuracy as +0.50 (£0.25) D (1), while Bruce &
Philip reported that the accuracy of accommaodation
ranged from +0.25D to +0.75D (12).

The heterophoia at distance (-0.28 + 0.82 PD)
and at near (-1.84 + 3.94PD) reported in this study
was till within the norma range previoudly reported
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for adults. All researchers found a high incidence of
orthophoriaat distance (14-16, 20, 22, 24, 26). Most
researchers had reported exophoria of about 0 to 6
prism dioptres at near (13, 17-19, 21, 23, 25, 27-
29).

The relative accommodation reported in this
study was higher than those adult norms reported
by Scheiman & Wick (1). In our study, the positive
relative accommodation was—3.92 (+1.32) D while
the negative relative accommodation was +3.25
(£0.80) D. Scheiman & Wick reported +2.00 (£0.50)
D for the negative relative accommodation and —
2.37 (£1.00) D for the positive relative
accommodation (1). According to Grosvenor (30),
the relative accommodation depended on two factors
such as the amplitude of accommodation and the
range of fusional vergence. Since the amplitude of
accommodation had been reported to decrease with
age (31), the higher relative accommodation found
in our study was most likely due to our younger
subjects (school children) with higher amplitude of
accommodation (Scheiman & Wick's values were
based on adults).

Children were reported to have different
fusional reserve from adults (32-33). For children
between 7 and 12 years old, the break and recovery
values of the positive fusional reserve at near were
23 (x£8) PD base-out and 16 (+6) PD base-out
respectively. The break and recovery values of the
negative fusional reserve at near for children were
12 (5) PD base-in and 7 (x4) PD base-in

Figurel: The negative fusional reserve at near — break and
recovery points was plotted against year in school
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respectively. Meanwhile, the break and recovery
values of the positive fusional reserve at near for
adults were 19 (£9) PD base-out and 14 (£7) PD
base-out respectively. The break and recovery values
of the negative fusional reserve at near for adults
were 13 (£6) PD base-in and 10 (£5) PD base-in
respectively. Age differences were found in the
fusional reserve of primary school children from
Year 110 Year 6 in this study. However, the trend of
changes with age was not absolutely clear because
our sample size was small. In order to provide a
clearer picture of the age differences on fusional
reserve, more subjects are needed in future
investigation. It isimportant to investigate the
fusional reserve because the normal and abnormal
values of the break and recovery point indicate the
compensation and incompensation of the binocular
system of the eye respectively. Binocular instability
has been associated with myopia progression (34-
35). The age range of our subject sample coincides
with the age range when school myopia develops.
Therefore, the variation found in the fusional reserve
data might be associated with exposure of school
near task (one of the risk factor for myopia
progression). However, fusional reserve has not been
correlated with the school myopia progression. The
association needs further investigation in a
longitudinal study.

In summary, there is no age differencein the
accommodation status (facility, relative and
accuracy) and the vergence status (heterophoria and
facility) between 7 and 12 years old but the fusional
reserve component of the vergence system varies
with age.

Correspondence :

Ai Hong Chen, PHD,

Department of Optometry,
Faculty of Allied Health Sciences,
Universiti Kebangsaan Malaysia
Jalan Raja Muda Abdul Aziz
50300 Kuala Lumpur, Malaysia
email : aihong@medic.ukm.my

References

1.  Scheiman, M. and Wick, B. Clinical management of
binocular vision. Philadelphia: J.B. Lipponcott
Company, 1994; Chapter 1: 1-33.

2. Solomons, H. Binocular vision: a programmed text.
London: William Heinemann Medical Books Ltd.,
1995; Chapter 6: 179-215 and Chapter 7: 216-268.

14

10.

11.

12.

13.

14.

15.

16.

17.

18.

10.

Goss, D.A. and Hofstetter, H.W. Ocular
accommodation, convergence and fixation disparity.
Boston: Butterworth-Heinemann, 1995; Chapter 2; 9-
20, Chapter 3: 21-33 and Chapter 4: 34-46.

Press, L.J. Applied conceptsin vision therapy. St Louis:
Mosby, 1997; Chapter 9: 105-119 and Chapter 10: 120-
136.

Evans, B.JW. Pickwell’ s binocular vision anomalies.
Oxford: Butterworth-Heinemann, 1997; Chapter 4: 43-
64 and Chapter 5: 65-70.

Ruigtein, R.P. and Daum, K.M. Anomalies of binocular
vision; diagnosis and management. St Louis: Mosby,
1998; Chapter 3: 61-94 and Chapter 6: 147-188.

Kragha, 1.K. Accommodative vergence and related
findings for a Nigerian population. Ophthal Physiol
Opt. 1985; 5: 435-439.

Edwards, M.H., Law, L.F., Lee, C.M., Leung, K.M.
and Lui, W.O. Clinical norms for amplitude of
accommodation in Chinese. Ophthal Physiol Opt.
1993; 13: 199-204.

Chen, A.H. and Igbal, R. The effect of refractive error
and race on the vergence and accommodation systems.
ACBO Behavioural Optometry Journal. 2000; 8: 5-8.

Chen, A.H., O’ Leary, D.J. and Howell, E. Near Visua
Function in children. Part |: near point of convergence.
Part I1: amplitude of accommodation. Part I11: near
heterophoria. Ophthalmic Physiol Opt. 2000; 20: 185-
198.

Buzzdli, A.R. Vergence facility: Developmental trends
in school age population. Am J Optom Physiol Opt.
1986; 63: 351-355.

Bruce, W. and Philip, H. Relation among
accommodative facility, lag and amplitude in
elementary school children. Am Acad Optom. 1987,
8: 593-598.

Amigo, G., McCarthy, A. and Pye, D. Visual
characteristics of an underprivileged group of
Australian children. Aust J Optom. 1976; 59:188-197.

Dowley, D. The orthophorization of heterophoria.
Ophthalmic Physiol Opt. 1987; 7: 167-174.

Dowley, D. Heterophoria. Optom Vision Sci. 1990z;
67: 456-460.

Dowley, D. Heterophoria and monocular occlusion.
Ophthalmic Physiol Opt. 1990; 10: 29-32.

Hirsch, M. J. Clinical investigation of a method of
testing phoria at forty centimeters. AmJ Optom Arch
Am Acad Optom. 1948; 25: 492-495.

Howell, E. R. The differential diagnosis of
accommodation / convergence disorders. Behav
Optom. 1991; 3: 20-26.

Jackson, T. W. and Goss, D. A. Variation and correlation
of clinical tests of accommodative function in asample
of school-age children. J Am Optom Assoc. 1991; 62:
857-866.



20.

21.

22.

23.

24.

25.

26.

27.

Letourneau, J. E. and Giroux, R. NonGaussian
distribution curve of heterophoria among children.
Optom Vision Sci. 1991; 68 : 132-137.

Morgan, M. W. The clinical aspects of accommodation
and convergence. Am J Optom Arch Am Acad Optom.
1944; 21: 301-313.

Owens, D. A. and Tyrrell, R. A. Lateral phoria at
distance: contributions of accommodation. Invest
Ophthalmol Vis ci. 1992; 33 : 2733-2743.

Robbins, H. G. and Bailey, I. L. The organisation and
findings of a school vision screening service. Aust J
Optom. 1975; 58: 392-401.

Saladin, J. J. and Sheedy, J. E. Population study of
fixation disparity, heterophoria and vergence. Am J
Optom Physiol Opt. 1978; 55: 744-750.

Sheedy, J. E. and Saladin, J. J. Exophoria at near in
presbyopia. Am J Optom Physiol Opt. 1975; 52; 474-
481.

Tait, E. F. Accommodative convergence. Am J
Ophthalmoal. 1951; 34: 1093-1107.

Walters, J. Portsea Modified Clinical Technique: results
from an expanded optometric screening protocol for
children. Aust J Optom. 1984; 67: 176-186.

VERGENCE AND ACCOMMODATION SYSTEM IN MALAY PRIMARY SCHOOL CHILDREN

28.

29.

30.

31.

32.

33.

35.

Weymouth, F. W., Brust, P. R. and Gobar, F. H. Ocular
muscle balance at the reading distance and certain
related factors. Am J Physiol Opt. 1925; 6: 184-205.

Weymouth, F. W, Brust, P. R., and Gobar, F. H. Ocular
muscle balance at the reading distance and certain
related factors. Am J Optom Arch Am Acad Optom.
1963;. 40: 504-519.

Grosvenor, P. Primary Care Optometry. Boston:
Heinemann-Butterworth. 1996.

Hofstetter, H. W. Useful age-amplitude formula. Optom
World. 1950; 38: 42-45.

Wesson, M. D. Normalization of prism bar vergences.
Am J Optom Physiol Opt. 1982; 59: 628-633.

Scheiman, M., Herzberg, H., Frantz, K., Margolies,
M. A normative study of step vergence in elementary
school children. J Am Optom Assoc. 1989; 60: 276-
280.

Goss, D.A. Clinical accommodation and heterophoria
findings proceeding juvenile onset of myopia. Optom
Vision Sci. 1991; 68 : 110-116.

Goss, D.A. & Jackson, T.W. Clinical findings before

the onset of myopiain youth : 3. Heterophoria. Optom
Vision Sci. 1996; 73: 269-278.

15



