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ESTABLISHING NORMATIVE VALUES FOR
AMPLITUDE OF
ACCOMMODATIONAGCOMOBPAHON AND
ACCOMMODATIVEAGCCOMODBATHNE FACILITY
AMONG UNIVERSITY STUDENTS IN MALAWI

ABSTRACT

Aim: The study aimedThe—aim—ofthestudy—was to examine the distribution of

Accommodative Facility (AF) and Amplitude of Accommodation (AA) and compare the
findings with established guidelines.

Place and duration of study: Mzuzu University, Malawi. Between May and July 2022.

Methods: This was a cross-sectional study conducted among students at Mzuzu university in
Malawi. We recruited 77 undergraduate students using a stratified random sampling
technique. The participants' age ranged from 16 to 35 years of age. We measured AA using
the push-up method while AF was measured using +/- 1.50 Diopters (D) flippers. Both
techniques utilized black reading material on white background held at 40 centimeters (cm).
Next, we measured the accommodation facility by counting the number of Cycles per Minute
(c/m). We utilized the Pearson correlation test and the One-way ANOVA where appropriate.
The value of p< 0.05 was considered statistically significant.

Results: The participants comprised 44 (57.1%) males and 33 (42.9%) females. Monocular
AA was 10.04D (SD=2.71) and Binocular AA was 10.51 (3.641). The difference was
statistically significant(p=0.04). While Monocular AF and Binocular AF were 9 c/m (SD=
SD=1.84) and 8.96 (SD=1.539) respectively but the difference was non-significant
(p=0.868). According to sex, there was the difference in AF and AA were not significantly
different between males and females. Based on age all the parameters decreased with age.
The measured AA was significantly higher than the calculated AA using Hofstetter’s formula.

Conclusion: The study provides a cut-off value for practitioners diagnosing Accommaodation
anomalies. However, let it be known that the indices in the study differ from the well-
established guidelines hence practitioners should endeavor to perfume the clinical
assessment instead of relying on equations.
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1. INTRODUCTION
The commonest visual disorders among young people are refractive errors and
accommodative anomalies [1]. These can lead to symptoms such as blurred vision and
double vision [2]. In particular, accommodation is part of the visual efficiency system, [3]
hence normal binocular vision comprises an interplay between accommodation and
vergence systems [4].

Specifically, Accommodation refers to the change in refractive power of the eye to focus
image at the retina for various distances [4]. Clinically, Amplitude of Accommodation (AA) is
the hallmark sign for diagnosing Accommodative Insufficiency, whereas, Accommadation
Facility (AF) is used to diagnose Accommodative excess, insufficiency, and, in the facility.
The classroom environment acts as a predisposing factor for these conditions. [3]. such,
Students experience these symptoms more often than any other group because of the high
demand for near work [5]. Accommodation anomalies mainly occur:as an inappropriate
response to visual demand leading to poorly sustained bi-foveal fixation [3].

Accommodation is affected by various factors eg methods of measurement, refractive status,
and accommodation stimulus [6]. Moreover, age, ethnicity, sex, and race are known
variables for the accommodation parameters [7]. As such, controversial results have been
reported from different studies based on techniques and different study populations across
and within continents [7].

Worldwide one of the commonest methods of assessing Accommodative Anomalies (BVA)
involves the comparison of normative data based on studies conducted in Caucasian and
Asian settings [8]. For instance, the most notably used normative data used for AA is
adopted from Donder’s and Duane's experiment using the Hofstettersrule[9]. However, there
is a large discrepancy between normative data for accommodation parameters due to
variations in measurement technigue. and differences in the study population [9].
Furthermore, although the Hoftetters formula is accurate for predicting maximum and
minimum AA, numerous studies have questioned the accuracy for predicting average AA but
it is still regarded as the guideline for prescribing presbyopia in many populations [10].

Previous studies established normative data for different geographical settings. [11, 12,13].
In Africa, authors have established normative databases for a few countries such as South
Africa, Ghana, and. Nigeria [7]. To the best of our knowledge, there is no normative data
available for'the Malawian population. Hence, the study aimsthe-aim—ef-the-study-is to
investigate the distribution of accommodative parameters among university students in
Malawi‘and,compare it with the established clinical guideline. The university population is of
interest.since it represents a high-risk population due to a lot of near work. Prolonged near
tasks could predispose students to accommodative problems and the symptoms can affect
academic_performance [3]. The results of the study can aid practitioners in the country in
diagnosing non-strabismus visual anomalies among a similar age group[9].

2. MATERIAL AND METHODS

2.1 Study Design



This cross-sectional study was conducted among Mzuzu university students. As an inclusion
criterion, we recruited subjects aged 16 to 35 years. Moreover, we included those with visual
acuity of 6/6 in both eyes and participants with AA of at least 5 Diopters (D) [2]. Besides, we
excluded all those taking medications, those with a history of ocular surgery, and those with
ocular conditions such as strabismus and amblyopia.

We employed a stratified random sampling method to select participants. The population
was stratified by faculty and the number of participants from each faculty was calculated as a
proportion of the total population. Then, we randomly selected participants from each
stratum.

2.2 Procedure

BeforePrior—te the task, all the subjects underwent a comprehensive eye evaluation to
determine their eligibility for participating in this study. These tests comprised of the
following; Snellen visual acuity at 6 meters and near visual acuity at 40cm,, cover test, slit-
lamp examination, and direct ophthalmoscopy. We conducted the procedures in a standard
room illumination free from distraction [14]. The distance was monitored regularly by an
observer. Reading material consisted of text with blackletters displayed on a white
background and had a font size of N6 [15]. For monocular measurements, only the
participant's right eye was included. The parameters were measured by one examiner and
each measurement was conducted thrice with the average:considered the final reading.
Furthermore, we collected demographic data including age and sex. Next, we recorded age
into age groups (16-20, 21-25, 26-30,31-35).

2.21 Amplitude of Accommodation

AA was measured using the push-up-to-blur: method [13]. The measurements were
converted from Centimeters to Diopters (D).

2.22 Accommodative Facility.

AF refers to the ability to flexibly focus a variety of viewing distances [16]. In this review, we
measured AF using +/- 1.50 D flippers [15].

2.3 Analysis

We entered. the data into Microsoft Excel 2016 and Statistical Package for the Social
Sciences (SPSS)iversion 20. Age and sex were analyzed usingby-eans—of descriptive
statistics (mean, standard deviation, frequency, and percent). Next, we illustrated the data
diagrammatically using tables. Furthermore, an independent t-test was executed to compare
means between males and females. Additionally, we used paired t-tests to compare
Monocular and binocular AA. The association of age and accommodative indices was
analyzed using a One-way ANOVA. We considered the value of p < 0.05 statistically
significant.

2.4 Ethics

The Mzuzu University Faculty of Health Sciences Research Committee approved our study.
Furthermore, the study adhered to the declaration of Helsinki, as such we obtained informed
consent from each participant. In addition, we maintained confidentiality by keeping all
participants anonymous.



3. RESULTS AND DISCUSSION

3.1 Demographic characteristics

Out of the 77 participants, 44 (57.1%) were male and 33 (42.9%) were females (N=77). The
mean age was 25.34 years (SD=5.440). According to gender, the mean age was 25.18
years (SD=5.397) among males and 25.55 years (SD=5.574) among females. An
independent t-test depicted that the difference in age concerningwith-respeette gender was
not significant statistically (t (75) = -0.289, p=0.986). The commonest age group was 22-28
years accounting for 37 (48.1%) of the participants. (Table 1)

Table 1. Distribution of age group

Age group (years) | Frequency | Percent
16-20 16 20.8
21-25 28 36.4
26-30 18 23.4
31-35 15 19.5
Total 77 100.0

3.2 Baseline Parameters

On average, Monocular AA was 10.04D (SD=2.71) and Binocular AA was 10.51D (3.641). A
paired t-test showed that the mean difference between binocular and monocular AA was
statistically significant (t(76) =-2.048,p=0.04). The mean Monocular AF and Binocular AF
were 9 c¢/m (SD= SD=1.84) and 8:96 c/m.(SD=1.539) respectively, but the difference was
not significant statistically (t(76)=0.167,p=0.868).

3.3 Distribution of Accommodation parameters according to sex

According to sex, MAF was 9.07 ¢/m (SD= 1.860) among males and 8.91c/m (SD=1.843)
among females. An independent t-test indicated that the difference between sex was not
statistically significant (t(75)=0.373, p=0.899). Whereas MOA was 9.966D (SD=2.8074)
among males and 10.148 (SD=2.6139) among females. An independent t-test showed that
the mean difference in MOA between sex was not significant statistically (t(75)=-0.291,
p=0.715). Likewise, Binocular AA was 10.193 (SD=2.7356) and 10.939 (SD=4.5947) among
males and females. An independent t-test showed that statistically there was no significant
difference (t(75)=-0.889, p=0.304)

3.4 Distribution of parameters according to age

According to age, one-way ANOVA showed that all parameters decreased significantly with
advancing age. (Table 2).

Table 2 Distribution of accommodation parameters with age group

Age group




Accommodation 16-20 21-25 26-30 31-35 P value
parameters

Monocular AA 12.02 £ 2.7064 10.571+2.3829 9.583+2.4327 | 7.500+1.2790 | <0.001
(diopters)

Binocular AA 13.675+5.8579 10.525+2.1143 | 9.961+2.1316 | 7.780+1.1239 | <0.001
(diopters)

Monocular AF 9.75+2.082 8.86+1.779 9.56+1.381 7.80+1.656 0.01
Binocular AF 9.38+1.962 8.64+1.367 9.67+1.188 8.33+1.397 0.03

3.5 Comparison between measured and calculated AA

In general, the difference between measured AA and calculated AA (43.3D) was significant
for both Monocular(41.0D) and binocular AA(41.0D). Moreover, all groups had a lesser
magnitude of AA compared to the expected AA determined by Hofstetter's equation. An
exception was 16-20 for the binocular AA which was higher than the expected AA according
to the formula. (Table 3)

Table 3.

Age distribution of measured AA and Hofstetter’'s average AA

Age Measured Measured Average AA as
MonoculariAA (D) Binocular AA (D) determined by

formula 18.5-(0.3 X
Age)

16-20 12 13.7 131

21-25 10:6 10.5 11.6

26-30 9.6 10 10.1

31-35 7.5 7.8 8.6

Total 39.7 41.0 43.4

4. DISCUSSION

In our study, Binocular and monocular AA were significantly different in contrast to previous

reports [9]. We attribute the difference to methods of measurement. Apparently-Abraham et
al., 2015 used a minus lens technique to measure AA while this study employed the push-up
method of measurement. The results of our study are not surprising considering the effect of

accommodative vergence, which manifests binocularly. Our study highlights the importance
of measuring AA in both monocular and binocular settings.




The magnitude of AA in this study was similar to previous reports in South Africa [17].
However, it was lower than reported in Nigeria [13]. We attribute the difference to ethnicity
and geographical position. Accordingly, previous studies have noted variations among
different population groups [7]. Similar to previous results, [9,11,12] our study found that AA
decreased significantly with age. Accordingly, AA decreases with age as an inevitable
physiological processa-physiclogical-process-that-isinevitable, irreversible and hence
regarded as normal [18]. According to sex, AA was not significantly different between males
and females. In contrast, others [3] found that females have reduced AA compared to males.
on the other hand, Nigeria [10] reported that males had higher AA than their age-matched
female counterparts. Again differences in geographical setting can explain the discrepancies
among the studies.

As previously noted, the average AA in our study was in disagreement with the data
suggested using Hofstetter’'s equation [9]. Specifically, the formula overestimatedthe value
of AA for the study group. In contrast, studies in Nigeria found that the pushup' method did
not differ from Hofstetter's expectation [10,19]. Nevertheless, In Iran[5] found that the
equation generated a lower value among a young age group but it overestimated AA among
older subjects beyond 30 years. Apparenthy-Hofstetter's equationthas been discovered that
correctly identifies accommodation measured using push-up methods [7]. The results of our
study can be attributed to the differences in race and ethnicity:[20].

In our study, AF was similar to a previous study in South:Africa;-[3] and Iran [11]. However, it
is lower than reported in India [1]. We attribute the differences to differences in age
composition among the studies. Hussaindeen and colleagues [1] recruited a younger age
group of 7 to 17 years compared to the 16 to,35 recruited.in our study. Apparenthr-AF is
difficult and becomes invariably difficult foryounger children to comprehend [3].

In our study AF decreased with age similar-to previous studies [3,21] In contrast, others [1]
found that AF increased with age among 7 to 17-year-olds. Again, we attribute our study
results to the age composition which excluded younger participants AF.

Limitations

The study was not without drawbacks. First, using means as norms does not consider outlier
variability within the dataset, 'In addition, participants in our review were not assessed for
refractive errors which could pose a confounding factor. Moreover, we measure AA using a
subjective technique that does not measure the true accommodative value. Furthermore,
the study was conducted among a narrow age range as such cannot be generalized to
children and.the elderly.

Conclusion

The study has established the norms for AA and AF that can be used as a reference for
practitioners diagnosing non-strabismicstrasbismie binocular visual anomalies among the
study population. Additionally, our study affirms the previous assertion that AA predicted with
Hofstteter’s equation is inaccurate and highlights the significance of clinical assessment over
Hofstetter’s formula.
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