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ABSTRACT

Background: Near point of convergence (NPC) is a key clinical measure used in the assessment of binocular vision
function and the diagnosis of convergence insufficiency. Normative NPC values vary across populations and are
influenced by demographic and methodological factors. However, published normative NPC data in Oman remain
limited. This study aimed to describe normative NPC break and recovery values among university students at the
University of Buraimi, Oman, and to examine variations by sex and age.

Methods: This prospective cross-sectional study was conducted among students at the University of Buraimi, Oman.
Participants aged 17-25 years with best-corrected distance visual acuity of 20/20 or better, near visual acuity N6, and a
Convergence Insufficiency Symptom Survey (CISS) score < 21 were included. NPC break and recovery points were
measured subjectively using a Royal Air Force (RAF) ruler-based method with an accommodative target. Three
consecutive measurements were obtained for each parameter, and mean values were recorded. Descriptive statistics were
calculated, and NPC values were summarized by sex and age group.

Results: A total of 350 participants (74.9% female) met the inclusion criteria, with a mean (standard deviation [SD]) age of
20.16 (1.78) years. The overall mean (SD) NPC break point was 10.0 (2.6) cm (95% confidence interval [CI]: 9.7-10.3 cm)
and the mean (SD) recovery point was 12.0 (2.0) cm (95% CI: 11.8-12.2 cm). Mean (SD) CISS score was 11.3 (6.3) (95% CI:
10.6-11.9) in this CISS-selected cohort. Females had slightly more remote mean NPC break and recovery points than males
(break: 10.2 vs. 9.4 cm; recovery: 12.2 vs. 11.5 cm). Mean NPC break and recovery values were broadly similar across the
examined age groups (17-19, 20-22, and 23-25 years).

Conclusions: This study provides descriptive normative NPC break and recovery values for students aged 17-25 years at
the University of Buraimi using an RAF ruler-based method. These findings provide local descriptive data that may inform
interpretation of NPC measurements in similar populations; however, the reported values should not be interpreted as

individual clinical reference limits.
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INTRODUCTION

Normative data comprise empirical observations that define what is considered typical or expected within a specified reference
population [1]. Such data are inherently population-specific, as normative values may vary according to demographic,
environmental, and methodological factors. Near point of convergence (NPC) is defined as the closest point in space along the
median plane, directly in front of the patient’s face, at which the visual axes can be voluntarily converged and maintained [2—4].
Assessment of NPC is a fundamental component of a comprehensive eye examination and represents a primary clinical measure
for the diagnosis and management of convergence insufficiency [5]. Consequently, evaluation of NPC is particularly important
in individuals with substantial near visual demands, such as students and professionals engaged in prolonged near work [6].

Previous investigations have evidenced that NPC tends to recede with age [7]. Some studies have also reported sex-related
differences, suggesting higher NPC values in males compared with females [8], yet findings remain inconsistent and the
association between NPC and sex has not been conclusively established. In addition, NPC measurements are influenced by both
type of accommodative target and measurement technique used. Variability associated with different targets, as well as the
effects of the Royal Air Force (RAF) ruler, observer experience, and subject anticipation, have been reported [9].

Accurate interpretation of NPC findings requires comparison with appropriate normative data, which may differ
substantially across populations. Existing studies reporting normative NPC values have been conducted over different time
periods and geographic regions, involving diverse demographic groups [10-13]. However, published data describing normative
NPC values in Oman remain limited. Given documented global variations in natural environments, cultural practices, and
lifestyle factors that may influence the visual system [14-16], normative data derived from other populations may not be directly
applicable to individuals in Oman.

Hence, the present study aims to describe normative NPC values among university students from multiple colleges at the

University of Buraimi and to examine variations according to sex and age.

METHODS

This prospective cross-sectional study was conducted among university students at the University of Buraimi (UOB), Al Buraimi,
Sultanate of Oman. Ethical approval was obtained from the Research and Ethics Committee of the University of Buraimi
(Approval No. AY24-25COHS-099). All study procedures were performed in accordance with the principles of the Declaration
of Helsinki. Written informed consent was obtained from adult participants; for participants younger than 18 years, written
parental or legal-guardian consent and participant assent were obtained prior to enrolment, and strict measures were
implemented to ensure confidentiality and data protection. Participation was voluntary, and no physical or psychological harm
was reported in the course of the study.

Eligible participants were university students aged 17-25 years with best-corrected distance visual acuity 20/20 or better,
near visual acuity N6, and a Convergence Insufficiency Symptom Survey (CISS) score < 21, which was used as a study-defined
symptom-selection criterion [17, 18]. Participants with a history of ocular disease, amblyopia, strabismus, ocular trauma, or
strabismus surgery were excluded. Additional exclusion criteria were presence of any ocular pathology, systemic disease known
to affect visual function, or a history of previous treatment for binocular vision abnormalities.

According to recent institutional statistics, the University of Buraimi has a total student population of 3478, distributed
across four colleges (Business, Engineering, Health Sciences, and Law) and 40 academic programs. Students aged 17-25 years
were recruited for participation in this study. A total of 350 eligible participants were included.

All participants underwent a comprehensive baseline ophthalmic examination conducted by trained optometrists. Best-
corrected distance visual acuity was assessed using a crowded Keeler logarithm of the minimum angle of resolution chart (Keeler
Ltd., Windsor, UK) at a testing distance of 4 m under standardized photopic illumination. Near visual acuity was evaluated
binocularly using a standard near vision chart at a working distance of 40 cm with appropriate near correction where required.
Anterior segment evaluation was performed using slit-lamp biomicroscopy (Haag-Streit BX 900; Koeniz, Switzerland). Posterior
segment assessment was carried out using the same slit lamp in conjunction with a condensing lens.

NPC break and recovery points were measured subjectively using a RAF ruler [9, 19]. A sharpened pencil tip was used as
the accommodative target, positioned along the RAF ruler and moved slowly toward the participant along the midline.
Participants were instructed to maintain single, clear fixation on the target and to report the onset of diplopia. The NPC break
point was defined as the distance at which diplopia was first perceived, and the recovery point was recorded as the distance at
which single vision was regained as the target was moved away. Three consecutive measurements of both break and recovery
were obtained for each participant, calculating the mean of the three readings for statistical analysis. All measurements were
conducted by the same examiner using the same RAF ruler to ensure methodological consistency and minimize inter-examiner
variability. Testing was done under full room illumination for all participants.

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 28.0 (IBM Corp., Armonk, NY, USA).
Categorical variables were summarized as frequencies and percentages, while continuous variables were expressed as means
and standard deviations (SDs). For the overall NPC and CISS values, corresponding 95% confidence intervals (CIs) around the

means were also reported. Descriptive statistics were used to summarize normative NPC break and recovery values and CISS
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scores, and NPC measurements were summarized descriptively by sex and age group. In this study, normative values refer to

descriptive estimates observed in the selected study population; the reported 95% Cls represent the precision of the estimated

means and should not be interpreted as individual clinical reference intervals.

RESULTS

A total of 350 university students from four colleges at the University of Buraimi met the study eligibility criteria and completed
the CISS. Mean (SD) age of the participants was 20.2 (1.8) years. Females constituted 74.9% (n = 262) of the sample, males
accounted for 25.1% (n = 88). The distribution of participants by age group and sex is presented in Table 1.

For the overall study population, the mean (SD) NPC break point was 10.0 (2.6) cm and the mean (SD) recovery point was
12.0 (2.0) cm. Mean (SD) CISS score was 11.3 (6.3). Corresponding 95% Cls for these parameters are summarized in Table 2.

NPC values by sex are presented in Table 3. Females displayed slightly greater mean (SD) NPC break and recovery points
compared with males (break point: 10.2 [2.6] cm vs 9.4 [2.5] cm; recovery point: 12.2 [1.8] cm vs 11.5 [2.3] cm) (Table 3).

Across age groups, mean NPC break and recovery values were broadly similar. The mean (SD) NPC break points for
participants aged 17-19, 20-22, and 23-25 years were 9.9 (2.5) cm, 10.1 (2.5) cm, and 9.6 (3.1) cm, respectively, with the highest
mean value observed in the 20-22 age group. Similarly, the mean (SD) NPC recovery points for the corresponding age groups
were 12.0 (2.0) cm, 12.2 (1.9) cm, and 11.5 (2.3) cm, with the highest value again noted in the 20-22 age group (Table 3).

Table 1. Demographic data of study participants

Age groups (y) Female, n (%) Male, n (%)
17-19 121 (82.3) 26 (17.7)
20-22 127 (75.6) 41 (24.4)
23-25 14 (40.0) 21 (60.0)
Total 262 (74.9) 88 (25.1)

Abbreviations: y, years; n, number of participants.

Table 2. Value of NPC and CISS score in study participants (N =350)

Variable Mean + SD 95% CI
Break point (cm) 10.0+2.6 9.7t0 10.3
Recovery point (cm) 12.0+2.0 11.8to 122
CISS Score 11.3+6.3 10.6 to 11.9

Abbreviations: NPC, near point of convergence; CISS, convergence insufficiency symptom survey questionnaire, n,
number of participants; SD, standard deviation; CI, confidence interval; cm, centimeter. Note: The 95% ClIs represent

confidence intervals around the estimated means and are not individual clinical reference intervals.

Table 3. NPC values by sex and age group

Category Group Mean+ SD
Sex — Break point (cm) Female 10.2+2.6
Male 94+25
Sex — Recovery point (cm) Female 122+1.8
Male 115+23
Age (y) — Break point (cm) 17-19 99+25
20-22 10.1£2.5
23-25 9.6+3.1
Age (y) — Recovery point (cm) 17-19 12.0+2.0
20-22 122+1.9
23-25 11523

Abbreviations: NPC, near point of convergence; SD, standard deviation; cm, centimeter.
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DISCUSSION

The present study described normative values for NPC break and recovery among university students at the University of
Buraimi, Oman, using an RAF ruler-based method. In this cohort, the mean NPC break and recovery points were 10.0 cm and
12.0 cm, respectively, and the mean CISS score was 11.3. Females demonstrated slightly greater mean NPC break and recovery
distances than males, whereas mean NPC values were broadly similar across the examined age groups. Collectively, these
findings provide local descriptive normative NPC data for this university sample.

Assessment of convergence is a fundamental component of a comprehensive eye examination and is essential to the
diagnosis of a range of nonstrabismic binocular vision anomalies [20, 21]. Although numerous studies have reported normative
values for binocular function across different populations [10-13], published data specifically describing NPC measurements in
Oman remain limited. The present study contributes local descriptive normative NPC data and examines variations according
to sex and age. In our overall study population, the mean (SD) NPC break point was 10.0 (2.6) cm (95% CI: 9.7-10.3 cm) and the
mean (SD) recovery point 12.0 (2.0) cm (95% CI: 11.8-12.2 cm). Mean (SD) CISS score was 11.3 (6.3), with a corresponding 95%
CI of 10.6-11.9, in this CISS-selected cohort. These NPC values differ from those reported in other populations; such variation
may, at least in part, be attributable to differences in study design, population characteristics, and measurement techniques
employed across studies [7-9, 13].

Comparison with other university-based studies is particularly informative but should remain cautious. Hashemi et al.
reported a mean NPC of 7.25 cm among 1357 Iranian university students aged 18-39 years [12]. The difference between that
estimate and the present mean break point should not be interpreted as evidence of a true population difference alone, because
target type, measurement method, age distribution, refractive characteristics, and other protocol features can affect NPC
measurements [9, 12, 19]. Accordingly, comparisons of normative NPC values are most meaningful when measurement
procedures and study populations are sufficiently similar.

In the present sample, females exhibited slightly more remote mean NPC break and recovery points than males. This
finding contrasts with the results reported by Hashemi et al. for a large Iranian rural population, in which males demonstrated
significantly more remote NPC values than females, despite females comprising 56.3% of the study sample [8]. In that study,
male sex remained an independent predictor of increased NPC after adjusting for age and refractive error, although age exerted
the strongest overall effect. Similarly, Ostadimoghaddam et al. [7] reported a significant association between male sex and more
remote NPC values in a population-based cohort in which 67.8% of participants were female, spanning a broad age range from
childhood to older adulthood (10-86 years) [7]. In contrast, findings from the Tehran Geriatric Eye Study, in which 59.6% of
participants were female, indicated no statistically significant differences in NPC between males and females among elderly
individuals aged 60 years and older [22], illustrating that sex-related patterns in NPC may vary across age ranges and
populations.

Several factors may account for the discrepancies observed between the present study and these previous reports [7, 8, 22],
the cited population-based studies included wide age ranges and heterogeneous refractive profiles [7, 8, 22], whereas the current
study was restricted to a narrow age range and a CISS-selected university sample. In addition, differences in measurement
techniques, such as the use of fixation sticks or dissociative targets in these prior studies [7, 8, 22] compared with the RAF ruler-
based method employed in the present study, may influence NPC outcomes and their sensitivity to sex-related differences. The
unequal sex distribution in the current sample, together with variation in sex composition across age groups, limits interpretation
of the observed sex-related differences. These findings should therefore be regarded as descriptive subgroup patterns rather
than independent effects of sex. Overall, reported sex-related differences in NPC are not uniform across populations [7, 8, 22]
and may vary according to age range, refractive characteristics, and methodological approach, underscoring the importance of
population- and context-specific normative data.

In the present study, mean NPC break and recovery values were broadly similar across the examined age groups (17-25
years). Because the study covered a relatively narrow age range, these descriptive findings should not be interpreted as
demonstrating the absence of an age-related association. In contrast, Abraham et al. [13] reported a progressive recession of NPC
with increasing age in an Indian non-clinical population spanning a much wider age range (10-35 years). The age-related
changes observed in their study were attributed to increases in near horizontal phoria with advancing age, a factor less likely to
exert a measurable effect within the limited age span of the present cohort. Methodological differences may further account for
the discrepancy, as they employed a red-green dissociative target for NPC measurement, whereas the current study used a RAF
ruler-based method that may yield different sensitivity to subtle age-related changes [13]. Similarly, Gavin et al. [23]
demonstrated a gradual decline in convergence ability with advancing age in adults older than 50, with NPC values increasing
notably in later decades of life. Their findings reinforce that more remote NPC values may be observed in later decades of life
[23]. The relatively similar values observed across age groups in the present study should therefore be interpreted in the context
of the narrow age range examined. These comparisons suggest that age-related effects on NPC are highly dependent on the
breadth of the age range studied and the measurement techniques employed [9, 13, 23], underscoring the importance of
population-specific normative data. The current findings therefore provide local descriptive normative NPC data for university

students aged 17-25 years at the University of Buraimi.
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Recent studies also illustrate that visual context may be relevant when interpreting convergence-related measures. In

university students, convergence insufficiency has been associated with slower performance on a selective visual-attention task
[24], while precision-shooting experience has been associated with differences in binocular balance and NPC [25]. Studies of
digital-device use have likewise examined associations between near-visual behavior and accommodation and vergence
parameters [26, 27]. These observations do not establish that visual demands caused the NPC values observed in the present
cohort, but they support documenting habitual near work and screen exposure in future studies. The methodology employed
in studies plays a crucial role; diverse testing targets such as the Snellen chart, accommodative targets, or subjective
measurements can substantially affect NPC outcomes [7-9, 13, 22, 23]. The age range and demographic characteristics of the
samples varied considerably across studies, complicating direct comparisons [7-9, 13, 22, 23, 28]. Despite these differences,
previous studies generally indicate that younger age groups tend to have closer NPC values, whereas older groups exhibit more
remote break and recovery distances [13, 29]. Although mean NPC values were broadly similar across the 17-25-year age groups
in this study, the narrow age range limits comparison with broader age-related trends. Reporting both NPC break and recovery
values provides complementary descriptive information about the convergence response. The break point represents the
distance at which single binocular vision can no longer be maintained, whereas the recovery point represents the distance at
which fusion is regained as the target is moved away [29]. In the present cohort, the mean recovery point was 2.0 cm more
remote than the mean break point (12.0 vs. 10.0 cm). These paired values characterize different phases of the same clinical test
and should be interpreted within the specific RAF ruler-based procedure used in this study.

This study has several strengths, including the use of a consistent RAF ruler-based measurement procedure, a relatively
large sample, and clearly stated eligibility criteria. In addition, this work provides local descriptive normative NPC data for
university students in Oman, addressing a gap in the available regional literature. Nevertheless, several limitations should be
considered when interpreting the findings. First, the study sample comprised exclusively young adults aged 17-25 from a single
university, which limits the generalizability of results to the broader Omani population—particularly children and older adults,
in whom NPC performance may differ. Second, the study employed a single NPC measurement method and did not include
additional binocular vision assessments, which may have provided a more comprehensive evaluation of convergence function.
Accordingly, the eligibility criteria should not be interpreted as independently confirming normal binocular vision. In addition,
a single CISS cutoff of <21 was used across the 17-25-year age range as a study-defined symptom-selection criterion and should
not be interpreted as an age-specific diagnostic threshold. Third, the unequal sex distribution in the current sample, with its
predominance of female participants (74.9%), limits interpretation of the observed sex-related differences. Last, NPC
measurements were obtained during a single testing session so potential influencing factors such as fatigue, time of day, and
recent near-work activity were not controlled, which could have affected measurement accuracy. Although the study was
designed to provide normative NPC data, individual-level reference limits were not estimated; therefore, the reported means
and 95% CIs should be interpreted as descriptive estimates for this study sample rather than as clinical reference intervals for
individual patients. Future research should include a wider age range to establish normative NPC values across the lifespan in
Oman, ideally using a multicenter design encompassing different geographic regions. Incorporation of multiple measurement
techniques and additional binocular vision assessments is recommended to better elucidate factors influencing NPC
performance. Longitudinal studies would be valuable for monitoring age-related changes in convergence ability, and future
investigations should also document near-work habits and screen time, as these variables may significantly impact NPC

outcomes within the population.

CONCLUSIONS

This study provides descriptive normative values for NPC among students aged 17-25 years at the University of Buraimi, Oman,
using an RAF ruler-based method. The mean (SD) NPC break and recovery points were 10.0 (2.6) cm and 12.0 (2.0) cm,
respectively, and the mean (SD) CISS score was 11.3 (6.3). Mean NPC break and recovery values were broadly similar across the
examined age groups, while females displayed slightly more remote mean break and recovery points than males. These findings
provide local descriptive normative NPC data for this university sample and may help inform the interpretation of NPC
measurements in similar young-adult populations. However, the reported means and 95% Cls should not be interpreted as
individual clinical reference limits. Future multicenter and longitudinal studies encompassing broader age ranges, diverse
refractive profiles, and additional binocular vision assessments, together with appropriate reference-interval methodology, are

needed to develop clinically applicable NPC reference values for the Omani population.

ETHICAL DECLARATIONS

Ethical approval: Ethical approval was obtained from the Research and Ethics Committee of the University of Buraimi (Approval No.
AY24-25COHS-099). All study procedures were performed in accordance with the principles of the Declaration of Helsinki. Written
informed consent was obtained from adult participants; for participants younger than 18 years, written parental or legal-guardian
consent and participant assent were obtained prior to enrolment, and strict measures were implemented to ensure confidentiality and
data protection. Participation was voluntary, and no physical or psychological harm was reported in the course of the study.

Conflict of interests: None.

Med Hypothesis Discov Innov Optom. 2025; 6(4) 178



Normative values for near point of convergence
_ """ ——me/e / /
FUNDING

None.

ACKNOWLEDGMENTS

None.

REFERENCES

1. O'Connor PJ. Normative data: their definition, interpretation, and importance for primary care physicians. Fam Med. 1990 Jul-
Aug;22(4):307-11. PMID: 2200734.

2. Siderov J, Chiu SC, Waugh S]. Differences in the nearpoint of convergence with target type. Ophthalmic Physiol Opt. 2001
Sep;21(5):356-60. doi: 10.1046/j.1475-1313.2001.00609.x. PMID: 11563422.

3. Mestre C, Bedell HE, Diaz-Doutén F, Pujol ], Gautier J. Characteristics of saccades during the near point of convergence test. Vision
Res. 2021 Oct;187:27-40. doi: 10.1016/j.visres.2021.06.001. Epub 2021 Jun 17. PMID: 34147850.

4. Maia FCZE, Ramos BF, Bittar RSM, Cal RVR, Luis LA, Albernaz PLM. The Near Point of Convergence in Patients with Vestibular
Migraine. Int Arch Otorhinolaryngol. 2025 Feb 5;29(1):1-4. doi: 10.1055/5-0044-1791643. PMID: 39911940; PMCID: PMC11798653.

5. Pang Y, Gabriel H, Frantz KA, Saeed F. A prospective study of different test targets for the near point of convergence. Ophthalmic
Physiol Opt. 2010 May;30(3):298-303. doi: 10.1111/.1475-1313.2010.00731 x. PMID: 20444137.

6. Hamed MM, David AG, Marzieh E. The relationship between binocular vision symptoms and near point of convergence. Indian J
Ophthalmol. 2013 Jul;61(7):325-8. doi: 10.4103/0301-4738.97553. PMID: 23552348; PMCID: PMC3759101.

7. Ostadimoghaddam H, Hashemi H, Nabovati P, Yekta A, Khabazkhoob M. The distribution of near point of convergence and its
association with age, gender and refractive error: a population-based study. Clin Exp Optom. 2017 May;100(3):255-259. doi:
10.1111/cx0.12471. Epub 2016 Sep 22. PMID: 27652584.

. Hashemi H, Pakzad R, Yekta A, Asharlous A, Aghamirsalim M, Ostadimoghaddam H, Valadkhan M, Khabazkhoob M. The
distribution of near point of convergence in an Iranian rural population: A population-based cross-sectional study. Saudi J
Ophthalmol. 2019 Apr-Jun;33(2):148-152. doi: 10.1016/j.sjopt.2019.02.009. Epub 2019 May 4. PMID: 31384157, PMCID:
PMC6664311.

9. Baskaran AA, Britto T, Sowndher RT, Thomas PA. Agreement between three methods for measuring near point of convergence
among patients with different refractive errors. Saudi ] Ophthalmol. 2021 Sep 9;35(1):15-20. doi: 10.4103/1319-4534.325776. PMID:
34667927; PMCID: PMC8486030.

10. Hayes GJ, Cohen BE, Rouse MW, De Land PN. Normative values for the nearpoint of convergence of elementary schoolchildren.
Optom Vis Sci. 1998 Jul;75(7):506-12. doi: 10.1097/00006324-199807000-00019. PMID: 9703039.

11. Hashemi H, Nabovati P, Khabazkhoob M, Yekta A, Emamian MH, Fotouhi A. Near Point of Convergence in Iranian
Schoolchildren: ~ Normative = Values and  Associated  Factors.  Strabismus. 2018  Sep;26(3):126-132.  doi:
10.1080/09273972.2018.1475493. Epub 2018 May 18. PMID: 29775110.

12. Hashemi H, Pakbin M, Ali B, Yekta A, Ostadimoghaddam H, Asharlous A, Aghamirsalim M, Khabazkhoob M. Near Points of
Convergence and Accommodation in a Population of University Students in Iran. ] Ophthalmic Vis Res. 2019 Jul 18;14(3):306-314.
doi: 10.18502/jovr.v14i3.4787. PMID: 31660110; PMCID: PMC6815340.

13. Abraham NG, Srinivasan K, Thomas J. Normative data for near point of convergence, accommodation, and phoria. Oman J
Ophthalmol. 2015 Jan-Apr;8(1):14-8. doi: 10.4103/0974-620X.149856. PMID: 25709268; PMCID: PMC4333536.

14. Ueda Y, Komiya A. Cultural adaptation of visual attention: calibration of the oculomotor control system in accordance with
cultural scenes. PLoS One. 2012;7(11):e50282. doi: 10.1371/journal.pone.0050282. Epub 2012 Nov 19. PMID: 23185596, PMCID:
PMC3501458.

15. Biswas S, El Kareh A, Qureshi M, Lee DMX, Sun CH, Lam JSH, Saw SM, Najjar RP. The influence of the environment and lifestyle
on myopia. ] Physiol Anthropol. 2024 Jan 31;43(1):7. doi: 10.1186/s40101-024-00354-7. PMID: 38297353; PMCID: PMC10829372.

16. Serre K, Sasongko MB. Modifiable lifestyle and environmental risk factors affecting the retinal microcirculation. Microcirculation.
2012 Jan;19(1):29-36. doi: 10.1111/§.1549-8719.2011.00121.x. PMID: 21740476.

17. Borsting EJ, Rouse MW, Mitchell GL, Scheiman M, Cotter SA, Cooper J, Kulp MT, London R; Convergence Insufficiency
Treatment Trial Group. Validity and reliability of the revised convergence insufficiency symptom survey in children aged 9 to 18
years. Optom Vis Sci. 2003 Dec;80(12):832-8. doi: 10.1097/00006324-200312000-00014. PMID: 14688547.

18. Rouse MW, Borsting EJ, Mitchell GL, Scheiman M, Cotter SA, Cooper ], Kulp MT, London R, Wensveen J; Convergence
Insufficiency Treatment Trial Group. Validity and reliability of the revised convergence insufficiency symptom survey in adults.
Ophthalmic Physiol Opt. 2004 Sep;24(5):384-90. doi: 10.1111/}.1475-1313.2004.00202.x. PMID: 15315652.

19. Adler PM, Cregg M, Viollier AJ, Margaret Woodhouse J. Influence of target type and RAF rule on the measurement of near point
of convergence. Ophthalmic Physiol Opt. 2007 Jan;27(1):22-30. doi: 10.1111/j.1475-1313.2006.00418 x. PMID: 17239187.

o]

179 Med Hypothesis Discov Innov Optom. 2025; 6(4)


https://pubmed.ncbi.nlm.nih.gov/2200734/
https://onlinelibrary.wiley.com/doi/10.1046/j.1475-1313.2001.00609.x
https://pubmed.ncbi.nlm.nih.gov/11563422/
https://www.sciencedirect.com/science/article/pii/S0042698921001322?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/34147850/
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-0044-1791643
https://pubmed.ncbi.nlm.nih.gov/39911940/
https://onlinelibrary.wiley.com/doi/10.1111/j.1475-1313.2010.00731.x
https://pubmed.ncbi.nlm.nih.gov/20444137/
https://journals.lww.com/ijo/fulltext/2013/61070/the_relationship_between_binocular_vision_symptoms.3.aspx
https://pubmed.ncbi.nlm.nih.gov/23552348/
https://www.tandfonline.com/doi/full/10.1111/cxo.12471
https://www.tandfonline.com/doi/full/10.1111/cxo.12471
https://pubmed.ncbi.nlm.nih.gov/27652584/
https://www.sciencedirect.com/science/article/pii/S1319453418302364?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31384157/
https://pubmed.ncbi.nlm.nih.gov/31384157/
https://journals.lww.com/sjop/fulltext/2021/35010/agreement_between_three_methods_for_measuring_near.4.aspx
https://pubmed.ncbi.nlm.nih.gov/34667927/
https://pubmed.ncbi.nlm.nih.gov/34667927/
https://journals.lww.com/optvissci/abstract/1998/07000/normative_values_for_the_nearpoint_of_convergence.19.aspx
https://pubmed.ncbi.nlm.nih.gov/9703039/
https://www.tandfonline.com/doi/full/10.1080/09273972.2018.1475493
https://www.tandfonline.com/doi/full/10.1080/09273972.2018.1475493
https://pubmed.ncbi.nlm.nih.gov/29775110/
https://kneopen.com/jovr/article/view/4787/
https://pubmed.ncbi.nlm.nih.gov/31660110/
https://journals.lww.com/ojoo/fulltext/2015/08010/normative_data_for_near_point_of_convergence,.4.aspx
https://pubmed.ncbi.nlm.nih.gov/25709268/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0050282
https://pubmed.ncbi.nlm.nih.gov/23185596/
https://pubmed.ncbi.nlm.nih.gov/23185596/
https://link.springer.com/article/10.1186/s40101-024-00354-7
https://pubmed.ncbi.nlm.nih.gov/38297353/
https://onlinelibrary.wiley.com/doi/10.1111/j.1549-8719.2011.00121.x
https://pubmed.ncbi.nlm.nih.gov/21740476/
https://journals.lww.com/optvissci/abstract/2003/12000/validity_and_reliability_of_the_revised.14.aspx
https://pubmed.ncbi.nlm.nih.gov/14688547/
https://onlinelibrary.wiley.com/doi/10.1111/j.1475-1313.2004.00202.x
https://pubmed.ncbi.nlm.nih.gov/15315652/
https://onlinelibrary.wiley.com/doi/10.1111/j.1475-1313.2006.00418.x
https://pubmed.ncbi.nlm.nih.gov/17239187/

Normative values for near point of convergence

e —
20. Bhowmick A, Kumar PP, Ratra D. Frequency of Non-strabismic Binocular Vision Anomalies among Optometrists in a Tertiary

Eye Care Center in Southern India. Indian ] Occup Environ Med. 2024 Apr-Jun;28(2):138-142. doi: 10.4103/jjoem.jjoem_243_23.
Epub 2024 Jun 28. PMID: 39114096; PMCID: PMC11302529.

21. Chhetri S, Poudel R, Adhikari S, Belbase U, Cantd-Cerdan M, Poudel M, Thapa S. Prevalence and clinical profile of non-strabismic
binocular vision anomalies in the Nepalese population: A hospital-based study. ] Optom. 2025 Oct-Dec;18(4):100575. doi:
10.1016/j.0ptom.2025.100575. Epub 2025 Aug 8. PMID: 40782706, PMCID: PMC12355990.

22. Hashemi H, Nabovati P, Jamali A, Pakbin M, Yekta A, Aghamirsalim M, Asadollahi M, Khabazkhoob M. The distribution of the
near point of convergence and its related factors in an elderly population: the Tehran Geriatric Eye Study (TGES). Eye (Lond). 2021
Dec;35(12):3404-3409. doi: 10.1038/541433-021-01428-x. Epub 2021 Feb 19. PMID: 33608642; PMCID: PMC8602713.

23. Gavin N, Hepworth LR, Rowe FJ. Developing age-reference values for convergence and visual attention assessments. Strabismus.
2025 Nov 5:1-9. doi: 10.1080/09273972.2025.2581092. Epub ahead of print. PMID: 41194521.

24. Alnawmasi MM. The impact of convergence insufficiency on selective visual attention among university students. PLoS One.
2025 Nov 25;20(11):e0336715. doi: 10.1371/journal.pone.0336715. PMID: 41289276, PMCID: PMC12646433.

25. Garaszczuk IK, Jenczewska W, Asejczyk M. Superior monocular visual function but compromised binocular balance in precision
shooters compared to age and refraction matched controls. Sci Rep. 2025 Aug 6;15(1):28816. doi: 10.1038/s41598-025-14497-9. PMID:
40770252; PMCID: PMC12328596.

26. Barata MJ, Aguiar P, Grzybowski A, Moreira-Rosario A, Lanca C. A Review of Digital Eye Strain: Binocular Vision Anomalies,
Ocular Surface Changes, and the Need for Objective Assessment. ] Eye Mov Res. 2025 Sep 5;18(5):39. doi: 10.3390/jemr18050039.
PMID: 40989226; PMCID: PM(C12452390.

27. Darko-Takyi C, Mills TW, Boadi-Kusi SB, Ntodie M, Abraham CH, Abu EK, Amewuzah S, Essien E, Wiafe BO, Ocansey S.
Association between near visual display device usage and the eye's accommodation and vergence parameters: a cross-sectional
study of high school children in Cape Coast, Ghana. BMJ Public Health. 2025 Oct 17;3(2):003041. doi: 10.1136/bm;jph-2025-003041.
PMID: 41133250; PMCID: PMC12542713.

28. Jiménez R, Pérez MA, Garcia JA, Gonzélez MD. Statistical normal values of visual parameters that characterize binocular function
in children. Ophthalmic Physiol Opt. 2004 Nov;24(6):528-42. doi: 10.1111/1.1475-1313.2004.00234.x. PMID: 15491481.

29. Gantz L, Stiebel-Kalish H. Convergence insufficiency: Review of clinical diagnostic signs. ] Optom. 2022 Oct-Dec;15(4):256-270.
doi: 10.1016/j.0ptom.2021.11.002. Epub 2021 Dec 25. PMID: 34963569; PMCID: PMC9537264.

Med Hypothesis Discov Innov Optom. 2025; 6(4) 180


https://journals.lww.com/ijoe/fulltext/2024/28020/frequency_of_non_strabismic_binocular_vision.9.aspx
https://pubmed.ncbi.nlm.nih.gov/39114096/
https://www.sciencedirect.com/science/article/pii/S1888429625000408?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1888429625000408?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/40782706/
https://www.nature.com/articles/s41433-021-01428-x
https://pubmed.ncbi.nlm.nih.gov/33608642/
https://www.tandfonline.com/doi/full/10.1080/09273972.2025.2581092
https://pubmed.ncbi.nlm.nih.gov/41194521/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0336715
https://pubmed.ncbi.nlm.nih.gov/41289276/
https://www.nature.com/articles/s41598-025-14497-9
https://pubmed.ncbi.nlm.nih.gov/40770252/
https://pubmed.ncbi.nlm.nih.gov/40770252/
https://www.mdpi.com/1995-8692/18/5/39
https://pubmed.ncbi.nlm.nih.gov/40989226/
https://bmjpublichealth.bmj.com/content/3/2/e003041
https://pubmed.ncbi.nlm.nih.gov/41133250/
https://onlinelibrary.wiley.com/doi/10.1111/j.1475-1313.2004.00234.x
https://pubmed.ncbi.nlm.nih.gov/15491481/
https://www.sciencedirect.com/science/article/pii/S1888429621000868?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/34963569/

	ABSTRACT
	KEYWORDS
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ETHICAL DECLARATIONS 
	Ethical approval
	Conflict of interests

	ACKNOWLEDGMENTS
	FUNDING
	REFERENCES

