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Abstract

Purpose: To determine the effectiveness of office-based vergence/accommodative therapy for 

improving accommodative amplitude and accommodative facility in children with symptomatic 

convergence insufficiency and accommodative dysfunction.

Methods: We report changes in accommodative function following therapy among participants 

in the Convergence Insufficiency Treatment Trial – Attention and Reading Trial with decreased 

accommodative amplitude (115 participants in vergence/accommodative therapy; 65 in placebo 

therapy) or decreased accommodative facility (71 participants in vergence/accommodative 

therapy; 37 in placebo therapy) at baseline. The primary analysis compared mean change in 

amplitude and facility between the vergence/accommodative and placebo therapy groups using 

analyses of variance models after 4, 8, 12, and 16 weeks of treatment. The proportions of 

participants with normal amplitude and facility at each time point were calculated. The average 
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rate of change in amplitude and facility from baseline to week 4 and from weeks 4 to 16 were 

determined in the vergence/accommodative therapy group.

Results: From baseline to 16 weeks, the mean improvement in amplitude was 8.6 diopters 

(D) and 5.2 D in the vergence/accommodative and placebo therapy groups, respectively (mean 

difference = 3.5 D, 95% confidence interval (CI): 1.5 to 5.5 D; P = 0.012). The mean improvement 

in facility was 13.5 cycles per minute (cpm) and 7.6 cpm in the vergence/accommodative and 

placebo therapy groups, respectively (mean difference = 5.8 cpm, 95% CI: 3.8 to 7.9 cpm; P 
< 0.0001). Significantly greater proportions of participants treated with vergence/accommodative 

therapy achieved a normal amplitude (69% vs. 32%, difference = 37%, 95% CI: 22 to 51%; P < 

0.0001) and facility (85% vs. 49%, difference = 36%, 95% CI: 18 to 55%; P < 0.0001) than those 

who received placebo therapy. In the vergence/accommodative therapy group, amplitude increased 

at an average rate of 1.5 D per week during the first 4 weeks (P < 0.0001), then slowed to 0.2 D 

per week (P = 0.002) from weeks 4 to 16. Similarly, facility increased at an average rate of 1.5 

cpm per week during the first 4 weeks (P < 0.0001), then slowed to 0.6 cpm per week from weeks 

4 to 16 (P < 0.0001).

Conclusion: Office-based vergence/accommodative therapy is effective for improving 

accommodative function in children with symptomatic convergence insufficiency and coexisting 

accommodative dysfunction.

INTRODUCTION

Accommodative insufficiency and accommodative infacility are common vision disorders 

in school-aged children with prevalence estimates of 8 to 18% based on samples of 

students between 7 and 19 years of age.1–3 Common symptoms include blurred vision 

at near, intermittent blur with change of fixation between near and far, headaches, eye 

fatigue, poor maintenance of concentration during reading or near work, and avoidance of 

near activities.4–7 Previous studies have found that children diagnosed with convergence 

insufficiency often have coexisting accommodative insufficiency and infacility.8–10

The most common treatments for accommodative dysfunction are a plus lens addition for 

near work or accommodative therapy.4,11–13 Studies of accommodative therapy in children 

have shown improvements in clinical measures of accommodative function4,8,11,14,15 and 

associated symptoms,4,16 however, only one of these studies was a randomized controlled 

trial.8

The data for this report are from the Convergence Insufficiency Treatment Trial – Attention 

and Reading Trial (CITT-ART), a randomized clinical trial that evaluated the effectiveness 

of office-based vergence/accommodative therapy on reading and attention in 310 children 

with symptomatic convergence insufficiency.17,18 Therapy procedures for accommodation 

were included in the CITT-ART treatment protocol, and accommodative amplitude and 

facility were measured at baseline and regular intervals throughout the study, thus providing 

the opportunity to assess the effectiveness of office-based vergence/accommodative therapy 

for treating accommodative dysfunction.
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The main aim of the present study was to determine the effectiveness of office-

based vergence/accommodative therapy in improving accommodative amplitude and 

accommodative facility by comparing it with office-based placebo therapy in school-aged 

children with symptomatic convergence insufficiency and a coexisting accommodative 

dysfunction. We also determined the proportion of children who achieved normal 

accommodative amplitude and facility in both vergence/accommodative and placebo therapy 

groups. Lastly, in the vergence/accommodative therapy group, we evaluated the rate of 

change in these accommodative functions.

PARTICIPANTS AND METHODS

This study was supported through a cooperative agreement with the National Eye Institute of 

the National Institutes of Health and conducted according to the Declaration of Helsinki by 

the CITT-ART Investigator Group at 9 clinical centers. The protocol and Health Insurance 

Portability and Accountability Act-compliant informed consent and assent forms were 

approved by each site’s institutional review board. Written informed consent was obtained 

from the parent or guardian of each participant and written assent (if required) was obtained 

from each participant prior to study-related data collection. An independent data and safety 

monitoring committee provided oversight (see Acknowledgments). The study is registered at 

ClinicalTrials.gov as the Convergence Insufficiency Treatment Trial-Attention and Reading 

Trial (NCT02207517). The full study protocol and Manual of Procedures are available on 

the CITT-ART study website (https://u.osu.edu/cittart/; accessed 01/28/2020).

Participant Selection

The CITT-ART enrolled participants 9 to 14 years old (grades 3 to 8) with symptomatic 

convergence insufficiency, defined as near exophoria at least 4Δ greater than at far, a receded 

near point of convergence (6 cm or greater break), insufficient positive fusional vergence 

at near [i.e., failing Sheard’s criterion19 (positive fusional vergence less than twice the near 

phoria) or positive fusional vergence less than 15Δ], and score of ≥16 on the Convergence 

Insufficiency Symptom Survey (CISS).20,21 Those with a cycloplegic refraction of ≥ 2.00 

diopters (D) spherical equivalent (SE) of hyperopia, > 0.75 D SE of myopia, > 1.00 

D of astigmatism, or > 0.75 D of SE anisometropia were required to wear a refractive 

correction for a minimum of 2 weeks prior to enrollment. Hyperopic corrections could be 

symmetrically reduced up to 1.50 D at investigator discretion. Monocular accommodative 

amplitude was required to be ≥ 5 D. A complete listing of CITT-ART eligibility and 

exclusion criteria has been reported previously.17

Measurement of Accommodative Function

Certified examiners collected standardized measures of monocular accommodative 

amplitude and monocular accommodative facility in the right eye of participants wearing 

their refractive correction (if required) at baseline and after 4, 8, 12, and 16 weeks 

of therapy. Measures at the follow-up visits were collected by examiners masked to 

participants’ assigned treatment group. Monocular accommodative amplitude was measured 

using the push-up method with a moveable card containing a 20/30-sized column of letters 

attached to Gulden Near Point Rule (Gulden Ophthalmics, Elkins Park, PA).22 The card 
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was advanced at a consistent speed of approximately 1 to 2 centimeters per second from a 

starting point of 40 cm toward the participant’s right eye. The distance from the eye to the 

point where the participant first reported sustained blur of the letters was recorded to the 

nearest half centimeter and then converted into diopters. Monocular accommodative facility 

was determined by calculating the speed with which participants reported a 20/30-sized 

vertical column of letters at 40 cm to be clear while viewing through alternating +2.00 D and 

−2.00 D lenses (lens immediately changed to the other when the letters reported to be clear). 

The number of cycles per minute (cpm) (one cycle being the ability to clear the plus lens 

followed by the minus lens) were counted.

Criteria for Decreased and Normal Accommodative Amplitude and Accommodative Facility

For the present analysis, decreased accommodative function was determined based on 

whether or not a “minimum” criterion was met. The combined normative data from studies 

by Hashemi et al.23 and Castagno et al.24 that used similar testing procedure as the present 

study show that the average accommodative amplitude is approximately 14 D with a 

standard deviation (SD) of 3 D in children 9 to 14 years old. Thus, decreased amplitude was 

defined as monocular accommodative amplitude <11 D, which is 1 SD below the normative 

value of 14 D. Deficient monocular accommodative facility was defined as <6 cpm with 

±2.00 D lenses, which is 1 SD below the normative value of 11 cpm for school-age 

children.5,25

For outcome measures, normal accommodative amplitude was defined as ≥ 14 D23,24 and 

normal accommodative facility was defined as ≥ 11 cpm.5,25

Treatment and Follow-up

Subsequent to enrollment, CITT-ART participants were randomly assigned using a 

permuted design of random blocks of 3, 6, and 9 by site to either office-based vergence/

accommodative therapy (hereafter vergence/accommodative therapy; N = 206) or office-

based placebo therapy (hereafter placebo therapy; N = 104) in a 2:1 ratio using a central 

web-based system (Research Electronic Data Capture; REDCap) at the Coordinating 

Center.26

Certified therapists followed a standardized, sequential treatment protocol of therapy 

specific to each treatment group; these protocols have been described previously27 and 

are outlined briefly below. Both groups received weekly 60-minute in-office therapy visits 

for 16 weeks, where participants performed 4 to 5 therapy procedures under a therapist’s 

guidance. Therapy procedures were also prescribed to be performed at home for 15 minutes 

per day for 5 days per week.

The goal of the in-office and home accommodative therapy procedures was to improve 

accommodative amplitude and facility. The therapy program consisted of typical 

accommodative therapy procedures using different lens powers, print size, or viewing 

distances to change accommodative demand, with procedures sequenced from monocular 

to bi-ocular to binocular, based on the attainment of pre-specified objectives and 

endpoints.12,28(Table 1)
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The placebo therapy procedures were designed to look like real vergence/accommodative 

therapy, but not to stimulate vergence or accommodation skills beyond typical daily visual 

activities. For example, one placebo procedure involved viewing large letters through plano 

lenses, whereas an actual accommodative procedure involved viewing small letters through 

minus lenses. To mimic real therapy, participants were consistently encouraged to keep the 

target clear during training.

Participants and their parents were masked regarding treatment assignment. Examiners 

masked to participants’ treatment group conducted follow-up examinations after 4, 8, 12, 

and 16 weeks of therapy (hereafter referred to as week 4, week 8, week 12, and week 16 

examinations), with the week-16 examination being the primary outcome examination.

Statistical Methods

All statistical testing was performed at a two-tailed alpha level of 0.05 and 95% confidence 

intervals (CI) were calculated for within- and between-group differences. All data were 

analyzed using SAS software, version 9.4 (SAS Inc., Cary, NC).

All CITT-ART participants with decreased accommodative amplitude and/or facility who 

completed their 16-week outcome examination were analyzed in their randomized group 

(i.e., intent to treat analysis). Thus, these analyses are based on a subset (N = 180 for the 

accommodative amplitude analysis; N = 108 for the accommodative facility analysis) of the 

original clinical trial cohort (N=310).

The mean, standard deviation (SD), and mean change in accommodative amplitude and 

accommodative facility from baseline to outcome were calculated for each treatment group. 

Comparisons within and between groups over time were done separately for accommodative 

amplitude and accommodative facility, using a 2 group × 5 time point repeated measures 

analysis of variance (ANOVA) model, with a random effect for clinical site. Baseline 

characteristics (Tables 2A and 2B) were screened for inclusion as potential confounding 

variables in each model; however, none were included in the final models because there 

were no statistically significant or clinically relevant treatment group differences for any 

baseline characteristic. Multiple comparisons were controlled by the Sidak method.29 Given 

that participants were 9 to 14 years, a subsequent sensitivity analysis was also conducted 

using the same ANOVA model to control for age.

The number and proportion of participants who met the normal age-expected amplitude and 

facility were tabulated and corresponding 95% confidence intervals (CI) were calculated for 

both groups. We investigated the trajectory of change in accommodative function for the 

vergence/accommodative therapy group by performing a post-hoc analysis using the 2 group 

× 5 time point ANOVA model to determine the rate of change for both accommodative 

amplitude and facility.
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RESULTS

CITT-ART Study Results Related to Accommodation

Of the 310 CITT-ART participants, 215 (69%) had a coexisting accommodative dysfunction: 

107 (50%) with decreased accommodative amplitude alone, 35 (16%) with decreased 

accommodative facility alone, and 73 (34%) with both.

Baseline Characteristics by Treatment Group

In the CITT-ART, there were 206 participants randomized to vergence/accommodative 

therapy group and 104 randomized to placebo therapy group. At baseline, decreased 

accommodative amplitude was present in 115 of the 206 (56%) participants randomized 

to vergence/accommodative therapy and in 65 of the 104 (63%) participants randomized 

to placebo therapy, with a mean baseline accommodative amplitude of 7.6 D (95% CI: 

7.3 to 8.0 D) and 7.1 D (95% CI: 6.7 to 7.5 D) in the vergence/accommodative and 

placebo therapy groups, respectively (P = 0.15). Decreased accommodative facility was 

present at baseline in 71 of 206 (34%) of the vergence/accommodative therapy group and 

in 37 of 104 (36%) of the placebo therapy group (P = 0.85), with a mean accommodative 

facility of 2.9 cpm (95% CI: 2.4 to 3.3 cpm) and 2.7 cpm (95% CI: 2.1 to 3.4 cpm) 

for the vergence/accommodative and placebo therapy groups, respectively. Tables 2A and 

2B provide baseline demographics and clinical characteristics of those with decreased 

accommodative amplitude and accommodative facility, respectively.

Outcome Visit Completion and Masking of Participants & Examiners

Of the participants who had decreased accommodative amplitude at baseline, 112 of 

115 (97%) in the vergence/accommodative therapy group and 65 of 65 (100%) in the 

placebo therapy group completed their 16-week outcome visit. Of those with decreased 

accommodative facility at baseline, 67 of 71 (94%) and 37 of 37 (100%) in the vergence/

accommodative and placebo therapy groups, respectively, completed the 16-week outcome 

visit.

In regard to participant masking, among those with decreased accommodative amplitude at 

baseline, 89% (97/109) and 81% (52/64) assigned to vergence/accommodative and placebo 

therapy groups, respectively, stated they thought they had been assigned to the vergence/

accommodative therapy group. For those with decreased accommodative facility, 88% 

(58/66) and 72% (26/36) assigned to vergence/accommodative and placebo therapy groups, 

respectively, responded that they thought they had been assigned to receive vergence/

accommodative therapy. Four participants in the vergence/accommodative therapy group 

and 2 participants in the placebo therapy group did not provide a response as to whether they 

thought they were in the real or placebo treatment group. One examiner became unmasked at 

a study visit, but did not perform any subsequent masked examinations for that participant.

Changes in Accommodative Amplitude

From baseline to week 16, the mean accommodative amplitude improved from 7.6 D to 16.2 

D in the vergence/accommodative therapy group (P < 0.0001) and from 7.1 D to 12.2 D 

in the placebo therapy group (P < 0.0001). The mean change in accommodative amplitude 
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after 16 weeks of treatment was significantly greater in the vergence/accommodative therapy 

group compared with the placebo therapy group, with a treatment group difference of 3.5 D 

(95% CI: 1.5 to 5.5 D; P = 0.012). Table 3 shows the improvement in amplitude for each 4-

week interval between masked examinations. In the vergence/accommodative therapy group, 

the largest increase in amplitude occurred between baseline and the 4-week visit; a smaller 

but significant increase occurred between weeks 4 to 8 with no significant increase occurred 

beyond week 8. Similarly, the greatest increase in amplitude for the placebo group was 

between baseline and the 4-week visit, with subsequent small and statistically insignificant 

improvements thereafter. Mean amplitude of accommodation was statistically significantly 

better for the vergence/accommodative therapy group than for the placebo therapy group 

at all four time points (Table 4; Figure 1). The sensitivity analysis that controlled for age 

yielded results that were essentially the same (data not shown) as the original results, 

suggesting that the age of the participant did not influence the results.

The proportion of participants reaching the normal age-expected amplitude by time point 

is shown in Table 5. The proportion of participants who attained a normal amplitude of 

accommodation was significantly greater in the vergence/accommodative therapy group than 

in the placebo therapy group with a treatment group difference of 36% (95% CI: 22 to 51%; 

P < 0.0001).

We evaluated the trajectory of change in the vergence/accommodative therapy group. 

Because most of the improvement in amplitude occurred by week 4, the timeframes 

of baseline to week 4 and of weeks 4 to 16 were selected for this post-hoc analysis. 

Accommodative amplitude increased at an average rate of 1.5 D per week (P < 0.0001) 

during the first 4 weeks and then increased at a slower, but statistically significant average 

rate of 0.2 D per week from weeks 4 to 16 (P = 0.0018).

Changes in Accommodative Facility

From baseline to week 16, mean accommodative facility improved from 2.9 cpm to 16.4 

cpm in the vergence/accommodative therapy group (P < 0.0001) and from 2.7 cpm to 

10.3 cpm in the placebo therapy group (P < 0.0001). The total mean improvement in 

accommodative facility was significantly greater in the participants treated with vergence/

accommodative therapy than the participants treated with placebo therapy, with a treatment 

group difference of 6.0 cpm (95% CI: 3.8 to 7.9 cpm; P < 0.0001). Table 3 shows the mean 

change and 95% CI’s in accommodative facility between follow-up visits. In the vergence/

accommodative therapy group, a statistically significant improvement in accommodative 

facility was found between each time interval from baseline to the 12-week visit. In the 

placebo therapy group, the greatest increase in facility occurred between baseline and 

the 4-week visit, followed by small and statistically insignificant improvements after that. 

While the mean accommodative facility measures did not differ between the vergence/

accommodative and placebo therapy groups at week 4, facility was significantly better in 

the vergence/accommodative therapy compared with placebo therapy at weeks 8, 12, and 16 

(Table 4, Figure 2). The sensitivity analysis that controlled for age yielded results that were 

essentially the same (data not shown) as the original results.
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The proportions of participants reaching the normal accommodative facility in both groups 

are shown in Table 5. A significantly greater proportion of participants in the vergence/

accommodative therapy group met the criterion for normal facility compared with the 

placebo therapy group what a treatment group difference of 36% (95% CI: 18 to 55%; P < 

0.0001).

Regarding the rate of change in accommodative facility for the participants assigned to the 

vergence/accommodative therapy, accommodative facility increased at mean rate of 1.46 

cpm per week during the first 4 weeks (P < 0.0001), then slowed to a mean rate of 0.63 cpm 

per week from weeks 4 to 16 (P < 0.0001).

DISUSSION

The CITT-ART placebo-controlled randomized trial demonstrated that office-based 

vergence/accommodative therapy is an effective treatment for improving accommodative 

amplitude and accommodative facility in children with symptomatic convergence 

insufficiency and coexisting accommodative dysfunction. On average, accommodative 

amplitude improved 8.6 D with a resultant mean amplitude of 16.2 D and accommodative 

facility improved 13.5 cpm with resultant mean facility of 16.4 cpm.

Our study is not the first to report that accommodative dysfunction in children can be 

effectively treated with vision therapy; however, most prior studies have been retrospective, 

had small sample sizes, and/or were conducted without a control group.15,30,31 We can, 

however, compare our results with the CITT study, which was a randomized controlled 

trial with only minor protocol differences.8 Our current study shared the same inclusion 

criteria as CITT except that in the current study, the criterion for decreased accommodative 

amplitude was based on contemporary data from two recent school-based studies,23,24 rather 

than from Hofstetter’s formula,32 which was outdated and based on the assumption that 

change in accommodative amplitude with age is linear. The therapy programs in both studies 

were identical except that the current study was 4 weeks longer in duration and included 

three additional bi-ocular accommodative therapy techniques (stereoscope bi-ocular facility, 

prism dissociation bi-ocular facility, and computer orthopter bi-ocular facility) that were not 

in the CITT. The mean improvement in accommodative amplitude in the current study (8.6 

D) was comparable to that of CITT (9.9 D) (Figure 3). There was a greater improvement 

in accommodative facility in the current study than in the CITT (13.5 versus 9 cpm; Figure 

4), but we cannot attribute this difference to the additional 4 weeks of treatment because the 

improvement from weeks 12 to 16 was only 0.9 cpm.

We also investigated the impact of the additional 4 weeks of therapy in the current study. 

Similar to the just-noted small improvement (0.9 cpm) in accommodative facility, we found 

that a minimal improvement in accommodative amplitude (0.9 D) occurred between weeks 

12 and 16. This suggests that the last 4 weeks of the therapy protocol provided little added 

benefit in improving accommodative function. However, given that the therapy regimen 

was designed to treat convergence insufficiency rather than accommodative dysfunction, the 

emphasis of the therapy program during the last 4 weeks was on vergence procedures with 

minimal accommodative therapy.
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In evaluating the rate of improvement in accommodative function in the vergence/

accommodative therapy group, the largest gains occurred during the first 4 weeks of therapy. 

This was particularly true for accommodative amplitude. Of the eventual 8.6 D mean 

improvement, 71% of that gain had occurred by the week 4 visit and 94% by the week 8 

visit. In contrast, accommodative facility had improved by only 44% and 73% of its eventual 

mean gain of 13.5 cpm after 4 and 8 weeks of therapy, respectively. This chronology of 

events is consistent with the sequencing of the accommodative therapy procedures in the 

treatment program. The initial phase of therapy consisted of procedures designed to improve 

accommodative amplitude, with emphasis on awareness of accommodative effort when 

viewing small size print at progressively closer working distances or through progressively 

higher powers of minus lenses. As the participants showed improved accommodative 

amplitude, accommodative facility therapy procedures were implemented to improve the 

speed and accuracy of accommodation (i.e., alternating looking through plus and minus 

lenses to relax and stimulate accommodation as quickly as possible).

Strengths of this study include random assignment to treatment groups prospectively, 

inclusion of a placebo control, masking of examiners and participants to avoid bias, 

a standardized treatment protocol, and a high retention rate. The study is not without 

limitations, however. The trial was designed to investigate the effectiveness of a therapy 

regimen in treating children with convergence insufficiency who might or might not have 

had associated accommodative dysfunction; thus, the observed treatment effect may not 

represent what is obtained in the treatment of children with simply an accommodative 

dysfunction. Furthermore, the impact of improved accommodative function on other 

parameters such as symptoms cannot be assessed. In addition, it is possible that therapy 

regimens of shorter or longer duration, or comprised of different procedures, might have 

yielded different results. Another consideration is that there could be misclassifications 

that affected the proportions of participants who achieved the criteria for “normal” 

accommodative function given that a binary outcome measure was created from a 

continuous measure. Nonetheless, this would not affect the treatment group comparisons. 

Finally, there is uncertainty in how much, if any, of the improvement found in the placebo 

therapy group represents a beneficial clinical effect. The results of several meta-analyses 

of clinical trials, including the latest Cochrane review33 that analyzed clinical trials with 

patients randomly allocated to a placebo group and a no-treatment group concluded that 

placebo interventions generally do not produce important clinical effects and major health 

benefits. Rather, improvements seen in placebo treatment groups are reported to be mostly 

from a combination of factors including regression to the mean, spontaneous remission, 

the natural course of the disease, and other factors such as patient-provider relationship 

effects.34–36 Because these factors affect both treatment groups, it is only when there is a 

no-treatment arm that one can ascertain the influence these factors have for an individual 

trial. Nevertheless, in a comparative effectiveness trial where participants are randomly 

allocated to treatment groups such as in the present study, both groups should be equally 

affected by regression to the mean and other unknown factors. Thus, it is the treatment group 

differences that are of primary importance.

In conclusion, office-based vergence/accommodative therapy was found to be an effective 

treatment for improving accommodative amplitude and accommodative facility in children 
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with symptomatic convergence insufficiency and coexisting accommodative dysfunction. 

The change in accommodative function suggests that 12 weeks of the protocolized 

CITT-ART therapy regimen ameliorates accommodative dysfunction with convergence 

insufficiency.
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Figure 1. 
Mean accommodative amplitude and corresponding 95% confidence intervals for 

participants with decreased accommodative amplitude at baseline, by study visit and 

treatment group.
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Figure 2. 
Mean accommodative facility and corresponding 95% confidence intervals for participants 

with decreased accommodative facility at baseline, by study visit and treatment group.
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Figure 3. 
Mean accommodative amplitude (D) for participants with decreased accommodative 

amplitude at baseline, treated with accommodative/vergence therapy, by study visit in CITT 

and CITT-ART.
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Figure 4. 
Mean accommodative facility (cpm) for participants with decreased accommodative facility 

at baseline, treated with vergence/accommodative therapy by study visit in CITT and CITT-

ART.
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Table 1.

Accommodative therapy procedures*

Phase 1 Phase 2 Phase 3 Phase 4

Monocular loose lens facility A, F A, F

Monocular letter chart facility A, F A, F

Monocular Bull’s eye facility A, F A, F

Monocular lens sorting A A

Stereoscope bi-ocular facility F

Prism dissociation bi-ocular facility F

Computer orthopter bi-ocular facility F F

Binocular ±2.00 D lens flipper facility F

A = technique emphasizes accommodative amplitude; F = technique emphasizes accommodative facility. A, F = technique trains both 
accommodative amplitude and facility with initial emphasis on amplitude.

*
Specifics of the therapy procedures are described in the CITT-ART Manual of Procedures: https://u.osu.edu/cittart/manual-of-procedures/
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TABLE 2A.

Baseline demographics and clinical characteristics of participants with reduced accommodative amplitude by 

treatment group

Vergence/Accommodative 
Therapy (N = 115)

Placebo Therapy (N = 
65) Overall (N = 180)

Age (years), mean (SD) 10.8 (1.5) 10.9 (1.4) 10.8 (1.4)

Sex, female, N (%) 75 (65) 34 (52) 109 (61)

White Race, N (%) 71 (62) 35 (54) 106 (59)

Hispanic or Latino Ethnicity, N (%) 39 (34) 23 (36) 62 (34)

Convergence Insufficiency Symptom Survey score, 
mean (SD) 30.3 (8.6) 31.9 (8.9) 30.9 (8.7)

Monocular Accommodative Amplitude (D), mean (SD) 7.6 (1.7) 7.1 (1.7) 7.4 (1.7)

Monocular Accommodative Facility (cpm), mean (SD) 6.8 (4.2) 6.8 (5) 6.8 (4.5)

Exodeviation at distance (Δ), mean (SD) 1.9 (2.7) 2.2 (4.3) 2.0 (3.4)

Exodeviation at near (Δ), mean (SD) 9.9 (4.1) 10.0 (5.7) 10.0 (4.7)

Near Point of Convergence Break (cm), mean (SD) 16.0 (8.3) 17.0 (8.2) 16.4 (8.2)

Positive Fusional Vergence Blur/Break† (Δ), mean (SD) 10.7 (4.1) 11.3 (4.2) 10.9 (4.2)

†
The blur finding was used, but if blur was not reported, the break finding was used.

SD = standard deviation; D = diopters; cpm = cycles per minute; Δ = prism diopters.
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TABLE 2B.

Baseline demographics and clinical characteristics of participants with reduced accommodative facility by 

treatment group

Vergence/Accommodative 
Therapy (N = 71)

Placebo Therapy (N = 
37) Overall (N = 108)

Age (years), mean (SD) 10.9 (1.4) 10.8 (1.5) 10.9 (1.4)

Sex, female, N (%) 41 (58) 15 (41) 56 (52)

White Race, N (%) 44 (62) 19 (51) 63 (58)

Hispanic or Latino Ethnicity, N (%) 26 (37) 12 (32) 38 (35)

Convergence Insufficiency Symptom Survey (CISS) 
score, mean (SD) 30.2 (9) 31.2 (8.9) 30.6 (9)

Monocular Accommodative Amplitude (D), mean (SD) 9.5 (3.4) 8.5 (3.6) 9.2 (3.5)

Monocular Accommodative Facility (cpm), mean (SD) 2.9 (1.9) 2.7 (1.9) 2.8 (1.9)

Exodeviation at distance (Δ), mean (SD) −1.4 (2.2) −0.9 (1.6) −1.3 (2)

Exodeviation at near (Δ), mean (SD) −9.1 (3.6) −8.6 (4.3) −8.9 (3.8)

Near Point of Convergence Break (cm), mean (SD) 14.9 (8.7) 15.5 (8.2) 15.1 (8.5)

Positive Fusional Vergence Blur/Break† (Δ), mean (SD) 10.8 (4.1) 11.1 (4) 10.9 (4.1)

†
The blur finding was used, but if blur was not reported, the break finding was used.

SD = standard deviation; D = diopters; cpm = cycles per minute; Δ = prism diopters
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TABLE 3.

Change in accommodative amplitude and facility by treatment group between successive examinations

Therapy Vergence/Accommodative Placebo

Time Intervals Change† (95% CI) P value Change† (95% CI) P value

Accommodative Amplitude (diopters)

Baseline to Week 4 6.1 (4.9 to 7.4) <0.0001 3.1 (1.4 to 4.7) 0.004

Week 4 to Week 8 2.0 (0.8 to 3.2) 0.03 1.0 (−0.7 to 2.6) 0.99

Week 8 to Week 12 −0.3 (−1.5 to 1.0) 0.99 0.5 (−1.2 to 2.1) 0.99

Week 12 to Week 16 0.7 (−0.5 to 2.0) 0.99 0.6 (−1.1 to 2.2) 0.99

Baseline to Week 16 8.6 (7.4 to 9.8) <0.0001 5.1 (3.4 to 6.7) <0.0001

Accommodative Facility (cycles per minute)

Baseline to Week 4 5.9 (4.6 to 7.1) <0.0001 4.1 (2.5 to 5.8) <0.0001

Week 4 to Week 8 3.9 (2.7 to 5.2) <0.0001 1.8 (0.1 to 3.5) 0.46

Week 8 to Week 12 2.8 (1.6 to 4.0) 0.0001 0.1 (−1.5 to 1.8) 0.99

Week 12 to Week 16 0.9 (−0.4 to 2.1) 0.97 1.6 (−0.1 to 3.2) 0.71

Baseline to Week 16 13.5 (12.2 to 14.7) <0.0001 7.6 (6.0 to 9.3) <0.0001

†
Change is computed as the mean value for the later visit minus the mean value for the earlier visit.

CI = confidence interval.
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TABLE 4.

Treatment group difference at each time point

Accommodative Amplitude
(diopters)

Accommodative Facility
(cycles per minute)

Time Point Difference† (95% CI) P value Difference† (95% CI) P value

Baseline 0.4 (−1.5 to 2.3) 0.99 0.1 (−1.7 to 2.0) 0.99

Week 4 3.5 (1.6 to 5.3) 0.0045 1.9 (0 to 3.7) 0.58

Week 8 4.5 (2.6 to 6.4) <0.0001 4.0 (2.1 to 5.8) 0.0005

Week 12 3.8 (1.9 to 5.6) 0.0015 6.7 (4.9 to 8.5) <0.0001

Week 16 3.9 (2.1 to 5.8) 0.0007 6.0 (4.1 to 7.8) <0.0001

†
Difference is computed as the mean value for the vergence/accommodative therapy group minus the mean value for the placebo therapy group at 

each time point.

CI = confidence interval.
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TABLE 5.

Proportion of participants reaching normal accommodative amplitude or facility by treatment group at each 

time point

Vergence/Accommodative
% (95% CI)

Placebo
% (95% CI)

Time Point Normal Accommodative Amplitude †

Week 4 47% (37% to 56%) 19% (10% to 30%)

Week 8 58% (49% to 68%) 23% (13% to 35%)

Week 12 63% (53% to 72%) 35% (24% to 48%)

Week 16 69% (59% to 77%) 32% (21% to 45%)

Time Point Normal Accommodative Facility‡

Week 4 36% (25% to 49%) 14% (5% to 29%)

Week 8 68% (56% to 79%) 39% (23% to 57%)

Week 12 87% (77% to 94%) 35% (20% to 53%)

Week 16 85% (74% to 93%) 49% (32% to 66%)

†
Normal accommodative amplitude defined as amplitude ≥ 14 diopters.

‡
Normal accommodative facility defined as facility ≥ 11 cycles per minute.

95% CI = confidence interval.
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