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ABSTRACT ARTICLE HISTORY
Objective: To estimate the prevalence of convergence insufficiency (Cl) in adult patients with post- Recgived 17 October 2023
concussion syndrome and determine the impact of Cl on symptom load. Revised 2 March 2024

Methods: Cross-sectional study of 103 patients with neurological symptoms 2-6 months after Accepted 19 March 2024
a concussion. Symptoms were assessed with the Rivermead Post Concussion Symptoms Questionnaire KEYWORDS

(RPQ), and Cl was diagnosed using near point of convergence, vergence facility, and the Convergence Post-concussion symptoms;
Insufficiency Symptom Survey. The RPQ score for patients with and without CI was compared, and convergence insufficiency;
sensitivity, specificity, and area under the receiver operating characteristic curve for the two visually oculomotor disturbance;
related RPQ questions as indicators of Cl were calculated. mTBl; brain concussion
Results: The proportion of patients diagnosed with symptomatic Cl was 20.4% (95% confidence interval: 13.1-

29.5%). The RPQ score was significantly higher for patients with symptomatic Cl both before

(p=.01) and after removal of the two visually related questions in the RPQ-questionnaire (p =.03). The two

visually related RPQ questions were unable to detect Cl.

Conclusion: In patients with post-concussion syndrome, the load of nonvisual symptoms is higher in the

presence of Cl. A prospective interventional study on Cl is required to study the relationship between Cl

and other post-concussion symptoms.

Introduction concussion and CI. These limitations have been reduced
with the introduction of clinical recommendations for the
definition of CI (7).

Therefore, the purpose of the present study was to

Concussion is a mild traumatic injury to the brain with tem-
porary disturbances in normal cerebral function (1,2). The
annual incidence of concussions referred to hospital has been
estimated to 199-325 per 100.000 person-years (3). The symp-
toms of a concussion are often unspecific but may include
headache, tinnitus, nausea, vomiting, fatigue, and blurry impact of CI on symptom load.
vision. In most cases, the symptoms disappear within a few
weeks, but approximately one-third of the patients experience  pathods
physical, cognitive, or emotional symptoms more than three
months after the injury (4,5). Study design

One of the prominent symptoms of concussion is that
oculomotor disturbances are 5-10 times more common in
these patients than in the general population (6). The
most frequent oculomotor disturbance is convergence
insufficiency (CI) which often is accompanied by symp-
toms such as eye strain, blurred and double vision, and
reduced concentration during near work (7). Previous
studies have estimated the prevalence of CI to be between
28% and 49% among patients with persistent symptoms
(8). The large variation in these estimates may be due to
selection bias, retrospective study designs, whether con-
cussion diagnosis was made in primary, secondary, or Ethics (approval number: 1-10-72-330-20) All participants
tertiary sector, variations in the time from injury to the gave written informed consent prior to the clinical
diagnosis, and poorly defined diagnostic criteria for examination.

estimate the prevalence of CI in patients with symptoms
persisting months after a concussion and determine the

This was a cross-sectional study based on data from an
ongoing cohort study with a nested randomized controlled
trial investigating a new multifactorial treatment for
patients with persistent and moderate-to-severe post-
concussion symptoms (GAIN 2.0) (9).

The cohort study and the trial are listed at the record of
processing activities for research projects in Central
Denmark Region (reg.no. 1-16-02-657-20 and 1-16-02-69-
21, respectively). The trial has been approved by The
Central Denmark Region Committees on Health Research

CONTACT Ivan Nisted @ ivn@eadania.dk @ Danish College of Optometry and Vision Science, Dania Academy, Randers DK-8900, Denmark

© 2024 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way. The
terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/02699052.2024.2334355&domain=pdf&date_stamp=2024-03-26

2 (&) I NISTED ET AL.

Procedure

Patients with a Rivermead Post Concussion Symptoms
Questionnaire (RPQ) score of 20 or more in the cohort study
were invited for a clinical examination, including
a neurological evaluation. Inclusion criteria for the clinical
trial were:

(1) identified from registers of the emergency wards or
referred by general practitioners within 2-4

months after head trauma.

(2) concussion according to the diagnostic criteria recom-
mended by the WHO Task Force (10), but with the
amendment that there must have been a direct contact
between the head and an object to rule out acceleration-
deceleration traumas as recommended by the Danish
Consensus Report on Commotio Cerebri (11).

(3) age 18-60 years at the time of the head trauma.

(4) a RPQ score of 220 points within 1 week of inclusion
(12).

(5) ability to understand, speak, and read Danish.

(6) citizen of Denmark.

Exclusion criteria were:

(1) objective neurological findings and/or CT or MR brain
scan indicating neurological disease or brain damage
related to the head trauma.

(2) previous concussion within the last 2years with
ongoing PCS at the time of the present concussion.

(3) misuse of alcohol, prescription drugs and/or illegal
drugs.

(4) severe psychiatric, neurological, or other medical
disease.

(5) inability to start the intervention within the maximum
time for eligibility (4 months) plus the maximum possi-
ble waiting time from enrollment to start of intervention
(3 months), i.e., maximum 7 months from concussion.

Data were collected and managed using REDCap, a secure
web application for managing online surveys and data-
bases (13).

Participants

The inclusion period for this study was September 29.
2021 to May 16. 2022. Consent was obtained from 164
patients who were subsequently considered for the present
study. Among these, 35 patients were excluded because
concussion diagnosis was either not verified or not possi-
ble to obtain, previous concussions, time since concussion
outside inclusion criterion, language barrier, or severe
mental disorder (for details see Figure 1).

Vision examination

The vision examination in the concussion outpatient clinic
included the following:

(1) Measurement of near point of convergence using
a Royal Air Force (RAF) ruler and a non-
accommodative target (a vertical line), which was
moved slowly toward the patient’s nose, and when
one or both eyes deviated outwards or the patient
experienced diplopia, the distance from the target to
the patient’s eyes was recorded in centimeters (cm) as
the break value. The vertical line was subsequently
moved slowly back until the deviating eye(s) re-
fixated or single vision was obtained, and the distance
was recorded in cm as the recovery value.

(2) Vergence facility was measured, while the participant
viewed a vertical row of 0.63 (0.2 logMAR) letters at
40 cm, while a prism flipper was used to introduce
12 prism diopters (pd) base out and 3 pd base in respec-
tively, and participants each time reported when the
letters appeared single and clear after which the prism
direction was altered. This was repeated for 1 min and
the total number of cycles per minute was recorded.

(3) Vision symptoms related to reading and other types of
near work were assessed with the Convergence
Insufficiency Symptom Survey (CISS). Fifteen ques-
tions are used to assess the frequency of visual symp-
toms on a scale from 0 (never) to 4 (always) which
results in a score between 0 and 60 (14).

After the vision examination, 26 patients were excluded
because of a binocular visual acuity worse than 0.63
(0.2 logMAR) at 40 cm, symptoms too severe for the
patient to be able to cooperate for the eye examination,
or missing data on the vision examination (Figure 1).
Altogether 103 patients were included in the vision study
which ensured that, with a margin for dropouts, at least 99
patients completed the study. This was the minimum num-
ber necessary to detect a difference in RPQ of 6 points
with a standard deviation of 10 points, a power of 80%,
a p-value of 5%, using an unequal sample size of 1:2
between patients with and without CI. The patient selec-
tion is shown in Figure 1.

Definitions

CI was diagnosed when near point of convergence exceeded
10 cm and a vergence facility was below 12 cycles per minute as
an isolated measure of oculomotor disturbance, hence reduced
function in both the slow and slow vergence were components
required for diagnosis (6). Furthermore, symptomatic CI was
defined as a combination of the previous criteria and a CISS
score above 21 which is in accordance with clinical recom-
mendations (15).

With the purpose of separating visual symptoms from other
post-concussion symptoms, an RPQ score without questions
about blurred vision and diplopia (questions 13 and 15) was
calculated by subtracting the score of these two questions from
the total score. Additionally, both visually related symptom from
the RPQ was classified as present if reported as a mild, moderate,
or severe problem and absent if reported as a not or no longer
existing problem for calculation of sensitivity and specificity.
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Potential participants for vision study (n = 164)

Excluded from GAIN

- Previous concussion within recent two years (n=5)

- Time since injury > 4 months at initial invitation (n=1)
- Concussion diagnosis not verified or possible (n=23)

- Severe mental disorder (n=5)

- Could not speak, understand, and read Danish (n=1)
Excluded from vision study only

- Could not cooperate to full vision examination (n=8)

- Visual acuity below inclusion criterion (n=11)

- Full vision examination not performed (n=7)

Included in vision study (n=103)

Figure 1. Flowchart of the patient selection.

Statistical analyses

Exact confidence intervals for prevalence were reported.
Continuous data were tested for normal distribution using
quantile-quantile plots and Shapiro-Wilk test for normality,
and when this was not fulfilled even after transformation of
data, median and range was reported.

Correlation between RPQ and CISS, near point of con-
vergence, and vergence facility was assessed with scatter-
plots and simple linear regression and subsequently
multiple linear regress was used to adjust correlations
for demographic characteristics. Differences in total RPQ
and CISS score between sub-groups of patient character-
istics were analyzed with unpaired t-test and one-way
ANOVA for two and multiple group comparisons, respec-
tively. The total RPQ score and the RPQ score minus
visual items were compared between patients with and
without CI before and after adjustment for demographic
variables using unpaired t-test and two-way ANOVA,
respectively. The difference in the frequency of visually
related RPQ items between patients with and without CI
was analyzed with the x> test. The sensitivity and specifi-
city of the visually related RPQ symptoms as indicators of

CI were calculated and the area under the Receiver
Operative Characteristics Curve (ROC) reported for each
symptom. All analyses were performed in Stata 17 SE
(College Station, TX, USA).

Results

The median age of the patients was 35 years (range 18-60 years)
at the day of injury, and the median time from the concussion
was 80.0 days (range 51-165 days). Convergence insufficiency
(CI) oculomotor disturbance was found in 23 of 103 (22.3%,
95% CI: 14.7-31.6%) patients and 21 of these patients were
diagnosed with symptomatic CI corresponding to a prevalence
of 20.4% (95% CI: 13.1-29.5%).

The Convergence Insufficiency Symptom Survey (CISS)
score was significantly lower in men than in women, but
otherwise, there was no significant relation between
Rivermead Post-concussion symptoms Questionnaire (RPQ)
and CISS scores and the studied demographic characteristics,
the injury mechanism, and the time since the trauma (Table 1).

A higher RPQ score was correlated with higher CISS score
(p <.001), lower vergence facility (p = 0.02), and more receded
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Table 1. Convergence insufficiency symptom survey and Rivermead Post-Concussion Symptoms Questionnaire stratified by demo-
graphic characteristics, injury mechanism, and duration since trauma.

RPQ
n (%) Mean (SD) p Mean (SD) p
Sex
Female 73 (70.9) 35.5(8.7) 30.7 (10.5)
Male 30 (29.1) 33.9 (10.6) 0.41 25.6 (12.6) 0.04
Age groups
18-40y 64 (62.1) 36.0 (9.3) 29.5 (11.3)
41+y 39 (37.9) 335(9.2) 0.18 28.7 (11.4) 0.74
Further education
None 22 (20.4) 37.3 (10.0) 31.8(11.2)
Vocational 15 (14.6) 37.2(9.9) 27.3 (11.2)
Academic degree
1-2y 12 (11.7) 29.8 (6.7) 29.1 (9.5)
3-4.5y 29 (28.2) 33.5(84) 29.0 (10.7)
5%y 15 (14.6) 33.7 (5.2) 26.8 (9.9)
Other 6 (5.8) 40.3 (7.8) 35.5(14.1)
Not reported 5(4.9) 38.2 (18.8) 0.14 25.6 (20.1) 0.62
Injury mechanism
Motor vehicle accident
(1) driver 6 (5.8) 45.0 (11.3) 323 (12.1)
(1) pedestrian or cyclist 6 (5.8) 32.5(9.2) 31.7 (10.4)
Fall
(1) to same level 21 (20.4) 324 (9.0) 27.4 (11.2)
(1) <4m 10 (9.7) 38.2 (9.0 27.2 (10.6)
(1) =4m 1(1.0) 46.0 (N/A) 25 (N/A)
Blow to the head
Not violence) 41 (39.8) 34.6 (8.6) 304 (12.2)
Violence/assault 5(4.9) 35.2 (13.8) 23.4 (10.6)
Other 13 (12.6) 34.1 (7.0 0.10 30.1 (10.8) 0.84
Time since trauma
2 to 3 months 67 (65.0) 33.7 (9.4) 28.3 (11.6)
3+ to 6 months 36 (35.0) 37.1(8.8) 0.10 30.6 (10.7) 0.31
Unpaired t-test and one-way ANOVA for two and multiple group comparisons, respectively.
N/A = not applicable.
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Figure 2. Scatterplots of rivermead post-concussion symptom questionnaire as a function of convergence insufficiency symptom survey, near point of convergence,

and vergence facility.

Table 2. Rivermead Post-Concussion Symptom Questionnaire total score with and without visually related questions stratified by presence or not of convergence

insufficiency.

Riverme

ad

(Total score)

Rivermead

(Without q13 and 15)

Mean (SD) Unadjusted p Adjusted p Mean (SD) Unadjusted p Adjusted p
Convergence insufficiency
(1) Yes (n=23) 38.4(10.8) 35.5(9.8)
(1) No (n=282) 344 (8.5) 0.046 0.01 326 (7.6) 0.13 0.04
Symptomatic convergence insufficiency
(1) Yes (n=21) 39.5(10.7) 36.6 (9.5)
(1) No (n=82) 33.9 (8.6) 0.01 0.002 326 (7.7) 0.03 0.008

“Rivermead total score without question 13 (blur) and 15 (double vision).
Unadjusted p values from unpaired t-test; adjusted value from 2-way ANOVA with adjustment for sex and age group.



near the point of convergence, but this did not reach statistical
significance (p =0.08). While adjustment for demographic
characteristics did not affect the conclusions for CISS
(p<0.001) and vergence facility (p=0.006), the correlation
between RPQ score and near point of convergence reached
the level of significance (p = 0.03) (Figure 2).

Total RPQ score was significantly higher in patients with
than without CI regardless of whether CI was defined as an
isolated measure of oculomotor disturbance or as symptomatic
CI which includes total CISS score in the diagnosis. After
removal of the two visually related questions, this difference
only remained significant when the latter definition of CI was
used, or when the analysis was adjusted for demographic
variables (Table 2).

Analysis of the two visually related RPQ questions as indi-
cators of CI showed that the frequency of blurred vision
(p=0.03) and diplopia (p=0.03) was significantly higher in
patients with convergence insufficiency than in patients with-
out. However, for both questions, the area under the Receiver
Operative Characteristics Curve was below 0.7 (Table 3).

Discussion

The present study describes the frequency and severity of con-
vergence insufficiency (CI) in patients with post-concussion
syndrome and symptoms sufficiently moderate to allow an
examination of oculomotor function. Approximately one out
of five patients with post-concussion syndrome also suffer from
CI, and the total post-concussion symptom load appears to be
higher in the presence of symptomatic CI.

The diagnosis of concussion complied with the WHO
Task Force and the narrow acceptable time span of not
more than 6 months since the injury and were combined
with the exclusion of patients with competing causes of neu-
rological symptoms. The study correlated general symptoms
of concussion using the Rivermead Post Concussion
Symptoms Questionnaire (RPQ) with objective signs of CI
which measure oculomotor disturbance. The RPQ has been
shown to have good test-retest and interrater reliability both
approximately 1 week and 6 months after the injury (16). The
CISS questionnaire used to diagnose symptomatic CI has also
been shown to be suitable for separating CI from normal
binocular vision in adult persons without concussion (14).
Finally, the psychophysical measures of binocular function
correlate with objective measures of peak velocity of conver-
gence eye movement, the rate and magnitude of vergence
adaptation, and findings by functional neuroimaging which
emphasizes that the results obtained by these methods reflect
true oculomotor disturbance (17).

The studied patients were representative for patients diag-
nosed with concussion in Denmark with respect to age, but

Table 3. Sensitivity, specificity, and area (AUC) under the Receiver Operation
Characteristics (ROC) curve for visually related Rivermead Post-Concussion
Symptom questions as predictors of convergence insufficiency.

Sensitivity Specificity
Visually related RPQ items (True positive/Cl) (True negative/no Cl) AUC
Blurred vision 0.78 (18/23) 0.55 (43/82) 0.66
Diplopia 0.30 (7/23) 0.84 (69/82) 0.58
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there was an overrepresentation of females and individuals
with higher education (18), which is in accordance with several
previous studies (19). Furthermore, females reported a higher
frequency of vision-related symptoms which may be explained
by gender differences in reading patterns (20) since the CISS
questionnaire assess symptoms during reading.

The time window since the head trauma was set to
2-6 months to minimize the likelihood of spontaneous
remission and maladaptation to long-term post-
concussion symptoms (21). This was supported by the
fact that the level of vision and post-concussion symptoms
was not correlated with time since injury in the present
study and by a cross-sectional study which found that the
prevalence of convergence insufficiency was independent of
time since injury within time window of the present study
(22). The most common injury mechanism of the studied
patients was nonviolent blows to the head and fall acci-
dents which 1is similar to previous findings from
Scandinavia (23). However, the finding is different from
those of other countries where motor vehicle accidents are
the most frequent causes of concussion (3,24), possibly
a cause of differences in urban planning. However, studies
in military personnel have shown that oculomotor distur-
bances after a head trauma are less dependent on the type
of the injury mechanism and therefore it is likely that the
results can be extended to other populations (22).

The prevalence of CI found in the present study was 20.4%
which is approximately four to five times higher than in the
general population (7) suggesting that the disturbance in cere-
bral function caused by concussion may involve frontal areas,
cerebellum, and brain stem, resulting in reduced oculomotor
function as suggested by Alvarez and coworkers (25).

The observed prevalence of CI is in accordance with pre-
vious findings in civilians with concussion (24) but lower than
reported in military personal (22). This may be related to
differences in the severity of the traumas underlying the con-
cussions and the number of previous concussions. The higher
prevalence of post-concussion CI in studies with small sample
sizes may be due to selection bias (8).

The observed positive correlation between CISS and RPQ
total scores is in accordance with previous findings in adoles-
cent populations (26) and may be explained by overlapping
domains in the two questionnaires and differences in reading
performance requirements which have been shown to influ-
ence self-reported symptoms (27).

The RPQ total score was significantly higher in patients with
than without CI regardless of whether the CISS score was
included in the diagnostic criteria or not. After the removal of
the two visually related RPQ questions, this difference for mea-
sures of oculomotor disturbance alone only remained significant
after but not before adjustment for demographic variables, indi-
cating that post-concussion symptom load is primarily
explained by the level of visually related symptoms.

In contrast, the below acceptable predictive value (28) of
the visually related questions as indicators of CI suggests that
the higher post-concussion symptom level is not solely
explained by visually related symptoms. Furthermore, the
finding that both measures of oculomotor disturbance were
correlated with RPQ score after adjusting for demographic
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characteristics and that both correlations remained signifi-
cant also when the two visually related questions were
removed from the score further supports that the presence
of CI is a likely indicator of more severe post-concussion
symptoms which is corroborated by a recent study by
Suleiman and coworkers (29).

However, the cross-sectional design of the study precluded
conclusions about the causality between oculomotor and other
post-concussion symptoms in the studied patients. The heavy
reliance of normal human activities on visual input may sug-
gest that oculomotor disturbances can affect neurological
function more broadly, but it is also possible that the neuro-
logical disturbances affect the oculomotor functions measured
by psychophysical techniques.

A further elucidation of this relation should be the subject
of a future study. Additionally, a prospective interventional
study might clarify whether the frequent use of vergence exer-
cises for the treatment of CI in patients with post-concussion
symptoms is warranted.
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