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Research

AbstrACt
Objectives To assess (1) whether visual disturbances can 
be demonstrated with objective measures more often in 
patients with mild traumatic brain injury (mTBI) than in 
orthopaedic controls and non-injured controls, (2) whether 
such objectively demonstrated disturbances change over 
time and (3) whether self-reported visual symptoms after 
mTBI correlate with objectively measurable changes in 
visuomotor performance.
Design A prospective, controlled, observational study, 
with assessments planned 7–10 and 75–100 days after 
injury.
setting Emergency department of a general hospital in 
Sweden.
Participants 15 patients with mTBI, 15 patients with 
minor orthopaedic injury, 15 non-injured controls, aged 
18–40 years.
Outcome measures Visual examination, including 
assessment of visual acuity, accommodation, eye 
alignment, saccades and stereoacuity. Symptom 
assessment using Convergence Insufficiency Symptoms 
Survey (CISS) and Rivermead PostConcussion Symptoms 
Questionnaire.
results Assessments were performed 4–13 and 81–322 
days after injury (extended time frames for logistical 
reasons). No statistically significant difference was 
found between the mTBI and control groups regarding 
saccade performance and stereoacuity at any time 
point. The accommodative amplitude was significantly 
lower in the mTBI group compared with non-injured 
controls at baseline. 6 out of 13 patients with mTBI had 
accommodative insufficiency at follow-up. Near point of 
convergence in the mTBI group was receded at baseline 
and improved statistically significantly at follow-up. At 
baseline, patients with mTBI had significantly higher CISS 
score than orthopaedic and non-injured controls. For 
patients with mTBI, the CISS score correlated with fusional 
vergence.
Conclusion There were some transient measurable 
visual changes regarding convergence in patients with 
mTBI during the subacute period after the injury. Our 
findings of persistence of accommodative insufficiency in 
a considerable proportion of patients with mTBI suggest 

that this visual function should not be overlooked in clinical 
assessment.

IntrODuCtIOn
There is a need for objective methods to 
assess and monitor recovery after mild trau-
matic brain injury (mTBI) as a base for 
developing evidence-based clinical follow-up 
guidelines. Changes affecting accommoda-
tion and eye alignment have been highlighted 
recently as possible measurable correlates 
of symptoms related to mTBI.1–4 A recent 
systematic review of oculomotor-based vision 
assessment to monitor changes after mTBI 
found preliminary but promising evidence.5 
Although measurement of oculomotor func-
tions appears useful in detecting changes 
after mTBI, the current evidence does not 
have sufficient strength to inform clinical 
guidelines.

Traumatic impact to the head, as in mTBI, 
may affect vision-related networks that are 

strengths and limitations of this study

 ► Prospective longitudinal design with measurement 
at two time points.

 ► Strict inclusion criteria for mild traumatic brain 
injury   (mTBI) according to American Congress of 
Rehabilitation Medicine.

 ► Inclusion of both an uninjured control group and 
a group with minor orthopaedic injuries without 
trauma to the head, to control for non-specific 
effects of injury such as pain and distress.

 ► Study methods include several easily replicable 
optometric measurements.

 ► The generalisability of this study is limited because 
the sample of patients with mTBI was small in size 
and restricted in age range.
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widely spread throughout the brain,1 6 and thus result 
in visual disturbances. Various visual impairments with a 
prevalence up to 70% have been found in patients with 
long-lasting problems after mTBI.4 7 8 However, these 
studies have limitations such as retrospective design, 
selection bias, heterogeneity regarding severity of injury 
and lack of appropriate control groups. Prospective 
studies with early assessment and follow-up of vision-re-
lated oculomotor changes after mTBI are scarce.9 10

The ability to appropriately alter focus, align the 
eyes and make gaze changes can be measured, and has 
been highlighted in several recent studies on mTBI.11–14 
Convergence is a nasalward eye movement for near 
vision.15 Insufficient convergence is one of the most 
frequently described oculomotor changes after head 
injury.16 Symptoms after mTBI, both direct visual symp-
toms (double vision, blurred vision) and indirect symp-
toms (increased effort at near work), might be attributed 
to impaired convergence. Convergence insufficiency 
(CI) was found in 42%–48% of patients with mTBI in 
retrospective studies,4 7 and controlled studies of military 
personnel who have suffered blast-induced mTBI have 
shown a significant difference in near point of conver-
gence (NPC).3 7

Fusional vergence aligns the two eyes and thereby 
provides for clear single vision. Impaired fusional 
vergence causes unstable binocular vision, which may 
present as losing one’s place when reading or blurred, 
or even double vision. Fusional vergence disorders may 
occur in about 3%–6% of a population with vision-based 
symptoms who are otherwise healthy17 18 but may be 
significantly more frequent in patients with TBI.19

Accommodation provides a clear optical image of an 
object at different distances through the altering of refrac-
tive power in the crystalline lens. Symptoms of accom-
modative disorders include blurred vision and impaired 
flexibility to alter focus between near and far. A physiolog-
ical deterioration of accommodative ability, presbyopia is 
expected with age. The current study therefore included 
prepresbyopic subjects of age 40 or younger. In an other-
wise healthy prepresbyopic population, accommodative 
changes may be present in up to about 10% of individuals 
with vision complaints.18 20 Significantly more prevalent 
accommodative disorders have been found in patients 
with mTBI in the subacute stage3 and at a later stage as 
part of persisting issues.21 22

Saccades are rapid eye movements that can direct 
the gaze to areas of interest in the visual field. Through 
purposeful and accurate saccades executed in quick 
succession, the environment can be scanned and func-
tional visual field is increased. Thus, an efficient saccadic 
performance is an important base for efficient and safe 
interaction with the environment and for detailed work 
such as reading.23 The initiation and programming of 
saccades involves cognitive functions that are subserved 
by complex neuronal networks involving different parts 
of the brain. Parameters of saccades, such as latency and 
accuracy, have been shown to be affected after mTBI.2 9 10 24

In this study, we aim to assess oculomotor and visual 
changes after mTBI prospectively, and compare these to 
a control group unexposed to head injury but with minor 
orthopaedic injury and to a non-injured control group. 
The orthopaedic group allows evaluation of brain inju-
ry-specific effects by controlling for non-specific effects of 
pain and distress after trauma.

The study objectives are to assess: (1) whether visual 
disturbances can be demonstrated with objective 
measures more often in patients with mTBI than in ortho-
paedic controls and non-injured controls, (2) whether 
such objectively demonstrated disturbances change over 
time and (3) whether self-reported visual symptoms after 
mTBI correlate with objectively measurable changes in 
visuomotor performance.

MethODs
This is a prospective controlled observational study on 
visual disturbances after mTBI, with two control groups, 
defined below. This article is the first report from this 
study. The setting was an emergency department (ED) 
of a large general hospital serving the Northeast of 
Stockholm.

A power calculation was conducted: with an expected 
incidence of visual disturbances in 70% in the mTBI 
group4 7 8 and 10% in the control group,18 20 10 persons 
per group were needed to detect visual disturbances with 
80% power at alpha 0.05. With an expected drop-out rate 
of 30%, 15 persons were judged necessary in each group.

Inclusion criteria
For all study participants, age between 18 and 40 years was 
a necessary criterion for inclusion. Other criteria for each 
of the three groups were as follows:
1. mTBI group:

a. Presented to the ED after acute blunt head trau-
ma.

b. Met diagnostic criteria for mTBI according to 
American Congress of Rehabilitation Medicine25: 
mTBI is an acute brain injury resulting from me-
chanical energy to the head from external physi-
cal forces. Operational criteria for clinical identifi-
cation included: (1) one or more of the following: 
confusion or disorientation, loss of consciousness 
for 30 min or less, post-traumatic amnesia for less 
than 24 hours, and/or other transient neurologi-
cal abnormalities such as focal signs, seizure and 
intracranial lesion not requiring surgery and (2) 
Glasgow Coma Scale (GCS)26 score of 13–15 af-
ter 30 min postinjury or later on presentation for 
healthcare. These manifestations must not be due 
to drugs, alcohol, medications, caused by other in-
juries or treatment for other injuries (eg, systemic 
injuries, facial injuries or intubation), caused by 
other problems (eg, psychological trauma, lan-
guage barrier or coexisting medical conditions) or 
caused by penetrating craniocerebral injury.
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c. CT of the brain performed on the basis of clinical 
need, as assessed by the ED doctor.

2. Orthopaedic control group:
a. Presented to the ED after minor trauma to the ex-

tremities without head trauma.
b. Did not require surgery.

3. Non-injured control group:
a. Individuals who had not suffered traumatic inju-

ry and who answered an advert recruiting to the 
study.

exclusion criteria (any of the following)
a. Indication for neurosurgery;
b. Previous moderate or severe TBI;
c. Any head injury in the previous year requiring med-

ical attention;
d. Presence of any contraindication for MRI; 
e. Progressive neurological disease or other medical 

conditions with expected short survival;
f. Severe visual impairment or manifest strabismus;
g. Need for help in activities of daily living before the 

current injury;
h. Intoxication with alcohol at the time of the injury;
i. Not fluent in Swedish.

For demographic information, see table 1.

Data collection
Subject recruitment was conducted between January 
2015 and January 2016 and was stopped when a total of 
15 patients with mTBI, 15 orthopaedic controls and 15 
non-injured controls were enrolled, in accordance with 
the power calculation. Study patients were contacted by 
phone 1–3 days after injury. All study participants received 
written information about the study and gave informed 
consent.

All data related to the injury, GCS on arrival at the ED 
and results of CT of the brain were collected from the 
medical records. Demographic data were collected by 
interview at the baseline examination.

All study participants were scheduled to be assessed 
two times: at baseline, in the subacute phase (for patients 
with trauma, 7–10 days after the trauma) and at follow-up 
75–100 days after the injury. Due to recruitment difficul-
ties and in order to minimise drop-out, the time frame for 
the first and second assessments was extended. Neuropsy-
chological testing and visual assessment were performed 
at different time points on the same day or on the day 
before or after. The median time between injury and 
baseline visual assessment was 7 days (range 4–13 days) 
for patients with mTBI and was 8 days (range 7–12 days) 
for orthopaedic controls. The median time between 
injury and follow-up visual assessment was 103 days 
(range 81–232 days) for patients with mTBI and 108.5 
days (range 87–322) for orthopaedic controls. No statis-
tically significant difference was found between patients 
with mTBI and the orthopaedic control group regarding 
time between the injury and assessments (baseline and 
follow-up).

Patients with mTBI and orthopaedic controls under-
went examination with structural MRI and resting state 
functional MRI of the brain at baseline and at follow-up. 
All participants rated anxiety and depression using 
Hospital Anxiety and Depression Scale27 and fatigue 
using Fatigue Severity Scale,28 and underwent neuropsy-
chological testing. These data and imaging results will be 
reported separately.

Among the consecutive patients who were invited to 
participate in the study, a total of 99 declined; 17 mTBI 
and 82 orthopaedic subjects. Of those who declined, 
88% of mTBI and 64% of orthopaedic subjects were 
men, and there was no difference regarding age between 
participating and non-participating individuals. The 
reasons stated for not participating were lack of time and 
inconvenience.

Two individuals in the mTBI group and two individuals 
in the orthopaedic control group were lost to follow-up 
despite several follow-up phone calls and letters.

Assessments
The visual examination was performed by licensed 
optometrists, using standard optometric clinical methods. 
It included assessment of visual acuity at far and near, 
refractive error, stereoacuity, near point of accommoda-
tion, facility (flexibility) of accommodation, NPC with an 
accommodative target, non-strabismic eye-turn (hetero-
phoria), eye motility and fusional vergence. Diagnosis 
of visual dysfunctions were based on established diag-
nostic criteria.29 NPC was measured using the push-up 
method (RAF-ruler). Positive fusional vergence (PFV) 
was measured with a prism bar. In both cases, the patient 
is instructed to try as hard as possible to maintain single 
vision and to report when perceiving double vision. Mean-
while, the examiner carefully observes eye alignment in 
order to verify the patient’s response. Expected accom-
modative amplitude was calculated according to the 
Hofstetter formula (18.5−1/3 age).29 Diagnosis of accom-
modative insufficiency (AI) required amplitude less than 

Table 1 Demographic data

Patients with 
mTBI

Orthopaedic 
controls

Non-injured 
controls

Age, median 
(range)

25.0 (18–39) 27.0 (18–40) 26.0 (19–36)

Men, n (%) 7 (47) 11(73) 9 (60)

Women, n (%) 8 (53) 4 (27) 6 (40)

GCS 15 (%) 14 (93) NA NA 

GCS 14 (%) 1 (7) NA NA 

Type of 
trauma:
n (%)

Fall: 7 (47)
Bicycle: 2 (13)
Horseback 
riding: 2 (13)
Other: 4 (27)

Sports: 9 (60)
Other: 6 (40)

GCS, Glasgow Coma Scale; mTBI, mild traumatic brain injury; NA, 
not applicable.
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minimum expected according to the Hofstetter formula 
(15−1/4 age). Diagnosis of CI required NPC ≥6 cm plus at 
least one of the following: reduced PFV at near (<20 prism 
D) or divergent heterophoria at least 4 prism D greater 
at near than at distance.29 Saccadic eye movements were 
recorded (spatial resolution 0.15°; temporal resolu-
tion 300 Hz) using an eye tracker (Tobii TX300; Tobii, 
Stockholm, Sweden; www. tobii. com). The participant 
was positioned 60 cm directly in front of the eye tracker 
display. We used three test paradigms: (1) prosaccades; 
(2) antisaccades and (3) self-paced saccades. The stimuli 
consisted of a dot with a diameter of 5 mm (0.5°). In the 
prosaccade paradigm, the participant fixated a centred 
cross and then refixated to a dot that appeared at 2°, 4°, 
6° or 8° to the left or right of the cross. The performance 
was characterised with mean latency and positional gain. 
In the antisaccade paradigm, the participant viewed a 
centred cross and then rapidly looked in the opposite 
direction to that of a dot presented  8° to the left or right 
of the centre. The performance was characterised with 
the latency of correctly performed saccades and propor-
tion of erroneous saccades. In the self-paced saccade 
paradigm, two dots were simultaneously presented for 
30 s at 8°  to the left and right of centre. The participant 
was instructed to move the gaze rapidly, as many times as 
possible, between the dots. The performance was charac-
terised with number of saccades performed in 30 s and 
mean intersaccadic interval (ms).

At baseline and follow-up, all study participants self-rated 
their symptoms using the Rivermead PostConcussion 
Symptoms Questionnaire (RPQ)30 and the Convergence 
Insufficiency Symptom Survey (CISS).31 32 The RPQ is 
based on a Likert scale and includes 16 items with ratings: 
0 ‘no symptoms’, 1 ‘no more of a problem or transient 
symptoms’, 2–4 ‘mild to severe’ symptoms. A total sum of 
all symptom scores (‘mild to severe’, excluding ratings of 
(1) is calculated, with a maximum score of 64. The CISS 
is a validated and reliable instrument31 that evaluates near 
work-related visual symptoms. It includes assessment of 
direct symptoms, such as blurred vision and double vision, 
as well as indirect symptoms (eg, difficulty maintaining 
concentration, sleepiness while reading, headache and 
ocular discomfort). The survey includes 15 questions with 
ratings from 0 ‘never’ to 4 ‘always’ for assessment of visual 
symptoms. The total score is 60 and the cut-off score for 
abnormal levels of symptoms is 21. This value gives good 
sensitivity (97.8%) and specificity (87%) in otherwise 
healthy young adults who have presented to optometrists 
with visual symptoms.32

Data analyses
All data were analysed using SPSS V.23. Parametric statis-
tics was used for oculomotor measures (accommoda-
tion, convergence, fusional vergence and saccades). A 
two-way repeated measures analysis of variance (ANOVA) 
was used for analysing the within-subject factors (base-
line vs follow-up) and the between-subject factor 
(effect of group). Post hoc tests were performed using 

Holm-Bonferroni adjustment. Fischer’s exact test was 
applied for analysis of the categorical data.

Non-parametric Kruskal-Wallis test (three groups), 
Mann-Whitney U test (two groups, post hoc analysis), 
Wilcoxon signed-rank test and Spearman’s rank correla-
tion were used for comparison of ordinal data from ques-
tionnaires (CISS and RPQ) and stereoacuity. Two-tailed 
P values were used with a critical significance level of 
P<0.05.

results
Of the 15 patients, 2 patients with mTBI had pathological 
findings on CT of the brain, one had a small subdural 
haemorrhage and the other a small subarachnoid haem-
orrhage. Neither required surgery. No cranial nerve 
palsies or direct trauma-related eye pathology was found.

Visual examination 

Accommodation
A significant effect of interaction between group and 
test occasions was found in the ANOVA for the devia-
tion from expected accommodative amplitude (df=2, 
F=4.406, P=0.028). The post hoc analysis showed signifi-
cantly reduced accommodative amplitude in the mTBI 
group compared with non-injured controls at base-
line (P=0.001) (figure 1) but no statistically significant 
difference between patients with mTBI and orthopaedic 
controls. There were no statistically significant differences 
between the mTBI group and either of the control groups 
at follow-up. Out of 13 patients, 6 patients with mTBI 
still had AI at follow-up (12 out of 15 patients at base-
line) compared with 5 out of 12 orthopaedic controls (no 
change over time) and 2 out of 15 non-injured controls 
at follow-up (no change over time). No statistically signif-
icant differences in accommodative facility were found 
within or between groups or test occasions.

Convergence
The ANOVA showed a significant interaction effect (df=2, 
F=3.793, P=0.042) and the post hoc analysis showed a 
significant difference (improvement) in the mTBI group 
between baseline and follow-up (P=0.015) (figure 2). 
There were no statistically significant differences between 
or within the control groups.

Fusional vergence
The ANOVA on fusional vergence did not show any signif-
icant differences at the group level at any time point.

stereoacuity
No statistically significant difference was found between 
groups or test occasions regarding stereoacuity (Krus-
kal-Wallis test). Out of 15patients, 5 patients with mTBI 
showed a reduced level of stereoacuity at baseline (120–
240 s of arc) while one patient showed a reduced level at 
follow-up (60 s of arc or less). In the orthopaedic group, 
three subjects performed at the level of 120–240 s of 
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Figure 1 Deviation from expected accommodative amplitude. The lower the negative value, the greater the deviation 
(insufficiency). Closer to zero is better. The miniature squares indicate mean values. The box indicates median, upper and lower 
quartiles. The whiskers indicate minimum and maximum. * Significant difference (P=0.015). mTBI, mild traumatic brain injury.

Figure 2 Near point of convergence in the mild traumatic brain injury (mTBI) group at baseline and at follow-up measured in 
centimetre. The lower the value, the better convergence performance. The miniature squares indicate mean values. The box 
indicates median, upper and lower quartile. The whiskers indicate minimum and maximum. * Significant difference (P=0.015).  
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arc at baseline, and two of these performed similarly at 
follow-up. All non-injured controls performed normally 
at both test occasions.

saccade performance
In the prosaccade task, no statistically significant differ-
ence in latency or gain was found between groups or test 
occasions (ANOVA). No significant differences within 
or between groups were found in the self-paced saccade 
task. In the antisaccade task, all groups performed 
well at both test occasions with no statistically signifi-
cant differences in latency or proportion of erroneous 
saccades.

Assessment of visual symptoms
There was a statistically significant difference between 
the three groups regarding CISS score at the baseline 
(df=2, P=0.003) (Kruskal-Wallis test). Patients with mTBI 
had more visual symptoms with near work, compared 
with the two control groups, as measured by the CISS 
score at baseline: patients with mTBI versus orthopaedic 
controls (U=47.5, P=0.012) and patients with mTBI 
versus non-injured controls (U=38.0, P=0.02) (Mann-
Whitney U test). The median value of the CISS score in 
the mTBI group at baseline was 24. It then decreased to 
19 at follow-up, but the change did not reach statistical 
significance (Wilcoxon signed-rank test). The CISS score 
was below cut-off level at both time points in the control 
groups.

At baseline, 9 out of 12 patients with mTBI were iden-
tified with CI/AI using the CISS (figure 3). At follow-up, 
seven patients with mTBI still had CI/AI (figure 3); one 
with CI and six with AI. Three of these patients scored as 
symptomatic on CISS. However, no association between 
CISS and CI/AI was found (Fisher’s exact test).

In the mTBI group, CISS scores at baseline correlated 
with reduced PFV measured at near, that is, the capacity 
to maintain clear single vision while performing near 
work (r=−0.6; P=0.02) (figure 4).

symptoms measured by the rPQ
There was a significant difference, regarding the sum of 
symptom scores on the RPQ, among the three groups 
at baseline (df=2, P<0.001) and at follow-up (df=2, 
P=0.001) (Kruskal-Wallis test). At baseline, the RPQ sum 
of symptom scores was significantly greater in the mTBI 
group compared with the orthopaedic control group 
(U=40.0, P=0.002) and to non-injured controls (U=29.5, 
P<0.001) (Mann-Whitney U test). A significant difference 
was found in the sum of symptom scores at follow-up, 
between the mTBI group and the orthopaedic control 
group (U=27.0, P=0.003), and between the mTBI group 
and non-injured controls (U=24.0, P<0.001) (Mann-
Whitney U test). Sum of symptom scores decreased in the 
mTBI group over time (median value of the RPQ sum 
of symptom scores decreased from 22 at baseline to 6 at 
follow-up), but the difference did not reach statistical 
significance (P=0.092) (Wilcoxon signed-rank test).

DIsCussIOn
We have observed differences in visual measurements 
between a well-defined mTBI group and two control 
groups. We also objectively measured transient visual 
disturbances in the mTBI group.

In agreement with a previous study,3 a significant differ-
ence in accommodation between the mTBI group and 
each of the control groups at the baseline was found in 
our study. The mTBI group had statistically significantly 
lower accommodative amplitude compared with non-in-
jured controls at baseline. Accommodative amplitude 
then recovered to a certain degree at follow-up, but almost 
half of the patients with mTBI still had deviations meeting 
the diagnostic criteria for AI. We know little regarding the 
expected course of spontaneous improvement in accom-
modation. There are some indications that AI may be part 
of issues even in the long term after injury.21 22 Therefore, 
it may be necessary to consider therapeutic intervention 

Figure 3 The association between Convergence Insufficiency Symptom Survey (CISS) score and the presence of 
accommodative insufficiency (AI) or convergence insufficiency (CI) in patients with mild traumatic brain injury (mTBI), 
orthopaedic controls and non-injured controls. The findings at baseline and at follow-up are presented in a two-by-two matrix.
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when appropriate, for example, spectacle lenses for near 
work and/or vision therapy.33

A somewhat unexpected result was the non-significant 
difference in NPC between the groups. The finding of 
non-significant differences in NPC among groups is in 
contrast to that by Capo-Aponte et al.3 However, we found 
a significant change in NPC in the mTBI group between 
the baseline and follow-up. The mean NPC at baseline of 
these patients with mTBI was just within 10 cm, which may 
or may not be considered clinically meaningful,15 29 and 
therefore not pose a clinical sign for further examination 
of CI. Receded NPC has previously been proposed as a 
potentially sensitive vision-based biomarker after mTBI14 
and our findings tentatively support this.

The mechanism behind the spontaneous recovery of 
NPC in the present patient sample remains to be under-
stood. The convergence responses are based on visual 
processing of binocular disparity and correct ocular 
alignment through vergence eye movements. Given the 
recovery of NPC, any manifest structural injury affecting 
motor function (vergence eye movements) can probably 
be ruled out. Some of the remaining aspects to consider 
are sensorimotor integration and the ability to respond 
appropriately to the stimulus. Certain tasks, including the 
push-up method for measuring NPC used in the current 
study, require that the subject exert maximal convergence 
effort to maintain single vision of a very near target. This 
most likely involves voluntary effort. A question for further 
discussion is how the constellation of somatic symptoms, 

cognitive impairments and fatigue, known to be associ-
ated with mTBI, may affect the capacity to perform this 
test optimally. Our clinical observations during this study, 
along with previous research, suggest that these factors 
can have contributory effects.19

One-third of the patients with mTBI showed a deficient 
level of stereoacuity at baseline (120–240 s of arc), while 
at follow-up only one showed deficiency (>60 s of arc). 
These findings may suggest that the visual processing 
of disparity was particularly affected in the mTBI group 
in the acute stage. Based on the improvement in stereo-
acuity, we may speculate that underlying factors affecting 
the ability to resolve and detect stereo disparity, such as 
inadequate or inefficient vergence and/or accommoda-
tive function, improved with time.34

We were not able to replicate the findings of previous 
studies that found differences in measures of saccadic 
eye movements between patients with mTBI and 
controls.3 7 13 24 An explanation could be that changes in 
saccadic reaction time/latency are subtle, transient and 
possibly only to be demonstrated directly after a trauma 
to the head. In our study, baseline optometric examina-
tion took place a few days after mTBI. Our findings are 
in line with a study of amateur boxers in which saccadic 
latency was measured at four time points, with baseline 
before the boxing match (prefight), and at 3 days, 7 days 
and 12 days after fight, that is,  after blows to the head.10 
Results in this study showed increased saccadic latency 
directly after the fight; however, 12 days later the latency 

Figure 4 Convergence Insufficiency Symptom Survey (CISS) score versus positive fusional vergence in patients with mild 
traumatic brain injury (mTBI). Higher positive fusion value corresponds to better function.
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had returned to baseline. The small number of partici-
pants and lack of the description of mTBI criteria limit 
interpretation of findings in that study.

We found that patients with mTBI had significantly 
more visual symptoms as measured by CISS score than 
orthopaedic and non-injured controls. Our findings on 
reported visual disturbances at near work after mTBI are 
consistent with a previous study.3 We found a significant 
correlation between CISS score and PFV at near in the 
mTBI group. This correlation may appear somewhat 
unexpected since the PFV was normal at the group level. 
The symptom score (CISS) was significantly higher in the 
mTBI group than in the control groups. The elevated 
symptom score may be an indication that most patients 
with mTBI were indeed able to perform normally on the 
PFV, but at a greater effort (causing symptoms). Objec-
tive recordings of vergence eye movement have demon-
strated an association between symptoms and inefficient 
vergence performance.35

The patients sustaining a trauma to the head in this 
study reported significantly more symptoms on the RPQ 
and CISS compared with both controls groups at baseline. 
The symptoms decreased at follow-up, but the change 
was not statistically significant. However, the role of brain 
injury for these symptoms, especially for patients with 
long-term problems after mTBI, has been questioned.36 
Several factors have been suggested to affect symptom 
reporting after mTBI, for example, recall bias and biopsy-
chosocial factors. Furthermore, previous studies have 
demonstrated that similar symptoms are also present after 
any trauma, presumably due to emotional distress and 
pain related to the injury.36 37 The strength of our study 
is having two control groups. Traumatic injury can gener-
ally impact on reporting of various symptoms, related to 
acute post-traumatic stress and pain. Therefore, to avoid 
confounding factors, we included a group of patients with 
minor orthopaedic injuries without trauma to the head, 
presenting at the same ED.

study limitations
When the study population is small, there is always a risk 
for type II error, that is, the risk of not revealing a true 
difference in the studied population. The differences 
found between patients with mTBI and controls regarding 
oculomotor measures were few and the within group vari-
ations were large. The degree of overlap between groups 
and incomplete correlation between visual symptoms 
and visual measurements suggest that caution is appro-
priate when interpreting findings in an individual patient 
based on the current state of knowledge. However, several 
aspects merit further investigation. The sample size in 
the present study was based on power calculations from 
reports on long-lasting vision and oculomotor problems 
in patients after mTBI.4 7 8 Possible bias in these studies 
could have led to an overestimation of the frequency 
of oculomotor changes, and thus an overestimation of 
expected effect size in our power calculation and a risk 
of type II error.

Study participants were 18–40 years old making the 
patient with mTBI group in this explorative study highly 
selective. This age limitation was chosen to minimise the 
effect of presbyopia on study results. Our findings will have 
relevance regarding the large number of young adults 
suffering head trauma, but will not be directly applicable 
to older patients, which limits the generalisability.

Future recommendations
Larger confirmatory studies are needed to clarify the clin-
ical relevance of the transient visual disturbances observed 
in this study. The role of vergence and accommodation 
as potential biomarkers for mTBI and their interplay with 
persisting symptoms such as fatigue also need further eluci-
dation. Furthermore, investigations of visual disturbances 
after mTBI should aim to determine if visual testing in the 
subacute phase after mTBI could help to predict long-lasting 
symptoms and be a target for intervention to promote 
recovery. Our findings, along with previous observations,21 
indicate the importance of not overlooking possible accom-
modative disorders in the overall assessment of the patient’s 
capacity to return to daily activities.

COnClusIOns
Some transient measurable visual changes regarding 
convergence were noted in patients with mTBI during the 
subacute period after injury. The finding of persistent AI 
in a substantial proportion of patients with mTBI requires 
further evaluation. Accommodation insufficiency could 
be either a biomarker for persistent functional impair-
ment in neural networks or a target for intervention to 
promote recovery or possibly both.
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