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ABSTRACT

Introduction: Accommodative Convergence/Accommodation (AC/A) ratio is constant at one and the same person in the course of life,
i.e. the same ratio accommodative convergence monitor any change in accommodation measured in diopters. Such a perfect relationship
is possible if there are no refractive anomalies in both eyes and oculomotor imbalance of eye muscles. Material and methods: We are
examined 50 patients with close brain injury, and patients which had problems with near vision, accommodation and convergency were
reducted, with loss motor fussion, and preserved stereoscopis vision, and showed us, that disturbances are clear motor and folowed with
incapable of patient to hold of superposition view to watching object. Results: The difference in average proximity distance vision and
reading time with no fatigue after 6 months a statistically significant, the value of t-test, t = 1873 for p <0.01, r = 0. 718. The value of con-
vergent fusion 6 months after treatment in 30% of the patients was from 0 to16 Pd, S. D. = 18. 6, and x* = 7. 22. In 18% of the patients was
from0to 10 Pd, S. D = 17.61, and x* = 5. 41, at 20% of patients 0 to 22 Pd, SD = 14. 18, x* = 6. 84, in 16% of patients 0 to 4 Pd, SD = 16. 41, x
*t-test = 5. 13 and the remaining 16% of patients the value of convergent fusion is about 1 PD, S. D = 15. 01, x* t = 5. 18. All patients showed
significant improvement in near vision compared to the value of convergent fusion before treatment where x? t-test = 9.41, after 6 months
of treatment, there is considerable significance p < 0 01, t—test 0. 914, correlation coefficient r = 0. 881. Conclusion: Disturbances of AC /

A ratio should be evaluated only with regard to all symptoms and is only possible by proper rating interference in reading.
Key words: disorders of AC / A, traumatic brain injury, motor fusion.

1. INTRODUCTION

Accommodative Convergence/Accommodation (AC/
A) ratio is constant at one and the same person in the
course of life, i.e. the same ratio accommodative conver-
gence monitor any change in accommodation measured
in diopters. Such a perfect relationship is possible if there
are no refractive anomalies in both eyes and oculomotor
imbalance of eye muscles. People with normal binocular
vision have synergism between accommodation and con-
vergence that will remain throughout your life, but there
may be abnormal relations between accommodation and
convergence (Donders 1864), which were then connected
only with refractive error. Today we know that these ab-
normal relationships can be complex and brain injuries,
because traumatic brain injury of the vibration waves
through the impact force can no visible external injuries
caused by a variety of transient cerebral dysfunction. Ac-
commodation represents the ability of the eye that may be
willing to adjust the distance of objects by increasing the
strength and fracture of light through the lens, so that the
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lens resulting from the contraction of m. ciliar, represents
a convergence of eye position for viewing in the vicinity,
with directions for viewing do not go looking in paral-
lel at a distance, but cut in front of the eyes. Refraction
optical system depending on the distance from the fixed
objects is constantly changing. Accommodation reflex
speed is 0.5—1.5 sec. One of the most important stimulus
of accommodation is a blurred image of an object on the
retina of the eye, and another bitemporal disparity image
on retina of the eye that occurs when the convergence of
light rays that fall on the retina of the eye is not sufficient
(1,2,3,4,5).

2. GOAL
The goal is to establish correlation disorders AC/A rela-
tionship in traumatic brain injury.

3. MATERIALS AND METHODS

The study was conducted as a prospective, clinical,
controlled, descriptive study of a period of four years
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at the Department of Ophthalmology, Clinical Centre
of Sarajevo University. The study included 50 patients,
aged from 15 to 40 years, with traumatic brain injuries
and their main difficulty was the blurred vision at near.
From the study were excluded patients younger than 15
years because of the difficulty to cope in certain tests and
older than 40 years for any wrong interpretation, for the
occurrence of presbyopia. Patients with neurological syn-
dromes, persons with previous motility disorders and re-
fractive anomalies greater than 1 Dptr are also excluded
from the study. The control group consists of patients of
the same age with the same difficulties that had a trau-
matic brain injury. In all patients who were included in
the study according to previously established criteria,
we examined the following: determination of visual acu-
ity, monocular and binocular, skiascopy, autorefractom-
etry, examination of the anterior eye segment, a review
of the ocular posterior segment, motility and oculomotor
balance, Cover-Uncover tests, accommodation and con-
vergence, measuring AC/A ratio by the gradient several
times due to differences between the estimates of devia-
tion eyes on a given distance using Madox glass in front
of one eye and a prism to correct the other eye before and
after putting the convex and concave lenses, which causes
a change in their accommodation (positive or negative)
and the resultant change in the corresponding positive or
negative convergence test Hess—Lancaster, Bielschowski
test, examination of fusion with prisms, an examination
of stereo vision, neurological examination, CT of the
brain after injury and statistical analysis.

o Abnormal
Method Quantitative Formula Mean relation-
measures Rank .
ship
Accommodative AA
Gradient convergence 2 28A/D >4.6A/D
accommodation

Table. 1. Clinical method for measurement of accommodative
convergence of the gradient method.

4.RESULTS

Among the respondents were 40 (80%) male and 10
(20%) female patients. The largest percentage of participa-
tion by sex and age structure is patients aged 15 to 20 years
old (40%). In examining the visual abilities of subjects at
a distance after fixation in the vicinity of prior treatment
for binocular vision (VOU = 0.5-0.6) has a percentage of
54% or 27 patients. Size angle of exophoria measured with
prism diopters before treatment (6—8 Pd) was observed in
52% of our respondents 4 to 6 PD in 30% and 2 to 4 Pd in
18% of our respondents. Size of accommodation in 60%
was 3.3 D, in 22% D 4.0 and in18% 5.0 D.

The nearest point . . Number
Prismbase Prismbase

of convergence of pa- %

. temporal nasal .

incm tients

26 OPd 6Pd 30 60 %

15 1Pd 4Pd 1 22%

9 2Pd 2Pd 9 18%

Total 50 100 %

Table 2. The strength of convergence before treatment.
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Numberof x  Seangleo
Normal (2.5-2.8 Pd) 9 18 % 2-4Pd
Decreased (0.8-1.2Pd) 15 30% 4-6 Pd
Abnormal (0-0.5 Pd) 26 52% 6-8 Pd

Total 50 100 %

Table 3. Measurement of AC / A ratio of the gradient method.

Sizes of convergent ~ Number of

: - % S.D. Hi? t-test
fusion patients
To2Pd 25 50% 14.61 9.61
Instability between o
0-6 Pd 15 30% 18.6 11. 22
To12Pd 10 20% 14.18 6.84
Total 50 100 % 17.11 9.41

Table 4. Mean values of convergent fusion before treatment.

Size of conver- Number of % S.D. Hi? t—test
gent fusion patients

Stability 0-10Pd 9 }Z’i’fl 5.41
Stability0-4Pd 8 50% 15'01 5.13
About 1Pd 8 ? ’ 5.18
0-16Pd 15 30% 18.6 722
0-22Pd 10 20 % 14.18 6.84
Total 50 100 % 21.44 6.81

Table 5. The value of convergent fusion 6 months after treat-
ment prisms.

Distance in Number of % Time S.D. X t-test
cm patients

J1atdistance 17 34% 307 32.46 18.041
of 30 cm 10 20% 40" 41.14  20.22
J1latdistance 10 20% 307 24.17 16.41
of 25 cm 13 26 % 25” 21.18 14.14
Total 50 100% 317 36.18 19.44

Table 6. Proximity and sight reading time without fatigue 6
months after treatment prisms.

5. DISCUSSION

Duration of reading is defined by the maximum time
for which the patient can read constant before it comes to
blurred vision and diplopia. Based on the obtained data
we believe that we get good results proximity of vision
after treatment of 6 months, and extended reading time
without fatigue at 20% of patients who read J 1 at a dis-
tance of 25 cm for 30”where the standard deviation shows
the values 24.17, x* =16.41. Average result we obtained:
in 34% of patients J 1 is read at a distance of 30 cm for
30"where SD = 32.47, x*> = 18.041, in 26% of patients that
J 1is read at a distance of 25 cm in length from 25” where
SD= 21.18, x* 14.14. Unstable results in 20% of patients
J 1 read at a distance of 30 cm in length from 40” with
low value of convergent fusion about 1 Pd exophoria in 8
patients and 8 patients with a value of convergent fusion
from 0 to 4 Pd in exophoria.

The difference in average proximity distance vision and
reading time with no fatigue after 6 months a statistically
significant, the value of t-test, t=1873 for p <0.01, r = 0.
718. These were patients who had astenoscotopic inter-
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ference and showed slight disparity image that has been
fused by the patients fused after home exercises. The val-
ue of convergent fusion 6 months after treatment in 30%
of the patients was from 0 to16 Pd, SD = 18. 6, and x> = 7.
22.1n 18% of the patients was from 0 to 10 Pd, SD=17. 61,
and x* = 5. 41, at 20% of patients 0 to 22 Pd, SD = 14. 18, x*
= 6. 84, in 16% of patients 0 to 4 Pd, SD = 16.41, x> = 5. 13
and the remaining 16% of patients the value of convergent
fusion is about 1 PD, SD= 15.01, x*> = 5. 18. All patients
showed significant improvement in near vision compared
to the value of convergent fusion before treatment where
x> = 9.41, after 6 months of treatment, there is consider-
able significance p < 0.01, t—test = 9.14, correlation coef-
ficient r = 0. 881.

Comparing our criteria with other authors, we see that
the authors (6,7) suggest that 50% of patients with trau-
matic brain injuries show a systematic change in the vi-
sual sense disturbances of central vision in viewing prox-
imity without disturbances oculomotor balance. In the
second case in a sample of 314 patients, 70% of them had
parafoveolar eliminated from-5 ° or less, and 50-70% of
these patients objectively showed chronic deficits in read-
ing and visual examination of remote vision after fixation
on the near (8, 9 ). In our sample exophoria the vicinity
were all patients and was—4 ° and less, which is 100%, as
an excess of convergence and microexotropia we do not
find in our sample, which is confirmed by other authors
(10, 11). Persuasive difficulties in reading were found in
our sample with 82% of patients, while 18% of patients
were uncertain whether the answers to questions. On eye
examination, eight (25%) patients were diagnosed with
convergence insufficiency and seven (23%) had accom-
modative insufficiency. The average NPC (near point of
convergence) in patients diagnosed with convergence in-
sufficiency was 29.2 £ 24.0 cm (normal range: 2.5 + 2.5
cm). Of the patients who were unemployed (1 = 4), 75
percent were diagnosed with accommodative insufficien-
cy and/or convergence insufficiency, compared with only
33 percent of employed patients (n = 27). All patients
with accommodative insufficiency were given reading and
computer glasses (12).

Some of the authors (13, 14), this explains the difficulty
in reading non-permanent fixation that causes nystag-
mus, which can impair the spatial sense, especially in fine
detail, especially if fixation insufficient time had to iden-
tify small opto tips or written characters. These authors
also found a high rate of visual impairment and near-work
related deficiencies in their patient population despite rel-
atively normal visual acuity and normal visual fields. Later
studies report that veterans with blast-induced TBI with
auditory deficits are likely to also have visual disturbances
and vice versa (15).

Insufficient of motor and sensory fusion are rare but are
extremely common disorder of motor fusion in patients
with traumatic brain injury (16, 17, 18), which we found in
our survey, the mean convergent fusion before treatment
in 50% of patients up to 2 Pd, with SD = 14.61 and x* = 9.
61, while the unstable values in 30% of patients 0 to 6 Pd
with S. D = 18.6 and x*> = 11.22, which is insufficient for a
longer view of the proximity. Clinical experience has sug-
gested that motor fusion and approaching the eye move-
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ments are important for the long term operation in the
vicinity (19). Based on recent literature reports, evidence
is mounting that symptoms associated with combat-relat-
ed post concussion disorder in service members can per-
sist much longer than expected, and extended monitoring
may be necessary in patients with chronic medical prob-
lems after TBI (20,21,22).

6. CONCLUSION

All patients with traumatic brain injuries have been
reported problems when viewing proximity and rapid fa-
tigue, and have not had similar complaints. After careful
and repeated examination may be diagnosis of AC/A pa-
resis of the lack of motor fusion, which is very difficult
clinical entity. Disturbances of AC/A ratio should be eval-
uated only with regard to all symptoms and is only possi-
ble by proper rating interference in reading.

CONFLICT OF INTEREST: NONE DECLARED.

REFERENCES
1. Kaufman H. Strabismus. Georg Thieme Verlag 2004.
2. Kerkhoff G. Restorative and compensatory therapy approaches in cerebral

blindness. Resr Neurol Neurosci. 1998; 8: 15-22.
3. Kerkhoff G, Schindler I. Neurovisuelle Storungen Blackwell. Oxford, 1999;

S: 313-336.

4. Mays LE, Gamlin PDR. Neuronal circuitry controlling the near response.
Curr Opin Neurobiol. 1995; 5: 763-768.

5. ZeeDS, LeviL. Neurological aspects of vergence eye movements. Rev Neu-
rol, 1999; 145: 613-620.

6.  Gianutsos R. Vision rehabilitation following acquired brain injury. In: Gen-

tile M, ed. Functional Visual Begavior. A Therapists Guide to Evaluation and
Treatment Options. Bethesda, MD: AOTO; 1997: 267-294.

7. Rizzo M, Robin DA. Bilateral affects of unilateral visual cortex lesions in
human Brain. 1996; 119: 951-963.

8. ZihlJ. Eye movement patterns in hemianopic dyslexia. Brain. 1995; 118:
891-912.

9. Zihl], Kennard C. Disorders of higher visual functions. In: Brandt T, Caplan
LR, DichangsJ, Dlener HC, Kennard C, eds. Neurological Disorders. Course
and Treatment. San Diego: Academic Press. 1998: 201-212.

10.  Chrous S, Cohen M, Groswasser Z, Barchadski R. Convergence insufficiency
in brain injured patients. Brain Injury. 1989; 3: 187-191.

11.  Ween JE, Alexender MP, Desposito M, Roberts M. Factors predictive of
stroke outcome in a rehabilitation setting. Neurology. 1996; 47: 388-392.

12. M. Teresa Magone, Ellen Kwon, Soo Y. Shin. Chronic visual dysfunction
after blast-induced mild traumatic brain injury. Journal of Rehabilitation
Research & Development (JRRD). 2014; 51(1): 71-80.

13.  Schindler I, Kerhoff G. Head and trunk orientation modulate visual neglect.
Neuroreport. 1997; 8: 10-27.

14.  Straube A, Kennard C. Ocular Motor Disorders, In: Brandt T, Caplan LR,
Dichangs ], Diener HC, Kennard C. Neurological Disorders, course and
treatment. San Diego: Academic Press., 1996; 101-111.

15. Lew HL, Weihing J, Myers PJ, Pogoda TK, Goodrich GL. Dual sensory im-
pairment (DSI) in traumatic brain injury (TBI)-An emerging interdisci-
plinary challenge. Neuro Rehabilitation. 2010; 26(3): 213-222.

16. Doden W, Bunge H. Fusionsstorungen nach Schadelhirntraumen. Mbl Au-
genheilek. 1965; 146: 845-853.

17. Boussaoud D. Primate Premotor Cortex: Modulation of Preparatory Neural
Activity by Gaze Angle. ] Neuro physiol. 1995; 73: 886-890.

18.  Brotchie PR, Andersen RA, Snyder LH, Goodman SJ. Head position sig-
nals used by parietal neurons to encode locations of visual stimuli. Na-
ture. 1999; 375: 232-235.

19.  Kerhoff G. Rehabilitation of visuospatial cognition and visual exploration
in neglect: a cross-over study. Rest Neurol Neurosci. 1998; 12(6): 27-40.

20. Lange RT, Brickell TA, Ivins B, Vanderploeg RD, French LM. Variable, not
always persistent, postconcussion symptoms after mild TBI in U.S. mili-
tary service members: A five-year cross-sectional outcome study. ] Neu-
rotrauma. 2013; 30(11): 958-969.

21. LewHL, PooleJH, Guillory SB, Salerno RM, Leskin G, Sigford B. Persistent
problems after traumatic brain injury: The need for long term follow-up and
coordinated care. ] Rehabil Res Dev. 2006; 43(2): vii—x.

22. HillJJ 3rd, Mobo BH Jr, Cullen MR. Separating deployment-related trau-
matic brain injury and posttraumatic stress disorder in veterans: Prelim-
inary findings from the Veterans Affairs traumatic brain injury screening
program. Am J Phys Med Rehabil. 2009; 88(8): 605-614.

97



