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ABSTRACT

This paper is a review of the literature sup-
porting vision therapy as an effective treat-
ment mode for accommodative deficiencies.
Vision therapy procedures have been shown
to improve accommeodative function effectively
and eliminate or reduce associated symptoms.
In addition, the actual physiclogical accom-
modative response variables modified by the
therapy have been identified, eliminating the
possibility of Hawthome or placebo effects
accounting for treatment success. Finally, the
improved accommodative function appears to
be fairly durable after treatment.
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Accommaodative deficiencies are grouped typ-
ically into the following diagnostic categories’:
{1) accommeodative insufficiency; (2) accommo-
dative infacility (inertia); (3) fatigue of or ill-
sustained accommodation; (4) accommodative
spasm or excess; and (5) accommedative paresis
or palsy.

Accommodative paresis, spasm, and ill-sus-

This paper is based on an oral presentation given
by Dr. Rouse on December 10, 1985 at the Symposium
on Management of Binocular Anomalies: Efficacy of
Vision Therapy. This meeting was sponsored by the
Binocular Vision and Perception Section at the An-
nua! Meeting of the American Academy of Optometry
in Atlanta, Georgia,
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tained accommodation are relatively rare and
represent only a small percentage of patients
diagnosed with accommodative deficiencies.”*
Accommedative insufficiency and infacility are
the two most common clinical conditions en-
countered.® Accommeodative insufficiency rep-
resents a condition where the amplitude of ac-
commodation is below the normal expected am-
plitude for the patient’s age.' Accommodative
infacility represents a condition where the pa-
tient’s rate of repeatedly stimulating and in-
hibiting accommodation during a specific period
of time (usually 1 min) is below average.®*

A number of signs and symptoms have been
reported to be associated with accommodative
deficiencies: blur at near, intermittent blur when
looking up from nearwork, headache, periods of
burning, itching and/or watering of the eyes,
tired eyes, double vision, loss of concentration,
and avoidance of near activities.*'! Recently
the incidence® and severity”® of presenting com-
plaints have been correlated positively to pre-
vious accommodative facility normative rates.®*
Patients presenting with symptoms demon-
strated facility rates significantly lower than
those without symptoms.

The treatment of functional accommodative
deficiencies (where organic or toxic causes have
been excluded) has included plus lens addition
for nearwork or therapy aimed at strengthening
the accommodative or vergence mechanism.** '

The efficacy of using vision therapy tech-
nigues to “strengthen” or improve accommoda-
tive function has considerable basic scientific
and clinical support.

Carr and Allen'™ and Sisson'® reported on
single patients who were able to demonstrate,
with short periods of practice, voluntary control
of accommodation.. An interesting observation
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by Sisson was that by getting the “feel” of the
act he was able to elicit voluntary accommoda-
tion without the aid of his experimental setup.

Marg* attempted to graph the actual accom-
modative résponse when voluntary and optical
stimuli were in conflict. Patients were instructed
to look closer and then further than optical
stimuli placed at between 0.20 D and 5.00 D
demands. Six of the 7 patients were able to
exhibit large amounts of negative {inhibitory)
voluntary accommeodation, whereas 5 of the 7
showed positive (stimulatory) accommodation
in varying degreés. A number of the patients
reported symptoms with attempted positive vol-
untary accommodation, which Marg suggested
lent support to the old clinical theory that symp-
toms arise from the need to exert effort to rein-
force a reflex function that is inadequate. Marg
demonstrated that voluntary control of accom-
modation was relatively common and suggested
that training that facilitates it might relieve
symptoms in cases with defective reflex accom-
modation.

Cornsweet and Crane® also demonstrated
that voluntary control of accommodation can be
developed by practice and appropriate feedback.
In their experiment, the patient was wearing
binaural headphones. A tone, whose pitch was
controlled by the experimenter, was delivered to
one ear, while the pitch of the tone in the other
ear was controlled by the output of an optometer
that measured the patient's accommodative re-
sponse. The patient’s task was to match the
pitch of the tone between the two ears. The two
patients were unable to do the task initially, but
after a total of 3 h of ad lib. practice each of
them was able to perform the task. To evaluate
whether the patients could transfer the skill, the
stimulus condition was changed. The patient
viewed two horizontal lines on an oscilloscope
screen. The vertical position of one line was
controlled by the experimenter, whereas the
other was controlled by the accommodative re-
sponse of the patient (via optometer). Both pa-
tients could perform the task afier only a few
seconds of practice, thus demonstrating that the
learned control of accommodation could be
transferred easily to new stimulus conditions.

Randle and Murphy™ studied the diurnal var-
iations of accommodation by testing four college
students every 3 h for 7 days. The patient’s task
was to track accommodatively a sine or square
wave stimulus varying from infinity to 0.25 m.
They f{ound the latency of the accommodative
response was stable over the 7 days. A number
of patients showed higher velocity responses {1)/
s) with the group mean velocity increasing over
the 7 days. In addition, response gain (magni-
tude} and phase lag {(difference between stimulus
and response waves) also improved over the 7
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days. Randle and Murphy showed that a number
of dynamic components (velocity, gain, and
phase) of the accommeodative response can be
improved with practice, They even suggested,
“It may well be that judicious training will in-
crease the dynamic performance of accommo-
dation and increase the useful life of the ciliary
neuromuscular system.”

Provine and Enoch® further demonstrated
the learned aspect to voluntary accommodation
by having patients attempt to accommodate
while wearing a —9.00 D contact lens. All pa-
tients showed the capacity to learn control of
nearly their entire accommodative amplitude.
The training process of the patients involved
the experimenters first cueing the patients to
concentrate on what they experienced when
they made an effort to focus upon the near
target. Once the improvement began ‘the pa-
tients rapidly learned to focus accurately, re-
porting the key to accomplishing the task was
learning to “concentrate on” or “attend to” the
task. Provine and Enoch further demonstrated
the voluntary nature of the learned task by
having the patients produce the accommodative
response in total darkness. This indicated that
the patients were using an internal performance
criterion, or “feeling,” and were not dependent

"upon visual feedback for the initiation and

short-term maintenance of the accommodative
response. ’

These studies demonstrate that voluntary
control of the accommodative response can be
trained and transferred to a variety of stimulus
conditions. In addition the actual improved dy-
namic accommodative response characteristics
of velocity, gain, and phase lag can be identified.

In addition to the basic science investigation
of accommodative response characteristics,
there are a number of clinical studies that dem-
onstrate the effectiveness of vision therapy on a
large number of patients that exhibit accom-
modative deficiencies.

Hoffman et al.* reviewed private practice rec-
ords of 129 patients who had undergone vision
therapy within the last 2 years. Patients with
strabismic and perceptual dysfunctions were
excluded. Eighty of the 129 were diagnosed ini-
tially as having either accommodative insuffi-
ciency or infacility. Most patients had a combi-
nation of accommodative and vergence prob-
lems. Patients attended two 45-min in-office
visual training sessions per week and needed an
average of 25 visits to eliminate all objective
problems. Eighty-seven percent of the patients
presenting with accommodative deficiencies
were considered treated successfully. Unfortu-
nately, changes in subjective symptoms were not
reported. '

Wold et al.,™ responding to Keogh's criticism
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that *It is not possible, therefore, to talk about

efficacy of optometric training programs,” re-

viewed 100 consecutive optometric vision ther-

apy patient records. The purpose was to answer
the question “Does vision therapy change visual

function?” Most patients had a number of visual

efficiency problems. In the area of accommoda-

tion. accommodative amplitude and facility were
rated on an ordinal criterion-referenced scale of
10 prirts badore and after therspy. Patunts were
seen for three 1-h office visite per week using
standard optometric vision therapy procedures.
The average treatment time for all patients was
35 visits. A comparison of the pre- and post-
therapy ordinal scale ratings showed a signifi-
cant improvement (p < (,001) in accommodative
amplitude and facility. Eighty percent of the
patients were able to pass accommeodative am-
plitude criterion levels after therapy compared
to 39% before therapy. Similar improvements
were shown with accommodative facility, with
76% passing after therapy and only 4% passing
before therapy. Wold et al. demonstrated that
optometric vision therapy can produce positive
changes in accommodative function.

Daum® conducted a retrospective study of 114
patients referred to the Binocular Clinic of The
Ohio State University School of Optometry and
diagnosed subsequently as having accommoda-
tive dysfunction. Ninty-six percent of the pa-
tients were diagnosed as having either accom-
modative insufficiency or infacility. In addition
to the diagnostic data, symptoms were also re-
corded. The most frequent symptoms noted were
blur, headaches, poor facility, and asthenopia.
The therapy program consisted of once a week
or every other week in-office therapy combined
with home therapy prescribed three times per
day. Standard optometric vision therapy proce-
dures were used. The average treatment time for
the accommodative deficiencies was 3.66 weeks
(range 0 to 14 weeks). For the entire group
completing treatment (94), 53% achieved total
success {where both objective problems and
symptoms were eliminated), 43% were partially
successful (where either objective or subjective
problems were eliminated, hut not both or when
some relief was abtained in either or both cate-
gories), and only 4% obtained no relief.

These three studies, reporting on over 300
patients between the ages of 6 and approxi-
mately 40 vears, demonstrate the high success
rate (~R0 to 90%]} of optometric vision therapy
in either totally or partially resolving a patient’s
objective accommodative deliciencies and pre-
senting svmptoms. The difference in treatment
times between the three studies is probably the
result of Hoffman et al* and Wold et al®
reporting on total treatment time for all objec-
tive problems, not just accommodative problems
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as was reported by Daum.* It may also relate to
the fact that Hoffman et al. and Wold et al.
conducted all therapy in-office, whereas Daum
reported using a combination of in-office and
home vision therapy. :

Duckman®"? reported on the high prevalence
of accommodative insufficiency and/or infacility
in a population of cerebral paisy patients. From
eatlier experiences; Duckman™ found that ac-
commedation could be trained in this popula-
tion. Because many of the pretreatment meas-
urements were qualitative rather than quanti-
tative in this early study, Duckman® conducted
a more quantitative investigation of the vision
therapy results on 60 cerebral palsy children. Of
the 60 children tested, 1005 failed to clear a
~2.00 D lens and §3% failed to clear the +2.00
D. The highest minus lens cleared, in monocular
amplitude testing, was —~1.50 D. Therapy con-
sisted of standard optometric vision therapy
procedures administered by trained physical and
occupational therapists from 10 to 30 min a day,
3 to 4 days a week over the course of 1 year.
Thirty-six children completed the therapy.
Fifty-seven percent of the children could clear
both the plus and minus 2.00 D lens and the
mean accommodative amplitude increased to
3.09 D. Ninety-eight percent of the patients
showed a significant increase in accommodative
amplitude. Although the author admitted the
experimental method was not optimal, the re-
sults suggest that accommodative amplitude and
facility can be improved in a cerebral palsy
population by using standard optometric vision
therapy procedures. In addition, the teaching
staff reported positive changes in performance
and attention of the children as a result of the
therapy program. This study suggests that vision
therapy principles and procedures could be ap-
plied to other special populations for the reme-
diation or improvement of accommodative func-
tion.

Two additional studies by Weisz®® and
Hoffman® lend further suppert to the effective-
ness of vision therapy in treating accommoda-
tive deficiencies. Both these studies showed im-
provement in accommodative function as a re-
sult of therapy, but the major thrust was an
attempt to demonstrate transfer effects of ac-
commodative therapy on performance.

Weisz divided her 28 patients into control and
experimenta! groups. The experimental group
received accommodative therapy (two 30-min
sessions per week), whereas the contrel group
received perceptual-motor training without ac-
commodative therapy activities (two 30-min ses-
sions per week). A nearpoint pencil-and-paper
task administered to all patients before end after
the training was used to assess transfer effects
on performance. All 13 experimental patients
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reached normal accommodative levels within a ’

mean of 4.5 sessions. The experimental group
showed a significant decrease in the number of
paper-and-pencil errors post-therapy in contrast
to the control group. The implication was that
accommodative training for children with diag-
nosed accommodative deficiencies has transfer
effects upon nearpoint performance relating to
improved accuracy.

Hoffman divided 48 children with primary
accommodative deficiencies into experimental
and control groups and administered pre- and
post-therapy visual perception tests to assess
any transfer effects on visual perceptual status.
The experimental group received one 45-min in-
office therapy visit per week combined with 15
to 20 min of daily home therapy using standard
optometric vision therapy procedures, whereas
the control group received daily activities unre-
lated to either accommodative or perceptual de-
ficiencies. All patients in the experimental group
reached acceptable levels of accommodative
function with elimination of major symptoms.
Treatment length ranged from 8 to 19 office
visits. Post-therapy perceptual testing showed
over a 60% improvement in the perceptual areas
of visual discrimination and attention skills, and
visual motor integration and organization for
the 5- to 8-year-old experimental group. The
control group showed no significant improve-
ment. There was no significant improvement
noted for either the 8- to 11- or the .1- to 13-
year-old groups. The results of this study suggest
that accommodative deficiencies may affect per-
ceptual development between the ages of 5 and
8 years, and that optometric treatment of those
accommodative deficiencies can result in im-
proved perceptual performance.

These two studies both demonstrate a transfer
effect upon performance, in one case paper-and-
pencil accuracy and in the other perceptual dis-
crimination and visual motor integration. An
important aspect of both these studies was the
use of a control population to rule ocut the pos-
sibility that a Hawthorne effect accounts for the
differences found. The observed transfer effects
are in addition to improvements in accommo-
dative function and elimination of symptoms
already noted in the literature.

Although there is considerable support for the
effectiveness of vision therapy in the treatment
of accommodative deficiencies, a question re-
garding the validity of vision therapy procedures
arises hecause of a lack of objective evidence
concerning the actua! mechanisms affected dur-
ing treatment. Some of the possible mechanisms
or aspects of the accommodative response that
may be affected were suggested by the earlier
work of Randle and Murphy.** Two recent stud-
ies, Liu et al.® and Bobier and Sivak,™ have
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investigated carefully the effect of accommoda-
tive therapy on the objectively monitored ac-
commodative response.

Liu et al.™ used a dynamic optoineter to mon-
itor, on a weekly basis, the objective accommo-
dative response of three patients undergoing
vision therapy to treat accommodative insuffi-
ciency and infacility. Each patient was pre-
scribed standard optometric vision therapy pro-
cedures, 20 to 30 min daily. All three patients
showed significant improvement in accommo-
dative amplitude and facility and elimination or
improvement of symptoms over a period of 4 to
7 weeks. Along with improvement of clinical
findings and elimination of symptoms, objective
changes were also noted in the optometer re-
cordings. The most significant objective changes
were in the velocity of the accommodative re-
sponse to changing accommodative stimuli. Sig-
nificant changes in response latency were noted
in only one patient. The authors suggested “A
reduction in the time constant (or increased
accommodative velocity) meant a greater rate of
change of the anterior curvature of the lens with
increasing or decreasing accommodation; that in
turn indicates greater rate of force output pro-
duced by the neuromuscular system. Reduction
of the latency means a shorter reaction time of
the system, which may indicate more efficient
signal processing at the cortical level. Reduction
of either time constant or latency results in a
more rapid focusing of the target.”

Bobier and Sivak™ conducted a similar inves-
tigation using dynamic photorefraction to meas-
ure relative changes in the accommodative re-
sponse. Five patients diagnosed as having
accommedative infacility were prescribed stand-
ard optometric procedures to be done 20 min a
day at home. Dynamic photorefraction measure-
ments and clinical findings were taken weekly.
The results showed good correlation between
improved speed of the accommodative response
on the clinical findings and improved time char-
acteristics, latency, and velocity, as measured by
photorefraction. Bobier and Sivak's results con-
firmed the previous work of Liu et al.

These two studies show a good correlation
between the improvement in clinical findings
(objective and subjective} and changes in the
objectively measured dynamics of the accom-
medative response. The results strongly support
the efficacy of optometric vision therapy in the
treatment of accommeodative deficiencies and
eliminate the possibility that patient improve-
ment is simply the result of a placebo effect.

One guestion remaining relates {o the dura-
bility of improved accommodative {unction.
Bobier and Sivak™ noted no significant regres-
sions for two patients tested several weeks (one
patient 18 weeks later) after therapy. Daum®
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showed follow-up mean accommodative ampli-
tude data on 24 patients. The mean smplitude
had fallen approximately 2 D (from 12 to 10 D)
but was still significantly higher than prether-
apy levels of 8 D. These studies suggest that the
accommodative function improvements are
fairly durable.

SUMMARY

The literature provides a solid base of research
supporting vision therapy as an effective treat-
ment mode for accommodative deficienéies. Vi-
sion therapy procedures have been shown to
improve accommodative function effectively
and to eliminate or reduce associated symptoms,
In addition, the actual physiological accommo-
dative response variables modified by the ther-
apy have been identified, thus elimninating the
possibility of Hawthorne or placebo effects ac-
counting for treatment success. Finally the im-
proved accommodative function appears to be
fairly durable after treatment,

Future research might be directed into one or
more of the following areas: additiona longitu-
dinal studies evaluating the durability of accom-
modative improvements; recurrence rates of
subjective signs and symptoms; transfer effects
of improved accommodative function on per-
formance tasks; treatment éifects on older pre-
presbyopic (ages 30 to 39 years) and even early
presbyopic age groups; and comparison of the
treatment effectiveness of different vision ther-
apy procedures end/or regimens.
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