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Effective ambulatory anesthesia is
based on a predictable pattern of re-
covery. This, of course, varies with the
agent used, the inherent differences in
how patients metabolize or detoxify a
drug,- as well as the duration and dos-
age of the drug administered. The de-
velopment of a straightforward ob-
jective test to measure recovery ac-
curately was undertaken in an effort
to provide reliable and reproducible
data.
Other methods of measuring psy-

chomotor performance have been
used. These include testing special
sensory functions such as vision and
hearing,' various verbal, drawing and
bead threading parameters,2 as well as
the use of a complex reaction timer
developed by the American Automo-
bile Association.3 Other studies of re-
covery from methohexital anesthesia
have involved measuring waking time,
the ability to speak rationally and co-
herently,4 as well as the use of a driv-
ing simulator.5 Porteus mazes and
"'draw a person test' have also been
proposed. All available methods are
very involved, and require special
equipment or personnel.
The Bender Motor Gestalt Test, a

series of drawings developed by Lau-
retta Bender in 1938, was copyrighted
in 1946.6 This test is used on children
and adults as a maturational test in-
volving visual-motor gestalt function.
The main aim of the test is to deter-
mine the individual's capacity to ex-
perience visual-motor stimuli (ges-
talten). It has been used to explore
mental retardation, regression, loss of
function, organic brain damage and

personality deviations. Clinical psy-
chologists made extensive use of the
Bender tests in cases of neuroses in
World War II Army medical installa-
tions. Both fatigue and central ner-
vous system depression tend to mag-
nify the sensory-motor disturbances
seen in the performance of the Bender
Motor Gestalt Test.
One of the figures of the Bender

Test was selected and modified. Dots
were substituted for the continuous
lines and spaced approximately 12-13
mm. (See Fig. 1.) In this way, fine
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motor coordination and perception of
the entire outline form could be meas-
ured.

*From the Departments of Oral Surgery,
School of Dentistry and Department of Psy-
chology, at the University of California at
Los Angeles.
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Procedure:
Patients admitted to the Oral Surgi-

cal Clinic were requested to carry out
the drawing test, to provide their own
pre-operative, pre-anesthetic baseline.
Patients were asked to simply "con-
nect the dots in Figure 1." All patients
in this study received either intrave-
nous sedation consisting of pentobar-
bital sodium or hydroxyzine and mep-
eridine hydrochloride, with scopola-
mine hydrobromide or atropine sulfate
and/or general anesthesia (methohexi-
tal) in addition to a local anesthetic.
(No oral or intramuscular pre-medica-
tions were administered). Ten patients
who received only local anesthesia
served as one control.

This same drawing test was then re-
peated at appropriate intervals before
and after the anesthesia experience to
evaluate recovery. Patients were ob-
served and timed in their performance
of this test. Their position, coopera-
tiveness and general attitude were
noted and scaled.
Immediately following the opera-

tion, as soon as the patient became
conscious and responsive, a second
test was administered. Ten minutes
later a third test was given. The deci-
sion to discharge the patient was made
by the doctor and was based on his
clinical assessment of recovery. At that
time, the final drawing was adminis-
tered.

Results:
Scoring: Data processing was done

on the IBM 7094 computer. Pearson
Correlation Coefficients with 50 varia-
bles in Matrix form; variances and
standard deviations as well as multidi-
mensional analysis of variance and
quadratic and linear trends were com-
puted and analyzed, and are reported
elsewhere.8

1. Each drawing was scored for
error by using a transparent, ruled,
plastic grid over each drawing to
measure the deviations. The number
of dots missed; the distance in milli-
meters; extraneous lines, and the ex-
perimenter's subjective evaluation of
the drawings were recorded.

2. With the first test serving as base-
line, each subsequent test score was
subtracted from the baseline, giving
deviations from the original drawing.

3. Twelve randomly selected sub-
jects underwent a similar battery of
drawing tests while placed in the four
most common chair positions, from
sitting to supine, to serve as a control
for effect of position on patients' draw-
ings. All scores were then adjusted for
chair positions.
Recovery was taken as the period

from awakening to discharge for those
patients who received general anes-
thesia; or from the end of the surgical
procedure to discharge for those pa-
tients receiving only intravenous se-
dation.

Conclusions and Clinical Cases:
It was determined that performance

of this test is directly and significantly
related to -recovery time. Connecting
the series of dots, proved to be a relia-
ble and reproducible index of psycho-
motor performance. (Subsequent stud-
ies of drug effects, utilizing this modi-
fied Bender test have repeatedly dem-
onstrated its validity and reliability.)

Visual-motor incoordination appears
most frequently in the production of
sweeping, uninhibited lines, the sub-
stitution of dashes for lines, exaggera-
tion or minimization of curves, and
fragmentation.7 These aberrations, to-
gether with the psychological trauma
resulting from the surgery and drug
infusion, become evident in the pa-
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tient's performance. The following il-
lustrations demonstrate the obvious
deviations in performance and even-
tual return to baseline with recovery.
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Case 1 (Fig. 2) shows a normal progression
of drawings. Subject returns to baseline score
in progressive administrations.
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Case 2 (Fig. 3) shows results of a brain dam-
aged child's efforts with this test. It will be
noted that the brain damaged child returns
towards his own baseline score.

Drawings show, in Case 3 (Fig. 4), the per-
formance of a 20-year-old schizoid female.
Her lines do not conform with the "reality"
of the test pattern and no regression toward
baseline can be noted. The doctor may be
alerted and readily forewarned by such ab-
normal pre-anesthetic drawings.

Summary:
This study provides statistical and

clinical evidence in support of the
validity of a simple, direct, self-admin-
istered, objective test to measure re-
covery time from ambulatory anesthe-
sia. This test measures sensory-motor
performance, which is a critical deter-
minant of recovery. With the aid of
this test, the patient's return towards
his own pre-anesthetic baseline be-
comes more evident and objective. It
may also serve as a helpful medical-
legal record of recovery from anes-
thetic influence.

Postscript: Detailed data generated
from this experiment were published
in Anesth. & Analg., 1969.8 This simple
drawing test has been effectively used
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since its development, in subsequent
studies which involve comparison of
various anesthetic and pre-anesthetic

agents. It may provide a helpful tool
for both the researcher and the cli-
nician in anesthesiology.
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LENGTH CAPACITY

The NEW Improved 12" . . . . . 1.Scc
SIMMONDS ANESTHESIA EXTENSION TUBES 20 .5 cc30".......4.5 cc

with TRANSPARENT NEEDLE ADAPTERS

Samples and prices DAVID SIMMONDS COMPANY
submitted on request Instrument Manufacturers & Designers17 WEST 60th STREET NEW YORK, N. Y. 10023
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