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The Design and Evaluation of the Neutral
Posture Chair for Surgeons

J.J.CONGLETON,' M. M. AYOUB, and J. L. SMITH, Departinen: of Indusirial Engineering,

Texas Tech Universitv, Lubbock, Texas

A neutral posiure chair was designed and evaluated 1o deternvine if ir was a possible means
for reducing or eliminating fatigue experienced by surgeons because of seated bodv posiure
during microsurgical procedures. The newiral body posture is defined as the posiure found
in weighilessness, where the muscle, tendon, and ligament svstems acting over the joins
are in total balance, The newiral postiere chair is a smique combination of a forward-sloping
cultivator seat and an English saddle, with wraparound leg trough support. On subjective
quiestionnaires, surgeons rated the newiral posture chair as being generaliv superior 1o a
currently wrilized surgical chair for general comfort, bodv-part comfort, and chair features.

INTRODUCTION

It was the purpose of this paper o find a
means of reducing or eliminating fatigue ex-
perienced by the surgeon because of seated
body posture during microsurgical proce-
dures.

Microsurgery is operalive surgery using
magnification. The surgeon sits because he or
she needs stability, steadiness, and precision.
He or she may be seated for as little as 15
min or for more than 6 h during these
stressful and fatiguing activities.

The objectives of this paper are to state sur-
gical chair design guidelines, describe a pro-
totype surgical chair based on the neutral
body posture, and report the results of the
evaluation of the newly designed prototype
neutral body posture surgical chair as con-
trasted with a commercially available sur-

¥ Requetts for reprints shuuld be sent to ). ), Congloton,
Industrial Engincering Depdt., Texas ALM University, Cul-
loge Station, TX T7843-3131.

gical chair, the Suvker SurgiStoul. Subjec-
tive survevs and questionnaires were used to
contrast the two chairs,

Currently, the only researcher to oller any
practical alternative posture for sitting has
been Mandal (1981, 1982). Mandal (1981,
1982) using the work of Keegan (1953),
through a series of tracings from X rays of
the lumbosacral spine, pelvis, and femur of
subjects, determined that the normal curve
of the lumbar spine in an adult male is de-
termined by maintenance of trunk-thigh and
knee angles at approximately 135 deg.
Mandal (1981, 1982) employed a tilied seat
pan and a higher werk surface 1o approxi-
mate the 135-deg angle between the trunk
and the thigh.

Mandal (1982) concluded that a more up-
right posture allows for better breathing, re-
duces swelling of the ankles, enhances the
ability to move legs more [reely, and allows
a greater ease in rising from the seat pan be-
cause the posture is a compromise between
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standing and sitting. With regard to the in-
creased load experienced by the legs in count-
ering the ejection force of the tilted seat pan,
Mandal (1982) never found more than about
35% of the body weight located at the feet.

In order to define and evaluate the current
problems in secated microsurgery, data were
gathered about chairs currently being uti-
lized in microsurgery activities. Various pos-
tures of surgeans were observed and photo-
graphed while the surgeons performed seated
tasks. and a survey was conducted with sur-
geons who perform microscopic surgery
while seated.

Color slides, black and white prints, and
16-mm film of actual microscopic surgical
procedures were taken in the present study
to assist in analyzing the surgical workplace
lavout and to document the postures utilized
by the surgeons. A representative posture of
a surgeon performing a microscopic surgery
and the Strvker SurgiStool are shown in
Figure 1.

Figure 1. {Left) surgeon’s posture while performing
meicrosurgery; (right) Stryker Surgistool.
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After numerous siudies of microsurgical
operations, the lollowing observations re-

garding the posture of the surgeons were
noted:

(1) The surgeon assumes more of a sit-stand pos-
ture and sits on the lront edpe of the sear pan,
primarilv because the diameter of the seat
pan allows enly minor trunk-thigh angle vari-
ation.

(2) The surgeon very seldom uses the backrest be-
cause he or she sits on the front edge of seai
pan and also becavse some chairs do not pro-
vide the backrest _

{3) The surgeon’s abdomen is usually placed
apainst the table or table extensions.

{4) The surgeon either places his or her elbows
on the table ur table exiensions, or does not
utilize any support.

(3} The surgeon places the wrists on wrist rests
or on the patien:

{6) The surgeon utilizes all available [oot room
area and vervy frequently changes the position
of the lower leg and leer,

The seated posture recommended by
Mandal (1982) closelv approximates the
seated posture of microsurgeons observed. It
was sugeested that an incorporation ol a
saddle might help to resolve the problems of
the ejection force caused by the tilted seat
pan. Therelore, a pilot study of subjects
seated in an English saddle while performing
a typing task was initiated and conducted,

Evaluation of the incorporation of the En-
glish saddle concept [rom the pilot study
yielded the following conclusions {Congleton,
1982):

(1) The English saddle proved 1o be 100 wide,
which forced the legs laterally, thus causing
[atigue.

(2) Significant pressure on the ischial berosi-
ties was reported by the two subjects, and
eight layers of foam rubber had to be placed
on the saddle before the 30-minute task could
be completed.

(3) Mo forward ejection force was noted when
using the English saddle, regardless of the
trunk-thigh angle.

Because an acceptable chair did not appear
to be available, it was decided to design and
develop a new chair for microsurgery.
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Design of Seats—New Guidelines

In the process of designing a new chair, a
review of literature for the design of previous
chairs was conducted. The recommended ap-
proach to designing a workplace for the
seated individual is to take the individual
into account in the initial stages of design by
considering the person’s anthropometric,
biomechanical, physiological, and anatom-
ical properties because doing so will reduce
fatigue, improve efficiency, and enhance per-
formance (Ayoub, 1971). A good chair should
permit changing of posture (Ayoub, 1971) be-
cause changing postures facilitates blood
flow and venous return, two factors that help
to prevent fatigue (Astrand and Rodahl,
1977).

Important areas of consideration in estab-
lishing surgical chair design guidelines are
stability, mobility, backrest, armrests, [oot-
rests, conductive casters, cleaning, cush-
toning material, and seat pan design.

The chair must be stable yet mobile. Sta-
bility is essential for steadiness. The seat pan
must be stable to permit shifts in posture,
and the base should resist tipping over. Mo-
bility is essential to provide access to the best
posture for the surgical task to be accom-
plished. Conductive casters are necessary be-
cause all equipment contained in the oper-
ating theater is required to be conductive in
order to prevent build-up of static electricity,

The gloved hands of the surgeon must re-
main sterile during the operation; they there-
fore cannot adjust the controls unless the ad-
justment knobs are covered by sterile bags.
Also, the chair should be designed so that the
surgeon need not vacate it when reaching for
these adjustment-control knobs. Frequently
used controls on the chair that should be foot
operated include height of seat pan, tilt of
seat pan, and horizontal backrest adjust-
ment. Backrest adjustments for vertical and
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horizontal alignment need not be foot oper-
ated because they are adjusted infrequently.

Armrests should not be included on the
chair because armrests are seldom used and
they are very difficult to cover and keep
sterile. Armrests should be attached to the
operating table, where the normal sterile
coverings can be used. The chair itself should
have [ootrests so as to allow frequent and un-
encumbered posture changes for the feet.
From conversation with the surgeons, there
was unanimous agreement that footrests
should be included. They should be adjust-
able in tilt (0-15 deg) to allow varied foot and
ankle posture and to accommodate any foot
controls (microscope, cauterizer, etc.) that
are placed on the footrests.

Although the frame, seat pan, and backrest
need not be sterile, construction and material
should allow for easy cleaning to inhibit the
growth of bacteria, The cushioning material
for the seat pan should be medium foam as
recommended by Reddy (1982), who used a
simplified two-dimensional model of the but-
tock, 13.9 cm in diameter, 1o test five cushion
materials for maximum compressive stress
and maximum shear stress. For maximum
compressive stress, the cushion materials
were ranked from least to highest stress: (1)
medium foam, (2) soft foam, (3) PVC gel, (4)
viscoelastic T-foam, and (5) stiff foam (Reddy,
1982). For maximum shear stress, the cushion
materials were ranked lowest to highest: (1)
medium foam, {2} solt foam, (3) viscoelastic
T-foam, (4) stiff foam, and (5) PVC gel (Reddy,
1982). Reddy (1982) also noted that “dou-
bling the thickness of foam cushions from 3.8
cm to 7.6 cm considerably decreased the high
stress regimes” (p. 503). It may well be that
the gel and viscous fluid pads will distribute
the pressure better than will a medium foam-
rubber pad above 1.0 psi. However, because
the buttock pressures generally found with
cushioned materials are generally low (0-1.28
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psi). as determined by Rebiffe (1969) and by
Lay and Fisher (1940); for people with normal
fascia (fat) and muscle development, foam
became the obviocus choice.

The seat pan design should allow mainte-
nance of various trunk-thigh angles while
countering the ejection force with the incor-
poration of a saddle concept in order to allow
the surgeons to assume their normal posture
without experiencing physiological stresses.
The seat pan height should be adjustable be-
cause of individual anthropometric differ-
ences and the variable postures the surgeon
may wan! to attain. The seat pan tilt should
be adjustable (trunk-thigh angle of 90-140
deg) because the changing of posture pro-
motes blood distribution and allows the in-
dividual 1o attain the best trunk-thigh angle.
The seat pan design should provide addi-
tional surlace area and support so as to de-
crease pressure on the ischial tuberosities
and ensure good blood distribution in the
buttocks and lower extremities.

Determining Neutral Bodv Posture

Is there a posture that places the skeletal
and muscle systems in balance? It appears
that the neutral body posture accomplishes
this task.

The neutral body posture is deflined as the
posture found in weightlessness, where the
muscle, tendon, and ligament systems acting
over the joints are in total balance. The neu-
tral body posture concept for seated micro-
scopic surgery was selected for the following
reasons:

(1) Microsurgeons almost always assume a neu-
tral pusture in the performance of the highly
skilled task of microsurgery, irrespective of
the interface with the table or table auach-
menis.

{2) A highly promising reduction of stresses on
the total body posture would vecur if the new-
tral body posture found in weightlessness

could be used in a 1-G environment by pro-
viding a seat pan and other required suppur.

NASA (1978) has provided the following de-
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scription of the posture in weightlessness (see
Figure 2):

(1) The relaxed, unrestrained human body au-
tomatically assumes and indelinitely main-
tains a single characteristic posture with rel-
atively minimal variations in angular rela-
tionships.

(2) Attempls to maintain postures awav from
this neutral posture either by the subject or
through external constraint frequently leads
1o discomfort, fatigue, and inelficiency.

(3) Plantar Mexion of the [ect occurs.

(#) Flexion of hips and knees appears to be in
mid-range of joint NMexibility with slight ab-
duction of the legs. i

{5) The thoraco-lumbar spine flattens or be-
comes slightly flexed anteriorly (lordosis).

(6) The cervical spine (neck) straightens and an-
gles anteriorly.

{7) The head becomes slightly inferior and an-
terivr, thus lowering the normal angle of vi-
siun.

(8) Shoulders become elevated.

{9) Upper arms becume abducted and elevated
and have marked anterior positivning,

(10) Elbow flexion is moderate (about mid-
range).

MASA has developed a variety of data con-
cerning neutral posture which includes zero-
G and water immersion studies. From the in-
formation provided, it was theorized that the
zero-G posture could be predicted through
flexibility measurements (for example,
flexion-extension). This theorv states the
midpoint of the bisection of the angle found
by full voluntary fexion to [ull voluntary ex-
tension would vield the zero-G posture an-
gular relationships.

The midpoint of the joint range of motion
of the limbs proved to be a reasonably good
predictor of the angular relationships dis-
played by body in a weightless environment.
For this reason, the angular relationships of
segment lengths and their source, the mid-
point range of motion, and the Griffin (1978)
MNASA data for postural angles in weightless-
ness and are presented in Table 1.

EVALUATION METHODS

The General Comlort subjective surveys de-
veloped by Shackel, Childsey, and Shipley



(1969) were used extensively for contrasting
chairs and posture treatments.

The Body Part Discomfurt subjective lorm
developed by Corlett and Bishop (1976) and
used by Drury and Coury (1982) was modilicd
for our use. It was felt that this new, modilied
Body Part Discomfort Form would provide
finer discrimination than that obtained by
having subjects choose a number between

TABLE 1

ane and five and placing that number on the
pictured budy part in discomluet, Instead, the
subject placed an X on the line corresponding
to the body partin discomiort. The lines were
10 em long. and the pusition of the subject’s
X was measured from the lelt-hand end of the
scale, which was given a value of 1. Il no mark
was made on the scale for that body part, a
zero value was recorded, indicating no no-

Cumparison of Midpoint Range of Motion te Weightlesaness Pustural Angles

Angular Relationships Midpaint Grittin (1978)
of Segment of Range NASA Data—
Lengths Source Mation Weightlessness
(deg) (deg)
Shoulder abduction Bartar (1957) a3 V=1
Shoulder fllexion Barter (1957) 455 36 =19
Elbow Nexion Barter (1957) 106 122 = 24
Hip flexion Leighton {1942) 127 12827
Barter (1957)
Sinelkinofl (1931)
Heck (1965)
Knee llexion Leighton (1942) 127 133 =8
Barter (1957)
Heck (1965)
Ankle Nexion Heck (1965) 15 21z7
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ticeable pain or discomfort. The use of this
methodology in the modified form permitted
statistical analyses to test for significant dil-
ferences between chair posture treatments
for body part discomfort.

The Chair Feature Checklist subjective
form developed by Shackel et al., 1969, and
modiflied by Drury and Coury (1982) was
modilied [urther for use in this study. Sub-
jects were instructed to mark an X at the
point on the line that corresponded to their
opinion of the chair feature, as this was felt
to be a more accurate representation than en-
circling the line at that point. Changes were
also made in the description of each chair fea-
ture in an attempt to establish clearer end
points {or the scale, better descriptions, and
mare consistency. On scales in which "cor-
rect” was not the center portion, these chair
features were placed in blocks to allow sub-
jects to discriminate between the scale de-
signs. Subjects were also instructed that the
chair feature scales with blocks were de-
signed with worst being on the left and best
being on the right. For scales with “correct™
at the center, measurements (cm) were made
and recorded [rom the center point, (=) to the
left and (+) to the right. For scales in which
worst was on the left and besr on the right,
measurements (cm) were made and recorded,
measuring from the extreme left portion of
the scale.

Subjecis

Subjects were recruited from the popula-
tion of surgeons in the Lubbock, Texas, area
who used a chair while performing surgery.
Thirteen male surgeons were selected based
on availability. Males were selected because
the surgeon population is predominantly
male, and the seat pan on the prototype chair
was designed for males. Members of the
group ranged in age from 28 to 59 years. They
were between 170 and 188 cm tall and
weighed between 63 and 91 ke.

HUMAN FACTORS

Experimental Procedure

The neutral posture chair is depicted in
Figure 3, which shows the chair and the rec-
ommended workplace neutral posture as well
as the surgeon sitting in the chair while per-
forming surgery during the evaluation. The
surgeon and the experimenter adjusted the
chair for the most adequate interface with
patient, table, and/or microscope. It was not
possible to measure the exact trunk-thigh
posture angle during surgery because doing
s0 would have required contaminating the
sterile environment. However, by experi-
menter evaluation, the trunk-thigh posture
was approximately 127 deg. This ligure was
verified subsequently through photographs.

Each surgeon completed a subjective
survey aflter each actual surgical procedure.
(The surgeon could not mark the scale per-
sonally during the surgery while maintaining
the sterile conditions.) In general, each sur-
gical procedure lasted between 45 and 60
minutes. The surgeon subjects completed
subjective surveys that corresponded to 30-
minute intervals for the entire 2.5 h of actual
surgery time, Thirteen surgeons participated
in the actual surgery evaluatipn, with each
surgeon performing two random treatments
with no replications. The random treatments
were utilization of the neutral posture sur-
gical chair and the Strvker SurgiStool at the
approximately 127-deg trunk thigh posture
for 2.5 h each.

RESULTS
User Contfort Evaluation

The results of the Surgeon General Comfort
Survey are depicted in Figure 4, along with
the means = one standard deviation and the
results of the testing for significant dilference
at F(1,21)=4.32, p < 0.05.

The results of the analysis of variance for
general comfort for the first through the Gifth
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Figure 4. Surgeon General Comfort—mean + one standard deviation and significance level for newtral pos-
ture chair (N) and Stryker chair {S).

half hour showed significant differences be-

eral comfort rating between perfecily com-

tween all treatments except for the second [fortable and quite comlortable as opposed o
half hour. The neutral posture chair, 127-deg  the Stiryker chair, 127-deg posture, general
posture, received a relatively constant gen- comfort rating of just barely over quite

TABLE 2

Surgeon Body Part Discomfort at 0.5-h Intervals for 2.5-h Clinical Evaluation

os5h 1-h 15h 2h 25h

N s N s N 5 N 5 N 5
Mack 0 010 0 0. 0 0.42 1] 1.20 1] 1.30
Shoulders 0 035 O 0.40 0 0.33 0 0.40 0 1.30°
Upper back © 052 o 079" 0O 0.94° 0 1.40 030" 260"
Upper arm 0 1] 0 1] 0 - 0 Q Q V] 0
Mid back 0 013 o0 0.30 on 0.66 0.10 0.49 017" 03807
Lower arm 1] o o 0 o 0 0 0 0 0
Lowerback 034 110 024 1.30 039" 2407 0.38 1.80 027 2400
Buttocks 1.0 180 190 220 1.70 3.00 095" 3400 080" 260
Hand o o 1] 0 0 0 0 0 (1] 0
Thighs 042 067 0O 0.90 0 1.10 0 1.10 0 1.1
Legs 0 064 0O 1400 O 1600 0O 1600 O 1.60°

O—ra m

1.0 =t Ao

Pl

555 — Moderate pasidacamion
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comflortable to between uncomfortable and
restless and fideety at the end of the fifth half
hour.

Body Part Discomfort

The results of the Surgeon Body Part Dis-
comlort Survey at 0.5-h intervals lor the 2.3.
h chnical evaluation are shown in Table 2.
The results for the Surgeon Body Part Dis-
comfort Survey and 1esting for significant
differences at the F{1.21)=4.32, p < 0.05 level
at the completion of 2.5 h of evaluation are
depicted in Figure 5.

The significant differences between the
neutral posture chair, 127.deg posture and
the Sirvker chair, 127.deg posture were al-
wavs in the direction of the Stryker chair,
127-deg posture as producing signilicantly
more discomlort. Increased discomlurt for
the shoulders, upper back, and lower back for
the Suryker chair, 127-deg posture was prob-
ably duc 1o the fact that in some cases the
backrest could not be used and was therefore
of no assistance in providing support to the
lumbar arca of the spine, which provides sta-
bility and support for the trunk. We reasoned
that buttock discomfort was probably due 10
the high maximum pressures produced by
sitting on the front edge of the Siryker chair;
this was later verified by pressure transducer
measurement in a scparate study as aver-
aging 2.9 psi for the Siryker chair, 127-deg
posture, and 1.2 psi for the neutral posture
chair, 127-deg posture.

The Stryker chair, 127.deg posture, thigh
body-part discomfort was the result of pres-
sure from the front edge of the chair at the
gluteal lold (the general area of which in-
cludes the ischial tuberosities and sciatic
nerve).

Chair Feature Checklist

The modified Chair Feature Checklist
survey form developed for this study was rel-
atively easy to use. Of interest was a com-
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parison of the means * one standard devia-
tion and checking for significant differences
(ANOVA) at F(1.21)=4.32, p < 005, for each
chair feature for the neutral posture chair
and the Stryker chair at the 127-deg posture
for the clinical evaluation by surgeons (see
Figure &),

The neutral posiure chair was generally
rated superior 10 the Stryker chair. The
small, round seat of the Stryker chair was
rated as being short in seat length and
narrow in seat width. The neutral posture
chair was also rated superior [or seat shape
and for the molded chair back. The surgeons’
initial comments about the footrests on the
neutral posture chair were very negative, but
upon completion of the 2.5-h test, they were
quite complimeniary regarding their comfort
and the capability ol interfacing with foot ped-
als ol auxiliarv equipment used during the
Surgery.

CONCLUSIONS

Mew chair design guidelines were proposed
prior (o the development of a prototype chair,
Alter evaluatnion of the neutral posture chair
by surzeons and observations by researchers,
the following modifications 16 these chair de-
sign guidelines were made:

(1} The newtral posture chair base needed o be
redesizned o provide mobility, Mobility was
acvomplished by an assistant pushing the sur-
geon into position, Also, the base was too
large and bulky and needed 1o be streamlined
te allow better interface with the surgical
table. The front portion of the currently de-
signed base made contact with 1able control
pedals and forced the surgeon to lean forward
mure than normal andfer 1o sit more on-the
pommel area of the seat pan.

{2) The backrest needed to be narrower in wrder
to prevent contamination of the sterile envi-
renment by the surgeon’s elbow coming into
contact with the backrest.

(3} The pommel area of the neutral posture chair
needed 1o be lower, The pommel area tended
10 catch the surgical gown (which resembles
a tight skict when donned by the surgeon) and
prevented the surgeon proper access into the
seal pan.,
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Instructions to Subjecc:

Below iz a list of chair features vhich contribute to coaforc.
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the cright hand side of the pape, opposite each [eature, are three

brief phrases descriptive of the feature.
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have of that feature.
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Figure &. Surgeon Chair Featre Checklisi—mean + on¢ standard deviation and significance level for neu-
tral posture chair (N) and Stnder chair (5).



(4) The footrests needed 1o be adjustable in

height to provide a range of angles fram 0 1o
15 deg. This was necessary because of various
foot pedals placed on the foot rests. [t may
also be necessary for the loot rests 1o slide in
order to provide foot access to the floor, thus
allowing maobility.

{5) A foot brake needed 1o be installed on the base
1o allow the surgeon to get into and out of the
chair salely. Because the surgeon’s hands
must remain sterile, they should net be used
in accessing the chair seat pan,

The subjective surveys employed in this
study were easy to use. The chair feature
checklist, which had been modified to preo-
vide slightly varied, more descriptive phrases
as well as 1o allow subjects 10 mark the line
with an X rather than a circle, proved 10 be
a more accurate means for measurement. The
modified body-part discomfort survey form
developed for this study allowed statistical
comparison of the data for body-part discom-
fort which previously had not been possible.

The results of this study indicate that a less
fatiguing and more comforiable posture was
obtained by surgeons using a neutral posture
chair as compared with the traditional
Stryker Surgistool. The neutral posture chair
in the 1-G environment did support the
muscle system in a nonstressed posture. [t
was also evident from this study that a back-
rest is necessary to provide lumbar support.
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