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The purpose of this study was to compare the effects of a lumbar support at two 
seat angles (0° and 10° of posterior tilt) on the area of highest buttock pressure. 
Twenty able-bodied subjects were seated on a pressure-sensing transducer 
incorporated into an adjustable chair (ischiobarograph). A video camera on the 
underside of the transducer detected changes in light levels in direct relation to 
pressure application. The camera output was processed by a microcomputer 
system that converted the signal into nine colors, each representing a distinct 
pressure interval in the range of 0 to more than 500 mm Hg. The microcomputer 
determined the area of each pressure interval before and after a 10-degree 
posterior tilt of the seat and lumbar support placement. The results demonstrated 
high test-retest reliability for each position (r = .95). A significant decrease in the 
six highest pressure intervals occurred when the lumbar support was used in 
both the upright and reclined positions (p < .05). The results of this study have 
implications for wheelchair-dependent individuals. 
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Pressure sores are one of the major complications facing 
disabled individuals, especially those with spinal cord injuries. 
Chronic skin ulceration leads to serious medical complica
tions and contributes to an increased mortality of the 
spinal-cord-injured population.1-3 An estimated 60% of indi
viduals with complete quadriplegia and 50% of individuals 
with complete paraplegia will develop pressure sores.4 The 
cost associated with healing a pressure sore is about $30,000,4 

and Young and Burns report that "in the first four years 
following spinal injury, hospital charges for persons with 
severe pelvic sores averaged $15,000 more than for those 
individuals with no sores."5 Zacharkow proposed that the 
sitting posture may be a major contributing factor to the 
development of pressure sores.6 According to El Toraei and 
Chung, "more pressure sores develop as a result of prolonged 
sitting than of recumbency,"7 and, consequently, the ischial 
pressure sore is reported to be the most common type of 
sore.7,8 

"Unlocking" of the posterior lumbar facets (kyphosis) in 
sitting may be instrumental in developing a scoliosis and 
pelvic obliquity in paralyzed individuals.9 The cumulative 
effects of kyphotic sitting include uneven loading of tis
sue,6,9-11 elevated disk pressures,12 and compromised respira
tory capacity.913 Conversely, by keeping the lumbar spine 
facets "locked" (lordosis) when sitting, the complications 
mentioned above are believed to be minimized.6,9,10,13-15 

In individuals without intact paraspinal musculature, the 

typical wheelchair seat-to-backrest angle can lead to forward 
sliding of the buttock on the seat and the low back settling 
into the backrest (kyphosis), even in the presence of a lumbar 
support. Zacharkow hypothesized that by reclining both the 
seat (10°) and backrest (15°), the anterior shear of the buttock 
out of the chair can be reduced, thus allowing maximal use 
of the lumbar support and reduced seated pressure.6 Of par
ticular interest, therefore, is the effect of a lumbar support 
when the chair is reclined 10 degrees, because accommodation 
to the support is believed to be enhanced. 

Selection of a sitting posture for disabled individuals must 
consider the effect of the position on sitting balance and 
functional capabilities as well as the potential for development 
of an ischial sore. Because of the serious consequences of a 
pressure sore, a sitting posture that potentially enhances the 
development of an ischial sore cannot be justified, regardless 
of other conceivable benefits of the posture. We hypothesized 
that a significant decrease in the highest seated buttock pres
sures would occur when using a lumbar support in the upright 
or reclined position. If the use of a lumbar support, while the 
seat tilted 10 degrees posteriorly, does not cause a significant 
increase in the highest seated buttock pressure, this posture 
may represent an optimal position for wheelchair-bound in
dividuals. 

The purpose of this study was to compare the effects of a 
lumbar support at two seat angles (0° and 10° of posterior tilt) 
on the area of highest buttock pressure (ischial tuberosity) at 
a fixed, 95-degree seat-to-backrest angle. 

METHOD 

Subjects 
Five men and 15 women volunteered to participate in this 

study. All subjects met the following criteria: 1) able bodied, 
2) no history of low back pain in the last six months, 3) no 
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evidence of scoliosis, and 4) normal spine extension by visual 
inspection in upright backward bending. The subjects' mean 
age was 32.6 years (s = 12.5 years), their mean weight was 
59.3 kg (s = 8.4 kg), and their mean height was 169.2 cm 
(s = 8.8 cm). All subjects reviewed and signed informed 
consent forms approved by The University of Iowa Human 
Subjects Review Board. 

Instrumentation 
The ischiobarograph used to measure sitting pressure1617 

consists of a 45.7- × 45.7-cm Plexiglas® sheet* (1.27-cm thick) 
covered with a beaded silicone rubber baromat† and incor
porated into a seating device with an adjustable seat, backrest 
angle, and footrests (Fig. 1). The seating device is instru
mented with hand jacks so that the entire chair can be tilted 
while the subject is seated, altering the seat angle. Two 53.3-
cm long fluorescent lights are located at the optically polished 
edges of the Plexiglas® sheet and covered with a dense cloth 
to prevent stray lighting. An angled (45°) mirror under the 
seat deflects the optical path of the detecting surface to a 
horizontally mounted video camera (Fig. 2). The output from 
the camera passes to a video analyzer board (analog-to-digital 
converter) in a microcomputer equipped with dual disc drives 
and a color monitor. The video analyzer contains a micro
processor that converts the video signal into 16 colors, each 
corresponding to different grey-scale light levels, and is con
trolled by menu-driven software. Video frames were digitized 
at a rate of two pictures per second, and the seated pressure 
pattern was displayed on the color monitor and stored on a 
floppy diskette. The computer then calculated the area of 
each color by summing the number of digitized points, called 
pixels, comprising each color region. One pixel represented 
5.4 x 10~4 cm2 of the transducer surface. 

Calibration of the barograph was achieved using a pressure 
applicator, 2.5 cm in diameter, attached to a compressed-air 
cylinder. Calibration was completed by adjusting color bands 
to corresponding pressure intervals. Although the system had 
the capabilities for 16 pressure levels, some pressure levels 
(colors) were combined so that 9 pressure levels were included 
in this study. A previous report by Shields and Cook included 
measurements using a three-color system.17 The pressure in
tervals consisted of Level 9 (≥ 501 mm Hg), Level 8 (451-
500 mm Hg), Level 7 (401-450 mm Hg), Level 6 (326-400 
mm Hg), Level 5 (226-325 mm Hg), Level 4 (101-225 mm 
Hg), Level 3 (51-100 mm Hg), Level 2 (1-50 mm Hg), and 
Level 1 (0 mm Hg). The color monitor displayed 256,000 
pixels. The pressure intervals formed overlapping concentric 
rings on the color monitor for the seated subject (Fig. 3). Pixel 
summations were limited to an 8.9- × 13.2-cm window in the 
area of the ischial tuberosities. The barograph was calibrated 
before and after each test session. 

The two-layered lumbar support consisted of 4.4 cm of 
firm polyurethane foam (Durafloat II,‡ 4.5-kg density and 
63.5-kg indention load deflection) and a less dense, 3.8-cm 
polyethylene foam (1.8-kg density and 31.8-kg indention load 
deflection). The support was 10.2-cm high, 38.1-cm long, and 
8.3-cm thick uncompressed. The support was being used 
clinically to modify wheelchairs. 

Fig. 1. Subject seated on ischiobarograph used to measure sitting 
pressure. Color monitor at left displays seated-pressure pattern. 

Fig. 2. Schematic diagram of test setup showing equipment used 
to measure sitting pressure. 

Procedure 
Test positions. The four positions we studied were 1) up

right (horizontal seat) with no lumbar support, 2) upright 
with a lumbar support, 3) reclined 10 degrees without a 
lumbar support, and 4) reclined 10 degrees with a lumbar 
support. The starting position consisted of fixing the seat-to-
backrest angle at 95 degrees with the seat positioned horizon
tally and the backrest reclined to 5 degrees. The subjects' feet 
were supported by an adjustable footrest with the knees at an 
80-degree angle and the thighs (femur) parallel with the seat 
surface. The ankles were maintained at a 100-degree angle 
using the tibia and fifth metatarsal as landmarks for gonio-
metric measurement. Subjects' starting posture was with the 
sacrum positioned at the back of the seat and contacting the 
chair back, eyes fixed horizontally, and hands and forearms 
resting on the thighs. The seat-to-backrest angle and footrest 

* Rohm & Haas Co, Independence Mall W, Philadelphia, PA 19105. 
† Biomechanics, 5570 Rab St, La Mesa, CA 92042. 
‡ Freedom Designs Inc, 1884 Eastman, Ventura, CA 93003. 
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Fig. 3. Seated-pressure distribution as displayed on color monitor 
(pressure levels appear as overlapping concentric rings). 

placement remained constant for the remaining test positions, 
and subjects were instructed not to move from the chair 
during the test. 

The investigator (R.K.S.) reclined the chair by rotating a 
worm-gear mechanism on the front of the seating device so 
that the subject was not required to move from the chair 
during testing. The lumbar support was positioned by asking 
the subject to roll the upper trunk forward just enough to 
allow placement of the lumbar pad so that the lowest edge 
was about 1.3 cm below the posterior iliac crests.6 

Reliability. To determine the reliability of the measure
ments over time and to eliminate any ordering effect of the 
test positions, a series of nine positions were evaluated for 
each subject in the order shown in Figure 4. The pressure 
pattern for each of the nine positions was recorded and stored 
on a diskette 45 seconds after the position was assumed. Total 
testing time was 15 minutes for each subject. 

Data Analysis 
Reliability of repeated positions was determined using an 

intraclass correlation coefficient (ICC [l,k]).18 Positions were 
correlated to each other for each pressure level as follows: 1:3, 
1:9, 3:9, 2:8, 4:6, and 5:7 (Tab. 1). A Z-transformation was 
performed for each correlation coefficient, and a mean ICC 
was determined. 

The four test positions of interest were descriptively ana
lyzed, and a 2 x 2 analysis of variance (ANOVA) on pressure 
areas with blocking by subject was completed for each pressure 
level to compare the main effects of the lumbar support and 
seat angle. Data were graphed as a percentage of change in 
pressure area as related to the upright position. 

RESULTS 
Reliability 

The mean ICC for all repeated test positions of all pressure 
levels was .95, indicating very high reproducibility. High 
correlations between the initial and final repeated test posi
tions showed that variation of seated buttock pressure over 
time was negligible. An ICC for each repeated test position at 
each pressure level is shown in Table 1. 

1. UPRIGHT∟ 
2. RECLINED ∟ 
3. UPRIGHT ∟ 
4. UPRIGHT-LUMBAR SUPPORT(LS) ∟ 
5. RECLINED-LS ∟ 
6. UPRIGHT-LS ∟ 

7. RECLINED-LS ∟ 
8. RECLINED ∟ 
9. UPRIGHT ∟ 

Fig. 4. Series of nine test positions evaluated for each subject to 
determine test reliability. (Each position was tested without having 
subject move from chair.) 

TABLE 1 
Intraclass Correlation Coefficients for Repeated Test Positions 
at Each Pressure Level (N = 20) 

Pressure 
Levela 

9 
8 
7 
6 
5 
4 
3 
2 
1 

1:3 
.95 
.86 
.98 
.93 
.97 
.97 
.99 
.99 
.99 

1:9 
.91 
.93 
.92 
.86 
.93 
.89 
.98 
.97 
.97 

Test Position 

3:9 
.91 
.86 
.87 
.79 
.95 
.88 
.98 
.97 
.97 

2:8 
.84 
.83 
.80 
.93 
.85 
.89 
.98 
.97 
.94 

4:6 
.92 
.91 
.95 
.90 
.95 
.95 
.99 
.98 
.97 

5:7 
.91 
.97 
.98 
.98 
.99 
.98 
.99 
.99 
.99 

Test Positions 
Figure 5 shows the mean percentage of change in pressure 

area at each pressure level compared with the pressure area 
of the starting upright position. Note the large percentage of 
decrease of the high-pressure areas greater than 500 mm Hg 
with the use of a lumbar support in both the 10-degree reclined 
and upright positions. Without a lumbar support, pressure 
was decreased about 10% by reclining the seat angle 10 
degrees. The decrease in the high-pressure areas was accom
panied by an increase of the low-pressure areas most noted at 
the 100-mm Hg and lower levels. 

Individual 2 × 2 ANOVAs for each pressure level demon
strated no significant (p > .05) interaction between lumbar 
support and seat angle at any pressure level. No significant 
difference (p > .05) existed between the upright and reclined 
positions without the lumbar support at any of the pressure 
levels. No significant difference (p > .05) existed between the 
upright position with a lumbar support and the reclined 
position with a lumbar support at any pressure levels. A 
significant main effect (p < .05) was due to the use of a 
lumbar support. A summary of the main effects for each 
pressure level is shown in Table 2. Significant decreases (p < 
.05) occurred in the pressure areas greater than 100 mm Hg 
(Levels 4-9) with use of a lumbar support. Level 3 (51-100 
mm Hg) had no significant change in pressure area with the 
lumbar support in both the upright (p = .60) and reclined 
(p = .41) positions. Level 2 (1-50 mm Hg) demonstrated a 
significant increase in pressure area (p < .05) with the use of 

a See Table 2 for range (in millimeters of mercury) of each pressure 
level. 
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Fig. 5. Mean percentage of change in pressure areas for reclined 
with no lumbar support (LS), reclined with LS, and upright with LS 
positions compared with upright with no LS position. (Pressure level 
1 = 0 mm Hg; pressure level 9 > 501 mm Hg.) 

TABLE 2 
Summary of Individual Analyses of Variance for Each Pressure 
Level with Use of Lumbar Support 

Pressure 
Level 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Range 
(mm Hg) 

0 
(1-50) 

(51-100) 
(101-225) 
(226-325) 
(326-400) 
(401-450) 
(451-500) 
≥501 

Level of 
Significancea 

significant decrease 
significant increase 
no significant change 
significant decrease 
significant decrease 
significant decrease 
significant decrease 
significant decrease 
significant decrease 

a lumbar support in both the upright and reclined positions. 
Level 1 (0 mm Hg) showed a significant decrease in area 
(p < .05) with the use of a lumbar support, indicating that 
the area where no pressure was applied decreased, allowing 
the distribution of pressure over a greater area with a lumbar 
support. 

DISCUSSION 

Consideration of the subject's pelvis while evaluating the 
effects of the lumbar support and seat-angle changes is im
portant. The testing apparatus used in this study was designed 
to evaluate postural changes and their effects on seated-
pressure distribution without the subject physically leaving 
the chair to change the angle. Because footrest height can 
affect ischial tuberosity pressure,19 it was imperative that the 
footrests move with the testing chair to ensure consistent 
positioning. 

Our study results demonstrated a decrease in the area of 
the six highest pressure levels with the use of a lumbar support. 
Reduction was not dependent on whether the chair was 
upright or reclined. Disabled individuals without functioning 
trunk musculature must often have the seat reclined 10 de
grees to effectively use a lumbar support. In individuals with 
trunk weakness, upright sitting with a lumbar support creates 
an anterior force that causes the forward loss of balance or 
leads to the buttock sliding forward on the seat and the low 
back collapsing (flexion) into the backrest. These problems 

were described by Zacharkow6 and have been observed clini
cally by the investigators. A reduction in the highest buttock 
pressures using a lumbar support with the seat reclined 10 
degrees, therefore, may have important implications for the 
disabled population. 

Experience in fitting patients with spinal cord injuries with 
wheelchairs and additional observations with able-bodied in
dividuals on the ischiobarograph suggest that merely placing 
a lumbar support into a chair will not guarantee reduction of 
the highest buttock pressures. Other factors, including seat 
angle, hamstring muscle tension, footrest height, lumbar range 
of motion, and position of the pelvis before lumbar support 
placement, must also be considered. In this study, the starting 
position was critical. The subjects sat with the buttocks against 
the backrest before lumbar support placement. If the buttocks 
were not against the backrest initially, the lumbar support 
often served to roll the ischial tuberosities into a greater 
weight-bearing position. Extremely tight hamstring muscles, 
a condition not uncommon in patients with spinal cord 
injuries, may also prevent the pelvis from anteriorly tilting 
with the use of a lumbar support. The lumbar support, 
therefore, serves only to push the individual forward in the 
chair. Because the instrumentation used in this study did not 
measure footrest and backrest pressures, the total transfer of 
pressure caused by altered sitting postures was not detected 
in this study. A window viewing the area around the ischial 
tuberosities was the only consideration we used. Even within 
this window, a decrease in the highest pressure areas showed 
a corresponding increase in the surrounding lowest pressure 
areas. 

Limitations to this study are that pressure measurements 
were taken on able-bodied individuals sitting on a solid sur
face. Many wheelchair-dependent individuals sit on cushions. 
Alternative methods of measuring the interface pressure be
tween the buttocks and a cushion often disturb the pressure-
distributing qualities of the cushion,6 and, therefore, the true 
pressures remain unknown. Pneumatic pressure transducers 
arranged in a matrix are frequently used to assess seated-
pressure distribution over cushions. The likelihood of not 
detecting changes in pressure caused by postural adjustments 
is increased with pneumatic matrix transducers because of 
the space separating one transducer from the next. A lumbar 
support could conceivably shift the ischial tuberosity off of 
one sensor into the interspace between the next sensor. This 
shift could be misinterpreted as a reduction in pressure rather 
than as a shift in pressure. We believe that the advantage of a 
continuous recording surface outweighs the limitation of re
cording on a solid surface when studying postural effects on 
sitting pressure. Although the absolute values of the pressures 
measured in this study are important, the relative effects of 
certain postures on highest buttock pressures provide infor
mation on optimal seating prescription and design. Use of an 
adequate cushion in conjunction with these postures may be 
the most effective method of preventing pressure sores while 
improving comfort and function. 

CONCLUSION 

The use of a lumbar support in both the upright (horizontal 
seat) and reclined (seat tilted 10°) positions caused a significant 
reduction in the greatest pressure areas (ischial tuberosities) 
in able-bodied individuals. Reclining the seat did not cause a 
significant reduction in pressure. As the pressure areas higher 
than 100 mm Hg decreased, the lower pressure levels showed 

a p = .05. 
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a corresponding increase. Further testing by these investiga
tors is continuing with the disabled population. The use of a 
lumbar support at appropriate seat angles may facilitate an 
optimal sitting posture for individuals who are wheelchair 
dependent. 
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