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ABSTRACT

Background: Controversies exist about the ideal sitting position.

Objective: The present study compared sitting load and feet weight in ischial, sacroischial and ischiofemoral support sitting postures.
Methods: Apparently healthy individuals who were asymptomatic of low-back pain for at least 6 months were recruited in the present study.
Ischial, sacroischial and ischiofemoral support sitting postures were described based on literature. Assessment of sitting weight was carried out
with a standard weighing chair, whereas a bathroom weighing scale was used to assess feet weight. Anthropometric variables were assessed
following standard procedures. Data were analysed using descriptive and inferential statistics. Statistical significant level was set at P < 0.05.
Results: There were 210 participants comprising 113 males and 97 females, aged 17-35 years. Sacroischial sitting weight of 51.86 (6.57) kg
was the highest followed by ischiofemoral sitting weight 0of 49.52 (6.19) kg and ischial sitting weight of 44.87 (5.99) kg; the differences were
statistically significant (P = 0.001). Similarly, ischial feet weight was 19.64 (2.49) kg, followed by ischiofemoral feet weight of 15.92 (2.08)
kg and sacroischial feet weight of 12.60 (1.90) kg in sitting positions; the differences were statistically significant (P = 0.000). There was a
significant correlation between sitting and feet weights in the different sitting postures and each of height, weight, body mass index (BMI)
and femoral length (P < 0.05).

Conclusion: The ischial sitting position had the least sitting load, whereas the feet bears the least load in sacroischial sitting. The amount of
load experienced in sitting, and the corresponding feet weight was influenced by height, weight, BMI and femoral length. It is implied that
sitting position with the highest amount of trunk load has the least amount of feet weight and vice versa.
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INTRODUCTION rotate backward leading to either reduction in lumbar lordosis,
a flat lumbar spine or even kyphotic lumbar spine.®’ Sitting
leads to 40-90% increase in the load borne on the lumbar
region than in standing position.’

Sitting is the most commonly adopted posture in modern
times' with an estimate of 10 h per day spent by most
individuals in sitting position.> Advancing technology with
automated and computerised work environment has been ~ Studies have revealed that poor sitting posture® and prolonged
implicated in increasing sedentary lifestyle and in spending ~ Sitting result in excessive loading of the lumbar spine
a greater proportion of time in sitting.’ Sitting is not an ~ and 50 in(.:reases t.hej risk of lovy—back pain, as well as disc
entirely relaxed position for humans; the natural curvatures degeneration.”'® Sitting posture itself has been reported to be
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pain.® The pain experienced in sitting is linked to increase
in intradiscal pressure and load on the lower spine in the
seated position,>!! increase in muscle activity and effort,''?
flattening of lumbar lordosis and consequent increased stress
on surrounding muscles and ligament.'3

Although Olaogun' submitted that little can be done as
regard the amount of time spent in sitting position, a good
understanding of how the body weight is distributed in sitting
can however serve as a basis for improving the design and
construction of furniture. Previous investigators have reported
that sitting weight varies with different sitting postures.'>!4
Increased sitting weight is implicated in increased intradiscal
pressure® and increase in muscle activity'"'? with consequent
precipitation and perpetuation of low-back pain.

Goldberg!® recommended that the best-sitting posture with
the least musculoskeletal stress is achieved with the thighs
supporting the weight of the body from the ischial tuberosities
to the back of the knees, with the hip joint kept at the right
angle to the trunk, the legs kept at a right angle to the thigh
with the feet flat and slightly apart pointing forward, the trunk
is then held upright. Magee'® also supported this type of sitting
arguing that lordosed sitting requires too much of muscular
activity. On the contrary, Sprague'” advocated that lordosis at
both lower thoracic and lumbar regions bring about the least
muscular strain. Some other studies as well as recommended
maintaining the spinal curve at a neutral position as it is when
standing that is thoracic kyphosis and lumbar lordosis.'®"
Unfortunately, there is a paucity of studies on how much of the
body weight is borne on the supporting portions of the body in
ischial, ischiofemoral and sacroischial support sitting postures.

Olaogun' identified three basic types of sitting postures based
on the body parts used for support. These are ischial anterior,
ischiofemoral middle and sacroischial posterior support
sitting posture. The objective of the present study was to
compare sitting load and feet weight in ischial, sacroischial
and ischiofemoral support sitting postures in apparently
healthy individuals. The study also determined the influence
of anthropometric parameters on sitting and feet weights in
the different sitting postures.

MATERIALS AND METHODS

Apparently healthy individuals were consecutively recruited
into the present study. The participants were recruited from
the Obafemi Awolowo University (OAU) Campus, Obafemi
Awolowo University Teaching Hospitals Complex (OAUTHC),
School of Nursing, all in Ile-Ife, Nigeria. Eligibility criteria
included being asymptomatic of low-back pain for at least
6 months and not having any obvious spinal deformity or
neuromuscular dysfunction. The present study was carried
out in the gymnasium of the Department of Physiotherapy,
OAUTHC.

Ethical approval for the study was obtained from the Health
Research Ethics Committee of the Institute of Public Health,

OAU (IPHOAU/12/29). The purpose of the research was
explained to the participants and their informed consent
for participation was obtained. Demographic data of the
participants were obtained following the guidelines a structured
pro forma designed for the study.

Measurements

The height of each participant was measured to the nearest
0.1 cm using a height meter calibrated from 0 to 200 cm.
Participant’s body weight was measured to the nearest 0.1
kg using a weighing scale calibrated from 0 to 120 kg. Body
mass index (BMI) was calculated as the ratio of weight in
kilograms to height in meter squared. Femoral length was
measured as the distance between the anterior superior iliac
spine and the tibia tuberosity using an inelastic tape measure
(Butterfly Brand, China).

Procedures

After taking the demographic details and anthropometric
measurements of the participants, the three different sitting
postures were demonstrated to each participant. A weighing
chair (SECA Mod. 762 1019009 CE Germany) was used to
measure the sitting weights of the participants in different
sitting positions to the nearest 0.1 kg. A bathroom scale
(A Hanson Model, China) was placed on the floor, participants
were then instructed to sit on the weighing chair with their feet
placed on the weighing scale, and the sitting weight and feet
weight of the participants were then taken and recorded. The
sitting weight (siting load) and feet weight of the participants
were thus taken in these postures.

Ischial sitting posture

Ischial sitting posture is shown in Figure 1. In this sitting
position, the ischial tuberosity is the major base of support. It
involves sitting at the tip of the seat’s platform, and the trunk is
flexed anteriorly in this position.' This position corresponds to
what was earlier described as ‘anterior sitting’ by Schoberth®
and then as ‘slump sitting” by Claus ez al.* The participants
were instructed to sit close to the edge of the weighing chair’s
platform with their feet on the bathroom scale placed on the

Figure 1: Ischial sitting posture
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floor with the trunk in erect position. The vertical distance
between the sitting platform on the chair and the floor bathroom
scale was adjusted for each participant to keep the knee angle
and the ankle angle at approximately 90°. The readings on
the weighing scale as well as that of the weighing chair were
recorded.

Ischiofemoral sitting posture

The ischiofemoral sitting posture is shown in Figure 2.
Ischiofemoral sitting refers to a posture in which the body
is supported by the ischial tuberosity as well as the posterior
aspect of the femoral region; the trunk is held erect in this
posture.! This is similar to what Schoberth?® and Claus et al.*
referred to as ‘middle sitting” and ‘“flat sitting,” respectively. The
participants were instructed to sit with the buttocks and thighs
occupying more than half of the weighing chair’s platform
with the trunk kept erect and unsupported. The readings on
the scales were also noted and recorded. The knee joints were
kept at 90° of flexion.

Sacroischial sitting posture

Figure 3 shows the sacroischial sitting posture. This is a
relaxed form of sitting which involves reclining on the
chair. In this position, the pelvis is rotated backward; hence,
the ischial tuberosity together with the sacrum act as the
supporting structure in this posture.! Schoberth® described
similar posture as posterior sitting. Similarly, Claus et al.*
prefer the term ‘long lordosis’ in describing this sitting
posture. This posture was adopted by asking the participants
to recline on the chair, with their feet placed on the weighing
scale located on the floor, their knees were kept at 90° of
flexion as well as the readings on the two scales were also
noted and recorded.

During the different sitting postures, each subject was
instructed to fold their arms across their chest during the
weighing procedure for the different sitting postures. Sitting
load refers to the part of the total body weight that is borne
on the seat’s platform when an individual assumes sitting
posture.?!

Figure 2: Ischiofemoral sitting posture

Data analysis

Data were analysed using the Statistical Package for Social
Sciences (SPSS) for Windows, version 16 (SPSS Inc. Chicago,
Illinois). Data were summarised using descriptive statistics of
mean and standard deviation for continuous variables. Repeated
measures analysis of variance (ANOVA) was used to compare
sitting loads in the different sitting position. Bonferroni post
hoc test was used to probe the specific difference found in
the F-ratio. Pearson product-moment correlation was used
to test the relationship between the anthropometric variables
and sitting load and feet weights in different sitting positions.
Statistically significant level was set at P < 0.05.

RESULTS

There was a total of 210 participants comprising 113 males
and 97 female, aged 17-35 years with the mean of 20.1 (2.54)
years. The independent ¢-test comparison of the participants’
general characteristics between male and female participants
is presented in Table I. The means of heights and femoral
lengths were statistically significantly higher in males than
females (P = 0.001). Only the mean of BMI was higher in
females than males; it was not statistically significant.

Table II shows the results of the sitting biomechanics of all
participants and by gender. There were no significant gender

Table I: Comparison of the mean age and anthropometric
measurements of the participants by gender

Variables Mean (SD) t P All participants
Male Female mean (SD)
(n=113)  (n=97)

Age (years) 22.32(2.77) 21.78 (2.22) 1.527 0.128  20.07 (2.54)

Height (m)  1.67 (0.06) 1.63 (0.06) 4.614 0.001  1.65 (0.06)

Weight (kg) 65.24 (8.10) 63.51(7.99) 1.545 0.124  1.65 (0.06)

BMI (kg/m?) 23.40 (2.85) 23.90(3.23) —1.184 0.238  23.63 (3.03)

FL (cm) 533(2.16) 52.0(1.98) 4.612 0.001  52.68 (2.18)

SD: Standard deviation, BMI: Body mass index, FL: Femoral length

Figure 3: Sacroischial sitting posture
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differences in the sitting weights and feet weight in the different
sitting positions, respectively.

Repeated measures ANOVA was used to compare the sitting
load of the participants in the three sitting positions as presented
in Table III. Sacroischial sitting weight of 51.86 (6.57) kg was
the highest. This was followed by ischiofemoral sitting weight
0f49.52 (6.19) kg and ischial sitting weight of 44.87 (5.99) kg.
The differences were statistically significant (P = 0.000).
Similarly, ischial feet weight of 19.64 (2.49) kg was
the highest followed by ischiofemoral feet weight of
15.92 (2.08) kg and sacroischial feet weight of 12.60 (1.90) kg
across sitting positions; the differences were statistically
significant (P = 0.000). Bonferroni post hoc test analysis
showed sacroischial sitting position had significantly higher
sitting weight, whereas ischial sitting had the least mean score.
On the other hand, ischial sitting position had the highest feet
weight, whereas the sacroischial sitting position had the least
mean feet weight.

Table IV shows the Pearson product-moment correlation
participants characteristics and sitting weight. From the result

Table II: Sitting biomechanics of all the participants and
comparison by gender

Variables Mean (SD) t P All
Male  Female participants
(n=113)  (n=97) mean (SD)
Sitting weights (kg)
Ischial 45.53 (6.03) 44.09 (5.88) 1.740 0.083 44.87 (5.99)
Ischiofemoral ~ 49.18 (6.38) 47.75 (5.91) 1.679 0.095 48.52 (6.19)

Sacroischial
Feet weights (kg)
Ischial

52.43 (6.76) 51.19 (6.31) 1.371 0.172 51.86 (6.57)

19.79 (2.55) 19.45(2.42) 0.961 0.337 19.64 (2.49)
16.07 (2.01) 15.76 (2.16) 1.067 0.287 15.92 (2.08)

Sacroischial 12.80 (1.81) 12.38 (1.98) 1.587 0.114 12.60 (1.90)
SD: Standard deviation

Ischiofemoral

Table 11l: Repeated measure ANOVA and Bonferroni
post hoc test comparison of sitting biomechanics of the
participants

Variable Mean=SD F ratio P
Sitting weights (kg)
Ischial 44.87 (5.99) 65.525 0.000
Ischiofemoral 49.52 (6.19)°
Sacroischial 51.86 (6.57)¢
Feet weights (kg)
Ischial 19.64 (2.49)" 551.328 0.000
Ischiofemoral 15.92 (2.08)"
Sacroischial 12.60 (1.90)°

Significant difference at a=0.05. For a particular variable, mode means
with different superscript are significantly (P<0.05) different. Mode means
with same superscripts are not significantly (P>0.05) different. When
only one contrast is significant, one of the cell means has no superscripts
attached. The pair of cell means that is significant has different superscripts.
SD: Standard deviation. “Level of significance was set at P<0.05

indicate that there was a significant correlation between ischial
sitting weight and each of height (» = 0.257; P = 0.001),
weight (r = 0.977; P = 0.001), BMI (» = 0.796; P = 0.001)
and femoral length (» = 0.249; P = 0.001). There was a
significant correlation between ischiofemoral sitting weight
and each of height (»=0.270; P = 0.001), weight (» = 0.992;
P =0.001), BMI (» = 0.801; P = 0.001) and the femoral
length (r=0.259; P=0.001). In addition, there was a significant
correlation between sacroischial sitting weight and each of
height (» = 0.269; P =0.001), weight (» = 0.986; P =0.001),
BMI (r = 0.793; P = 0.001) and femoral length (» = 0.257;
P=0.001).

Table V shows the Pearson product-moment correlation
participants characteristics and feet weight. The result indicates
that there was a significant correlation between ischial sitting
weight and each of age (r=0.149; P=0.031), height (»=0.228;
P =10.001), weight (» = 0.893; P =0.001), BMI (r = 0.732;
P =0.001) and femoral length (» = 0.200; P = 0.004). There
was a significant correlation between ischiofemoral sitting
feet weight and each of height (» = 0.240; P = 0.001),
weight (»=0.930; P=0.001), BMI (»=0.765; P=0.001) and
femoral length (»=0.220; P=0.001). Furthermore, there was a
significant correlation between sacroischial sitting feet weight
and height (»=0.200; P=0.004), weight (»=0.846; P=0.001),
BMI (» = 0717; P = 0.001) and femoral length (» = 0.177,
P=0.010).

DISCUSSION

This study compared sitting load in ischial, sacroischial and
ischiofemoral support sitting postures and also determined
the influence of anthropometric parameters on the different
sitting postures. The participants in the present study were
young adults and were within the normal BMI range. Gender
comparison of the participants in the present study revealed
that males and females were comparable except for height and
femoral length. The male participants were significantly taller
with longer femoral length than the female counterparts. This
finding was consistent with a report by Marras et al.,”> which
showed that females generally had shorter legs and longer
torsos than males which significantly impact variables such
as spine loading.

The present study found that sitting load varied significantly
in ischial, ischiofemoral and sacroischial sitting positions.
More sitting load was borne in the sacroischial sitting position
with the least sitting load in the ischial sitting position.
The ischial sitting position, described as lordotic sitting
among some authors, has been associated with increased
likelihood of fatigue and discomfort than kyphotic (ischial)
sitting*?* Furthermore, Schoberth?® showed that the
posterior (sacroischial) sitting had the greatest sitting load
because the centre of gravity lies behind the ischial tuberosity
in this position, whereas in anterior (ischial) sitting the centre
of gravity is in front of the ischial tuberosity accounting
for the least load in that position. Furthermore, the present
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Table IV: Pearson’s product-moment correlation matrix of the relationship between sitting weights and the participant’s

characteristics

SACST Age Height Weight BMI FL ISHSWT ISFSWT
Age
r 1
P
Height
r 0.076 1
P 0.270
Weight
t 0.098 0.262 1
P 0.156 0.001*
BMI
r 0.053 —0.341 0.815 1
P 0.442 0.001* 0.001*
FL
r 0.065 0.931 0.249 —0.311 1
P 0.351 0.001* 0.001* 0.001*
ISHSWT
r 0.063 0.257 0.977 0.796 0.249 1
P 0.367 0.001* 0.001* 0.001* 0.001*
ISFSWT
r 0.085 0.270 0.992 0.801 0.259 0.981 1
P 0.220 0.001* 0.001* 0.001* 0.001* 0.001*
SACSWT
r 0.085 0.269 0.986 0.793 0.257 0.972 0.986 1
P 0.222 0.001* 0.001* 0.001* 0.001* 0.001* 0.001*

BMI: Body mass index, FL: Femoral length, ISHSWT: Ischial sitting weight, ISFSWT: Ischiofemoral sitting weight, SACSWT: Sacroischial sitting weight,

“Level of significance was set at P<0.05

study revealed that there was a significant difference in the
amount of weight borne by the feet across the different sitting
positions. The feet bore the greatest amount of weight in the
ischial sitting position, whereas the least weight was borne on
the feet in the sacroischial sitting position. Similar, to these
findings, Schoberth?® reported that in the anterior (ischial)
sitting more than 25% of the body weight was supported by
the feet and less than 25% in the posterior (sacroischial) sitting
position. Overall, an inverse relationship was shown between
sitting and feet weight. Specifically, a sitting position with
the highest amount of trunk load has the least amount of feet
weight and vice versa.

Other important results from the present study showed that
gender had no significant influence on sitting load and feet
weight, respectively. Dunk and Callaghan®* investigated
gender differences in sitting postures and found that the
female participants sat with more anterior rotation of the
pelvis, less lumbar flexion and very little trunk flexion
when compared to the male participants. Their study did
not report about differences in load borne in different sitting
postures. The present study investigated the influence of
some selected anthropometric and demographic variables on
the sitting biomechanics. The study revealed that the ages
of the participants had no significant influence on either the
sitting weight or the feet weight in any of the three sitting
position. This was in contrast to the finding of Sato et al.*

that compared the spinal load at the L4/L5 intervertebral disc
and revealed that participants with ageing or degenerated disc
had a significantly higher intradiscal pressure compared to the
healthy participants. It is adducible that the non-significant
correlation between age and sitting/feet weight in this study is
due to small age bracket of the sample. However, sitting/feet
weight was significantly associated with height, weight, BMI
and femoral length.

Controversies exist about the ideal sitting position, as there
had been different recommendations over the years as regard
the best sitting posture. However, a common consensus is
that a good sitting posture should involve a minimal amount
of stress and strain and should be conducive to maximise
efficiency in the use of the body part.* Consequent to
the findings of the present study, it is recommended that
physiotherapists should advocate the ischial sitting position
with back rest for patient with low-back pain. Olaogun'
explained that the base of support of a good seat should
be slightly less than the length of the lower leg when the
feet is flat on the floor, and the knee is bent at a right angle.
Therefore, a good posture in sitting should conserve energy,
cause no discomfort, be cosmetically and socially acceptable
and enhance productivity.!

The present study was conducted among healthy young
adults; its generalizability to other populations is therefore
limited. However, it is recommended that future studies
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Table V: Pearson’s product-moment correlation matrix of the relationship between feet weights and the participant’s

characteristics

Age Height Weight BMI FL ISHFWT ISFFWT SACFWT
Age
r 1
P
Height
r 0.076 1
P 0.270
Weight
r 0.098 0.262 1
P 0.156 0.001*
BMI
r 0.053 —0.341 0.815 1
P 0.442 0.001* 0.001*
FL
r 0.065 0.931 0.249 —0.311 1
P 0.351 0.001* 0.001* 0.001*
ISHFWT
r 0.149 0.228 0.893 0.732 0.200 1
P 0.031 0.001* 0.001* 0.001* 0.004*
ISFFWT
r 0.132 0.240 0.930 0.765 0.220 0.924 1
P 0.056 0.001* 0.001* 0.001* 0.001* 0.001*
SACFWT
r 0.108 0.200 0.846 0.717 0.177 0.818 0.867 1
P 0.118 0.004* 0.001* 0.001* 0.010%* 0.001* 0.001*

*Significant difference at ¢=0.05. BMI: Body mass index, FL: Femoral length, ISHSWT: Ischial sitting weight, ISFSWT: Ischiofemoral sitting weight,

SACSWT: Sacroischial sitting weight

should be carried out among the population with low-back
pain. In addition, electromyographic studies on muscular
activities of the back muscles in these three sitting positions
are warranted.

CONCLUSION

The ischial sitting position bore the least sitting load, whereas
the feet bore the least load in sacroischial sitting. The amount of
load experienced in sitting, and the corresponding feet weight
was influenced by height, weight, BMI and femoral length.
A sitting position with the highest amount of trunk load had
the least amount of feet weight and vice versa.
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