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Abstract
Objective. To provide a database of intradiscal pressure measurements together with anthropometric data as basis for the validation of models that predict spinal loads.
Design. Intradiscal pressure was measured in a non-degenerated L4-5 disc of a volunteer. The anthropometric characteristics of
this subject were extensively determined.
Background. Since it is usually impossible to quantify the load in the spine directly, it is predicted by various biomechanical
models. However, they often cannot be validated because of the few in vivo data and missing anthropometric characteristics
pertaining to them.
Methods. A pressure transducer (diameter 1.5 mm) was implanted in the nucleus pulposus of a non-degenerated L4-5 disc of a
volunteer. Pressure was determined during exercises while standing, lifting activities, sitting unsupported on a stool or an ergonomic
sitting ball, sitting in dierent postures and others. The anthropometric characteristics were determined using dierent tools.
Results. Pressure values: relaxed standing 0.5 MPa; standing ¯exed forward 1.1 MPa; standing extended backward 0.6 MPa;
sitting unsupported 0.46 MPa; maximum values during lateral bending 0.6 MPa, during axial rotation 0.7 MPa, lifting a 20 kg
weight with a round ¯exed back 2.3 MPa, with ¯exed knees 1.7 MPa, close to the body 1.1 MPa; sitting unsupported relaxed 0.45
MPa, actively straightening the back 0.55 MPa, with ¯exion 0.9 MPa; non-chalant sitting 0.3 MPa and others. Anthropometric
characteristics with emphasis on data for the trunk are provided in tables.
Conclusions. Intradiscal pressure depends on the kind of preceding activity, posture, external loads and muscle activity.
Relevance
The data set can be used to verify a biomechanical model adjusted to the individual characteristics by a comparison of measured
and predicted intradiscal pressures. Ó 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Loading of the spine still is not well understood. It is,
however, of great importance in the ®elds of orthopaedics, physiotherapy and ergonomics as overload is
considered as one main risk factor for the degeneration
of the disc. Usually it is not possible to quantify the
spinal load directly because force transducers cannot be
introduced into the spine of alive humans.
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Therefore many computer models have been developed which try to simulate postures and activities to
estimate the loads acting in the spine and may provide
further information. Most have been attempts to estimate the load during lifting activities. First simpli®ed
models are known from Bradford and Spurling [1].
Many years later Morris et al. estimated the loads in the
lumbar spine taking muscle forces from EMG measurements or intradiscal pressure or both into account
[2,52,53].
Anthropometric data were seriously considered by
Chan [3] who described the human body as a chain of
rigid segments, which were connected by hinge joints.
McGill [4±6] developed more two-dimensional models
for dierent symmetrical body positions and lifting
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conditions, also with muscle forces from EMG measurements. Others optimised the linked models for different lifting tasks of brick layers or nurses [7±10]. For
asymmetrical lifting performances, three-dimensional
models were introduced [11±16]. Other mathematical
models were developed to simulate walking conditions
[17±19].
Finite element models were created to investigate, for
given lifting tasks, the stress in certain spinal structures.
This can be done for single segment models [20,21] or
for polysegmental models for static conditions [22±25].
Dynamical models are important for the understanding
of whole body vibrations (WBV) which are particularly
relevant in sitting postures [26,27].
The in¯uence of muscles was often neglected and if
they are taken into account they can be underestimated
because little is known about their magnitude. The
variation of trunk models as well as posture can have a
strong eect on the predictions of muscle forces and
spinal loading [28,29]. Also the eect of the abdominal
pressure is discussed controversially [30].
Therefore most models cannot be validated, or even
con®rmed, because very few in vivo data exist, which
provide absolute loading values, e.g., for the intradiscal
pressure.
The most important data were provided from
Nachemson's direct in vivo measurements in the 60s and
70s. In the ®rst papers he reported absolute values in kg/
cm2 [31±36], later he presented them normalised to the
standing posture [37]. Unfortunately anthropometric
data are missing. Since then there have been few data to
corroborate or dispute those ®ndings.
Recently we measured intradiscal pressure again in
vivo with a more advanced transducer than that used by
Nachemson and complemented those earlier data with
dynamic measurements and presented absolute values
for dierent postures and exercises [38].
The purpose of this paper is to provide a database of
anthropometric measures of the subject to complement
the previously published new intradiscal pressure measurements which are summarised with pictures from
videos. Additionally, previously not published pressures
curves are provided. These data might enable an appropriate adjustment of computer models, to con®rm
them by a comparison of the predicted intradiscal
pressure values with the measurements.
2. Methods
2.1. Pressure measurements
Due to the risks of this in vivo investigation, just one
volunteer subject, a 45 year old male orthopaedist in
good physical condition with no previous history of back
pain could be studied. This experiment was approved in

this single instance by the state ethical review board
(Landesarztekammer Baden-W
urttemberg, Germany).
The protocol allowed the selection of one intervertebral disc for the implantation of the transducer. Since
intradiscal pressure can only be reliably measured in a
non-degenerated disc, we used MRI to evaluate the viability of the lumbar discs of the subject. Based on these
®ndings we chose the L4-5 disc, which did not show any
signs of degeneration or dehydration. After preparation
with antibiotics in order to reduce the risk of infection, a
¯exible pressure transducer with a diameter of 1.5 mm
was implanted from a dorsolateral transforaminal approach into the centre of the intervertebral disc (Figs. 1a
and b). This procedure was performed under local anaesthesia. Details about the technique are described in
the previous paper [38].
Pressure was measured with a telemetry system over a
period of about 24 h. Most exercises were recorded with
a sampling rate of 300 Hz (samples per second). Pressure
values in the previous paper were reported for following
situations: various lying positions, sitting positions in a
chair, in an armchair, during sneezing, laughing, walking, stair climbing, load lifting, hydration over 7 h of
sleeping and others.
Most exercises were simultaneously registered on
videotape, on photographs, and some additionally
quanti®ed by a motion analysis system.
In this paper we want to report exercises from which
certain postures could be used to con®rm results from
computer-models. The ®rst data are motions in the
standing position which were quanti®ed by an additional motion analysis system. For these measurements
the volunteer was asked to ¯ex and extend, to ¯ex laterally to the right and the left, and to rotate to the right
and the left as much as possible. All motions were
started from the neutral position, de®ned when he was
standing relaxed. During these exercises intradiscal
pressure was recorded and the mobility of the lumbar
spine between the sacrum and the thoracolumbar junction was assessed using an ultrasound based motion
analysis system (Zebris CMS50, Isny, Germany) (Fig.
1(c)).
This paper also presents pictures taken from video
sequences with the respective pressure values for lifting
tasks, sitting positions in a stool without backrest, an
armchair with backrest. To complement these more or
less static sitting positions dynamic measurements on a
pezzi-ball (ergonomic sitting ball) were carried out
during jumping which resembles self-generated periodic
whole body vibration at about 1 Hz.
2.2. Anthropometric measurements
A disc area of 18 cm2 was determined from the midhorizontal MRI-scan, which was taken four weeks
before the intradiscal pressure measurements.
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Fig. 1. Intradiscal pressure measurements in vivo. (a) Pressure transducer for the intradiscal pressure measurements in vivo. (b) Pressure transducer
after implantation in L4/5 for the intradiscal pressure measurements in vivo. (c) In vivo recording of the intradiscal pressure and the motion between
sacrum and thoracolumbar junction was performed with one volunteer.

About two years after the study, the anthropometric
status of this subject was extensively determined
(Measurement instrumentation by Siber Hegner Machinery, Switzerland; details see Appendix A). The body
mass of the subject was measured by weighing the lightly
clothed body with a Soehnle scale (precision 0.15 kg).
The measurements were performed with the nearly unclothed body, in basic positions, and on the right side
for symmetric measures. Basic positions are de®ned for
standing and sitting [39]. These de®nitions are necessary
for the reproducibility of the measurements. The basic
position for standing is an upright erect posture which
the subject can maintain constant during the measurements. The body mass should be equally distributed on
both feet, with both heels touching each other and the
points of the feet diverging slightly. The knee- and hip

joints are stretched. The pelvis and the spine are tensed
erect, but not overstretched. The shoulder girdle is held
loosely. Arms and hands hang stretched at the sides of
the body with the palms turned medially. The ear±eye
plane of the head is orientated horiziontally and kept
without muscular eort. In the basic sitting posture the
subject is sitting with an erect pelvis and an extended
spine on a horizontal, incompressible seat surface. The
shoulder girdle is held slackly and the shoulders must
not be raised. The thighs are placed in parallel on the
seat area. The shanks are at a right angle to the seat and
the whole soles contact the reference surface. The de®nitions of measurements and measuring devices are described in the Appendix A.
Detailed measurements were performed for the abdomino-thoracic part of the trunk in the basic standing
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posture. This part ranged over 71.5 cm from the cervical
height (149.2 cm above the ¯oor) to the perineal height
(77.7 cm above the ¯oor, de®nitions see Appendix A). It
was subdivided into 10 horizontal segments with an
identical height of 1/10 stem length (7.1 cm) as recommended earlier [40]. In order to minimise the measuring
errors, the upper height of each segment was marked on
the skin ventrally and dorsally. In the basic sitting
posture, the measurements were performed only for the
accessible markers. Since the segments in this posture
did not remain horizontally, the height of each slice was
measured dorsally and ventrally with reference to the
¯oor. The height of the seat surface above the ¯oor
amounted to 45.6 cm. Skinfolds were measured according to [41].
3. Results
3.1. Intradiscal pressure measurements in vivo
In a previous study pressures were reported for daily
activities [38]. Some of them are repeated here. We
found for lying in prone position 0.1 MPa, lying laterally 0.12 MPa, relaxed standing 0.5 MPa, standing
¯exed forward 1.1 MPa, sitting unsupported 0.46 MPa,
sitting with maximum ¯exion 0.83 MPa, non-chalant
sitting 0.3 MPa, lifting a 20 kg weight with round ¯exed

back 2.3 MPa, with ¯exed knees 1.7 MPa, and close to
the body 1.1 MPa. During the night, pressure increased
from 0.1 to 0.24 MPa.
The pressure curves reported here are to complement
those postures and activities which might be useful for
modelling.
3.1.1. Exercises while standing
In relaxed standing, intradiscal pressure in vivo was
reproducible around 0.43±0.50 MPa. The pressure
changed depending on the motion (Fig. 2). The pressure
curves were very similar when repeating the exercises.
We observed the most pronounced change in ¯exion,
the pressure increased almost linearly to 1.08 MPa at a
¯exion angle of 36° between the thoracolumbar junction
and the sacrum (Fig. 2(a)). In extension there was also a
linear increase, but only up to 0.6 MPa at an angle of
19°.
Lateral bending showed, roughly, a symmetrical behaviour (Fig. 2(b)). The pressure increased linearly up to
0.59 MPa at an angle of 18° to the right and 23° to the
left. Interestingly, beyond these ranges the pressure decreased on both sides to a lower value of about 0.38
MPa at an angle of about 29°. Probably up to the angle
of 20° the muscles tried to stabilise the spine actively.
Then the muscles released and the spine was only
stabilised passively, which interestingly resulted in a
pressure decrease.

Fig. 2. Intradiscal pressure in vivo in the segment L4/5 with respect to total motion between the thoracolumbar junction and the sacrum.
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In axial rotation the pressure also increased with
twisting (Fig. 2(c)). Here our volunteer was able to twist
further to the left then to the right. The pressure increased to 0.7 MPa at 24° to the left and to 0.6 MPa at
17° to the right.
3.1.2. Lifting activities
The highest pressure range was found during lifting
and carrying a full crate of beer (height  width
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depth  300  400  300 mm3  with a weight of 19.8 kg
(Fig. 3). Lifting and lowering the case with both hands
in front of the body and with knees bent and in upright
posture, with actively extended back as taught in some
back schools, increased the pressure from 0.5 MPa with
quiescent standing to 1.72 MPa during lifting and or
1.68 MPa during lowering (Fig. 3(a)). Lifting the case by
bending over with the legs almost straight increased the
pressure up to 2.3 MPa (Fig. 3(b)). In comparison the

Fig. 3. Lifting activities: (a) lifting as taught in back schools; (b) lifting bent over with round back; (c) exercise ®nger tip ± ¯oor distance; (d) crate of
beer held close at chest level; (e) held away about 60 cm; (f) walking with one crate (mean value); (g) lifting two crates; (h) walking with two crates
(mean value).
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®nger tip to ¯oor exercises creates a pressure of 1.6 MPa
(Fig. 3(c)). Holding the case close to the body at chest
level produced a pressure of about 1.0 MPa (Fig. 3(d)),
whereas holding it 60 cm away from the chest increased
the pressure to 1.8 MPa (Fig. 3(e)). Lifting this case with
one hand on the side created a pressure of 2.1 MPa,
carrying it laterally either in the right or in the left hand
leads to a pressure of 1.0 MPa in the L4-5 disc (Fig.
3(f)). The maximum pressure when lifting two cases at
the same time was 2.1 MPa (Fig. 3(g)) and carrying them
symmetrically in two hands created only a pressure of
about 0.9 MPa (Fig. 3(h)).
3.1.3. Sitting unsupported on a stool or an ergonomic
sitting ball
In sitting, ¯uctuations in pressure occurred with
changes in posture and support. Relaxed sitting on a
stool with a normally straight back produced a pressure peak region of 0.45 to 0.50 MPa (Fig. 4(a)),
similar to standing. Bending forward about 20° with
straight back and without arm support increased the

pressure to 0.63 MPa (Fig. 4(b)), further bending
forward increased the pressure up to 0.83 MPa, supporting the elbows on thigh in this position in order to
relax, reduced the pressure to 0.43 MPa (Fig. 4(c)).
Sitting unsupported strongly relaxed in ¯exed position
with the head in front of the body created a pressure
0.90 MPa (Fig. 4(d)).
Similar pressures were found on an ergonomic sitting
ball. In the upright position the pressure was 0.5 MPa
(Fig. 4(e)), when jumping in this position it cycled between 0.4 and 0.6 MPa (Fig. 5). In a relaxed and slightly
¯exed position, it equalled about 0.65 MPa (Fig. 4(f)).
When jumping in this position the amplitude ranged
between 0.55 and 0.75 MPa (Fig. 5(a)) and reached a
maximum between 0.6 and 0.8 MPa with jumping in a
strongly relaxed ¯exed position (Fig. 5(b)) which might
be compared with an unsupported and strongly relaxed
position in a construction vehicle going over bumps; in
both cases a and b the displacement was similar with
60 mm  10 mm at a frequency of about 1.7 jumps per
second. However, dierent motor control mechanisms

Fig. 4. Unsupported sitting: (a) relaxed erect sitting; (b) erect sitting bent forward; (c) ¯exed forward with elbows on thigh (d) ¯exed actively forward;
(e) sitting on an ergonomic sitting ball with straight back; (f) sitting on an ergonomic sitting ball in ¯exed posture.
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Fig. 5. Intradiscal pressure during sitting and jumping on an ergonomic sitting ball.

during self-generated and forced whole-body vibration
[42] suggest dierent internal loads.
3.1.4. Sitting in an armchair
By changing the sitting in an armchair the pressure
can be varied in manifold ways. Under the condition of
leaning backwards with about 15° the pressure is decreased to 0.33 MPa (Fig. 6(a)). The lower the subject
slouched into the chair, the more the pressure decreased
(to a minimum of 0.27 MPa), despite further increasing
the ¯exion in his back (Fig. 6(b)). Supporting the stretched legs on a stool increased the pressure slightly to
0.38 MPa (Fig. 6(c)). A similar increase was found by
putting the arms across the chest (Fig. 6(d)). Sitting relaxed without backrest in an almost upright position
created a pressure of 0.44 MPa (Fig. 6(e)) as on the stool
or on the ergonomic sitting ball. In all these sitting
postures the pressure was lower than 0.48 MPa as found
for relaxed standing (Fig. 6(g)). The only exception
where the pressure was higher compared to standing
with 0.55 MPa occurred when sitting consciously erect
actively straightening and extending the back, as taught
in some back schools (Fig. 6(f)). Standing up from the
chair and sitting down led to a pressure peak of 1.1
MPa. Body lifting by armsupports decreased the pressure only to only 0.1 MPa.
3.2. Anthropometric measures
Tables 1 and 2 present the data of the 10 trunk segments in the standing and sitting postures, respectively.

The majority of measures are listed separately for the
standing and sitting postures in the second column of
the Appendix A. The skin folds are also presented in the
Appendix A. For the standing posture the anthropometric measures are classi®ed as heights, breadths,
depths, and circumferences. The third column presents
the results of Greil [43] for the 50th percentile (P 50) of
the German male population with the corresponding age
(45±49 years). The body mass of the subject was measured by weighting the lightly clothed body with a Soehnle scale (precision 0.15 kg). The body mass amounted
to 72 kg. The body mass of P 50 equalled 78.5 kg [43].
4. Discussion
This paper provides a database of intradiscal pressures for a number of exercises during standing, lifting
activities and many dierent sitting postures together
with anthropometric data which might serve as basis for
the validation of mathematical models that predict spinal loads under static and dynamic conditions.
Until now models had to be con®rmed with the data
provided from Nachemson's pressure measurements in
the 60s and 70s. Unfortunately, anthropometric data
were missing in his papers. Therefore his absolute values
in kg/cm2 reported in the ®rst papers [31±36] or the
normalised results [37] can only be used for a rough
estimation.
In the present paper the absolute pressure values
measured in the centre of L4-5 are reported for the ®rst
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Fig. 6. Sitting postures in an armchair: (a) relaxed erect sitting with backrest; (b) slouched sitting; (c) slouched sitting with legs supported;
(d) slouched sitting with arms across the chest; (e) relaxed erect sitting without backrest; (f) sitting actively staightening the back; (g) relaxed standing;
(h) body lifting by arm supports.

time together with many anthropometric data that can
be used to model individually our volunteer Peter Neef
(Appendix A). Additionally we provide detailed data
about the measures of 10 equal horizontal disc segments
of the upper trunk in the standing and sitting posture to
model the upper trunk of our subject.
During many exercises we found a good correlation
with Nachemson's data, but not in the comparison of

standing and sitting or of the various lying positions
[38]. These dierences between ours and Nachemson's
results may be explained by the use of dierent transducers. Although this study was only performed with
one subject, it con®rmed results from an indirect
method using the stadiometry [44], and were also found
shortly after the new intradiscal pressure measurements
with an instrumented spinal ®xator [45] and new sta-
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Table 1
Measures of 10 horizontal trunk segments of the upper trunk in the standing posture
Trunk segment
No.

Body height from the
reference surface (cm)

Breadth
(cm)

Depth
(cm)

Circumference
(cm)

1
2
3
4
5
6
7
8
9
10

149.2
142.1
134.9
127.8
120.6
113.4
106.3
99.2
92.0
not measurable

16.9
39.2
43.2
28.6
28.1
27.1
29.0
31.5
33.1
not measurable

12.0
14.0
20.6
21.5
20.5
20.0
19.0
21.0
20.2
not measurable

38.0
97.0
109.7
98.5
88.5
84.0
83.2
88.5
93.5
not measurable

Table 2
Measures of 10 horizontal trunk segments of the upper trunk in the sitting posture
Trunk segment
No.

Height ventral from the
reference surface (cm)

Height dorsal
(cm)

Breadth
(cm)

Depth
(cm)

Circumference
(cm)

1
2
3
4
5
6
7
8
9
10

108.3
103.2
95.0
87.9
80.2
72.5
66.0
not measurable
not measurable
not measurable

113.6
105.8
98.7
91.0
84.3
76.9
69.8
61.0
51.0
not measurable

17.0
35.7
41.0
32.0
29.5
26.7
29.7
34.0
37.0
not measurable

13.0
14.0
20.2
21.5
20.6
21.3
20.3
21.8
not measurable
not measurable

37.0
98.0
108.9
97.0
89.5
84.0
85.0
89.0
96.0
not measurable

diometry measurements [46]. Using the latest technology, this study indicated that: intradiscal pressure
during sitting may in fact be less than that in erect
standing; muscle activity increases pressure; constantly
changing position is important to hydrate and dehydrate the disc; and, physiotherapy methods are valid in
many cases but should be re-evaluated in some others
[38].
Our subject Peter Neef is representing a well-trained
person whose anthropometry lies in the 50th percentile
of the German male population, aged between 45 and 49
years. He belongs to the intermediate type of robustness
of the skeleton [43]. The shares of active body mass and
fat amounted to 63.5 and 8.5 kg, respectively [47]. We
determined a disc area of 18 cm2 from an MRI scan,
which can slightly dier from the real value due to the
voxel error, or if we did not evaluate exactly the middisc plane. Anthropometric data can be used to predict
the area of the disc [48]. The prediction based on the
body mass resulted in 19.36 cm2 for the disc L4-5, that
based on the stature and diameters of the wrist, elbow,
ankle and knee, in 23.97 cm2 .
Although the anthropometric data were determined
only two and a half years after the actual pressure

measurements, we believe that this is no problem because our volunteer Peter Neef did not change in the
meantime. He is a very well-trained person who is exercising regularly and his weight stayed almost constant
during this period. His weight was 70 kg when we performed the measurements and 72 kg when we took the
anthropometric data. Bodyweight and his height, which
was reported in the previous paper are the data he told
us during the measurements. The data reported in the
present paper were measured by the authors themselves
with the described methods (Appendix A). Therefore the
data reported in this paper are probably more reliable
than the height and weight described earlier.
The detailed data of the trunk segments may help to
improve the distribution of the most signi®cant partial
masses in the model. The skin fold data could be used to
specify the part of the ``wobbling mass'', if such mass is
to be implemented in a model [49].
Often researchers are interested in absolute force
values. However, we preferred not to convert the absolute pressure data (MPa) into force values (Newton).
The reason is that it is still not quite clear how to convert
these data. Nachemson described pressure pro®les from
in vitro experiments [34] whose constant maximum was
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only in the nucleus decreasing linearly to zero over the
entire annulus of a normal disc. The pressure pro®le
stays constant over the entire disc for moderately degenerated discs, and it may even show the opposite
trends to the normal disc if it is severely degenerated.
This, however, was not supported by the in vitro pro®lometry studies [50,51] which showed an almost constant plateau over the entire nucleus and most of the
annulus. Only in the outer layers or the outer 3±5 mm of
the annulus the pressure is dropping down to atmospheric pressure. An inhomogeneous pressure distribution with a peak in the posterior annulus was found for
degenerated discs.
Many of our exercises are recorded on video. Unfortunately, the recordings were not standardised, in the
sense that we did not attach markers on the body of the
subject. In addition, the camera position was not constant. Furthermore, there were no pure sagittal recording. However, sophisticated software packages might be
able to extract from the dierent video frames timecurves of joint positions or points at the crate of beer.
Although, this study was limited to only one subject
due to the risk of this method these pressure values
provide inimitable data for the validation of computer
models adjusted to individual anthropometry.
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Appendix A. Anthropometric measurements for our subject in comparison to the 50th-percentile (P50) ± results,
de®nitions and equipment
More detailed explanation of the above measures:
Anthropometer ± AM, beam compasses ± BC, sliding
calipers ± SC, large calipers ± LC, calipers ± C, tape
measure ± TP
A.1. Standing posture/heights
Body height. Linear distance of the vertex (highest
point of the top of the head in the median plane with the

Anthropometrical
parameter

Subject
(cm)

P50
(cm)

Body height
Comfortable body height
Height to the external
occipital protuberance
Ear height
Chin height
Height to bridge of the nose
Cervical height
Inferior height of the
scapula
Height of the base of the
neck
Deltoid height
Upper sternal height
Lower sternal height
Shoulder height
Dorsal height of the base of
the arm
Height of the waist
Height of the umbilicus
Height of the largest
breadth of the hip
Height of the elbow joint
Wrist height
Height of the middle ®nger
tip
L3 Height
L4 Height
L5 Height
Height of the iliac crest
Iliospinal height
Symphysion height
Height of the greater
trochanter
Height of the posterior
gluteal point
Height of the perineum
Knee height
Height of the ankle
Foot length

173.9
172.2
163.0

171.7

160.1
150.8
162.1
148.1
122.5

158.4
149.6

Foot breadth
Ankle breadth
Knee breadth
Elbow breadth
Wrist width
Shoulder breadth
Bi-deltoidal shoulder width
Chest breadth
Breadth of the waist
Breadth of the back contour
Pelvic breadth
Spinal breadth

147.8

142.3
132.5
139.5
122.4
140.4
130.0

141.0
141.6

108.8
103.2
96.8
107.1
84.4
64.5
109.0
105.0
102.5
106.3
98.0
89.2
93.4

105.8

98.4

87.7
77.7
46.3
9.6
27.0
10.4
7.1
10.1
7.3
6.1
37.6
44.3
27.5
27.1
36.2
28.3
24.9

46.6
26.6
9.7
10.1
7.2
40.0
47.5
31.2
30.7
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Anthropometrical
parameter

Subject
(cm)

Hip breadth
Bi-trochanteric breadth
Maximal head length
Maximum head breadth

33.1
33.3
19.4
16.1

Upper trunk depth
Chest depth
Xyphoid depth

14.8
21.2
23.0

Bi-deltoid body
circumference
Great chest circumference
Chest circumference
Horizontal chest
circumference
Circumference of waist
Minimum circumference of
waist
Circumference of the body
at elbow height
Upper circumference of the
pelvis
Circumference of the body
at the height of the wrist
joint
Bi-trochanteric
circumference
Maximum circumference of
the hips
Transversal cranial bend
Head circumference
Neck circumference
Circumference of the base
of the upper arm
Relaxed upper arm
circumference
Contracted upper arm
circumference
Circumference of the elbow
Maximum forearm
circumference
Minimal forearm
circumference
Wrist circumference
Circumference of the base
of the thigh
Circumference of the thigh
Lowest circumference of the
thigh
Circumference of the knee
Circumference of the shank
Minimum circumference of
the shank

P50
(cm)
35.1
37.0
18.9
15.9

24.0

108.5
97.0
94.5
90.5

102.7

83.0
80.0

95.5

81.0
83.0
95.0
94.0
95.4
31.0
58.5
38.0
34.0

36.2
57.8
39.8

32.2
35.5
28.5
30.0
19.5
18.7
57.0
57.4
45.0
40.0
38.0
23.2

28.0

Anthropometrical
parameter
Middle circumference of the
foot
Height of seat surface
Seated height
Relaxed seated height
Height to the acromion
sit.
Inferior height of the
scapula sit.
Height of the waist sit.
Height of the umbilicus
sit.
Height of the pelvis sit.
C7 Height sit.
L3 Height sit.
L4 Height sit.
L5 Height sit.
Iliospinal height sit.
Height of the elbow joint sit.
Height of the iliac crest sit.
Height of the edge of the
thigh
Height of the knee sit.
Greatest width across the
hips sit.
Greatest sagittal diameter of
the abdomen sit.
Buttocks ± knee ± length
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Subject
(cm)

P50
(cm)

25.4
45.6
89.3
86.4
57.2
41.9

89.9
60.0
45.0

25.2
21.7
22.1
65.5
23.0
20.1
15.0
14.6
25.9
22.3
13.2

24.0
66.1

56.0
38.0

53.6

24.0

28.0
58.9

Skinfolds
Skin fold thick when standing (cm)
(Gauge : GPM skin fold gauge)
On the cheek, before the
6.4
tragus
Under the jaw above the
5.1
hyoid bone
Front arm pit fold
3.3
Over the 10th rib in the
8.1
anterior axillary line
Abdomen ± in the ®rst
7.1
quarter of the distance
between the umbilicus and
front upper iliac crest
Outside the anterior
4.8
superior iliac spine
Below the shoulder blade
7.4
angle
Over the triceps muscle
8.3
9.5
Over the m. rectus femoris
at the transition to the knee
tendon

60.6

20
14

S122

H.-J. Wilke et al. / Clinical Biomechanics 16 Suppl. No. 1 (2001) S111±S126

head orientated in the plane of the ear and eyes) from
the reference surface in an upright posture ± AM
Comfortable body height. Linear distance of the vertex
(highest point of the top of the head in the median plane
with the head orientated in the plane of the ear and eyes)
from the reference surface in comfortably relaxed posture ± AM
Height to the external occipital protuberance. Linear
distance of the external occipital protuberance (upper
nape point, corresponds to the furthest projecting point
of the external occipital protuberance at the boundary
between rear of the head and the nape) from the reference surface ± AM
Ear height. Linear distance of the tragus (ear point;
that point at which the upper edge of the cartilage projection which partially covers the entrance to the ear
joins the base of the ear) from the reference surface ± AM
Chin height. Linear distance of the symphysis (corresponds to the deepest, therefore caudal point of the
lower jaw in the median plane) from the reference surface ± AM
Height to bridge of the nose. Linear distance of the
point where the frontonasal suture crosses the median
line, from the reference surface ± AM
Cervical height. Linear distance of the most dorsal
point of the tip of the spinous process of the seventh
cervical vertebra from the reference surface AM
Inferior height of the scapula. Linear distance of the
inferior angle of the scapula from the reference surface ±
AM
Height of the base of the neck. Linear distance of the
highest point of the lateral part of the clavicula from the
reference surface ± AM
Deltoid height. Linear distance of the most lateral
point of the upper arm in the area of the musculus
deltoideus from the reference surface ± AM
Upper sternal height. Linear distance of the deepest
point of the upper dorsal border of the manubrium in
the mid-sagittal plane from the reference surface ± AM
Lower sternal height. Linear distance of the most
distal point of the xiphoid process in the mid-sagittal
plane from the reference surface ± AM
Shoulder height. Linear distance of the acromion
process (corresponds to the most lateral point of the
shoulder blade at the top of the shoulder) from the
reference surface ± AM
Dorsal height of the base of the arm. Linear distance
of the most cranial point of the dorsal arc of the fossa
axillaris from the reference surface ± AM
Height of the waist. Linear distance of the most medial point of the lateral curvature of the trunk in the
area of the transversus abdominis muscle from the reference surface ± AM
Height of the umbilicus. Linear distance of the
middle of the umbilicus from the reference surface ±
AM

Height of the largest breadth of the hip. Linear distance of the most lateral point in the region lateral to the
hip joint from the reference surface ± AM
Height of the elbow joint. Linear distance of the most
proximal part of the head of the radius from the reference surface, measuring position: out stretched arm,
palms to the thigh ± AM
Wrist height. Linear distance of the most distal point
of the styloid process of the radius from the reference
surface ± AM
Height of the middle ®nger tip. Linear distance of the
most distal point of the tip of the middle ®nger from the
reference surface for outstretched, downward hanging
arms and fully extended hands, whose longitudinal axis
must be in the extension of the forearm axis, palms to
the side of the thigh ± AM
L3 Height. Linear distance of the most dorsal point of
the spinous process of the third lumbar vertebra from
the reference surface ± AM
L4 Height. Linear distance of the most dorsal point of
the spinous process of the fourth lumbar vertebra from
the reference surface ± AM
L5 Height. Linear distance of the most dorsal point of
the spinous process of the ®fth lumbar vertebra from the
reference surface ± AM
Height of the iliac crest. Linear distance of the most
cranial part of the iliac crest from the reference surface ±
AM
Iliospinal height. Linear distance of the furthest ventrally and distally directed point of the anterior superior
iliac spine from the reference surface ± AM
Symphysion height. Linear distance of the upper
edge of the pubic symphysis from the reference surface ±
AM
Height of the greater trochanter. Linear distance of
the most proximal part of the greater trochanter of the
femur from the reference surface ± AM
Height of the posterior gluteal point. Linear distance of the most dorsal point in the area of the
musculus gluteus maximus from the reference surface
± AM
Height of the perineum. Linear distance of the most
distal point of the medial base of the thigh from the
reference surface ± AM
Knee height. Linear distance of the most proximal
point of the medial upper edge of the medial condyle of
the tibia from the reference surface ± AM
Height of the ankle. Linear distance of the most distal
point of the medial (tibial) malleolus from the reference
surface ± AM
Foot length. The projected distance relative to the
longitudinal axis of the foot between the most dorsal
point of the heel for a loaded foot and the most distal
point of the ®rst or second toe (ignoring the toe nail)
with the foot partially bearing weight and the toes relaxed ± BC
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A.2. Standing posture/breadth
Foot breadth. The projected distance relative to the
longitudinal axis of the foot between the most lateral
point of the lateral edge of the foot near the ®fth metatarsophalangeal joint and the most medial point of the
inner edge of the foot in the region of the ®rst metatarsophalangeal joint ± BC
Ankle breadth. Linear distance between the most
medial point of the medial (tibial) and the most lateral
point of the lateral (®bular) malleoli, i.e., between the
most lateral point of the outer ankle and the most medial point of the inside ankle ± SC
Knee breadth. Linear distance between the most medial point of the medial epicondyle of the femur and the
most lateral point of the lateral epicondyle ± SC
Elbow breadth. Linear separation between the most
lateral point of the lateral epicondyle of humerus and
the most medial point of the medial epicondyle of
humerus, i.e., between the most lateral and medial
points of the upper arm in the region of the elbow
joint ± SC
Wrist width. Diameter between the most prominent
points of the styloid processes of the radius and the ulna ±
SC
Shoulder breadth. Linear distance between the most
lateral points of the two acromion processes ± LC
Bi-deltoidal shoulder width. Greatest transverse diameter between the most lateral points in the area of the
deltoid muscles ± LC
Chest breadth. Greatest transverse diameter of the
torso at the height of the middle of the sternum where
the fourth pair of ribs articulate the sternum, when
breathing softly ± LC
Breadth of the waist. Linear distance between the
right and left most medial points of the lateral contours
of the trunk in the region of the transverse muscle of
abdomen ± LC
Breadth of the back contour. Linear distance between
the two most cranial points of the dorsal arcs of the
fossae axillares ± LC
Pelvic breadth. Linear distance between the two most
lateral parts of the iliac crests ± LC
Spinal breadth. Linear distance between the two furthest ventrally and distally directed points of the anterior superior iliac spine ± LC
Hip breadth. Greatest transverse diameter of the torso
in the region of the hips; distance between the two most
lateral points in the hip and thigh regions ± LC
Bi-trochanteric breadth. Linear distance between the
two most proximal points of the greater trochanters of
the femoral bones ± LC
Maximal head length. Linear distance from the opisthcranion (craniometric point situated on the occipital
bone at its most posterior point in the midline) to the
glabella (point in the midline of the frontal bone at the
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most prominent point between the medial ends of the
superciliary arches) ± C
Maximal head breadth. Linear distance between the
two most lateral points of the cranium cerebrale ± C
A.3. Standing posture/Depths
Upper trunk depth. Distance between the deepest
point of the upper dorsal border of the manubrium in
the mid-sagittal plane and the most dorsal point of the
tip of the spinous process of the seventh cervical vertebra ± LC
Chest depth. Greatest sagittal diameter of the torso at
the height of the middle of the sternum (cf. chest
breadth) ± LC
Xiphoid depth. Sagittal diameter of the torso at the
most distal point of the xiphoid process in the midsagittal plane (cf. lower sternal height) ± LC
A.4. Standing posture /Circumferences
Bi-deltoidal body circumference. Horizontal circumference at the height of the most lateral points in the
area of the deltoid muscles ± TP
Great chest circumference. Circumference of the upper torso at the inferior angles of the scapulae and the
nipples ± TP
Chest circumference. Horizontal circumference of the
upper torso at the height of the middle of the sternum ±
TP
Horizontal chest circumference. Circumference of the
upper torso at the height of the nipples ± TP
Circumference of waist. Horizontal circumference of
the torso at the height of the middle of the umbilicus
when breathing softly ± TP
Minimum circumference of waist. Smallest horizontal
circumference of the torso between the chest and hips
when breathing softly ± TP
Circumference of the body at elbow height. Horizontal
circumference of the upper torso at the height of the
most dorsal and distal point of the olecranon (the point
is identi®ed, when the forearm is ¯exed by 90 degrees to
the upper arm) ± TP
Upper circumference of the pelvis. Horizontal circumference of the torso at the height of the most cranial
part of the iliac crest ± TP
Circumference of the body at the height of the wrist
joint. Horizontal circumference of the torso at the height
of the most distal point of the styloid process of the
ulna ± TP
Bi-trochanteric circumference. Horizontal circumference of the torso at the height of the most lateral points
of the greater trochanters of the femoral bones ± TP
Maximum circumference of the hips. Horizontal circumference of the torso at the height of the most dorsal
points in the area of the greatest gluteal muscles ± TP
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Transversal cranial bend. Bend in the frontal plane
from the point where the upper edge of the tragus joins
the base of the ear to that point on the other side ± TP
Head circumference. Roughly horizontal circumference of the head measured over the glabella and opisthocranion (cf. maximal head length) ± TP
Neck circumference. Smallest circumference of the
throat with the head held in the plane of the eyes and
ears ± TP
Circumference of the base of the upper arm. Upper
arm circumference at the height of the most cranial
point of the dorsal arc of the fossa axillaris with the arm
hanging loosely and measured normal to the longitudinal axis of the upper arm ± TP
Relaxed upper arm circumference. Greatest upper arm
circumference with the arm hanging down and the
muscles relaxed, measured normal to the longitudinal
axis of the upper arm ± TP
Contracted upper arm circumference. Upper arm circumference with a ¯exed arm and contracted muscles,
measured normal to the longitudinal axis of the upper arm
at the point of the most prominent biceps muscle ± TP
Circumference of the elbow. Circumference at the
most dorsal and distal point of the olecranon, with the
arm hanging down and the muscles relaxed, measured
normal to the longitudinal axis of the upper arm ± TP
Maximum forearm circumference. Greatest forearm
circumference with the arm hanging down and the
muscles relaxed, measured normal to the longitudinal
axis of the forearm ± TP
Minimal forearm circumference. Lowest forearm circumference with the arm hanging down and the muscles
relaxed, measured normal to the longitudinal axis of the
forearm near the styloid processes ± TP
Wrist circumference. Minimum circumference of the
forearm measured at the most distal points of the radial
and ulnar styloid processes; the forearm can be raised ±
TP
Circumference of the base of the thigh. Horizontal
circumference of the thigh at the height of the perineum,
for balanced weight distribution between feet and a relaxed muscular system ± TP
Circumference of the thigh. Greatest horizontal circumference of the thigh for balanced weight distribution
between feet and a relaxed muscular system ± TP
Lowest circumference of the thigh. Lowest horizontal
circumference of the thigh for balanced weight distribution between feet and a relaxed muscular system ± TP
Circumference of the knee. Horizontal circumference
of the leg at the middle of the patella with a stretched
knee ± TP
Circumference of the shank. Greatest horizontal circumference of the lower leg ± TP
Minimum circumference of the shank. Smallest circumference of the lower leg for balanced weight distribution between feet and a relaxed muscular system ± TP

Middle circumference of the foot. Circumference of
the unloaded foot kept normal to the lower leg with
stretched toes; measured normal to the longitudinal axis
of the foot in the middle between the most dorsal point
of the heel and the most distal point of the ®rst or second toe (ignoring the toenail) ± TP
A.5. Sitting posture (sit.)
Height of seat surface. Linear distance of the surface
of the seat from the seat reference surface; with the
upper and lower legs so positioned that they formed an
angle of 90° ± AM
Seated height. Linear distance of the vertex from the
seat reference surface for an upright seated posture and
orientation of the head in the plane of the eyes and ears ±
AM
Relaxed seated height. Linear distance of the vertex
from the seat reference surface for an relaxed seated
posture and orientation of the head in the plane of the
eyes and ears ± AM
Height to the acromion sit. Linear distance of the most
lateral point of the acromion from the seat reference
surface in upright seated posture and with the head
orientated in the plane of the eyes and ears ± AM
Inferior height of the scapula sit. Linear distance of the
inferior angle of the scapula from the seat reference
surface ± AM
Height of the waist sit. Linear distance of the most
medial point of the lateral curvature of the trunk in the
area of the transversus abdominis muscle from the seat
reference surface ± AM
Height of the umbilicus sit. Linear distance of the
middle of the umbilicus from the seat reference surface ±
AM
Height of the pelvis sit. Linear distance of the most
proximal part of the iliac crest from the seat reference
surface ± AM
Height C7 sit. Linear distance of the most dorsal
point of the spinous process of the seventh cervical
vertebra from the seat reference surface ± AM
L3 Height sit. Linear distance of the most dorsal
point of the spinous process of the third lumbar vertebra
from the seat reference surface ± AM
L4 Height sit. Linear distance of the most dorsal
point of the spinous process of the fourth lumbar vertebra from the seat reference surface ± AM
L5 Height sit. Linear distance of the most dorsal of
point of the spinous process of the ®fth lumbar vertebra
from the seat reference surface ± AM
Iliospinal height sit. Linear distance of the furthest
ventrally and distally directed point of the anterior superior iliac spine from the seat reference surface ± AM
Height of the elbow joint sit. Linear distance of the
most proximal part of the head of the radius from the
seat reference surface, downward stretched arm ± AM
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Height of the iliac crest sit. Linear distance of the
most cranial part of the iliac crest from the reference
surface from the seat reference surface ± AM
Height of the edge of the thigh Linear vertical distance
from the seat reference surface to the highest point on
the surface of the right thigh ± AM
Height of the knee sit. Linear vertical distance from
reference surface to the highest point of the distal lateral
part of the femur on the upper side of the right thigh
when this is held at a right angle to the lower leg ± AM
Greatest width across the hips sit. Greatest linear
horizontal distance between the furthest laterally projecting points in the area of the thighs and the hips ± BC
Greatest sagittal diameter of the abdomen sit. Projected linear horizontal distance from the furthest dorsally projecting point in the area of the buttocks to the
furthest ventrally forward curved point of the abdomen ±
BC
Buttocks±knee±length Projected linear horizontal
distance from the furthest dorsally projecting point in
the area of the buttocks to the furthest distally projecting point on the right patella ± AM
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