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By intravital discometry it is possible to calculate the load on a parti-
cular lumbar disc. This load is correlated to the weight of the subject
and the position of the body (21, 24).

In the forward stooping and weight-lifling positions the results were
lower than those theoretically calculated by earlier investigators, (19,
25, 30) but more in agreement with knowledge of the ultimate strength
of the vertebral bodies (5, 10, 14, 16, 25, 28). (Table 1).

In the upright standing and sitting positions, however, the measure-
ments showed that the discs have to carry relatively high loads (21,
24). It is the purpose of this paper to discuss these findings with
special reference to the stabilizing function of the vertebral portion of
the psoas muscle.

ELECTROMYOGRAPHIC INVESTIGATIONS

Many authors have demonstrated that in the upright positions the
sacro-spinalis group of muscles are inactive (1, 6, 12, 15, 19, 20, 23, 27)
but since the body in these positions sways somewhat, occasional bursts
of activily were noted in long term studies by Boman & Jalavisto (3).
On forward leaning these muscles increase their activity (12, 20, 23).

The abdominal muscles were investigated by Floyd & Silver (11) and
it was found that they too were, for all praclical purposes, inactive in
these positions, with the exception of some slight activity in the in-
ternal oblique muscle.

The vertebral portion of the psoas muscle has received little interest,
and hardly any reporis on its function for the spine are found in the
literature (18). Close (7) and Basmaijan (2) invesligated the muscle
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Table 1. Approximate load in kg on the third lumbar disc in different positions
in individuals of varying bodyweights.

Weight of subject (kg) 50 60 70 80 90 100
Position of body load on the disc (kg)
Upright sitting, unsupp. 110 126 142 158 174 190
Upright standing 75 87 99 111 123 135
Reclining (lateral

decubitus) 55 63 71 79 87 95
Reclining (relaxed,

supine) 15 15 20 20 25 25
Sitting + forward

tilting of 20° 145 168 191 214 237 260

Sitting + forward tilting
of 20° and 10 kg load

in each hand 226 249 270 295 317 340
Standing + forward
tilting of 20° 110 129 148 167 186 205

Standing -+ forward tilting
of 20° and 10 kg load
in each hand 177 195 215 234 262 287

with needie electrodes near the hip joint in order to elucidate its action
on this joint. Recently an investigation was performed (23) by which
it was demonstrated that the psoas muscle showed electromyographic
activity in the upright sitting and upright standing positions (Figures
1 and 2). It was also noted that in the standing position the activity
increasced when leaning forward 20° (Figures 2C and D). In the sitting
position there was no such increase while leaning forward but the ac-
tivity while sitting upright was higher than that when standing up-
right (Figures 1C and D). This can be explained by the finding that
in the upright sitting position the lumbar spine is somewhat flexed
in comparison to the upright standing position (29, 31).

THE LINE OF GRAVITY

According to previous investigators (1, 4, 8, 9, 29, 31) the linc of
gravity falls in most subjects through the center of the third lumbar
disc in the upright standing position and about 4 c¢cm in front of the
center of the disc in the upright sitting position. Thus muscular or liga-
mentous forces or both must be taken into consideration to explain the
relatively high loads found in these positions by inlravital discometry,
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Figure 1. The electromyographic activity of the vertebral portion of the psoas

major muscle, right side, in a male, age 24 years. A) upright unsupported sitting.

B) upright unsupported sitting, 10 kg in each hand. C) sitting and forward leaning

twenty degrees by flexion in the hip joints. D) sitting and forward leaning twenty

degrees by flexion in the hip joints and holding 10 kg in each hand. The electro-

myographic activity of the sacro-spinalis muscles is also shown, in the different
positions.

since gravity alone would give less load. In a man who weighs 70 kg,
about 40 kg is the weight of the part of the body above his third lumbar
disc, according to Ruff (28). (Table 2).

THE STABILITY OF THE SPINE
The spinal column, which serves as a sustaining rod for the main-

tenance of the upright position of the body, was considered by Lucas
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Figure 2. The electromyographic activity of the vertebral portion of the psoas
major muscle, rigi:t side, in a male age 24 years. A) upright standing at ease. B) up-
right standing, 10 ig in each hand. C) standing and forward leaning twenty degrees
by flexion in the hip joints. D) standing and forward leaning twenty degrees, by
flexion in the i:.p joints and holding 10 kg in each hand. The electromyographic
activity of th:- sacro-spinalis muscles is also shown, in the different positions.

pdoas

& Bresler (17) to have both an intrinsic and an extrinsic stability. In-
trinsic stability is provided by ligaments and discs which bind together
the alternating vertebral bodies, while extrinsic stability is provided
by the paraspinal and trunk muscles.

Considered alone, the spinal column and its ligaments behave like
a modified elastic rod. When it is fixed at the base its critical load—i.e.
the greatest load it can sustain without buckling, is only 2 kg (17).
Therefore the stability of the spine in the living human being is de-
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Table 2. Approximate formulas for load (I’) on [umbar dises in different positions.

Position

Upright sitting
with arms and Psitt, =P, +28W; P~ 30 kg
back unsupported

Upright standing Pstand. = P, + 21 W; P, ~ 15 kg

Reclining (tilted P, +28W

on side, lateral Precl. = Loy Po ~ 30 kg

decubitus) 2

Reclining ,

(relaxed supine) Prec. =P, Py =15 ke

Sitting + forward _ . R
leaning a degrees Pgitt, — P, +28W 3.6 Wsina; P, = 30 kg, « = 10-20

Standing 4 forward . o
leaning a degrees Pgtand. = Py +21W 4 3.6 Wsina; P =15 kg, & = 10-20

P, = intrinsic pressure. W — weight above the level measured. (59 per cent of
bodyweight above L:1V, 57 per cent above L:III and 55 per cent above L:II).

pendent on the extrinsic support provided by the trunk muscles. The
lack of inherent intrinsic stability of the vertebral column and the im-
portance of the trunk muscles are clearly demonstrated if one tries to
hold an unconscious person upright.

DISCUSSION

Intravital discomelry has demonsirated that the load on the middle
lumbar discs varies with the position of the subject and weight of the
body (21, 24). The results of these measurements are summarized in
Tables 1 and 2.

It is unlikely that gravitation forces are sufficient to explain the
relatively high loads in both upright standing and sitting positions
found from these measurements.

Previous electromyographic investigations on the activity of the
sacro-spinalis and anterior abdominal inuscle groups demonstrated
that all thesc are, with few occasional exceptions, inactive in these po-
sitions (1, 3, 6, 11, 12, 15, 19, 20, 23, 27, 29).

On the other hand it was recently demonstirated that activity existed
in the upright positions in the vertebral portion of the psoas muscle

4*
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(23). This muscle should then be considered in providing some of the
slabilily of the lumbar spine. By ils aclivily it also increases the load
on {he dises in these posilions.

Lucas & Bresler (17) demonstrated that ligamentous forces are too
small {o provide the necessary stabilizalion and discometry in anacsthe-
tized individuals resulied in pressure values corresponding lo a load
of ahoul 30 kg. This is the magnitude of force that could result from
tension in the ligaments. This verified Petier’s (26) and Nachemson’s .
(22) findings on autopsy malcrial.

With our present knowledge il is possible to approximate the amount
of force which the vericbral poriion of the psoas muscle compresses
the lumbar spine in some positions.

If we first consider the load on the lumbar disc in the upright stand-
ing position, it can be expressed by the following equation (Table 2):

eq. (1) P =15 + 2,1W

standing

where W is the bodyweight above the lumbar disc measured and 15
corresponds to the “intrinsic” load, that force resulting from the liga-
ments. When the body is in equilibrium in the upright standing posi-
tion, there is only occasional activity in the sacro-spinalis muscles (15,
27), while the activity of the psoas muscle seems less variable (23).

When standing the line of gravity falls through the center of the
third lumbar disc (4, 9) and the force by which the psoas muscles
(Ppsoas) compress this disc, in a man of 70 kg, thus can be calculated,
using the above-mentioned equation (1). In this case W = 40 kg,
P tanding = 99 kg, and thus

eq. (2)  Pogons = Ptanding —W—15 = 99—40—15 = 44 kg

The bodyweight is calculated according to Ruff (28) who stated that
59 per cent of the bodyweight is above L: 4 and 57 per cent above L: 3.

Activity in the sacro-spinalis group of muscles, which probably
occurs when the center of gravity moves forward due to swaying (3),
will lessen the force by which the psoas muscles compress the disc.

In the upright unsupported sitting position, the load on the third
lumbar disc in a 70 kg man is 142 kg according to Tables 1 and 2. In
this position some light activity was found in the sacro-spinalis group
of muscles in most cases by Schoberth (29), but only in exceptional
cases by Nachemson (23) and Akerblom (31). The distance from the
midpoint of the nucleus pulposus to the midpoint of the attachment
of the back muscles is approximately 5 cm, according to Waris (30)
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Figure 3. Schematic drawing of the vertebral portion of the psoas major muscle

and its relation to the third lumbar disc. The line of gravity in the standing posi-

tion probably falls through the center of the disc (A). In the upright unsupported
sitting position this line falls in front of the center of the disc, (B).

and Perey (25). The line of gravity falls about 4 cm in front of the
nucleus of the disc (4, 8, 31). If we assume that the midpoint of the
psoas attachment is 1.5 cm behind the center of the disc (Figure 3),
the force derived from the activity of the psoas muscle (Ppsoas) and
of the sacro-spinalis muscles (Pg,..,) can be calculated from the fol-
lowing equations:

eq. (3) l)psoas + Pgaero T W= Psitting — P
eq. (4) P ‘a, + P

psoas 2, =W-a,

sacro

ifa,=15cm, a, = 5 cm, a; == 4 cm (Figure 4), W= 40 kg and P, =
30 kg then
PpSoas + P oo =142 —40—30 =72

1.5P + 5P

psoas

= 160

sacro

| ~58kg; P ~ 15 kg.

psoas sacro

In some subjects no activity was found in the sacro-spinalis group of
muscles (23, 29). According to the eq. (3), the compressive force ex-
erted by the psoas muscles then amounts to 72 kg. In these cases the
line of gravity will tend to move closer towards the center of the disc
and according to eq. (4) this line will now fall only 2.7 ¢m in front of
the center of the disc, instead of 4 cm, as in the example given above.
From these examples it should be clear that if the line of gravity is
located 2 cm or 4 cm in front of the center of the disc, the compressive
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Figure 4. Schematic drawing of the forces and lever arms around the cenfer of the
third lumbar disc in the upright sitting position.

w = Body weight above the disc.

P, = The “intrinsic” load on the disc.

Psacro = Force derived from activity of the sacro-spinalis muscles.
Ppsoas= Force derived from activity of the psoas muscles.

Psitt = Total load on the disc in the sitting position.

a, = distance from center of psoas muscles to center of disc.
a, = distance from sacro-spinalis muscles to center of disc.
a, = distance from line of gravity to center of disc.

force of the sacro-spinalis muscles (Pg,..,) is small in comparison to
that of the psoas muscle (Pyg,,5)-

At the third lumbar level the crossectional surface area of the psoas
muscle is nearly 25 em?, (Figure 3). According to Michele (18) it is
a unipennate muscle, which is able to develop a force of between 6 and
10 kg/cm? (Hettinger (13).

With this knowledge in mind, the above-mentioned figures for the
compressive force exerted by psoas muscles in the upright standing and
sitting positions fall within reasonable limits.

It should be remembered, however, that these compressive forces
vary somewhat since occasional activity in both the sacro-spinalis and
anterior abdominal muscles are registered.

SUMMARY

In the upright sitting and standing positions the lumbar spine must
be stabilized by extrinsic forces, since it has been demonstrated that
the intrinsic ones are inadequate.

It is possible that this stabilization in the upright positions is pro-
vided to some, probably a major extent by the vertebral portions of
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the psouas muscles. It can be calculaled thatl in upright standing this
force is about 40 kg and in upright sitling aboutl 60 lo 70 kg. In both
examples possible activily in the sacro-spinalis group of muscles will
tend to diminish the forces exerted by the psoas muscles.

RESUME

Dans les positions assise redressée et debout, la colonne lombaire doit
étre stabilisée par des forces extrinséques puisqu'’il a été démontré que
les forces intrinséques sont inadéquates.

Il est possible que la stabilisation dans les positions redressées est
assurée par une extension probablement majeure des portions verté-
brales des muscles psoas.

On a calculé qu’en position redressée, il faut une force d’environ 40
kg et en position debout entre 60 et 70 kg. Dans les deux exemples une
activité éventuelle du groupe des muscles sacro-spinalis tend a4 dimi-
nuer les forces exercées par les muscles psoas.

ZUSAMMENFASSUNG

In der aufrechten sitzenden und stehenden Haltung muss die Lenden-
wirbelsdule von dusseren Kriften stabilisiert werden, da es sich er-
wiesen hat, dass die inneren Krifte nicht hinreichend sind.

Es ist moglich, dass diese Stabilisierung in aufrechter Haltung zu
einigem, wahrscheinlich grosserem Ausmasse von dem vertebralen An-
teil des m. psoas besorgt wird. Man kann berechnen, dass diese Kraft
bei aufrechtem Stehen ungefihr 40 kg und beim aufrechten Sitzen un-
gefiahr 60 bis 70 kg betrigt. Bei beiden Stellungen wird eine mogliche
Aktivitet der sacro-spinalen Muskelgruppe die Neigung haben die von
den Psoasmuskeln ausgeiibten Krifte zu vermindern.
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