
Acta orthop. Scandinav. XXXI’, 314-328,1965. 

From the Department of Orthopaedic Surgery (Head: Prof. Carl Hirsrh, M.D.), 
University of Gothenburg, Sweden. 

THE EFFECT OF FORWARD LEANING ON LUMBAR 
INTRADISCAL PRESSURE 

BY 

A. NACHEMSON 

Many calculations have been made of the load on the lower inter- 
vertebral discs in the forward bending position, (Bradford & Spurl ing  
1947, Waris  1949, Mafhias 1956, Perey 1957). In  this position carrying 
of weights has been said to increase the load on the disc by five 
(Waris  1948) to ten (Bradford & S p u r l i n g  1947, Perey 1957) to twenty 
(Mathias 1956) times the weight carried. 

No measurements of the intradiscal pressure in the forward leaning 
position have been reported. This study presents data of the intradiscal 
pressure and to what extent it increases by forward leaning with or 
without weight bearing. 

M E T H O D S  

The method used for intradiscal pressure measurements in uiuo has previously 
been described ( Nachemson & Morris 1963,1964) (Fig. 1). 

In the present study the eight patients were first measured in an upright sitting 
position. Two of them were also examined standing. The interspace to be measured 
was localized by a roentgen image intensifier apparatus. After three consecutive 
measurements in the upright position the patient was told to  lean forward twenty 
degrees i.e. to  flex in his hips and hold his back straight. The forward angulation 
was measured. (Fig. 2) .  Measurements were made and again repeated with the 
patient holding five and ten kilogram weights, respectively, in his hands in the same 
forward leaning position. 

I t  is important to hold the pressure transducer horizontal during the measurc- 
ments. The guide needle and also the transducer with the measuring needle there- 
fore have to  be inserted horizontally when the patient is sitting in an upright 
position. The needle with the pressure sensitive memhrane, however, will allow 
bending of twenty degrees without impairing the results (Nachemson 1960). Tech- 
nical circumstances thus make measurements with forward leaning positions ex- 
ceeding twenty degrees practically impossible with the present method. 
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CAL I B R A T  

Schematic drawing of the met 

ON 
Fig.  1. 

od used for intradiscal pressure measurements in uiuo. 

M A T E R I A I, 

Pressure measurements were made in  a roentgcngraphically normal third or  
fourth lumbar disc in eight patients admitted to the hospital for low back pain o r  
sciatica (Table 1). In all cases the nucleography, performed after completion of the 
measurements was normal. In some instances the series of measurements was inter- 
rupted because of the patient’s discomfort (Table 2 ) .  

R E  S IT 1, T S 

In Table 2 are shown the pressures obtained when measurements 
were made in the forward leaning position of ten and twenty degrees 
with and without additional loads of five and ten kiiograms in each 
hand. The pressures obtained in the sitting position were of the same 
magnitude as those previously reported (Nachemson & Morris 1964) .  

When the patients leaned forward 20 degrees, values ranging from 
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\ 

Fig. 2. 
Method of estimating the angle of forward leaning. The protractor has a water level 

that can be preset at desired angle. In the fig. this angle is 20". 

13 to 18 kglcm2 were recorded. All individuals showed higher pressures 
compared to the upright sitting position. This increase averaged 30 
per cent. When holding weights of 5 and 10 kilograms in each hand the 
values rose (19-27 kglcm2). 

The tables also indicate the load on the whole discs. These values 
are  obtained by dividing the pressure by 1.5 and then multiplying 
this by the cross section area of the disc. (Nachemson 1960, Nachemson 
& Morris 1964). 

The total load on the third and fourth lumbar discs in the forward 
leaning position of 20 degrees was between 180 and 230 kilograms. 
With 10 kilograms in each hand loads of 250-340 kilograms were 
noted. 

D I S C U S S I O N  
Sitting Position. 

In a n  earlier presentation it was demonstrated that the load (P)  
on the L. I11 or L. IV level in the upright sitting position is related to 
the body weight ( W )  above the level measured. This weight (W)  was 
calculated according to Ruff ' s  (1945) data which stated that approxi- 
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I 

BODYWEIGHT (W) ABOVE L E V E L  MEASUI  

Fig. 3. 

1 
1 
ED 

Relation between total load (P) on normal lumbar disc and calculated part of body 
weight above that level (W), sitting position. The slope was determined by means 
of regression. The values obtained in the present series are represented by circles, 

results previously reported by black dots. 

mately 60 per cent of the body weight was above the center of L. V 
vertebra, with a decrease of 2 per cent for each lumbar vertebra up- 
wards (i .e.  above L. IV disc 59 per cent, L. I11 disc 57 per cent). 

The relation between body weight and load on the disc (L. 11, I11 
and IV) can be written: 

(1) Psitting = PO + kW 

When the patient is sitting the factor k was found to be approxi- 
mately 2.8 (Fig. 3). Po denotes the intrinsic pressure of the disc which 
is approximately 30 kg in this position. 

The observations made on the load in the upright sitting position 
in the present series have supported the earlier demonstrated equation 
(1) (Table 2, Fig. 3). 

Any value of the load on the lower lumbar interspaces in the for- 
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ward leaning position, based on theoretical calculations only, is apt to 
have several inherent errors. In the present study it has been de- 
monstrated that the initial load, for example, is much higher than 
was previously thought. 

In the calculations made by previous authors (Bradford & Spurling 
1947, Morris et al. 1961) on the load on the lumbar discs in the forward 
bending position, the lengthening of certain lever-arms were con- 
sidered. These distances can only be approximately estimated, due to 
the lack of determinations of the location of the line of gravity for 
the upper part of the body in the forward leaning position. 

On forward bending with or without weight bearing it is, however, 
obvious from the results that a certain amount of load must be added 
to the disc because of the lengthening of some lever-arms. The center 
of gravity moves forward and the arms are held at a variable distance 
from the disc. These lever-arms should be approximately proportional 
to the sin of angle of forward bending (a), and thus the added load 
also should be approximately proportional to sin a. (Fig. 2 ) .  

In the sitting and forward leaning position, the total load (P)  on 
the third or fourth disc can be approximately expressed by the follow- 
ing equation. 

Psitting = Po + kW + ki W sin a 

TABLE 4 
Values for  k l  Derived from Table 2 According to the Equation: 

Psitting - Po + k W 3- k l  W sin a 

Cace 
no. 

I Case 
no. ki 

1 4.4 , 3.9 5 3.6 , 4.8 
3.6 , 3.6 , 4.8 
3.5 1 1  3.8 , 1.9 , 2.2 

2 2.5 , 2.6 , 2.0 
3 3.2 
4 4.1 , 4.6 , 4.8 8 

Mean: 3.6 

Solving for kl, using the results shown in Table 2 will give kl w 3.6 
(range 1.9-4.8). Each specific kl-value is shown in Table 4. When 
solving the eq. (2 ) ,  PO was given the value 30 kg, k the value found in 
the upright sitting position in each case (2.1-2.9), W the body weight 
above the level measured and Psitting the result obtained. 

The increase of load on the discs resulting from forward leaning 
of 10-20 degrees in the sitting position, varies somewhat in different 

22 ACTA ORTH XXXV. 4 
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individuals. One reason for this could be the individual variations in 
the lengthening of the lever-arms anterior to the spine. 

By using results from measurements in eight individuals, the fol- 
lowing mean values of the constants in eq. ( 2 )  are obtained: 

Po = 30 kg 
k = 2.8 

ki = 3.6 

With these constants the eq. ( 2 )  holds approximately for forward 
leaning of ten and twenty degrees in the sitting position. 

In the upright sitting position several authors have registered muscu- 
lar activity in the sacrospinalis group of muscles (Akerblom 1949, 
Schobert 1962). The forces excerted by these muscles have been said 
to balance the body against gravitational forces. The results obtained 
of the intradiscal pressure and of the load on the lumbar discs are 
higher than would be expected if these forces alone were responsible 
for the load on the disc. With all probability other forces too act on 
the lumbar spine. Whether these should be discussed in terms of 
ligamentous forces or  muscular forces other than those excerted by 
the erector trunci, or some unknown mechanism, still has to be re- 
vealed. 

The results reported in the present study demonstrate the increase 
resulting from added load in the forward leaning position. Earlier 
calculations (Bradford & Spurling 1947, Waris 1949, Mathias 1956, 
Perey 1957) on the effect of weight carrying, give values that are 
higher than those measured. 

The load relieving effect of an increased abdominal pressure de- 
monstrated by Barfelink 1957, Davis 1959, Morris e f  al. 1962 and Eie 
& Wehir 1962, is one mechanism that reduces the total amount of load 
on the lumbar discs. 

Standing Position. 

The data obtained in the standing position are presented in Table 5. 
In this Table are included results from an earlier investigation. The 
relation between body weight above the level measured (W)  and the 
total load P on the disc in the standing position has not previously 
been mathematically expressed. In conformity with eq. (1)  this can be 
written : 

(3 )  

22' 
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Z kg2001 

0 10 20 30 40 50 60 ~ 

BODYWEIGHT (W) ABOVE LEVEL MEASUI 

Fig. 4. 

I 
3 
ED 

Relation between total’load (P) on normal lumbar disc and calculated part of body 
weight above that level (W) in the standing position. (Table 5). 

TABLE 6 
Values for kz Derived from Table 5 According to the Equation: 

Pjtanding = PO 4- k2 W 

Case no. k, (=‘+) I P - 15 Case kr (= 7) 
no. 

8 2.27 
15 1.74 
16 2.39 
17 1.69 
18 1.96 

19 2.55 
1 2.51 
2 1.81 
6 2.18 
8 1.90 

Mean: 2.1 

In the sitting position Po was 30 kg. Akerblom (1949) has shown 
that in this position the lumbar spine is flexed 30-40 degrees as com- 
pared to the standing position. The intrinsic pressure of such a “flexed” 
lumbar disc was found to be 1.5 kglcm2 or more (Nachemson 1962, 
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1963). In the straight spine of the standing position an intrinsic pres- 
sure of about 0.7 kglcm2 was found. 

The value for Po in standing would be around 15 kg. Using the values 
in Table 5,  obtained from measurements of the intradiscal pressure 
in the third or fourth lumbar disc in the standing position in 10 indi- 
viduals, the constant k2 averaged 2.1 (1.7-2.5) Table 6. Fig. 4. 

As was observed in the sitting position the values of PstandinB are 
higher than would be expected if gravitational and muscular forces 
from the erector trunci group alone were responsible for the load on 
the discs in this position. Also, in most subjects electromyographic 
studies of the sacro-spinalis muscle group have revealed none or very 
weak action in this position, (Floyd & Silver 1955, Porfnoy & Morin 
1956, Morris et al. 1962). Asmussen & Klausen (1962) in a group of 
100 schoolboys found some action potentials in 75 per cent of their 
material and from the findings they concluded that the line of gravity 
must pass in front of the lumbar vertebral column by about 1 to 2 cm. 

In comparison with the results obtained in the sitting position 
greater variations are found in the standing position (Figs. 3 and 4). 
One reason for this could be that the same standing position is more 
difficult to maintain for a longer period of time (Boman & Jalavisfo 
1953). 

The few data presented in Table 3 can be treated as was shown on 
page 321. 

(4 )  Pstanding = Po + k2W + k3 sin a 

Solving for ks will give the following values: 3.8, 3.7, (case no 6) ; 

The mean values of the constants in eq. (4 )  obtained from the 
3.4, 3.3, 3.7 (case no a),  mean: 3.6. 

present material : 
P o  = 15 kg 
k2 = 2.1 
k3 = 3.6 

S U M M A R Y  

The effect of forward leaning of 10 and 20 degrees on the intradiscal 
pressure in the sitting position was measured in eight individuals. In 
addition in six of the patients the increase resulting from holding 10 
and 20 kg weights in the hands was noted. In two patients the same 
investigations were made in the standing position as well. 
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Forward leaning of 20 degrees resulted in an increased intradiscal 
pressure, and in an increased load on the disc. The increase averaged 
30 per cent. Values between 13 and 18 kglcm2 were recorded which 
implies that the third or fourth lumbar disc has to carry a load of 180 
to 230 kg in this position. When carrying weights of 10 kg in each hand 
the load on these discs was between 250 and 340 kg. 

In the standing position the increase of the disc pressure seemed to 
be proportionally of the same magnitude. The maximal value recorded 
in the forward leaning position of 20 degrees and carrying 10 kg in 
each hand was 19.7 kg/cm2, corresponding to a load of 280 kg. 

From these results it is possible to give relationships between the 
total load on the disc on one hand, and the position and the body 
weight above the disc measured on the other hand. The increase in 
pressure (and load) that occurs on forward leaning is approximately 
proportional both to sine for the angle of forward leaning and to the 
total weight above the level measured. 

R E S U M E  

L’effet du penchement en avant de 10 et de 20 degrCs sur la pression 
intradiscale en po.sition assise a C t C  mesurC chez 8 individus. De plus, 
chez six des malades on a not6 le rCsultat du port dans les mains d’un 
poids de 10 et de 20 kg. Chez deux malades ces investigations ont C t C  
pratiquCes Cgalement en position debout. 

Le penchement en avant de 20 degrCs provoque une pression intra- 
discale accrue et une charge accrue sur les disques. La moyenne de 
l’augmentation est de 30 pour cent. Des valeurs entre 13 et 18 kg/cm2 
ont CtC enregistrbes, ce qui signifie que le 3bme ou 4bme disque lom- 
baire doit porter un poids de 180 i 230 kg dans cette position. Lorsqu’il 
est port6 des poids de 10 kg dans chaque main, la charge sur les disques 
est entre 250 et 340 kg. 

En position verticale, 1’ClCvation de la pression sur le disque semble 
Ctre proportionnellement de la m&me grandeur. La valeur maximum 
enregistrCe dans la position penchCe en avant de 20 degrCs et le port 
de 10 kg dans chaque main a CtC  de 19.7 kglcm2, correspondant A une 
charge de 280 kg. 

De ces rhsultats, il est possible d’Ctablir un rapport entre la charge 
totale sur le disque, d’un cbtC, et la position et le poids du corps au- 
dessus du disque mesurC, de l’autre cbtC. L’augmentation de la pression 
(et de.la charge) qui se produit dans la position penchCe en avant est 
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peu prbs proportionnelle A la fois au sinus de l’angle du penchemcnt 
en avant et au poids total au-dessus du niveau mesurk. 

Z U S A M M E N F A S S U N C  

Die Wirkung eines 10 und 20 gradigen Vorwartslehnens in sitzender 
Stellung auf den intradiskalen Druck wurde an acht Personen gemes- 
sen. Zusatzlich wurde bei sechs der Patienten die Druckzunahme, die 
entstand wenn sie 10 bis 20 Kg Gewicht in den Handen hielten bcob- 
achtet. Bei zwei Patienten wurden die gleichen Untersuchungen auch 
in stehender Stellung vorgenommen. 

Vorwartslehnen von 20 Graden ergab eine Zunahme des intradis- 
kalen Druckes und eine starkere Belastung der Zwischenwirbelscheibe. 
Dic Zunahme betrug durchschnittlich 30 Prozent. Werte zwischen 13 
bis 18 KgiCm2 wurden aufgezeichnet. Das bedeutet, dass die dritte und 
vierte Lendenscheibe eine Last von 180 bis 230 Kg in dieser Stellung 
zu tragen hat. Wenn 10 Kg Gewichte in jeder Hand getragen wurden, 
war die Belastung dieser Scheiben zwischen 250 bis 340 Kg. 

In stehender Stellung schien die Zunahme des Scheibendruckes pro- 
portional von derselben Grijsse zu sein. Der grosste aufgezeichnete 
Wert bei einer nachvorwarts lehnenden Stellung von 20 Graden und 
einem Gewicht von 10 Kg in jeder Hand war 19,7 KglCm2, was einer 
Belastung von 280 Kg entspricht. 

Gemass dieser Ergebnisse ist es moglich die Bcziehungen einerseits 
zwischen totaler Belastung der Zwischenscheibe und andererseits Kor- 
perhaltung und Korpergewicht oberhalb der Scheibe, anzugeben. Die 
Druck- (und Belastungs) zunahme, die beim Vonvartslehnen entsteht, 
ist ungefahr proportional sowohl der Grosse des Winkels beim VOT- 
wartsbeugen als auch dem Gesamtgewicht iiber dem gemssenen Niveau. 
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