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CORTICAL BONE IN MAN 
111. Variation of Compressive Strength w i th  Age and Sex 
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This is the third of a series of studies on cortical bone, reports of 
which have been published in earlier issues of this journal (2, 3).  

M A T E R I A L  

A full account of the material for this study has been given elsewhere (2). Compact 
cortical bone was taken from the femur and humerus of 64 autopsy subjects of 
various ages. As the femur is slightly curved the specimens for the compression test 
were taken from the posterior circumference of the bone, which is usually subjected 
to compression, while the tensile tests (3) were carried out on specimens from the 
anterior part generally subjected to traction. From the humerus the specimens were 
taken where the cortical bone was thickest and yielded most material. 

M E T H O D S  
Sforage 

The specimens were stored in air a t  3-5" C (3).  After preparation they were kept 
a t  constant temperature and relative humidity (20" C and 65 per cent, resp.) until 
equilibrium with respect to the latter had been reached. 

Test Bodies 
The compressive tests were performed on test bodies, 2.1-3.8 mm long, removed in 

the axial direction of the bone by means of a facing cutter, run a t  a low milling 
speed so as to avoid heating. The bodies were of rectangular and uniform cross- 
section throughout their length with the dimensions 1.3-2.0 x 2.7-3.3 mm. These 
dimensions were measured with 'a micrometer, and a variation of up to 0.01 mm 
was accepted within any particular test body. Two such bodies were made for each 
bone (femur, or humerus) with a few exceptions where, because of the small 
dimensions and porosity, only one could be obtained. 
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Figure I .  Force-compression diagram f o r  compression tests on  a bone specimen. 
From 0 to  A the  curve is approximately straight and the  compression proportional 
to  the applied force. The  stress (compressive force/cross sectional area o f  the  body )  
fo r  the  bone at A is the l im i t  o f  proportionality (kp /mmP) .  The  compression at 
rupture (B)  is expressed as the  percentage deformation o f  the  original length o f  the 
body. The  modulus  o f  elasticity is f h e  ratio of stress to strain, that is: 

loadlinit ial  area of section 

deformation/original length 
f o r  the  lineal part  o f  the  curve (0-A).  

Apparatus 
The test ~~ D ies were made and the compression tests carried OL with an A vetron 

apparatus at the National Testing Laboratory, Stockholm. The rate of deformation 
was 0.05 mm/min. The deformation was recorded continuously, and on the basis 
of the graphs so obtained the ultimate strength, compression at  rupture, limit of 
proportionality and the modillus of elasticity were obtained (Figure 1). 

Statistical Methods 

study (1). 
The statistical analysis was performed with the same methods as in an ealier 

R E S U L T S  

The results are summarized in Table 1. 



'I'trhle 1 .  Met i r is  of cornpressioe s trerryfh ptrrtcirreters. 

The values in parenthesis arc: ranges. 

Men Women 
Femur Humerus Femur Humerus 

(n  = 30) (n  = 30) ( n  = 30) ( n  = 19) 

Ultimate strength 
(kp/mmz) ' 
Compression at rupture 
(%) 
Limit of proportionality 
(kp/mmz)* 
Modulus of elasticity 
megap/mmzt 

19.7 f 0.3 
i14.8-22.2) 
5.3 f 0.5 

15.8 f 0.4 

1.05 * 0.06 
(0.30-1.7 6) 

(3.5-1 4.8) 

(10.1-18.3) 

18.8 f 0.4 

4.5 k 0.3 
(2.8-9.6) 
16.1 k 0.4 
( 10.6-19.1 ) 
1.10 f 0.05 

( 13.3-21.4) 

(0.45-1.58) 

18.3 f 0.4 
(12.7-22.4) 
4.3 k 0.2 
(2.8-7.7) 
15.7 f 0.4 

1.07 f 0.05 
(0.46-1.55) 

(9.3-20.5) 

19.1 0.3 
( 16.4-2 1.7) 
3.9 f 0.2 
(2.3-6.4) 
16.7 f 0.3 

1.20 k 0.07 
(0.71-1.85) 

(13.6-19.2) 

* 1 kp/mmz = 1422 lh/inz (psi) .  
1 megap = 1000 kp. 1 kp (kgf) = 9.80665 newtons = 2.2046 lb force. 
1 megap/mmz = 1,422,000 lb/inz (psi) .  

Compressive Strength 

There was no difference in the ultimate strength between the femur 
and humerus. The femur was significantly (")  stronger in men than 
women, with a mean difference of 8.0 per cent. There was a decrease 
in this property with age from 20 years upwards in both men and 
women and for both the femur and the humerus (Figure 2) .  The mean 
reduction was about 15 per cent and was significant ( *  * ) .  

Compression at Rupture 

For all age groups and both sexes the compression at rupture was 
greater for the femur than for the humerus; the difference was signi- 
ficant ( *  *'). 

For the men below 40 years there was a significant ( *  * )  reduction 
with age of about 40 per cent in the compression at rupture for both 
humerus and femur (Figure 3). 

For women there was no such variation. 

Limit of proportionality 

This property showed no difference between the sexes or between 
the femur and the humerus. After 20 years there was a reduction of 
about 15 pcr cent with age (almost significant * )  (Figure 4 ) .  

9' 
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Figure 2. Mean compressive ult imate strength for the f emur  and humerus, both 
sexes and various age groups. Men 0, women X.  f emur  - , humerus - - - -. 

Figure 3.  Mean compression a t  rupture for the femur and humerus, both sexes and 
various age groups. Men 0, women X, f emur  - , humerus - - - -. 
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Figure 4 .  Mean limit  o f  proportionality for the f emur  and humerus, both sexes and 
various age groups. Men 0, women X, f emur  - , humerus - - - -. 
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Figure 5.  Mean modulus of elasticity for the femur and humerus, both sexes and 
various age groups. Y e n  0, women X, f emur  - , humerus ----. 
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Modo1ri.r of Elaslicily 
Thcrc WRS no diffcrcnw l~ctwccn the scxcs ;is regards tlic modulus 

of elasticity, Imt in practically a l l  the agc groups and for cach scx the 
value was liighrr for thc hunicrus than for the fcniur; thc diffcrcncr 
was almost significant ( * ) . Thcrc was no variation with agc (Figure 5). 

D I S C U S S I O N  

As in the case of the tensile slrcngth, the nieasurcmcnt of the conipres- 
sive strength indicated the presence of qualitative changes in the bone 
with agc. The ultimate strength decreased by 15 per cent, the coni- 
pression at rupture by 40 per cent and the limit of proportionality by 
15 per cent. Whereas the humerus had a higher ultimate strength at 
tension, the femur showed a higher compression at rupture. This 
would seem to reflect functional adaptation, the femur being subjected 
to compression more than the humerus. 

In contrast to the values for the tensile strength, for the compression 
there was a small difference between the sexes, the ultimate com- 
pressive strength of the femur being significantly greater for men than 
women. It is difficult to judge whether this difference is due to a real 
difference between the sexes or to the composition of the material. The 
differences between the femur and humerus have another significance, 
since the comparisons are made on the same subjects. 

As in the case of the tensile strength, the compressive strength 
showed extremely large individual variations. The means are in close 
agreement with those reported in the literature. 

S U M M A R Y  

A study has been made of compressive strength, compression .at rup- 
ture, limit of proportionality and modulus of elasticity of cortical bone 
of the femur and humerus. The specimens were obtained from autopsy 
subjects of both sexes and a wide range of ages. There was a qualita- 
tive change in the cortical bone with age, reflected in a reduction in 
all the properties except the modulus of elasticity. 

R E S U M E  

It a CtC procCdC B une Ctude sur la force de compression, la compression 
B la rupture, la limite de la proportionnalitC et le module d’ClasticitC de 



I’os cortical tlu fkitiiir ct dc l’huiii&rus. Lcs spCciiiiens ont ct6 prelevks 
h I’autopsic de sujcts dcs cleiix sexcs rcpri?scntant line gainme d’ggcs 
variCs. On a observe des inoclifications cIualitatives de 1’0s cortical avec 
I’iige refletant une reduction de toutes Ics propriCt6s cxccpt6 le module 
de I’Clasticit. 

Z U S A M bl  E N F A S S U N G 

Ein Studie der Kompressionsstarke, der Kompression bei der Spreng- 
ung, der Grenze der Proportionalitet und des Modulus der Elastizitet 
von kortikalem Knochen des Femurs und Humerus wurde ausgefuhrt. 
Die Proben wurden von Autopsicsubjekten beiderlei Gcschlechtes und 
weit verschiedenen Altersklassen erhalten. Man fandt eine qualitative 
Veranderung des kortikalen Knochens entsprechend dem Alter, die 
sich in einer Verminderung aller Eigenschaften mit Ausnahme der 
Elastizitet zeigte. 
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