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A clavicle is an S-shaped long bone whcse biomechanical behavior is unlike that of a 
straight tubular long bone. When a clavicle is under a compression load along the axis, the force 
produces a middle one-third clavicular fracture. The present study is a biomechanical study to 
confirm the clinical observations of the mechanism of the fracture and to discover the tension 
site and compression site of the fracture, using 12 fresh cadaveric clavicles, a universal testing 
machine and two special grips. One grip was constructed with a contour like a sternoclavicular 
articulation. The grip was mounted at the medial end of the clavicle. Another grip was constructed 
with a contour like an acromioclavicular articulation. The grip was mounted at the lateral end 
of the clavicle. A load was applied to the lateral clavicle like a force transmitting from the weight 
of the shoulder girdle. A load was also applied to the medial clavicle like a force from the ster­
nocleidomastoid muscle. A compression load was applied along the axis of the testing clavicle 
through the upper grips by using a universal testing machine. The result found that the average 
load of the clavicular fracture was 1526.19 N. The fracture occurred at the middle one-third of 
the clavicle in the region of the curve of the lateral clavicle changing to the curve of the medial 
clavicle. While primatic cross section of the clavicle at the fracture site determined a tension and a 
compression site of the fracture, the fracture took the superoanterior aspect of the clavicle as a 
tension site and posteroinferior aspect as a compression site. The fracture had a ratio of length of 
the lateral fragment to the total length of the clavicle of 0.49. This study confirmed that a 
compression load along the axis of the clavicle produces a middle one-third clavicular fracture 
as in clinical observation and the fracture took the superoanterior aspect of the clavicle as a 
tension site. 
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The clavicle is the most frequently broken 
bone in the body especially a middle one-third frac­
tureO ). However, there are two possible mecha­
nisms of the injury including a fall on the out­
stretched hand and a direct blow on the shoulder 
which produce a compression force transmitting 
along the clavicular axisO ,2). The clavicle links 
the shoulder to the axial bone and maintains the 
width of the shoulder under loads of the weight of 
the shoulder, pectoris major and sternocleidomas­
toid muscle(2,3). Therefore, the clavicle is always 
under compression and tension. Because the clavi­
cle is an S-shaped long bone and has a medial tubu­
lar shape changing to a lateral flat shape, this geo­
metry makes the biomechnical response of the 
clavicle under loading different from a straight 
tubular long bone(4). The aim of the study was to 
confirm clinical observation of the mechanism of 
clavicle fracture and determine the mode of the 
fracture, which may be useful in clavicular fracture 
fixation. 

MATERIAL AND METHOD 
Twelve fresh cadaveric clavicles con­

sisted of 6 right sides and 6 left sides. The clavi­
cles were obtained from cadavers with ages rang­
ing from 18 to 25 years. The clavicles were pre­
pared by removing soft tissues and preserved arti­
cular cartilage at both ends of the clavicles. The 
length of the clavicles was measured. Superoin-

Table 1. Data of tested clavicles. 
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ferior and anteroposterior width of the clavicle at 
which curve of the medial clavicle changes to curve 
of the lateral clavicle being measured (Table I). 
Two specially designed metal grips were prepared 
and used for an upper and a lower grip. The lower 
grip was constructed in a shape which could arti­
culate with the sternal end of the clavicle. The upper 
grip was constructed in a shape which could arti­
culate with the acromial end of the clavicle (Fig. I). 
Two pulleys, 2 centimeters diameter, were prepared 
and used as an upper and a lower pulley. The upper 
pulley was installed beneath the cross-head metal of 
the universal testing machine (Fig. I). The lower 
pulley was installed at the base of the universal 
testing machine (Fig. I). The testing clavicle was 
adjusted in a vertical position with the long axis of 
the clavicle in line with the upper and lower grips. 
The acromial end of the clavicle was upwards and 
articulated with the upper grip functioning like an 
acromioclavicular joint. The sternal end was down­
wards and articulated with the lower grip. func­
tioning like a sternoclavicular joint (Fig. l ). This 
position of the clavicle allowed direction of force 
to be along the clavicular long axis when a com­
pression load was applied through the upper grip 
(Fig. I). Two metal belts were prepared. One metal 
belt was applied at the lateral clavicle, 2.5 centi­
meters below the upper grip and was connected to 
a 5 kilograms metal weight through the upper 
pulley by a small metal sling. The direction of the 

Thickness at junction of Length of the Ratio of lateral 
No. Side Length Two curve of the clavicle (em) Maximun load lateral fragment fragment and 

(RIL) (em) Anteroposterior Superoanterior (N) (em) length of the clavicle 

l R 16.25 1.53 l.lO 2022.72 7.69 0.47 
2 L 16.10 1.42 0.97 2814.56 8.00 0.49 
3 R 16.90 1.30 1.06 1301.44 9.86 0.58 
4 L 16.80 1.20 1.15 1403.36 8.50 0.51 
5 R 15.20 1.23 1.02 1599.36 7.48 0.49 
6 L 15.10 1.13 1.00 1356.32 7.58 0.50 
7 R 16.50 l.l6 1.06 627.20 8.00 0.48 
8 L 15.89 1.33 l.lO 1999.20 7.45 0.47 
9 R 15.35 1.43 0.93 948.64 7.24 0.47 

10 L 14.58 1.20 1.06 948.64 7.35 0.50 
II R 16.76 1.10 1.03 1560.16 7.75 0.46 
12 L 16.79 1.00 0.98 1732.64 840 0.50 

Average 16.02 1.25 1.04 1526.19 7.94 049 

S.D. 0.79 0.15 0.06 583.80 0.72 0.03 
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Fig. 1. Diagram showing frontal view of the cla­
vicle under the testing condition 

Fig. 2. Showing a middle one-third clavicular frac­
ture. The fracture tooks superoanterior 
aspect of the clavicle as a tension site. 

sling was at right angles with the clavicular axis 
and beneath the inferior aspect of the c lavicle . 
The 5 kilograms functioned like a load from the 
weight of the shoulder transmitting to the lateral 
clavicle (Fig. I). Another metal belt was applied 

at the medial clavicle, 2.5 centimeters above the 
lower grip and was connected to another 5 kilogram 
metal weight through the lower pulley by a small 

metal sling . The direc tion of the s ling was at ri ght 

angles with the c la vic ul a r ax is and above th e 

superior aspect o f the c lav ic le . The 5 kil og ram 

weight functioned like a force fcom the stern oclei­

domastoid muscle (Fig. I ). A compress ion load was 
applied at a rate of 10 millimete rs per minute to the 
testing clavicle through the upper grip by us ing the 
universal testing machine (S himadzu Tokyo Japan ). 
Positions of the frac ture we re determin ed by mea­

suring the length of the late ral fragment of the c la­

v icl e. M odes of deformation before th e bo ne 

fractured were observed espec ia lly the te ns io n and 

compression site . The maximal load of the clavi­

cul ar fracture was recorded. The data was ana lyzed 

for normal distribution by using the Ko lmogorov 

Smirnov Goodness of Fit test. 

RESULTS 
The frac ture occurred at th e junction o f 

the curve of the med ia l c lav ic le chan ging to the 

curve of the lateral c lavic le . Whereas, the primatic 

c ross-secti on of the c lav icle at the fracture site was 
a factor determining the modes o f de f01mit y espe­

cially tens ion and compression sites before th e 
bone fracture, the fracture took the superoanteri or 

aspect of the c lav icle as a tension site and the infero­

posteri or as a compress ion s ite . At I 0 millime ter 
per minute load ing rate, there was no comminutio n 

of the fracture. The ave rage max imal compress io n 
load of the clavicular frac ture was 15 26. 19 N (SO. 
583 .80) (T abl e I ). The frac ture had an average 

length of lateral fragment of 7.94 centimeter (SO. 
0 . 72). Rati o of the late ra l fragment to total le ngth 
of the clavicle was 0.49 (S .O, 0.03) (Tab le I ). The 

stati stica l analysis showed that the data had nor­
mal distribution (P>0.05) 

DISCUSSION 
The experiment was se t up so th a t th e 

conditions of the testin g clavicle were s imil ar to 

the clavicle under load in the shoulder g irdle. in ­
cluding the weight applied at the latera l and med ia l 
part of the testin g clavicle presenting a force trans­
mitted from the weight of the shoulder g irdl e an d 
a force from the sternoc leidomasto id musc]e(5 ,6 ). 

The grips were constructed as in the articulation o f 
acromioclaviclar and sternoclav icul ar j o ints, so tha t 

the compression force was applied a long th e clavi­

cular axis through the upper grip like the c linica l 
observation o f the mechani sm of a middle one third 
clavicular fracture . Using a loadin g rate of I 0 milli -
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meter per minute on the testing clavicle was not a 
high speed force as in clinical observation such as in 
motorcycle accidents or falling from a running 
horse. So, the fractured middle one-third of the test­
ing clavicle was a simple fracture with no commi­
nution(4). However, using a 10 millimeter loading 
rate per minute an observation of the mode of the 
bone failure before the bone fracture facilitating the 
determination of the tension and compression site of 
the fracture. Acc~rding to the results, it was found 
that the fracture took the inferoposterior aspect of 
the clavicle as the compression site and superoante­
rior aspect as the tension site. This explains why in 
the clinical observation in a X-ray film, comminuted 
fragments mostly occur at the inferior aspect of the 
clavicle(?) but the superior aspect of the clavicle 
breaks without comminution fragmentsO). The 
experiment showed that the fracture occurs at the 
junction of the curve of the medial clavicle as it 
changes to the curve of the lateral clavicle. Because 
both curves of the clavicle have opposite direction 
of the curve, when a compression load is applied 
along the axis of the clavicle, a loading moment 
occurs at this junction of both curves of the clavi­
cle(4). Due to deformity of the clavicle before bone 
fracture especially at the tension and compression 
site, the primatic cross section of the clavicle at the 
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fracture site is one of the factors that plays a part 
in determination of the tension and compression 
sites of the fracture( 4). This is because the primatic 
cross-section at the fracture site has a base at the 
superior aspect of the clavicle which is the tension 
site of the fracture and has an apex at the inferior 
aspect of the clavicle which is the compression site 
of the fracture(4,8). The results of the experiment 
comfirmed that a compression load applied at the 
lateral clavicle along the axis produces a middle 
one-third clavicular fracture. This correspends to 
the clinical observation that a force is transmited 
from the shoulder when the shoulder hits on the 
ground. The out-stretched hand injury can possibly 
produce a middle one-third clavicular fracture when 
the upper extremity abducts more than 90 degrees. 
Because in this position a force transferring along 
the long axis of the upper extremity can be trans­
mitted to the shoulder and continue the force to the 
clavicle as a compression force along the clavicular 
axis. In the case of an out-stretched hand injury. 
the upper extremity abducts less than 90 degrees 
and can produce a middle one-third clavicular 
fracture if the injury force continues and makes a 
smaller angle of shoulder abduction. This position 
results in the shoulder being likely to hit the 
ground. 

(Received for publication on May 13. 1999) 
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