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ﬁ The skeleton’s ability to withstand functional
;3 loadina without damase is Primafily the result
! of the bones’ caracity to remodel inlrgsponse to
ﬁ ‘the manner and masnitude of the loads imposed

“uPon them. The conseauence of this adaptive
resronse is that‘skeleﬁal mass and architecture
:Héyfe-pgyma}lv “tuned” to each indiuiduai's
.curr;ntvéééagnical load—carrvins requirémeht.“
-:Under normal cxrcumstances' ih vouns. healthv
indiuxduals. thxs matchins of structure and

function results in adequate bone mass.

aepPropriate architecture, and pain~free use.

et -

///// The occurrence of stress fractures indicates a

Failh;é to méin;ain an adeauate match between ‘ ' .
'bones; siruﬁtﬁre and their functional |

requirement. Stress Fractures occur Soth in
Aggll-tfained gthietes pushing for the limits of v

.fheir éerFo;ﬁénc;: and in Pooriv-trained Peorle.,

rarticularly uomen' Followins an abrupt chanse

or increase in the level oP thexr Pphvysical

Q-
activity ¢1). The conventxonal uiew of the

otxolosv oP the ‘%ralnins ulr” type of stress

Fracture is that the remodellins rrocesses are
':incapablc of completins the necessary structural

’.lltcrations beFore continued loadina causes

 failure due fo fatisue in the bone material%fThe
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rerair of this internal damase can only be

fa

? accomplished by increased resorption, which

i ‘#ssrauates the situation by further reducing the
:? already inadeauate effective bone area. At this

E} stase, radioloaical evidence of a defect and/or

! aﬁ area of bone rarePaction may appear. ;

; . N [}
b Treatnent of the conditxon ls relatiuelv simple

since reductxon oP strenuous actxuitv allous the
.:roparatiue remodelling Process to run its ::-;V':' - R B

'bou+§e;‘folloﬁins uhich the hishér level of

activity can be aradually vreintraoduced.

'ln érder to investisate the etiolosvy of stress
fractdres induced by abnormally hish repetitions
. of cveclic loadina, we utilized the in vivo avian
ulna preparation pPreviously rerported (2).
Intermittent loads from a modified Instron
- machine were arplied to the ulna via its
transFixins éiﬂs. The loads were adJjusted to

produce reak lonsitudinal strains at the

uidshaFt of either 2000 or 3000 micrastrain. The

strain uauePorm was sinusoidal with a maximum

0’ s te sl

vy
s S

]

:;oidiné and unloadina strain rate of 50,000

o ¢

nlcrostrain/sec. Each bane was subdjected to
30.000 strain cycles per dav in a sinale Period
oP loadina. Loadina was discontinued either when

the aniqal showed discomfort or at 8 weeks.,
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whichever was the sooner. The fewest number of
cvcios deliveréd to any bone was 30,000 (1 day).

the larsest was 1,600,000 cvcles (54 davys).
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In previous exPeriments (2), usina an identical
';reparétion. 100 strain cvcles per davy.
rroducing Peak strains of 2000 microstrain at
10,000 microstrain/sec, had been demonstrated to

'be osteosenic. A similar response was elicited

1in-thi$ 30,000 cycle per dav series. However, ,

g:hhile_transuerse microradiqsr;#hs.oF the'ulnall,,
!Léi;;haft demonstrated the dégrég ;F
ifjntficdrtical remodellina in the 100 ced serigé
t0 be very low, in'tﬁe 30,000 6Pﬁ series it was
extensive. In addition, The larse structural
defects Whieh were apparent in the bone.cortices.
1“ﬂt§fe not cracks or microdamaser but resorption
sPace§ and exepansion of vascular channels. Some
of these channels extended from the pPeriosteal
surface endosteally and some completely
traversed ;he cortex. These spaces, combined
.uith”iﬁe exuberant periosteal new bone formation
ufih thch they uwere éssociated..Presented a
‘similar a?wearance to n&turallr occurring stress
‘fractures. The resion of the wosi eonsistent.aﬁd
extensive intfacortical remodellins wasvnot that
subJjected ta iﬁe sSreatest strain, but rather was
4lo§atld about the bone’s ﬁeutral axis. Also,
althoush é;larsed,baséular channels extended

from the eeriosteal surface, the larsest

resorertion cavities were in the center of the
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cortex which is subJdected to substantially lower

strains than the periphery.

These data sussest that the most extensive and
'démonstrable bone defects associated with
"excessxue repetitions of cvclxc loadins are \
.‘those resultins from resorPtion. The resorption
| of the cortex: and the euentuél failure caused
by the decrease in effective load bearins area:
is thus more likelv to be a conseauence of the
remodellins rgsponse to the prevailina strain
situation than a failure of the material due

" to Fatisue.

(1) Scullv & Besterman (1982) Mili. Med. 147:285

(2) Rubin & Lanvon, Trans. O0.R.S. 1983, p.70.
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