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Effect of Sofi-Tissue Trauma on the Early Periosteal

Response of Bone to Injury

Patricia 5 Landrv, PRI, Andrew A, Marine, PhI), Kalia K Sadasivan, MO, and James A Albright, MD

{ibfective; To determine whether the perlosteal response io
skeletal traunia 5 impalred when muscle ks akso Injured. therebs
proviling & possible explanation for why fractures with esten-
sive sofll-lisue damage may take longer 1o heal.

Methedr: A hame delecl was msde in the tikin of male Ficher
rats. and the profiferative response. ostenblast conoentration,
an callas farmation that eecurred within 7 dayvs were measured
in the presence apd absence of simulianecusly pdminkstered
muidel soft-tissae injury (remaoval of 10% of the anterior tiklalis
miesche from a region within 2 to 3 mm of the bone defect,
MMeasuremens were made by using autoradiographs, geantita-

tise histodogy . aned morphometes .
Resulrs: Addithan of the miascle injory increased proliferation

in the cambium and in e fbrous periesteam on day 1, bul had
no effect therealter: proliferation of Obhroblasts in the nose

wsculoskeletal rrawma vpically resulis in mpury o
bath bome and soft lssue, thereby Inggenng the pro-
cesses of wound healing and fracture repur. Clinical
and expenmental evidence sugpests that extensive soft-lisswe
imjunes mav delay or even prevent fracture healing.' ™ but
the basis of the link between the two healing processes is nod
known Hommonal levels. changes an bloosd Ruppl'_p. anid me-
chanseal Torees are simportant factors in bone healing that may
be affected by soft-nissee injury F-F another possihility 1s thot
the soduble sgents that medite wound healing coubd directly
impact on froctore repar, Such an interuction could explain
why fractures with extensive soft-tissue damage. caused by
the injury itself or by subsequent surgical interventions, may
izke longer 1o heal
The inflammatory phase of wound healing is charactenzed
by movernent of cells foom nearby tssue and from the cir-
culation inwe & fibrin network al the injury site and by the
\:'.ﬂlht!'\.'lh nf i‘;'.lﬂl'.l:llt":'ﬁ thal activale -d‘.'E'||'-. amil e ERpaes-
sion of regulalory molecules and extracellular matrs bl
Similar complex coordinatled evenls alse occur in fracture
repair. resulting in formation of ostenblasts from cells in the
periosiesm and i the marmow and the expression of bone
mairix proteins™ = It is possible thut one or more of the
agents that medime wound healing could imeract directly
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conneclive lssoe above the perbosteum was nol afTected. Addi.
timn ol the muscle injurs resulied in ipcrsased osteobkast bevels 2
tir 5 days after injury bat had mo efTect on the amownt of callos
priciucedl

Conclwsdon: The inflammatory milies created by the moscle
injury unexpectedly resulied in an incressed periosteal response
by skebetal trauma, supgesting that inflammators medistors gen-
crated i pisponse o wounding of soft tissues are unlikely 1o
aecount for delayed Fracture healing, These Mindings may indi-
cate that surghtal trauma associated with internal Axation by
using plates and screws may nof be as deleterious o the frac-
ture-healing response ds preyiousls theughi,

Ery Words: Wound healing. Fracture repair. Delaved healing,
Inflummatory response.

with the repulatory system poverming Oddecgensas, thereby
antagonizing fracture repair

We previousky developed an amimal model for smdving
peripsieally mediated bone healing. The purpose of thas siedy
was 10 determime whether the normal t'l'l.II:'IE-]'I-Eilliﬂ$ FEspomnse
manifested in the model was impaired when soll lssue was
also injured. This determinaton was sccomphshed by come-
puring the extent of bone healing in the presence and absence
of a model sofr-11ssoe injury

MATERIALS AND METHODS

Animals
Mlale Fischer rats ( Harlan, Indiznapolis. Ind) were used. They
were caged individually with a light'dark cvcle of 12:12 and
fed and watered sd libdtem A minimum of | week was
allowed Tor the anrmals 10 adjust o their bousing conditions
To restrict the focus of the study to possible impacts on the
contribution of penosteal cells 1o bone repar. o bone defect
was created that did not communicate with the medullary
canul. The defect was 1.1 mm in diameter and 0.5 mm deep.
and was made unilaterally in the ameromedial tibia infenor to
the saphenous arery bifurcation.'™ In some animabs. 8 model
soff-tisswe npury was created during the same operation by
remaving & portion of the amterser Ghabis moscle ket
within 2 1o 3 mm of the bone defect. Prehminary studhes
shovwed thor removal of approsimately 10% of the muscle
iwhich was opproximately 600 mg) resubied i significant
swelling. bleeding. ond chol formaton. compared with the
effect caused by the bone imury alone. As an addinonal
operative control, & third group of rore received only the
rische injury. The average amount of muscle recovered from
all rars tha wnderwent the procedure was 67 = 3 mp.
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The rats were killed |
Ifive rate in each group @l aach nme inlerval), Additionally,
three rats that received an incision of the skin only, wiih
wound closure. and 10 nonimured animals (24 wbiasy thio
served as nonoperative controls were kilked
given tritigted thymidine | hour before Killing Ginbraps ntons
ab, | wCife of body weight, diluted with stembe water to o final
solumee of 0.5 mL, specific activity 2 Cifmmaol, [CN Bao-
mesthicals

5%, and 7 davs after operaion

A1 rats were

Irvime. Calify

All operations, radicsotope injections, amd killings (car-
homedhonwle sulfocanon ) were carmied ouwl berween 100K ast
and 2000 e o mkmrnze potential effects caused by circadian
rhvthms, All amimal procedures were approved by the Insti-
twrtional Anpmal Care and Use Commutes,

Tiszue Preparation

[he regron of the tibia that contained the defect was recow-
ered, processed, and sectioned completely at 4 pwm in the
bongivisdinal plane, A o of sections was selected from the
mmuadelbe of the defect, from halfw a¥ berween the middle of the
detect and s mednil adpe, amd from |._.Ir'-u1_-r betwieen the
middie and Lateral edge. In the rats tha did not receive the
hone defect, sections were selected and analvred as i the
defect were present.

Omne section in each tfio was processad for autoradigraphy
and countersizined with van Gieson's stain. the second was
staamed with methvl-green and thionin, and the thind with
wluidine blue and hasic fuchsin.'™" The criteria for identi-
fication ol pertinem cell Cepes Based O ||:|l.||:'[!||'|.-.:-|l.r'_|.'-|L' and
histochernical properties were described previously, '™

Measuremenis

Cleaptitative determinations of prodiferation, osteoblast con-
centration, and callus formation were made within =1 mm
fromn the cemer of the defect Proliferation was assgssed by
counting the number of labeled cells (=3 grains/nucleus). and
ostenbdasts were counted im0 the methsl greemiinonmn sec-
tigns. The ostenblast was identilied as o combual cell (preva
ously shown o be .|'.L;||1|'||,'-p"nhrlh.:l:l'\.-.' rll-'\-l:l'-r"
toined 0 nuclews  with
cvioplasm. and o prominent Golgr apparatus. Cell concentra
ticns were determined separutely in the cambrom, fibroas
penOsleum, loose connective wssue. and within the defect h:-
dividing each count by the leagth of the conical bone surface

i that con

muclenly,  exlensve  basophilic

along which the cells were localed Ihe mean of the three
representalive sections (expressed as cell-count per millime-
fer of bome ) was wusegd moall '\-I.Ih'-rc'LllJI.'!Ir caleulanons, Each
'r-:p-nrlcuj mean 1% the grar,.n:,' mean | = 5E) of all the rars that
received a particular trestment.

Periosizal callus thickness was measured (oluidine-ble
sections | (o the original kone suface w the superficial
adge of the callus: the measurements were made at 200-wm
infervals along the cortical surfsce by using 3 computer-based
swatern | Bioguant Svstem 1V, B&M Biometrics, Mashville,
Tenmi, Callus presenl on i
Lesse's principle.'

T owis estimated by using Dhe-

&0

March i

FIE 1. (Csdlus fsrmatiom in the cambmie afler b njads a5 0o 5 oL 700 dave
afier speraiiom. The b defeet s an lhe left jarross | Toleidine Moeshalc luchsin
wtnin., dary e [N @m

statistical Analysis

The data were annlvzed by using analysis of vamance and the
= (L05, Because we hypothesized that the muscle
imjury would retard fracture repair. the ¢ tests were one-saded

I oest @

RESULTS
Cortical Surface

After injury to bone. callus first tormed on the cortical sug
face adjscent 1o ihe defect and then progressed nto the
defect beginning around doy 5 (Fig, 1) The hisiologie
changes were described previously.'

The bone injury produced a large sustained increase in
proliferation of cells in the cambial Laver of the penosteum
iFig. 2 The cells wese previously idemtified as osteoprogani-
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tors and osteoblasts on the basis of morpholeeic and histo-
chemical evidence." Addition of the sofi-tissue injury in-
creagsed cambial prodiferaton on day 1 b not therealier (Fig
34, Proditerarion of fibroblasts i the fibroas perioalenm also
oceurmed in response 0 the bone injury -:I"|g 21 1s hime
.,I._-pr-nlll.'m':. andd the #llect ol the soll-bisspe Fjury were
similar to the comesponding results in the cambial pernosteum
iFig. 4). Proliferation of hbroblasts in the loose connective
tiszsue above the periosteum was not affected by the injury o
muscle (Fig. 5}

Cells in the expanded osteoprogenitos population differen-
pated ino ostecdlasts. leading 1o 8 sustained increase in
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AR 1 Profiferame resporne in e camhbial periestenm of ihe region of Ineres
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infuarer.. Ther bacclme iihadieg was 0.0 ¢ 0] celloimm ac deierminnd frem I0
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ostenblast concentration. Addition of the muscle injury re-
i 5
(o= LUK, anadysas o vanance): the COMPArson omn |_‘|:I:| i
W ﬁlill‘l'-.lll.':l'":- '-.|g11|||-.':|111 |]'||;1 b However, the muscle
imjury had ne apparent effect on the amoant of callus pro-
duced (p = 0120 tFig. 71

sulted n omereased oseoblast levels dunng dayvs 2 1o

Detect
Healing occurred by growth of callus' from the defect pe-
riphery (Fig. 11 Too linde ingrowih occurred by day 7 o
adequately permit assessment of the impact of the muscle
IRjuTYy

PRAOLIFERATION {calaimm|

TIME jdarys)

RE & Prolllevative respoase |n ihe Mirous periesieum of the regien of inieresi
wlier operalisn ion des 00 8. Bone lojury: T, sflonses iager BT, osmbbend
injuries. The beefine idoderg wuas 8.0 = 6] eelb'sm as determnd [rom
vl fals D0 Gy, e mlicaies p < 08 [of ET iervin B,
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Muscle Imjury Alone

A low-level transient proliferative response occurred that
lasted longer in the connective tissue than in the periosiewm
(Fig. 4 compared with Figs, 1 and 1) Osieoblast levels
increased slightly (Fig. 6), and the cells were svnthetically
active (Fig. 7h. The rats that received only the skin incision
exhibited a negligible penosteal response (data not showni

Endogenous cytokines occur &t bone injury sites,'® and ex
ogenous cyvtokines can aler the bone injury response.'” Bope
cells are semsitive 10 a range of signaling agems, including
mterleukin- [ 8. ransforming growth factor 8, platelet-derived
growth factor. and insulin-promoting  growth  factor, ™=
Thus. evidence suggests that the skeletal response to trauma
is medized by a key group of regulatory molecules.

[t would be reasonable 10 anticipate that, under some cir-
cumstances, mediators of wound healing® ™' mizht adversely
affect the regulaiory svsiem governing frociure repasr. The
miode] muscle injury was chosen becawse it produced histo-
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Slapch MuMl

8 ¥, Callus fsrmation = muscie- ples-Bone-injured 4, Baie-iagared (Rl and
muscie-injured (T} rets 7 days afier injury. The roctssguler fa regines depict
rortieal basie varfeces; Che booe defect 04 sd B B the regon belos e corticad
surface. The resulls were abiained by messuring ihe height of the caius 30 sgeally
dixiant poists (I umi alsag smch of the Wity Fepramtative serifons. s
averaging ever five rals in each group, For @usiralive purpoess, salees heiween
ihe planes of seasurment sere sbimised by lissar isderpaliisan, and the cullis
spiskile the repon measured was arbicrarily woipand orm beighe. Al heighis (7
wuig) weerr sesbed in the ahserved maximil callss hickness | M5 am ¥ soabe. 20w
pinired; ¥ acale, |00 pmigrsd. P prosimads £, laieral, Callos volums: in A and 8
wis 050 = &0 mm” and 037 = 00 mm’. regecsively

Iogic and clinical signs of inflammation in the region of the
bome defect that significantly exceeded the inflammatory re-
sponse 0 the bone injury alone. Consequently. if faciors
denived from sofi tissues could imerfere with the bone-cell
response onjury, then the model muscle injury should have
been sufficient 1o permit observation of the response. The
ohservition that the muscle injury mggered osteogenesis in
the absence of boae injury supports this view (Fig. 7C)
However. in comrast 1o our premise. the inflammalony
reaction caused by the muscle injury did not impair the early
phases of bone healing. Rather. the opposite result was ob-
served: addition of the muscle injury produced more perios-
teal prodiferation (Figs. 3 and 4, more osteoblasts (Fig. &),
andd iy even hove resulted m more callus formation (Fig, 7
Taken together. these observations do pot sy ppoit the view
that a direct effect of the mediators of wound healing on the
penosteum could explain delaved fracture healing or forma-
Hon of nonunions, Other {actors such as blood supply and
sability of the fracture site may be more imponant prediciors
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of the duration and success of bone healing, This shidy was
mol desizned 10 address the role of these Dctors,

Twe limitations regarding the clinical implications of our
results merit mention. Because the sofi-tissue injury was
administered surgically, the resulting inflammatory response
may nol adeguately mimic the cytokine milieu riggered by
an inpury resubtng from the application of force such 2 a
crush. Second. the conclusions of this study pertain only 1o
the periostzal repair system. Bone-muotrix—producing cells
conditioned in the mamow environment may have cviokine
receplors that confer sepsitivities differemt from those of
p:ril:vsl.e:ﬂ |.."E||~\.

An unexpected linding was that the soft-tissse injury alone
wis capable of eliciting proliferation in the cambium und in
the fibrows penosieum. differentiation leading o osieoblast
formaton and callus formation (Figs. 3. 40 &, and 710 The
respomse I the mascle ipury differed from the response 1o
bone injury in both magnitude snd duration. bat the impoman
poini 1% that o bone-cell response occurred in the absence of
imjury i bome: this finding suggests that some of the ininal
triggers in wound healing and fracture response were quali-
tativels similar. Thes anference @5 funther supponed by the
observed pattern of callus formauen in relation 1o the mjun
site |Fig. 7). The callus that formed on the cortical surface
around the bone defect was roughly symmetnic around the
defect The muscle injury-induced callus was greater on the
lateral edie of the nbaa (which was nearer the muscle inpery b
andd was significamiy Jess more medially, Both panems could
be explained by pssuming thal bone-cell repulatory factors
were synthesized or released af the injury sites and diffused
through the region of nterest. resuling i concentralion-
dependeni signaling

Why should there be a commonality in the initial signaling
pattermns of wound healing and fracture repair? From an evo-
lutionary viewpoint. perhaps natural selection Favored devel-
opumient of one rather than many systems for iriggenng heal-
ing responses. Vascular disruption sccompanies all forms of
trauma and consequently could serve as the source of neces-
sary vulperary factors. Inthis view, the tissue-specific nature
of the healing would be determined by the receplor-linked
pathways of the targed cells.

In summary, the evidence: suggests tha the inflammatory
milieu crested by a surgical injury 1o soll pssue dad o
interfere with the early phase of the regulatory system gov-
eming bone repair A clinical implication is that the addi-
ponal rauma from acisions when imernal fixatbon s per-
formeed with plates and screws might not be as deleterious 1w
the frasture-healing response as previously thought,
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