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| SECTION I
~ INTRODUCTION

fj;tireraturefkéview‘
| | The relatlonshlp between.the per1osteum and the compact bone 1t
; covers has been a source of controversy in the b1olog1ca1 1nvest1gat10ns
"of several centurles.j Some have argued that 1t 1s merely a 11m1t1ng
-membrane as its name suggests (ﬁacewen 1912 Moore and Corbett, 1914),
::whlle others have proposed that the perlosteumvhas nutrltlonal and/or
u‘osteogenlc propertles.'d | t. |
Although French naturallst Duhamel de Monceau (1739) advanced
) j:the 1dea that bone grows from the perlosteum "ike ‘an exogenous stem
'hvrrises from the 1nner layer of the bark surgeons of the day generallv
;blgnored thls tlssue (Ba1111e 1795 Cooper, 1826 Mlller, 1845)

In 1763, von Haller suggested that the or1g1n of the bone is
the artery carrylng the blood and 1n it the mlneral elements. v Althou0h_
- this theoryvfound influential supporters (Hunter, 1835), it fell into
”ldlSLepute and was subsequently abandoned because of  the oppos1t10n

of Syme (1840), Flourens (1842) and Olller (1867) who neglected a
lcon31derat10n of the Vessels whlle stress1ng the osteogenlc 1mportance
fof perlosteal tlssue‘cells. It was. not unt11 the early twentieth cen-.

tury, and the work of Lerlche and Pollcard (1926), ‘that the 1mportance v
jfof the blood was relntroduced
Kelth (1927) suggested that the cells whlch assume a bone-

i3 formlng role are derlved from endothellum of the caplllary system.



'{?fzf_ Rt

:v'h}Infarctlon exper1ments in Foster s lab (1951) supported thlS hypothe31s._f

| Y;A series of studles by Trueta (1950 1952 l953a, 1953b l953c, 1953d)
;utlllzlng m1croradlograph1c and photograph1c technlques, establlshed

. fdthls concept. :": ‘ | " .htrie-,}:igjy‘» | ‘TFI';?éF:'

| | ‘, The‘osteogeniCTargument’appearsifairly Wellfresolned in currentr"
'xliterature;h’There is.generalnagreement.that the'periosteum is composedrkhz

'1,of-two 1ayers an outer flbrous 1ayer and 1nner osteogenlc layer (Weln— E

:j.mann and Slcher 1955 Holllnshead 1960 Gray, 1966) The fact that ;1J~.'

. the 1nner 1ayer is so’ adherent to bone has contrlbuted to the hlstor1ca1

Vconfu31on, 51nce strlpplng of the perlosteum durlng surglcal proceduresvh-*

‘T}-usually removed only the outermost 1ayer. More prec1se experlments

o :(Foster et al 1951 Trueta and Cavad1as, 1955) resulted 1n bone in- -
"vffarctlons, emphas1z1ng the determlnant role of the perlosteum
i The osteogenlc cells of the 1nner osteoblastlc layer are d1rect'

: descendants of cells of the inner layer of bone perlchondrlum that de—

.fvelop 1n cartllage (Ham, 1965) : The;organlzer 1s:the osteogenet1cf o

ihtfv’vessel from Wthh sprlngs the syncytlal frame of cells on’which bone.

[1S'establlshed The sequence of cellular phylogeny cons1sts of the en—ld
"tdothel1al cell,llntermed1ate celllbosteoblast, osteocyte and osteoclast>’
Vyxi(Trueta 1963) o : o o |
Although certaln aspectsAof perlosteal functlon remain to beiu

- eluc1dated, its osteogen1c 1mportance 1n tlmes of 1ngury 1s well docu—

',mented; Follow1ng suppre851on of perlosteal_supply there~1s aﬂdlstlnct“f

di”hpauc1ty of new osseous tissue " (Klstler l934a, 1934b) and a deflnlte

n:j; alteratlon of d1aphysea1 structure (Marneffe 1952)



A serles of radlographlc studles conducted by Brookes (1957

'1960a, 1960b 1963) conflrmed the establlshment of centrlpetal blood -‘

'.#?Hflow from the Perlosteum follow1ng 1n3ury and suggested that this flow

'rflkmlght be a prlmary factor in the surv1va1 of 1schem1c bone. Even though

‘ if’some have questloned thlS phenomenon (La1ng, 1953), nostllnvestlgators

'lffagfee that dlsturbance of marrow blood flow results in a. "take over"
&iby the perlosteal c1rcu1at10n (Nelson et al 1960 Larsen,et al, 1961).
iertsumoto (1965) found that the perlosteum 1s capable of full centrlpetal

v,supply of cortlcal bone from the surface to the marrow cav1ty when marrow

-d,{'flow 1s dlsturbed

:1‘ Strll unresolved is the duestlon of‘perlosteal contrlbutlon to
tthe nutrltlon of 1ntact compact bone. In 1691 Clopton Havers wrote of
a few nutrlent arterlesv enterlng the bone in 1ocallzed areas, and then .
,l;g1v1ng r1se to vast numbers of velns" 1eav1ng the bone surface. By
‘v0,1743 Hunter had spec1f1cally descrlbed perlosteal arterles as anasto—f7

“mos1ng to form two c1rcular vessel serles around the'bone. Von Haller‘llrlr

';(1763) conflrmed that "w1thout any doubt" vessels were. seenlln the perl—v‘
v:fosteum by the 1n3ectron of coloured flulds.fb - |

The flrst deta11ed account of cortlcal blood‘supply‘was pre-d

sented in 1904 when Lexer and coworkers made radlographlc records of
:post—mortem spec1mens rnJected w1thba‘mercury—turpentlne emulslon. These
_lstudles suggested four ‘sources of arterlal blood in long bones‘ perl-x
f_osteum, dlaphy31s, metaphys1s,rand eplphy51s. -Other observers dlsagreed
,Foote (1921) detected onlv two sourcesc‘perlostealvand nedullary. John-

l_son (1927) and Anseroff (1934) found ev1dence of three systems of nutrl- e

. ent arterles. perlosteal nutrlent and ep1physeal ' The'class1f1catlon :



4
of three sources pers1sts in contemporary 11terature (La1ng, 1953 Peter-
son and Kelly, 1961 Abramson l962° and Lan21, 1965) Brookes (1965)
recently reafflrmed thls by mlcro—radlographlc preparatlons It 1s,
then, "taken for granted" that normal compact bone possesses "in some
degree -a perlosteal arterlal blood supply (Brookes, 1960b) Opinions
vary on the degree of supply.

Per1osteal vessels actually penetratlng cort1cal bone were
descrlbed by Langer in 1876 Other early observers ‘were. Testut (1880),
Foote (1921) and Kolodny (1923) A systematlc study of bone c1rculat10n
conducted by Lexer (1903 1904 1915 1922) led to- the conclus1on that
the perlosteal vasculature is 1ndeed 1mportant to the normal nutr1t1on
ofvcompact-boneg Anatomlcal flndlngs establlshed by Lexer were accepted
by colleagues .as unchallenged facts. ‘Even today, hls 1llustrat10ns of
the maJor vessels are con31dered excellent (Morgan, 1959)

Indla 1nk 1nJect10ns in post-mortem dogs examlned by Johnson
(1927) and Klstler s (l934a, 1934b) charcoal 1nfarct10n studles in the
rabblt femur supported Lexer s flndlngs ThlS c1a831ca1 concept of .
perlosteal supply to the cortex was dlagrammed by Testut and LatarJet
in 1948 Experlmental varlatlons utlllalng tne strlpplng of perlosteum
or suppress1on of other nutrlent sources supported thls concept of perl—
osteal 1mportance (Calero and Malnetti 1932 Rhollch 1939 Foster et
al 1951) These authors 51m11arly concluded that the outer third of
the cortex 1s nourlshed prlmarlly by per1osteal c1rculat10n

Marneffe (1951) belleved that the ent1re compact bone of the
lower d1aphys1s is supplled prlmarlly by perlosteal.blood, a theory

1ater endorsed by Tllllng (1958) and Peterson and Kelly (1961)



nl.Hallburton and assoc1ates (1958) proposed that the talus vascular supply :

s of perlosteal orlgln.g La1ng (1956) and Lew1s (1956) also stressed

';tvthe 1mportance of per1osteal supply to compactum 1ntegr1ty.

Invest1gat10ns of osseous . c1rculat10n have been pursued for

'some t1me at Nuffleld Orthopaedlc Centre Oxford ,under the leadersh1p

d" _of Professor Joseph Trueta. After perfu31on of‘oVer”ZOOO mammalian

”dﬂiand not " only centrlfugally

3bones, Trueta (1953) concluded that perlosteal c1rcu1at10n is d1ff1cu1t
:to estlmate correctly since most of the superf1c1al cortlcal vessels
5frema1n empty of perfu31on medlum 1n the maJorlty of‘spec1mens. This ;"’
:leaves any Judgment based solely on th1s method open to questlon (i. e:;
”d:=Hyrtl 1864 Johnson 1927 Macnab 1958 Brookes and Harrlson 1957
xaBrookes et al 1961) Other methods of observatlon ut1llzed in his,
b’:{laboratory have 1nc1uded ultra—v1olet examlnatlons; electron m1croscop1c,;
i‘photographs and ce1101d1n sectlon; All methods have shown‘vessels en;‘
i terlng the cortex from the perrosteum, lndlcatlng a per10stea1 arterlal
du'supply In some’preparatrons two vessels were seen 1n haver31an canals;v

'asupportlng the h1stor1cal view that blood can flow 1n both dlrectlons f

Confllctlng ev1dence has appeared repeatedly ln the llterature

eThe bel1ef that perlosteal vessels are merelv caplllary connectlons be— '

tween'cortex and perlosteum, capable of collateral centrlpetal relnforceeﬁb

’Lment to the compacrum vascular net upon‘anury, but serv1ng 51mply as
,centrlfugal venous dra1nage for normal tlSSUE, is supported by several
lauthors..f | | -

| | As eallyvas 1022 Drlnker and hls coworkers ralsed a dlssentlng

'tdvoice statlng that perlosteal c1rcu1atlon was. of no. 1mportance to the




.'integrity=offtheﬂcompactum.":reg01re and Carrlere (1921) 1ncorrect1y B

,denled the very ex1stente of anastomoses between perlosteum and medullary
"'vessels. The theory of perlosteal unimportance is best summarlzed by
".f:Murray Brookes of Guy s Hospltal Medlcal School London.:‘

? "Investlgatlons into the problems of vascular

-organization and. haemodynamlcs of long bones (Brookes,

1958a, 1958b; McAuley, 1958) lend support to the =

concept. formulated by Brookes and Harrison (1957)

of a medullary arterial- system responsible- for the
- supply of blood to both ‘the ‘sinusoids of the marrow

and the: caplllarles of compact bone.' In normal ’
. condltions it is held that the periosteal blood
" vessels play no part in the arterialization of

underlying bone cortex, but for blood which has

flowed through the vascular canals of the. compactum

a venous drainage pathway is available in the ‘cap—

1llar1es of the perlosteum." (Brookes,,l960b)
- '"In other words there is a slngle c1rculatory

system in compact bone and the direction of the ‘blood
- flow is centrlfugal AL (Brookes, 1963) ‘

The conc1u81ons expressed above were the result of numerous
'gross dlssect1ons, mlcro—radlologlcal preparatlons and hJstologlcal ex—’

amlnatlons. Anlmals were injected 1ntravascular1y 1mmed1ately post-—
ljmortem Wlth Mlcropaque, a radlopaque suspen31on of bar1um sulphate
and mlcroradlographed on max1mum resolutlon plates. Follow1ng f1xatlon, P
1nd1v1dual bones. were exam1ned elther whole or 1n hand—cut sllces. Twenty-‘ _
‘_bmlcron sectlons Were studled hlstologlcally._ It was dlscovered that the

‘barium sulphate suspen51on falled to enter the cortex. from the perlos—“<"

Vteum, but found easy access from the medulla. Thls led to the assumptlon |
»’fthat the sole functlon of perlosteal vessels is the nour1shment of the o
' 'osteogenlc membrane (Brookes, l958a) -

'{ Brookes (1963) suggests that Trueta s experlments of 1963 1nd1~'

) l'rcate a centrlpetal flow only because experlmental medullary suppress1on -



- had establlshed a pathologlcal ba51s for collateral activatlon. He con-
-tends that the capillary nature of: both perlosteal and cortical vascula—
ture, and the s1ngular vascular net of the cortex support the premise of

_.centrlfugal flow.

»Objective
B : Although the writer‘agrees with Claude Bernard's dictum (1855)“
:that anatomy is part of the ba31c knowledge which the phy31ologist must.
‘master, one must recognlze the 1nadequacy of h1stolog1ca1 sections as.
»the_sole»ba51s for’1nterpretat10n of the dynamic physiology of living
'blood'vessels;n | |
| ‘To date; nost studies have been_conduoted on7§ost—mortem tis-
sues. The procedures employed in sone,investigationskhave limited the
1nternretat10n of results since they alter the normal phys1olog1cal
- pattern of blood flow (e 8.5 charcoal embollsm, Klstler, 1934a, l934b
marrow destructlon Marneffe, 1951 periosteal stripping, Foster et al
"1951) In addition technlcal dlfflcultles ericountered 1n contemporary
anatomical studies have neces31tated the representation of photographlc
’subJects by drawings or diagrams. |
In this investigation, all;data werehderived'from observations
__and‘perfusion ofvliving‘periosteal and'cortical vascnlaturet By main;
taining physiological’conditions,’it vasxthe'anthor's intehtato answer ..
:'ouestions raised'by post-mortem stuaies“coneerning the role of perios—'l
: teallcirculation and its possible_oontrihntiOn to the nntrition of com-

pact bone. - o v v :»('h; )



. SECTION IT
MATERTALS AND METHODS
Vascular patterns of the antero—medlal surface of young adult

'rabblt t1b10f1bu1ae were stud1ed Anlmals of both sexes Wlth an average -

.‘welght of 1 8 kg,_were used Surglcal anesthe31a Was 1nduced by aneCt-"

»rf’ling pentobarbltal sod1um (Nembutal 75 mg/kg body welght) into the mar- l

Vaglnal vein of an ear’ prev1ously dllated by appllcatlon of m01st heat.,”

Resp1rat1on Was malntalned by tracheal cannulatlon in conJunc—'

o 'tlon with a. Phlpps and Blrd p031t1ve pressure resplrator. Rarely encOUn? :

h.tered anesthetlc cardlac arrest was reversed in most 1nstances by exter— ‘
inal massageland 0. 5]cc of a‘3 11 SOlutlon of Metrazol (0 l gm pentylene-v

u"tratrazol) and eplnephrlne (l 1000 Adrenalln Chlorlde) admlnlstered

' intravenously. | | i

| Blood loss in surglcal procedures was m1n1m1aed by the use of a

' 'Wappler Cold Cautery Scalpel model C—450 The t1b1alls ‘anterior muscle,

was retracted and wrapped 1n a gauze pad m01stened hyrRlnger s mamma11an‘
olutlon to el1m1nate tw1tch1ng produced by dehydratlon.p The perlosteal "

’ 'clrculatlon was’ protected from de351cat10n by toplcal appllcatlon of
-mineral 011 - | | | f

lkThe area chosen for study was bound‘cephallcally by a p01nt -

Japprox1mately 1 0 cm below the knee and caudally by a p01nt 1.5 cm above‘

the ankle. The 1eg was supported by an ankle clamp and the body rotated o

‘so'that5the relatlvely flat_anterlor’surface ofgthe tlbloflbula was 1n~




FIGURE 1 ’

Anterior exposure of rabbit tibiofibula.

FIGURE 2

Perfusion appératus.

C: perfusion cannula entering anterior tibial artery
T: transducer employed to measure pressure '



FIGURE 2
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a hcfizcctél plane‘(Fig. 1).. Vascular ﬁheﬁomena_were observed with a
stereoscopic microscope. |

| In all preparations, general vascular distribution was noted,
with'cpécial\attention to characteristic vascclar units designated as
triads. A triad consists of a single distributing arteriole extending:
over the periosteal surface from either the lateral or -medial periphery
vAand a flankingvpair of vcins. Subperiosteal branches of the distributing
,-arterioles were identified by their cﬁrving descent into the longitudinal
canals of the .cortical bone surface, while branches directly penetrating
the compactum formed a rlght anglc tcrn and dlsappeared from view. The
periosteal distributing arterioles and collecting venules were selec-
ti§é1y,cauterized with a tungsten eiectroderf 305 p diameter, and the
effects cn édjacent vascular beds noted. vSqueriosteal fiow was observed
following isolation of a triad by three-sided cauterization, the arterio-
lar supply remaining intact.
| ' In one series of examinations the periosteum was stripped'to
permit study 6f.density and orientation of the‘surface cortical vascu-
lature. Speciai cate was exercised to fully remove the adherent immer
osteogcnic‘layer. Oozing of blood from the bone surface was regarded as
indicative ofvcentrifugal flow of medullary origin.

- Presence of vascular smooth muscle'ﬁés determined indirectly by>'
topical application of epinephrine (1:1,000 or 1:10,000 Adrenalin Chlor-
cvidc) from a modified 25 gauge neédle blunted and beveled to emit a 0.002
cc drop. It was p0831b1e with thlS technlque to 1dent1fy the dlstrlbut—'
1ng arterloles and surface branches as well as subperlosteal metarter-

ioles which were terminal endings of long extensions from surface
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arteriolar branches. A giveﬁ vessel was ciassified"as.an arteriole only
when constriction was initiated ar the site of epinephrinebapplication;
Diameter changes of representative vessels‘were measured with a cali-
brated vernier ocular micrometer. |

Ramifications of the periosteal vasculature Were studied di-
_rectly by localized perfusion of the anterior tibial artery in regions
proxiﬁal to periosteal triads. The perfusion medium used was Batson's
#17 Anatomical Corr031on Compound (Polysc1ences, Inc., Rydal, Pa.).
Adequate reaction t1me was afforded by a ratio of 5 cc monomer base
solution to 0.5'cc catalyst to 1 drop promoter. lSufficient Batson's
blﬁe dye was added to produce a dietinct color. Injections were made
with a 2 cc syringe—25 gauge needle unit conneeted to PE 10 Intramedic
polyethylene tubing. The cannula was inserted‘following central liga-
tion of-the\artery‘to prevent retrograde perfusion. The artery was
also iigated at the lower metaphysis in selected specimensAto prevent
perfusion of the'telus‘and thus permit observation of restrieted peri-
osteal distribution. Perfusion pressures were recorded by means of a
Grass model 5 polygraph equipped with a Statham P23AC strain gauge
pressure transducer and maintained within the physiological limits of
the anterior tibial artery (mean pressure of 35 mm Hg}, (Fig. 2). 1In-
tact and sagitally sectioned perfueed bone specimens were microscopi—~
cally exemined and photographed.

Variation in quantitative data is reported as + 1 standard

deviation.



SECTION IIT

. RESULTS

: Fifff—eight tdhiofibuiae'were examined'in th;s'study. Class1—
hfrcatlon and enumeratlon data recorded from twelve spec1nens appear rep-
, resentatlve of the‘pattern noted in all bones The;central diaphysis
deon31stent1yrev1denced.theﬂpreponderance of periosteal'vessels, while
the prox1ma1 third of the exposed area exh1b1ted a sparse vascular d1s—h
htrlbutlon. "By 1nd1v;dual count,'rhe average\exposed periosteal surface
area of 2.25 cm2 revealed a profuse blood supody; hMean‘nalnes for dis-
jtriburing'arterioles were 8 i_2 triads, several of whieh were ladder—r
like shunfs aoross the breadth of the bone' 11 + 4 arteriolés not of a
_trlad pattern' 35 + 14 branches Wlthln the surface plane' 80 + 12 bran—'
;ches dlpplng into the longltudlnally orlented vessels' and 17 + 4 bran-
:ohes dlrectly penetrating the compactum.' | ‘
- "Two dlStlnCt planes of vasculature Were evident. The distri- :r
"butlng arterloles and collectlng venules were on a.plane superlor to the

« longltudlnal subper1osteal vessels. Saglttal sectlons showed membranous
tlssne approx1mately 0.5 mm separatlng the ‘two horlzonral planes. Upon
ﬂretractlon of the perlosteum, subperlosteal vessels were seen to lie in
"grooves w1thin the surface compactum. Retraetlon precipitated(broadcast
ﬁsra51s in these surface channéls. Fourteen bones‘were examined for evif”
vdence\of-medullar& blood supply as'demonstrated by—acrive'bieeding fronv

d;he eortex followingvperiosteal'stripping, Oozing'sifes within the 2.0

13



em? strlpped area were scant, rang1ng in number from O to 19 1mmed1ately _'

blupon retractlon, and O to 15 within 60 seconds.

s

Selective cautery was utlllzed to determlne the effects of 1n—»',‘fY'

':ducedksta81s on general per1ostea1 blood flow. Twentyrninebbair of»are-b
ﬂlterloles and venules were 1nd1v1dually cauterlzed 'Results;were consis—l'
f'tent 1n each series. Ingtlally, a dlstrlbutlng arterlole was cauterlzed'
: o . .

- at its origin; Immedlate sta51s resulted in over half the adJacent vas-fw_
culature; Venous return became sluoglsh Subsequent cauterlzatlon of
the collectlng venulesvof the same trlad resulted 1n‘cessat10n of flow'
fflﬁ apbrox1mately 90/ of contlguous.long1tud1nal vessels;d>Cauterization.ra
of a 31ng1e venule ev1nced change in no vessel except‘that\cauterlzed
._1The f1nal series of cauterlzatlons produced 1solat10n of 35 trlads.

‘ T1ssue su*roundlné each triad was cauterlzed on all sldes except that
'w1th the supp1y1ng arterlole. In each case the flow of anastom031ng‘v
'fand subperlosteal vessels w1th1n the 1solated area contlnued essentlally
h7funabated | Perfu81on of a s1ngle tr1ad resulted in a locallzed cast proei

1v1d1ng supportlve ev1dence of segmental dlstrlbutlon.v |

| kg‘ngatron,of the anterlor tlblal artery resulted inrbroadcast

stasis of'the longitudinal vessels. An occas1onal short vessel appear—
ing to be a venous segment arlslng from and returnlng to the compactum,
”-cont1nued to conduct flow1ng blood | i |

- In 14 bones treated, toplcally applled eplnephr1ne con51stent1yl
:{produced constrlctlon of all trlad arterloles, single dlstr1but1ng arter-
1oles and surface metarterlolar branches.‘ AdJOlnlng longltudlnal vessels€~
'xswent 1nto stas1s, whlle blood flow in adJacent Venules became slugg1sh

Dlstlnct constrlctlon of smaller branches descendlng dlrectly to the .
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' subperlosteal surface or deep compactum was dlfflcult to assess, but in
| n1ne spec1mens, eplnephrlne 1n1t1ated deflnlte‘constrlctlon in 22‘
branches to the subperlosteum and six branches to the deep compactum.
beeasuredﬁdlameters of 18 representative vesSels were'between 20 and 55 u;:
‘d-all exceedlng Ruch and Patton's (1965) 5 to 20° n range for caplllary
;::dlameter.v The mean diameter of 8 branches representatlve of those ex—"
':’tendlng to subperlosteum and deep compactum was 25.8 + 3 5 1. Distribute.
‘1ng arterloles.had.a mean dlameter of 40.9 + 10.7 n. Vaso—COnstriction .
"resulted'in diameter decrements ranging.from 3.75 u to 37.5 u. Mean
r,values were 18. 1+ 3.4 dlameter loss in d1str1but1ng vessels and 5. 3 +
1.8 1 1oss in descendlng brancnes. | |
Because the molecular-components:of.Batson's #l7rcorrosionicom——i
. pound are well within the dlameter 11m1ts for caplllary transport maxi-
’ mum perfu31on of the vascular net.presented m1n1mal problems. Arrival of
’perfusate at the orlgln of a trlad arterlole was 1mmed1ately followed by
'-rapld fllllng of surface and subtending vasculature and subsequent per—
fu31on of the flanklng venules (F1g 3). lMicroscopic observations of |
'1the perlosteal vascular network durlng this perfu81on revealed movement '
of the solutlonbdlrectly into the 1ong1tud1nal channels of the surface
‘ compactum (Flgs. 4 and 5) Dlsappearance of the medlum 1nto vessels per-n
pendlcular to ‘the bone surface 1mp11ed d1rect descent 1nto the deep com= '
pactum. -Saglttal sectlons show1ng perfusate—fllled transcort1cal vascu—’
’,"lar elements corroborated this observation.l‘When the perfustn was re- l
»_;strlcted‘to a glven area only the compactum subtend1ng the perfused
}perlosteum revealed dye fllled vessels (F1g 6). | In all cases the cortex

o opp031te the perfused area was free of perfusate (F1g 7) Perfusate&
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FIGURE 3 (A)

Periosteal triad and attendant.vasculature.
P: perfused subperiosteal vasculature
U: unperfused subperiosteal vasculature
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" FIGURE 3 (B)

Di_agrammatic flow pattern of periosteal triad and attendant vascul'ature‘.
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FIGURE 4

- Triad arteriolar ramifications (38 X).

A: arteriole penetrating longitudinal channel
C: capillary net :
V: unperfused triad venule

FIGURE 5

Enlargement of inset from Figure 4 (65 X).
A: arteriole penetrating longitudinal c¢hannel
V: unperfused triad venule



FIGURE 4

Triad arteriolar ramifications (38 X).
A: arteriole penetrating longltudlnal channel

C: capillary net
V: unperfused triad venule

FIGURE 5

Enlargement of inset from Figure 4 (65 X).
A: arteriole penetrating longitudinal channel
V: unperfused triad venule :
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FIGURE 5




FIGURE 6

Sagittal view of perfused transcortfcal vessels (62 X).

M: medullary canal
P: periosteal perfusion surface
V: perfused venule

FIGURE 7

. Sagittal section of perfused bone shown in Figure 6 (13 X).
C: unperfused cortex '

M: medullary canal . -

P: periosteal perfusion site



FIGURE™ 6

FIGURE 7
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- FIGURE ' 8

External view of perfused surface compactum, as
seen following perlosteal stripping (6 X)

C: ‘unperfused cortex

D: dense perfu81on of subperlosteal vessels

FIGURE 9

Endosteal view of transcortical perfu81on.

Same bone as Figure 8 (6 X). -

C: unperfused cortex

M: medullary canal showing endosteal prOJectlons
of periosteal-injected perfusate



FIGURE

23"



%
F]d“filled subperlosteal messels photographed follow1ng remoral of the perl—
losteum are shown in Flgure 8 Endosteal progectlons of these trans—‘ﬁ‘

7:eort1ca1 vessels are viewed from the medullary canal 1n.F1gure 9. |

1 Vlsual observatlons of normal blood flow ver1f1ed the preced—.

‘1ing experlmental results. Introductlon of dllute solutlonsnof Indle 1nk,_‘

h,permltted observatlon of movements of 1nd1v1dua1 dye oartlcles. Some . V

B were seen.to flow down the perpendlcular vessels and d1sappear from rlew,

'L}[thle others were carr1ed by/a normal flow patternllnto the subper1osteal»
svessels.lth ‘ . : | |

In two spec1mens, the‘anterlor tlbral artery was - perfused ]ust

hisuper1or to the ankle. Sectlonlmg of the bones revealed dlstrlbutlon of

'the dye throughout both cortical and medullary vasculature of the entlre

' talus region.



SECTION IV

.~ DISCUSSION

jThefimportanCevof periosteallcirculation as'a collateral source
to”the’compactum'of long bone«isdweliiestablished,'but confliCting data
:haVe beenppreSented conCerning its;normai contribution.toﬂintact bone.
: Harmony'is'also lacking concerning the abundance’and generai function
of perlosteal vessels. A coplous vascular pattern was suggested by
;aFoote in 1921, and has been supported by T1111ng (1958) and Nelson
(1960) In contrast, Lamas et al (1946) spoke of a dlaphyseal perlos—"d
VWfteum as hav1ng "almost mno blood vessels._ Francassl (1941) and Rhlne—b
ilander (1965) agree that the mature anlmal possesses a meager perios- ‘
teal blood supply | N
Counts from lrv1ng anrmals, reported hereln, suggest a con-
slstently ample vascularlzatlon in both perlosteum and-superf1c1a1 cor-
tex, w1th an average of 150 +° 20 arterlolar vessels per a 2.5 cm? area.
"fiferlosteal perfu31ons show dense’ ‘capillary and venous networks. Sagittai
sections of perquQd,speC1mens reveal profusevvascularization'of the com-
xpactum.f o o - |
Clas51f1cat10n of perlosteal c1rculat10n as a caplllary net- -
work has been supported by many authors (Macnab 1958 Morgan 1959;
“Peteroon and" Kelly, 1961) Brookes and. coworkers (1961) contend ‘that no:d.h
'perlosteal arterles penetrate the cortex. Nelson-(1960) concurred in VT
'flndlng that "by and 1arge, perlosteal and cort1ca1 vessels lack muscu- -’

;f‘lature, Hert (1960) and Brookes (1963) found contlnuous connectlons
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among cortex, marrow 31nu801ds and perlosteum, but only at a caplllary
l;level In contrast Arendt et al (1961) and Rhlnelander (1965) found ;:T'

“that vessels in compact .bone con31st of more than 31mp1e capillary rami-
”fflcatrons.f‘“ | | |
~In the serles of toplcal eplnephrlne appllcat1ons reported

‘here, readlly quantlfled constrlctlon ensued in numerous perlosteal
:‘branches, Changes in dlameter ranged from 6 4 to 18 l p.’ Original dil
‘fameters of all vessels measured exceeded the known 11m1ts of caplllary

' class1f1cat10n. These studies lead to the conclus1on that the perlosteal_
”vc1rcu1at10n is not an entlrely pass1ve caplllary net but 1nc1udes mus-
;1:cu1arlzed vascular components capable of 1n1t1at1ng dlrectlonal flow.

| Selectlve cauterization of perlosteal arterlal supply resulted
in cessatlon of subtendlng surface compactum flow and marked retardatlon
"‘of venous return.’ Longltudlnal flow contlnued when wvenous return was ”
diminished, but the arterlal supply left 1ntact. Results of these pro—
:cedures 1ndlcate that a con31derab1e port1on of the surface cort1ca1 net-
work recelves perlosteal blood ‘ Lack of»change in flow'pattern followe
; 1ng cauterlzatlon of a s1ngle venule infers a Shlft cf subperlosteal
dralnage to another venous segment.‘ The.rapld abatement of ‘oozing from'
‘the bone surface follow1ng removal of the perlosteum suggests a s1m11ar
,{shuntlng of venous blood. Hemostasis in_the affected transcortical ves—
_sels produces.a changehfn the pressure gradient which;ds probably suf-
rficient to. reroute venous drainage-through.medullary'Channels; Thebpro—
fuse venous vasculature of the ~periosteum, but mlnlmal ooz1ng of blood

'from membrane—strlpped bone suggests that perlosteal venous vasculature

is not the pr1nc1pal route.forvdralnage of~blood=of'medullary origin;.
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‘h but‘rather that it serves prlmarlly to collect perlosteai blood This -
"‘theory is supported by the exoerlments of Branemark (1961), whlch showed :
._that vessels-of'medullary or1g1n penetrate the endosteal portlon of the’
.ﬂ~cortex ahd after a short excur51on,kreenter the‘marrow caulty to drain
aflnto medullary venous segments.‘ -
Modlfled flow 1n response to varlatlons in per10stea1 supply
j'. evinces a cortlcal dlstrlbutlon of perlosteal orlgln.~ The presence,of '
~hSUChvsupp1y is substantiated{by the'results of perfusion.studies. ééfs.
fusious of single triads at-physiologicai pressures. disciose periosteallyi
iderived chanhels:penetrating.the cortea. Locallzed perfus1on of the mem-—
'ubrane produce cort1ca1 vascular casts confined to the area 1mmed1ately
fSubtending”the filled periostealtarea;_‘Absence of,perfusionhmedium in
‘fthe compaotum on the oppdsite side of the'hone confirms'its5penetration‘p'A
‘from the perlosteum as: opposed to derlvatlon from a medullary source;
a.pThls 1mp11cat10n of ‘a segmental distribution from pEIIOStEUm to compactum
:iS'supported byvresults of oautery—lsolat;on‘experlmentsfb,when a triad
fhas isoiated on'ali’sidesvbut that of thetdistrihutiug arteriole, blood
:hflouhwithih the'area was‘essehtialiY'uhiupaired in both vascular planes}
| FHeavy perfusion of the talus supports halihurtoh‘et al (1958);
who postulated that the periosteum is the maJor source of ankle nutri-
;rtlon.v Dye found 1n the medullary canal near the ankle 1mp11cates medul-
Jiary‘vessels as a‘probable route for‘venous dralnage of the ankle.
e The‘reSults of'this study suggeét-that circulation:in bone is
;uot”solely»centrifugalr,‘Physiological_experimentsfdemonstrating centrijlh
dpetal’flowhfrom abundant periosteal arteriolesiindicate a periosteal con—.

_tribution to the nutrition of. compact bone. -



 SECTION V

SUMMARY

'ffTﬁevhaeﬁfeeand famifieatiossfof periesteal ci:eeiation were‘ob4:”
'sefved inglivingbrabbit eibiOfibuiee.;:Profuse‘periestealevsscularizatidh
-was‘eealiteEively and quantitatively>anelyzed;_ Preseseeéof smooth musele;-'
eompbnents in.VeSseljwelis,weseéeﬁenstratedyby,ﬁarked.&éso;COnstrictieﬁe
in resfqnse to:t0pical1y epplied eﬁinephrine. vVesse?s‘exﬂibiting thisv’*'
,”fespense Were'identified as7artefioles or metarterioies.v Persistent_fiow
_1n cautery—lsolated triad enlts eluc1dated the segmental nature of perl—’
 osteal;vascular dlstr;butlon, ThlS segmental dlstrlbutlon was viewed 1n_'
‘cortex sagitfeissectioﬁs foliowing perfusion of a~sing1e,tfiad.

‘Removal of the periosteum resulted iﬁsbroadcast,staSis within

. the 10#éitﬁdima1»§essels of the:surfsce eompécﬁqm_ Tﬁis:Was interpreted’”
asbevidencevof'the necessity:of.pefiostealbsuéply fer ihe integrity of
o cortical biobd flow. The resultant and trans1tory bleedlng from damaged
'!vessels ‘was 1nd1cat1ve of a prebable low pressure centrlfugal flow of
g medullary origin presently redistributed to Other drainage!routes. Per-
fusions at,physiological pressuresfdemonstrated a'cegtical supply derived
ffom-periOSteum,»asfevidehcea bf photomierogrephs of infact'and sagitf,
: Eally:sectioned bone. vVessels entering subpéribséeélv1ongitudinal chan— "v
,_nels -and penetratlng the coﬁpactum were readlly 1dent1f1ed in perfused
vaseulature. Absence of perfu51on medlum from the opp031te cortlcal wall

- substantiated the perfusate s entrance from the periosteum.
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It is concluded that the evidence presented in this study
stfongly suggests a positive involvement of the periosteal arterial
blood‘supply in the nutrition of compact bone under normal physiologi-

~cal conditions.
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