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BIOLOGICAL FACTORS INFLUENCING THE FATE OF
ONLAY BONE GRAFT ON THE CRANIOFACIAL SKELETON
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Keimyung University School of Medicine, Taegu, Korea
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The superior volume maintenance of membranous over endochondral bone grafts, which was shown
in several studies has provided the basis for its preferred clinical use as an onlay grafting material on
the craniofacial skeleton. The scientific rationale for this seeming embryological advantage, however, has
never been proven. Since the cortical component of membranous bone is proportionally greater than that
of endochondral bone, it follows that membranous grafts would show greater volume maintenance over
time. Our hypothesis is that the pattern of onlay bone graft resorption is primarily determined by a graft's
micro-architecture (relative cortical and cancellous composition) rather than its embryololgical origin(lmembranous
versus endochondral).

Fourty adult New Zealand white rabbits were used for this study. There were 8 animals in each of
4 groups. The rabbits of each group were sacrificed at 3, 8, and 16 weeks. Four types of grafts were
placed subperosteally, onto each rabbit’'s cranium: a hydroxyapatite, a cortical bone graft of membranous
origin, a cortical bone graft of endochondral origin and a cancellous bone graft of endochondral origin.
Membranous bone grafts were obtained from the lateral mandible and endochondral bone grafts were
obtained from the ileumn. In order to determine post-sacrifice volume and density of the bone grafts, a
caliper technique and bone densitometry(bone densitometer: LUNAR, DPX-1, U.S.A.) were performed on
all of the bone grafts. Bone graft specimens were histologically examined at 3, 8, and 16 weeks.
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The measurement of volume and density show that there is a statistically greater resumption in the
cancellous endochondral bone grafts for all parameter, compared to either the endochondral or membranous
cortical bone grafts or hydroxyapatite at all time points(p<{ 0.05). In addition, there is no significant
difference in the resorption rates between the endochondral and membranous cortical bone grafts for all
parameters at all time points. By placing cortical bone grafts and cancellous bone grafts on the recipient

sites separately, we have shown that the former grafts maintain their volumes, widths and projections
significantly better than the latter grafts. Furthermore, we found no statistical difference in resorption
rates between the two cortical bone grafts of different embryologic origins, a finding which has never
been previously shown. Bone volume fraction, measured with bone densitometry, was shown to be higher

in cortical bone than in cancellous bone at all time points, further illustrating the differences between

cortical and cancellous bone.

From our results, we believe cortical bone to be a superior onlay-grafting material, independent of

its embryololgic origin.
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Fig. 1. The volume maintenance of graft materials. Group 11
(M/Co) and III (E/Co) maintain more volume than Group IV
(E/Ca), with statistical significance. HA: Hydroxyapatite (Group
I). M/Co: Cortical bone graft from the membranous bone
(Group II). E/Co: Cortical bone graft from the endochondral
bone (Group III). E/Ca: Cancellous bone graft from the
endochondral bone (Group IV).

Mg wgt 3-4 cm HolZ AN o Furizt
(BREAF, periosteal elevator)2 Z94& doH 1
el vl AHRE Fel4HWH hydroxyapatite(HA)
2+ WolF1 aAA &S A ANELE 6-0
nylone 2 B3Hud. #<F A 3, 8 165 4
H5ES HAANA HES SUHYoE BAAHZ,
BEEn o R o)Ag FHY 2AHRH L7AE #
#317] Y3 FEL 10% formalinol A ¥ &

<o Hydroxyapatite - M/Co ~a—{/0o  »x E/Ca

I |

in

0% 3% 8% 16 %

Fig. 2. Graph showing density change.

Fig. 3. Photomicrographs of all the groups, 3 week postoperatively. (Above, left) Ingrowth of fibrovascular connective tissue with
mild inflammatory reaction in group I (HA) (Hematoxylin-eosin stain, X 100). (Above, right) Irregular graft margin and extravasated
erythrocytes, lymphocytes, plasma cells and osteoclasts are observed in group II (M/co), III (M/ca) (Hematoxylin-eosin stain,
% 100). (Below, left & right) Large marrow spaces and osteoclastic activity in group IV (E/ca) (Hematoxylin-eosin stain, X 100).
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Fig. 4. Photomicrographs of all the groups, 8 week postoperatively. Inflammatory reaction is reduced in all the groups. (Above,
left) Osteoblast is obsreved in group I (HA) (Hematoxylin-eosin stain, X 100). (Above, right) Extravasation of erythrocytes are
regressed and infiltration of lymphocytes are remained in group IT (M/Co), III (E/Co) and 1V (E/Ca) (Trichrome stain, x 100).
(Below, left) Contrast to group II (M/Co) and III (E/Co), ingrowth of fibrovascular connective tissues are well observed in IV (E/Ca)
(Hematoxylin-eosin stain, X 100). (Below, right) Group IV shows same finding as group [I(Trichrome stain, X 100).



recipient sites(Hematoxylin-eosin stain, x 100). (Above, right) New bone formation and incorporation of all the grafts to the
recipient sites (Hematoxylin-eosin stain, x 100). (Below, left & right) Capillary proliferation and mild infiltration of the inflammatory
cells are seen (Hematoxylin-eosin stain, x 100).
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<3 A 1659 EE BEAN Be ZAYHAL 7}
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of ¥ls] 5 (EHEFE, marrow space)e] o Zio
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AGAHA K4S Ut A L3 #H I o)
AARgds AAIo|NAY Bt o Bel AR

,563_.



o wyEAA AANY A ITol4AY AF
2N AARD NAT AR = FFEA 9
gle Aole ggith webd ouzbA g Fe)
Ago] ABWTZolNAURT ¥9E o & FARY
S AE A AAe el s W

FAE A@Eol GEs Bl TR U HEe)
a} 47 et

V. 2 &

AZRAELE E7 40788 4702 U 7 7
of TAZ HAFH, AW IS, dF
WZo T HE oAty oEF YxEr] s
A hydroxyapatite® ¥l FAY. F&EF 3F, 8F,
165 &9, #stdnd 2 EUESAVIE #F
st g3 e ARE Ao HEEI HEE
o E5¢< v A9 A GgSdA AHE
B AIWFAA AHSE @ FHo| AL

F E57F AAE RS B 5 JddH 2y
Fu|FAE dAHoE sgdoel thE A IelA
AHF AAZolAATY AT WINA AHET A
Fo| BTt FH g FYFHA Aolrb AT
FHTNE & Ao FolaHY FFEY Aol
e AN FolAHY FXRA Aol ZF o|AHd 3
AFo| Anttgt H|EE Eo U=y R0 F
Fed #AZ ddn gAY a2z T
AR AE WMYS 2 UAE A7 A
HFo)AE & Ao 571 HAA He HFAS
271 s AABVI oHn g TN U
FActH Z A TS AFHs L e Faw
A% 431 5 933 AFUYZolM 3
& AHHA ALEEE ARHoZE wiFIHA
2 AT

nL 20 te ofN 2

74214 (Jinsung Kang, MD)

700-712 A7Al F7 SAHE 194
Ao A3

Tel: (053)250-7631 Fax: (053)255-0632

References

1. Fasano D, Gasparini G, Menoni V, Bertoni
F, Bacchini P: The fate of onlay membranous
bone grafts in different facial recipient sites.
Eur J Plast Surg 12: 160, 1989

2. Van den Wildenberg FAFM, Goris RJA, Tutein
NP: Free revascularized periosteum trans-
plantation: an experimental study. Br ] Plast
Surg 37: 226, 1984

3. 2438, %9, &, AR AE(bone shaving)
& 2o A 2o mAE JF WY
7 &g3A 160 725, 1989

4, Ramana MC Masquelet AC: Vascularized perio-
steum associated with cancellous bone graft.
Plast Reconstr Surg 85 587, 1990

5. La Trents GS, McCarthy JG, Breitbart AS, May
M, Sissons HA: The role of rigid skeletal fixation
in bone graft augmentation of the craniofacial
skeleton. Plast Reconstr Surg 84: 578, 1989

6. Meulen JCH, Hauben D], Vaanrager JM, Brigenhager-
Frenkel DH: The use of a temporal osteoperio-
steal flap for the reconstruction of malar
hypoplasia in Treacher Collins syndrome. Plast
Reconstr Surg 73: 687, 1984

7. Satoh T, Tsuchiya M, Harii K: A vascularized
iliac musculoperiosteal free flap transfer: a case
report. Br J Plast Surg 36: 109, 1984

8. Zins JE, Whitaker LA: Membraneous versus
endochondral bone: implication for craniofacial
reconstruction. Plast Reconstr Surg 72: 778, 1983

9. Lin KY, Barlett SP, Yaremchuk M], Fallon M,
Grossman RF, Whitaker LA: The effect of rigid
fixation on the survival of onlay bone grafts:
an experimental study. Plast Reconstr Surg 86:
449, 1990

10. Phillips JH, Rahn BA: Fixation effects on mem-
branous and endochondral onlay bone graft
revascularization and bone deposition. Plast
Reconstr Surg 85: 891, 1990

11. g, @718, 234 gPaidd g Fi)
Foqne AE ol WIFAHHAH 33 A 20
61, 1993

12. Donovan CMG, Dickerson LNC, Hellstein MC,
Hanson ML]J: Autologous calvarial and iliac
onlay bone grafts in miniature swine. J Oral
Maxillofac Surg 51 898, 1993

13. Puraren J: Reorganization of fresh and preserved
bone transplants. An experimental study in rabbits
using tetracycline labelling. Acta Orthop Scand
(Supplement) 1: 52, 1966



14. Urist MR, Mclean FC:. Osteogenic potency and 15. Enneking WF, Burchart H, Puhi JJ, Piotrowski

new bone formation by induction in transplants G: Physical and biological aspects of refair in
to the anterior chamber of the eye. J Bone Joint dog cortical bone transplantation. ] Bone Joint
Surg 443: 344, 1952 Surg 57 237, 1975



