Sequential histological examination and morphometric analysis on osteogenesis in the pores of porous hydroxyapatite with

attachment of vascularized periosteum
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Fig. 12 | The percentages of areas of tissues
observed in a pore were compared between the
periosteum- and muscle-attached blocks. The per-
centage of fibrous connective tissues including
blood vessels was as high as 83% and that of
bone and adipose tissues was approximately 5%
in the periosteum-attached block. On the other
hand, only blood vessels and fibrous connective
tissues were observed, and no bone and adipose
tissues were found in the muscle-attached block.

replacing autologous bone graft, such as
metallic materials, inorganic substances like
HA, macromolecular polymers or biopolymers”.
Among them, HA has been regarded as one
of the promising candidates of artificial bone
for clinical use because it has suitable biologi-
cal affinity and has been known to promote
the differentiation of stem cells into
osteoblasts”.

We investigated the possibility of using vas-
cularized periosteum-attached PHA as a novel
material for replacing bone defects. We previ-
ously reported that ostenogenesis had been
confirmed in the pores of PHAB, which had
been attached to the anterior portion of
detached periosteum, having no connection to
intercostal vessels '”. A hypothesis emerged
from the study that PHAB could be regarded
as one of the most favorable materials for
bone reconstruction, because PHAB is easily
processed to fit the shape of the each defect,
and a scaffold comprising PHAB filling the
defect would retain its shape while bone for-
mation in the pores is completed. There have
been several experimental studies emphasiz-
ing the success of mature bone formation in

¢ fiber/total
@ bone/total

O fat/total
ey - ,0 ey
! 0.0 @O ° o® o&@
o .
° .
. @
H [+] H
08 >
. | N ;
0% @
. ° &
06 - ° °® o
o} 3 j
&
o o 9
lo} B :
@ o e
; - @ ®
0.2 ¢ @
©
o}
? @ o)
0 .«»OO,GDVOV ,OL,O ,,_‘
0.4 0.5 0.6 0.7 0.8 0.9 1

Fig. 13 : Evaluation of the 3-D distribution of
each tissue in a pore at 12 weeks after implanta-
tion. The horizon indicates the deviation ratio
(DR), and the vertical shows areas of induced tis-
sue in the pores. Bone tissues were observed
along the circumference of a pore as approxi-
mately 10% of the radius in width, and adipose
tissues were often observed on the inner side of
the bone tissue as approximately 10% of the
radius in width. Only fibrous connective tissues
including blood vessels were observed from the
center to approximately 80% of the radius.

granules or blocks of HA which had been
embedded in soft tissue, followed by the
entire covering of vascularized periosteum'”.
However, few described sequential examina-
tions of bone induction in the pores of PHAB
in detail. Therefore, we aimed to discuss here-
with the sequential events of osteogenesis in
pores with attached periosteum, on the basis
of results from detailed microscopic observa-
tions and morphometric analysis.

In this study, newly formed bone was con-
firmed to have a laminated architecture and
depolarization was initially found at the mar-
gin of the pores near the face of the block
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attached to by periosteum at week 8 after the
surgical intervention, and bone formation in
pores extended to the distal portion from the
attached face of PHAB of rectangular shape.
At week 12, adipose tissue containing islets of
erythroblasts were usually observed inside
the bone, recognized as bone sloughing lining
the pore. The percentage of fibrous tissues
including blood vessels was as high as 83%
and that of bone and adipose tissues was 5%.
By contrast, neither bone nor adipose tissue
was found in the pores of PHAB embedded in
the muscle during the entire experimental
period. The result provides evidence that
bone and adipose tissue containing islets of
erythroblasts always appeared together only
in pores of periosteum-attached PHAB.

To study in more detail the relationship
between bone formation and the functioning
of periosteum attachinent, the ratio of bone
area to the total area of all pores was exam-
ined. There was a significant increase in the
mean ratio of bone area to pore area in all
preparations from 8 weeks after the operation.
Then, morphometric analysis revealed a nega-
tive correlation of -0.279 (p<0.001, n=1038)
between the percentage of bone in each pore
and the distance from the face of PHAB-
attached periosteum. It is known that the
periosteum of animals contains subsets of
progenitor cells that possess the potential to
differentiate directly into osteoblasts when
inoculated in vivo™. Accordingly, periosteum
may act as a source of stem cell supply and
cause italics bone formation in the pores of
PHA extendeding in a direction away from
the periosteum-attached face of PHARB.

Consistent with these results, adipose tissue
can be recognized as a part of newly devel-
oped bone marrow, because most of the adi-
pose tissue formed in sloughed bone contained
islets of erythroblasts regarded as an impor-

tant component of hematopoiesis. This notion
is also supported by a study that stared the
potential of mesenchymal stem cells to differ-

" Therefore,

entiat into bone, fat, and muscle
the two components newly developed in the
pores, bone and adipose tissue, must be
induced by differentiation of mesenchymal
stem cells provided via periosteum which
must function to accumulate and deliver cir-
culating stem cell to pores in adjacent PHAB
because of the failure of bone formation in
muscle-attached PHAB™. Although evidence
of mesenchymal stem cells was not confirmed
in the study, the result of formation of bone
sloughing containing adipose tissue with a
hematopoietic system in pores of PHAB,
assumes that the periosteum was an essential
component, acting as a source of stem cells to
induce mature bone in the pores.

On the other hand, it has been generally
discussed that the structural configuration of
HA including the size and shape of the pores
within the fabricated scaffold, has been shown
to be critical in allowing osteoinduction and
growth of bone itself into the scaffolds whilst
also allowing the transfer of nutrients through
the scaffold®™”. The present study also eluci-
dated that the thickness of bone, adipose tis-
sue, and fibrous tissue in the spheres of the
pores might develop from the outer layer to
the center of the radius in the ratio of 10-10-80
of radius by the concise stereological analysis
of each component in pores. Generally, PHAB
designed with 50-60% porosity and a pore size
ranging from 100 x m to 400 4 m in diameter
has been considered optimal for bone forma-
tion™ ™. Factors affecting the porosity of the
scaffolds must be taken in to consideration
and be balanced with the mechanical strength
of the scaffold as a requirement of tissue engi-
neered scaffolds is that they must have suffi-
cient mechanical strength for the application
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they are designed for’”. The results of the
present study suggest that smaller pore diam-
eters in PHAB may increase bone volume and
provide favorable osteoinduction and suffi-
clent strength.

As a conclusion, bone and adipose tissue
containing islets of erythroblasts in pores may
be induced by differentiation of mesenchymal
stem cells provided via the periosteum which
may play an important role to accumulate and
deliver stem cells to pores in adjacent PHAB.
Even if the clinical application of PHAB alone
is still limited because of the difficulty to
establish sufficient strength to replace the
defect and prevent infection, we wish to
emphasize that the complex of PHAB-
attached vascularized periosteum presented
in this study may become a favorable and
secure material for bone reconstruction iz
vivo.
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ABSTRACT

Reconstructive Rhinoplasty for
Large Nose Defects

Akihilko Takushima, MD*, Hirolaka Asato, MD**
and Kivonori Harir, MD*

Because of its ideal color and texture, forehead
skin is ideal for reconstructive rhinoplasty. How-
ever, hoth the forehead [lap and scalping flap are
sometimes insufficient for repairing large nasal
defects, especially when reconstruction of the
nasal lining is required. Furthermore, these flaps
cannot be used when their vascular pedicles are
damaged. Free flaps are a good alternative for
such occasions, although color and texture are not
well matched. We therefore classified large nasal
defects into four groups in order to standardize the
operative procedures for each group. Group 1 is
comprised of skin and mucosal defects in the upper
half of the nose. A free flap which is divided into
two islands is the first choice for repairing this
kind of defect, because the supratrochlear vessels
are often damaged in such defects and a nasolabial
flap cannot reach the defect. Group 2 consist of
skin and mucosal defects in the lower half of the

nose. A nasolabial flap for reconstructing the

TERRAVEL © 46 % 9 55

nasal lining and a forehead flap for overlying
cover are desirable. However, a free flap is a good

alternative choice when a visible forehead scar is

)

‘deemed untenable by the patient. Group 3 com-

prises whole nasal skin defects where a forehead
flap is essential for reconstruction. However, since
this type of skin defect is often seen on patients
with complete facial burns, forehead skin is often
unavailable for nasal reconstruction. Therefore, a
free {lap is the next best option for treating these
patients. Group 4 consist of whole mid-central
facial defects extending to the nasal floor and the
oral mucosa. Here, nasolabial flaps are used for
reconstructing the nasal floor and the oral mucosa.
A free flap is also essential for nasal reconstruc-
tion in such cases, hecause a wide nasal lining is
required. Four cases exampling each group are
demonstrated. In conclusion, the first choice for
reconstruction is a free flap for group 1 and 4, and

b

a forehead or scalping flap for group 2 and 3.

*Departinent of  Plastic and  Reconstructive Siur-
gery, Kyorin University, School of  Medicine,
Tolyo 181-8611

** Department of  Plastic and  Reconstructive Suigery,
Graduale  School of Medicine and Fuculty ol Medi-

cine, The Universitv of Tokvo, Tokvo 113-8655
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0.0001), NI1# & N2b# (p<0.005), N2cPf
(p<0.0001), N3H# M (p<0.0001), N2bt &
N2c# (p<0.05), N2c# & N3F R (p<
0.05), N2b#fr& N3HM (p<0.0005) wHEE
BHE S, N2a, N2b, N2cHE5* %453 2
E, NOBEE N2# AR (p<0.0001), N 37
(p<0.0001), N1# & N2HAEE (p<0.0001),
N3 (p<0.0001), N2# &8 & N3
(p<0.001) WEEZERA LD,

R B

a) JRETRRIGESHR

HRET DBHIR % BHIEZ 9 5 = O W AT RTHR S % FAT L
7z 164 BUrh, AT - MERM 2R MR IS S O
BB 2 —UlThb oz 132 il Hic K8 « F
HOHEY (33) % v CREHEIE BRI R 2 1 E

T L. _|N2¢:12.5%(N=16)
N3:0% (N=4)
1

246 3% 4 5
7 N ERBERE (N=19)

HE 46:2

U7ze Z OGS, Grade0: 1561, Grade 1 : 38
B, Grade IT'a @29, Grade Il b : 34 f,
Gradelll : 341, GradelV :13#lTHh-7 (XK8),

b)) BRERBDERBIHIBRAE 2 DT

Grade 11k 3 5l & D BT B - T2 O THR G504
E LT Grade IVESE LT, (LR - eI E
DEIN 251 & THHTIES % 1T 1 - 72 28 4
EEHEGREE Uz,

T OFER, 5EFEFEH - GEHIFHIE I Grade 0 :
64.09%, Grade 1 :50.09, Grade Ila : 81.89%,
Grade IIb 1 75.09%, Gradell+IV :75.09%, £ 3%
FEBIRE 0 57.0% TH -7z, Grade 1B E Gradella
M (p<0.01) CTHEXZ2AL DI,

C) HWEIIRAEFETRIZDOWT

5 FMAFE (RERERMETER) 13 Grade :
40.0% (40.0%), Grade I :48.8% (50.8%),
Grade IIa 2 69.99% (73.6%), Grade IIb : 60.4%
(67.5%), Gradelll+1IV :68.2% (87.5%), & %
TEGIRE £ 53.1% (53.1%) T, Grade 0 # & Grade
[la #M (p<0.05) THEEZA LD (K9),

PLEoiER %8 2, Grade Ha BLEOMEE (DL
T IWEEZE) & Grade ITAITFTOZEE (LU :
WA IRERNRE) WS - AL 7o, SRS O fE
P50 O L2 ¢ 3 BT A AhEE & IR R D

Grade0+ I :40%96(53/132)
Grade Lo+ I b+ W +IV : 60% (79/132)

40

30p”

2

] ——— [
8 Grade BIFEFISS A (N=132)

|3 BERRGRAE B RRE)

| #60 |Grade 0 : SEIIRBEE DAL,
Grade [ (#IfREZLEOHLOLNIH BREOKBIZRDONLEN,
Grade I : {IfRISE . EBREOWKIENZOHLI D,
a) BIETE D TIREE DLV BRI AVRY KR - -5k
MNIEWERICEET L FAE, BELEEO1/3ELEID)
b) RO A REM O HEH Y KR F=h = EHRE A NEFIC
BOENDPHAIE, 2EFEDIBUTID)
GradeIll : “Non-viable” & Bh AEMBOANEHEND,
E% GradelV : I 2 EEHLNE,

— (137 29—



