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Experimental Study of Chondrogenic Potential
of Rabbit Ear Perichondrium

Ko HOSOKAWA, M.D.*

*Department of Plastic and Reconstructive Surgery,
Kagawa Medical School, Kagawa, 767-07

The chondrogenic potential of perichondrium was first recognized by Skoog et al. in 1972.
Since then, many studies of perichondrial grafting have been reported, but many questions
remain unanswered regarding the essential processes of perichondrial neochondrogenesis. The
author has performed several experiments using rabbit auricular perichondrium to investi-
gate these questions.

EXPERIMENT 1 : Histological study of the development of cartilage after vascularized
perichondrial grafting.
Materials and Methods

A perichondrocutaneous graft with a central neurovascular bundle of about 2X4cm was
obtained from the convex side of each ear (Fig.1~3) and transplanted to a skin defect
made on the posterior part of the neck. All the grafts had been removed by one and a half
years after transplantation and 58 specimens were obtained in total.

Results

The perichondrocytes in the specimens obtained on the first to the third day had none of
the characteristic features of chondrocytes (Fig.4).

The newly-formed chondrocytes were first seen on the fourth day (Fig.5).

From several to 20 layers of young chondrocytes were seen in some specimens obtained
from the fifth day to the second week (Fig.86).

The neocartilage harvested between the third and fifth weeks was nearly 20 layers thick
and covered with a thick, fibrous tissue (Fig.7).

Some sections of the neocartilage had matured by the seventh week, but others remained
immature even one and a half years after transplantation. Also, some areas became ossified
(Fig. 8).

Elastic fibers in the neocartilage were clearly demonstrated using resorcin-fuchsin or orcein
stains (Fig.9).

EXPERIMENT 1 : Comparative study of cartilage formation in wvascularized and free
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grafting.
Materials and Methods

Thirty-eight adult rabbits were used. Vascularized and free perichondrial grafts from the
rabbits’ ears were transplanted to the nuchal subcutaneous tissue, and their cartilage for-
mation was compared in the seventh week.
Results

The probability of cartilage formation was higher in the vascularized perichondrial grafts
than in the free grafts (p<{0.01). There was no difference between the histological features
of neocartilage regenerated from the free grafts and that from the vascularized grafts
(Fig. 10).
EXPERIMENT IMA : Comparative study of cartilage formation from perichondrium with and
without blood clots in diffusion chambers.
Materials and Methods

Eighteen rabbits were used and 1cm® of perichondrium was sealed with (group b) and
without (group a) blood clots in Millipore diffusion chambers and buried subcutaneously.
Two weeks later, the chambers were harvested and studied histologically.
Results

Cartilage formation was recognized in the chambers of both groups (Fig.11) and there
was no statistically significant difference in probability of neochondrogenesis between the
two groups.
EXPERIMENT 1IB : Study of transfilter induction by perichondrium.
Materials and Methods

Several Millipore diffusion chambers, in which 1cm® of panniculus carnosus was sealed,
were wrapped in vascularized perichondrial flaps and placed on the necks (Fig.12, group c).
For controls, the others were buried subcutaneously without being wrapped (group d).
Results

There was no histologically recognizable cartilage formation in the chambers of either
group.
EXPERIMENT 1V : Study of cartilage induction potential of freeze-dried perichondrium.
Materials and Methods

Inactive (group a) and active (group b) perichondrium was freeze-dried and transplanted
subcutaneously (Fig.13). Two to seven weeks later, specimens were obtained and histolog-
ically examined.
Results

There was no histologically recognizable cartilage induction around the transplanted tis-
sue in either group (Fig.14).
DISCUSSION

Perichondrium is thin, dense connective tissue between cartilage and surrounding soft tis-
sue.

The author histologically investigated the process of cartilage formation after vascularized
perichondrial grafting. The newly-formed chondrocytes were- first seen on the fourth day.
The time required for cartilage maturation is reported as 7 weeks by Ohlsen and between 3
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and 6 months by Maruyama. The author observed immature neocartilage even in the 18th
month.

Some researchers have insisted on the significance of blood clot attachment or capillary
ingrowth to the perichondrial grafts for cartilage formation. The author demonstrated the
development of cartilage from perichondrium in Millipore diffusion chambers without blood
clots. This result clearly showed that neither blood colt nor ingrowth of capillaries into the
perichondrium is essential for neochondrogenesis. Furthermore, a comparative study (ex-
periment IIA) showed that a blood clot does not promote neochondrogenesis.

The transfilter bone induction activity of bone has been proven. The author failed to
demonstrate cartilage induction from perichondrium. The induction mechanism seems to take
little or no part in cartilage formation of perichondrial grafting.

SUMMARY

The author has reported the process of perichondrial neochondrogenesis, and the irrele-
vance of blood clot or capillary ingrowth into the perichondrium for cartilage formation.
It was also shown that the induction mechanism takes little or no part in the process.

oI £ B
REERRE RGO BITRICELET 5 1) RERI . HEREREEESHEEER
B GHEESEBTH Y, RERED D B, a) B : ®EBEY» > OREFEOBESE
R IC BT A EA L B BT A& % MRS 3,

BLITRTOHEFEL TV IETH 5, KE
B3, BUCERE R0 BTG 72U oo
LHORRZ BN, KEEAFETILVI AR
WT, BABHETIIINNI &b T3,

COREBBEORERAER, BEHOAES
THREAEERORBEIC BV THEDLNTHD,
B2, Skoog LS DERENMREELEH W
1972 FEDOWE P LIR, FRUAN T, K,
E bR EOEET, TAENMREEN
TR, BRBESOT, Wihb, KEHE
SR ESNh TV, L L, ZOFESHED,
FH 5T 3 8EORT, FEBFEEOR
HRBEAELZIRTVEE L,

EFHE, BBERENEZAVT, BXEREK
EEEAHHEER, FX « FEREREBRELE
ZEES, diffusion chamber oA OREEBREE
B, & OISR B REERR AT,
REED S ORBEHEIC-OWVWT, HTFOMRE%E
Bl:oTHET %,

b) BB I UOFHE . EEREYNIER
¥57HT20~40kg iR LIABERR%E
Huwico BAOERIRED X v 7% —vagE
30mg kg #HEL, ERIPEEEML 7z FFEE
HA, ENEBEHELRIE L, BEHI
3, EAFRMIZENFNHN2 X 4em DR
BEIEER L e MEMYEAITIE, BAdhR
(Fig. Dich0BEFRZ8 & L T2 X4em
DREEDEATOERYI%E 7% 1 » L 7 (Fig.
2)o WY SEREICES 2 VB % AN, B
BLRBELEOBOMBER, A XA N5 -0
DG W THIFIZIT - 72 (Fig. 3), THic
LB R EE & T 3 RN ERE A
B OERR S Do SRR MHSERICEL £ 5
LB IR K A - TRIBE L, HEER
FERT b vk L CHREE R E/RIBAIC
BB LAES L, BRERRIERE, KEEEN
WH DK E =k L THEEM & L, BEi
J:OT‘i, Hﬁ%m%bfio

Bk, BEMIC1FE6rHkE THBER %
B U o EEPREL Sick A s hiex



Fig. 1
Transverse section of the center of rabbit
ear. (H&E, original magnification X6.3)

Fig. 3
Perichondrocutaneous graft with a cen-

tral neurovascular bundle was obtained
from the convex side of rabbit ear. (H&
E, original magnification X6.3)
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B L 22AEARIE, 10% 4 0=y YEELEDS,
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Fig. 2
Experiment I
Vascularized perichondrocutaneous flap
obtained from the center of the ear is
transferred to the nuchal area.

Fig. 4
Perichondrium two days after transplan-
tation. The perichondrocytes had none
of the characteristic features of chondro-
cytes. (H&E, original magnification X
25)
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Fig. 5
Four days after transplantation. Newly-
formed cartilage, several cells thick,
was seen. (H&E, original magnification
X 25)

Fig. 7
Three weeks after transplantation. A

broad fibrous layer between the neocar-
tilage and the surrounding soft tissue
was observed. (H&E, original magnifi-
cation X25)
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Nine days after transplantation. There

was no clear membranous structure
such as perichondrium around neocarti-
lage (H&E, original magnification X25)
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Fig.8 A

Seven weeks after transplantation. Some

neocartilage showed quite mature ap-

pearance. (H&E, original magnification

X16)

Fig.8 B
Seven weeks after transplantation. Some

neocartilage was mature, some imma-

ture, and some became ossified. (H&E,

original magnification X16)

.
)

Fig.8 C

One and a half years after transplanta-

tion, some neocartilage was not very

mature.
X 25)

(H&E, original magnification

FRENKBEOREH A b

Neocartilage containing large amount of

elastic fibers. (Orcein, original magnifi-
cation X 25)
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Fig. 10
Experiment 1I
Neocartilage seven weeks after trans-
plantation. A : Vascularized grafting. B :
Non -vascularized grafting. (H&E, origi-
nal magnification X25)

ETHRICIHE R ZR D 13 - 1o FrEEE
DIEPITELD & SNV R IMERM 2B
TiReTURT 12U, BRI T 34 U
h5 VR Th DT FIICEREFED SN
Mmotce (p>0.05),

d) /ME . REBEOEEBRE & B &
BT ZREFEOERLR UG E
%5, Maruyama "> BFE RENKEE%E H W
1ERT, BEBHEDIZ S MSEMBREL D biK
BHADSHATEELTVWS ERRTVWS, —
75, Donsky & * (3WFEERS HE & S/ NI Y& 1
LAEXEBMEELEL, MFEICESTVWEL
TWb,

bhbhOERER T, BXBHEIEHE



— 216 —

HEL SRT, REFERTREE>TVEY,
HE U 7o TR DR I > W T IR I &
BEREBRDBP -1, BE O IEXEKE
REHEE AR & Bk B AE & 2 R L
HEEREEREEOTV D, TOERER
THRRVRBFERIEXEBHEICBLTH L
BEERBHTWS,

BE, wEHFERCEL TR, EHOlL A
DR E 785, IEHEICI3, BREShRERD
mfEth, FEREELE U EYomEoE &%
b o THRETERETZOMBEREEDN S,
L L, Btk OMBROIE, Bl Lo
EAVER ORI S, D& S HEHANI TR
IR TH 5, Biishi IIOKEES 1
BAfT & L ClE—EA D 5% < ol 20
HL, 20D 1210 THEERE IR S
hhidz oEREFERE (+) LHETSEH
&Y TR, 2EOT I LPEREBTET
WRWEATHLEICHE L TV AEATHE
C<BHEEE0T, EREHRLIIE 5,
LA, 1Y% 1HMNE LTBEREFETS
31350, AROFHERIGEVWSDEEZ, F
ZREEEOREICBVWTYUIF 28 E LTH
Wizo

3) SEERI : Diffusion chamber 2\ /25
ﬁ“)

EERIL A

a) BY : MetoEF R ZREE~DE
MMERAL, WEED S OREFEICSLET
b BpEPERT S, X 51T, filter ZEL
TOWRBBIC L 2EAFBEOFMEMHRT 5,

b) EBRMEBIUHE . EREYIIER
#1550 THE2.0~4.0kg KHE L tHBER
WA H W, diffusion chamber & L TI3,
Algire # diffusion chamber (PJ%¥ 10 mm,
AR 14mm, EE2mmDILV—H% A b V7T,
B 14mm, EX 150 um, pore size0.45*
0.02um DHA ¥4 7DINVRT 7 4 V5 —)
AR O, BT ERIBRICRIE, BN &
DRIEEIT-> 120 BITIZ 1 PH b 8 #FTD
RTE®Er v b ZER LT RAEANAD» SFEERT

FRENMKEFEOWRETH A 4E

B

Fig. 11
Experiment A
Neocartilage was seen inside the cham-
ber (lower area), and no transfilter in-
duction was recognized outside (upper
area). A : Group a. B: Group b. (H&E,
original magnification x6.3)
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Experiment 1B

Fig. 12

A Millipore diffusion chamber, in which 1cm? of panniculus carnosus
is sealed, is placed on a perichondrial flap transplanted to the neck,
and covered by a perichondrocutaneous flap.
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freeze—dry

perichondrium

freeze—dried
perichondrium

4days

perichondrocutansous
flap transplantation

active perlchondrlum

Fig. 13

Experiment IV

several days

hY
7

Vo

freeze—dry l

freeze—dried
perichondrium

A : Group a. Perichondrium is obtained, freeze -dried, and
transplanted subcutaneously. B : Group b. First, vascularized
perichondrocutaneous flap is transplanted to the neck. Four
days later activated perichondrium is obtained, freeze-dried,

and transplanted subcutaneously.
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B
Fig. 14

Experiment IV

Neither activated nor non-activated freeze-
dried, perichondrium induced cartilage
formation around it.

A : Group a. B : Group b. (H&E, origi-
nal magnification X25)
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Early Management to Discharge Extravasated Vesicant
Chemotherapeutic Agent ; Second report

Ko HOSOKAWA, M.D.”, Yuiro HATA, M.D.*,
Kenji YANO, M.D.* and Kazunori MATSUKA, M.D.*

*Department of Plastic Surgery, Kagawa Medical School, Kagawa, Japan 761-07

A rat model was employed to determine the efficacy of dermabrasion and dermal punc-
ture as early management of doxorubicin (DOX, Adriamycin) extravasations.

MATERIALS AND METHODS

1) Experiment 1 :

Anesthetized SD rats were administered a dose of 2mg of DOX suprapanniculus-subder-
mally on the back, and ; In group A (60 rats) : untreated, In group B (20 rats) : immediately
followed by local dermabrasion (about 8 mm in diameter and 10,771,000 inch thick), topical
instillation of 3cc of saline, and squeezing the drug. In group C (20 rats) : immediately
followed by puncture (10 times with 18 gauge needle) of the skin, topical instillation of
3cc of salline, and squeezing the drug.

The quantity of drug squeezed out was measured in B (10 rats) and C (10 rats).

Skin lesions were measured every week.

2) Experiment 2 :

The effect of the puncture method performed not just after DOX injection was investigat-
ed. Anesthetized SD rats were administered a dose of 2mg of DOX suprapanniculus-subder-
mally on the back.

Group D (20 rats) : after three hours, treated in the same way as group C.

Group E (21 rats) : after six hours, treated in the same way as group C.

RESULTS

1) Results of experiment 1

Resulting skin ulcers (Fig.1) were the largest and took the longest time to heal in
control group A, and were the smallest and took the shortest time to heal in group C{Fig.
2 and Table 1).

The quantity of drug squeezed out was greater in group C than in group B (Table 2).

2) Results of experiment 2
* BN IERAEESAR
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The treatment was almost ineffective in both groups (Fig.3 and Table 3).

DISCUSSION

Skin necrosis following vesicant chemotherapeutic agent extravasation is a significant
clinical problem. A variety of substances have failed to show any favorable preventive
effect on such extravasations. We believe that the most reliable method of preventing
ulcer formation after extravasation is to discharge the drug from the tissue. We first
thought of abrasion for early management of vesicant chemotherapeutic agent extravasa-
tions and reported this. Although it is effective, the dermabrasion method has some
faults. We next thought of a method of puncture to solve them. The efficacy of the two
methods was investigated and compared. The results shown in this paper revealed the
superiority of the puncture method over the abrasion method. The puncture method is a

good method of early management of chemotherapeutic agent extravasations, but our

data simultaneously proved the necessity of prompt treatment.

CONCLUSION

Dermabrasion and puncture for early management of DOX extravasations were investigat-

ed. The puncture method proved more

effective. But the puncture method was

ineffective when performed only three hours after extravasation.
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Fig. 1
Ulcer developed after subcutaneous DOX

injection (2mg) took a long time to
heal (6 weeks after injection).
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Fig. 2
Sizes of ulcers developed after subcutane-
ous DOX injection (2 mg) followed, not
followed by immediate management for

evacuating the drug.
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Table 1
Time taken for healing of ulcer. lt is
shorter in group C than in group A
or B (p<0.01).

Group | Count | Mean®S.D. (weeks)
A 46 10.1£1.9
B 20 8.9£1.9
C 18 5.6+2.8
mm (Meant S. D.)
T
15 ® D puncture 3 hours later

A B : puncture 6 hours later

Size of the ulcer (mm)
o

(4]

LN

ol 246 81iRikic1s w

Time (weeks)

Fig. 3
Sizes of ulcers developed after subcutane-
ous DOX injection (2mg) followed by
delayed puncture method.
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Table 2
Amount of DOX discharged from the
tissue. It is greate in group C than
in group B (p<{0.01).

Group | Count Mean*S.D. {(mg)
B 10 0.15+0.13
C 10 0.7310.41
Table 3

Time taken for healing of the ulcer.
No significant difference is noticed
between groups D and E. Also, the
time required is longer in each group
than in group C (cf. Tahle 1. p<C0.01).

Mean=®S.D. (weeks)
9.1+2.3
9.2+3.7

Group | Count
D 14
E 19
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ABSTRACT

Our Helical Framework of
Rib Cartilage

Ko Hosokawa, M.D.,*
Takeo Susuki, M.D.,*
Tomoko Kikui, M.D.* and
Shinya Tahara, M.D.*

—27 —

The purpose of this article is to report our tech-
nique of helical framework construction. We present
a desirable helical framework made of seventh rib
cartilage, which has several advantages. It is thin, has
sufficient projection, overhangs as an eave especially
at its most cephalic portion, is structurally sound, and
is easily made.

* Department of Plastic Surgery, Sumitonto Hospital,
Osaka, 530




