A Histopathological Study on the Local Extension
of Experimental Osteosarcoma to Determine the
Most Suitable Surgical Margin
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Fig.1. Technique of injection of Dunn osteosarcoma cells.




EFN BRI & A ERBAEO BAEBER 1005

(7% 3L T4dmg) % C3H/He = A DIEHEA
RS L, RETICERNCEERER UMEEDE
BELTABREEMSEEL L 2. WICERE L 0 KR
BEBER2TY — Y RN TE FEALL, 295 -
#igtc TADR O BEEMRIZEE 2 0.01m] (B
¥, 1X10ME), BRAE L DS mm OMBIZEAL
r. BB TREERLS (1),

5. MRS L ULV REE

Bk, THEHXDEBZ2CES £ T2 HHEE CHEE
M TLVREEL2TToL. LEBERIVTRLY
Softex 12 T{T\y, i3 45Kv, 18mA, 18 L
2. 7 4 N A1 KODAK X-OMAT TL Film
(KODAK,N. Y., U.S.A) AL, X, BiEg
WHE LD 2HMBCISHE £ T6ES2EREy ¥ 2
OB ERE L TERL, BRIUT2—81x L
THH®E, 10%PEEE L~ ) VI TEEL,
E-RBIZ TR L 128885 7 4 a8 %{To7. 3
BOCHIEB DL D % B B 712, KERERD BB
EEHOULEEBMICFTAETES 4~64m
OEFYIF ZFRL, ~ebds Vs 2o p
i, elastica van Gieson et % 1T\, BEOEE - %
BN L RSN ICBRE L.

(a) (b)

Fig. 2. Roentgenogram of Dunn osteosarcoma in mice. (a) 14 days after transplantation. Small
osteolytic areas are seen from the distal diaphysis to the metaphysis of femur (arrows). (b) 17
days after transplantation. Osteolytic lesions are spread and mild periosteal reaction is seen
(arrow). (c) 28 days after transplantation. Cortex is destroyed (arrow). (d) 49 days after
transplantation. An opposite side cortex is destroyed with “Sun burst” type’s periosteal
reaction (arrow).
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Fig. 3. Dunn osteosarcoma 17 days after transplantation. (a) The tumor is diffusely infiltrated
in the femoral medulla (arrows). xX15 (H-E stain) (b) A high-power photomicrograph shows

~ closely packed cuvoid or oval tumor cells. X100 (H-E stain)
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Tablel. Number of skip metastasis in Dunn osteosarcoma and hamster

osteosarcoma
Area of tumor Number (%) of skip metastasis in
invasion Dunn osteosarcoma Hamster oseosarcoma
Intra medulla 0/29% (0) 0/31 (0)
Chperioneun /20 (3.7 0/12 (0)
Fxtension to 6/16 (13) 5/35 (14)

* Number of skip metastasis-positive cases/number of cases tested.

Fig. 4. Dunn osteosarcoma 21 days after transplantation. The tumor cells infiltrate from the
medulla to the subperiost via the Volkmann’s canal, (a) A low-power photomicrograph. X 20
(H-E stain] (b) A high-power photomicrograph. x160 (H-E stain)
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(a) (b) (c)

Fig. 5. Dunn osteosarcoma 24 days after transplantation. (a) A photomicrograph shows tumor
cell infiltrations from subperiost to muscle by two routes: firstly along the blood vessel which
penetrates the periost (arrow), and secondaly by direct infiltration of periost (¥). X 20 (HE
stain) (b) (c) A high-power photomicrograph. X160 [(H-E stain) i

~ ] e gt
y . Fig. 7. Dunn osteosarcoma 30 days after trans- ‘
Fig. 6. Dunn osteosarcoma 28 days after trans- plantation. A photomicrograph shows that '/
plantation. The tumor (T) within the muscle muscle fibers (M) are pressed and compactly
extends longitudinally between muscle fibers layered by the tumor extension (arrows). T

or bundles (M) (arrows). X15 [(H-E stain) tumor. X20 [(Elastica van Gieson stain)
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(a)
Fig. 8. Dunn osteosarcoma 34 days after transplantation. The tumor invades vein (V), but not
invade artery (A). (a) X160 (H-E stain) (b) X160 [(Elastica van Gieson stain)

(b)



1010 [E]

TEEUZ4HID 5 b A F v 7B 6 4] (13%) 2
B (BL). 205 b 5 H G EE A RER ARG
AOEEHC L2 /3EECEITHEARLIZ DR
BHOBBRICET2BECETESDAERLLLDT
Hot: (BL10). Tha5POAF y TEB I EE
TRELTWAHAOHBESACR N (F2). 14

Fig.9. A photomicrograph of fascia (arrows)
defending against tumor invasion (T). X 15
(H-E stain)
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Table 2. Site of skip metastasis in Dunn osteosarcoma

Number of skip metastasis to

Area of tumor Case
invasion no. Distal Tumor Proximal
area area area

Extension to " -
subperiosteum l 0* (0) 0 ) 1 0
Extension to 2 0 (0 0 (o) 2 ()
muscle 3 0 (0 3 (2) 1 (0
4 1 (0 0 (0 0 (0
5 0 (0 0 (0) 1 (0)
6 0 (0 0 (® 1 (0)
7 0 (0) 0 0 QD]

* Extrafascia.
** Intrafascia.
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Fig.10. Dunn osteosarcoma 44 days after transplantation. (a) A low-power photomicrograph
shows skip metastases seen at intra-muscular (thick arrow) and extra-fascial region (thin
arrows). T; tumor. X 15 (H-E stain) (b) A high-power photomicrograph shows skip
metastasis (S) in lymphatics, not in vein (V). A; artery. X100 (Elastica van Gieson stain)

Table 3. Site of skip metastasis in hamster osteosarcoma

Number of skip metastasis to

Area of tumor Case
invasion no. Distal Tumor Proximal
area area area

Extension to 1 0* (0)** 0 (1> 0 (0
muscle 2 0 (o) 0 (D 0o (0
3 0 (0 0 (0 0 (1

4 0 (0D 0 (0 1 (0

5 o (o) 0 (D 0 (0

* Extrafascia.
** Intrafascia.
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(a)
Fig.ll. Hamster osteosarcoma 21 days after transplantation. (a) A low-power photomicrograph

shows tumor transplanted in medulla (arrows). X 15

(b)

(H-E stain) (b) A high-power

photomicrograph shows sarcoma with tumor osteoid formation. X120 (H-E stain)
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e

Fig.12. Hamster osteosarcoma 24 days after
transplantation. The tumor cells infiltrate from
the medulla to the subperiost via the Volkm-
ann’s canal. X20 (H-E stain)

i 2

Fig.13. Hamster osteosarcoma 40 days after
transplantation. A photomicrograph shows
reactive zone (R) against tumor (T) within the
muscle (M). X15 (H-E stain)

R

Fig.14. A photomicrograph of satellite
the tumor (T). X20 (H-E stain)

!
(Sat) in reactive zone (R) against

W
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Fig.15. Photomicrographs of skip metastasis beyond the fascia. (a) A low-power photomicrog-
raph. Tumor (T) and skip metastasis (S). x15 [H-E stain) (b) A high-power photomicrogra-

ph of skip metastasis. X160 (H-E stain)
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Abstract

Limb salvage surgery has recently been performed to treat malignant musculoskeletal
tumors in some cases. The most difficult problem is to determine the most suitable
surgical margin so as to preserve maximum function and treat the lesion radically.
Enneking's Surgical Staging System, based on the assumption that there are some natural
barriers to tumor spread, allows the surgeon to decide the surgical margin. However no
experiments have been conducted to confirm the validity of this method. In the present
study I conducted a histopathological study on the local extension of the tumor, natural
barrier and skip metastasis. I transplanted Dunn osteosarcoma and hamster osteosarcoma
into the femoral medulla of C3H/He mice and - Golden hamsters, respectively.
Subsequently, follow-up radiography was conducted and the growth of the tumor was
histopathologically observed. The tumor was found to have infiltrated from the medulla to
the subperiosteum, via Volkmann’s canals. Cortex destruction was only recognized at this
stage. Thus, the extension of the tumor from the medulla to the subperiosteum was
considered to have occurred by infiltration, firstly through Volkmann's canals, which have
low resistance to mechanical pressure, and then by destruction of the cortex. Invasion from
the subperiosteum to the muscle was thought to have occurred by two routes: firstly along
the blood vessels, which penetrate the periosteum, and secondly by direct invasion of the
periosteum. When the tumor was localized in the subperiosteum, skip metastasis was
recognized in 1.8%6 of cases with Dunn ostcosarcoma and 0% with hamster osteosarcoma.
The periosteum demonstrated resistance to direct invasion by the tumor and was shown to
be the most effective natural barrier. The fascia was also recognized to offer resistance to
the direct infiltration of the tumor. Skip metastasis, however, was recognized in 13% of
subjects with Dunn osteosarcoma and 14% with hamster osteosarcoma. Furthermore, skip
metastasis had progressed beyond the fascia in 11% of subjects with Dunn osteosarcoma
and 3% with hamster osteosarcoma. In these cases the tumor was seen to extend along
more than 2/3 of the horizontal axis of the femoral muscle, indicating that the fascia was
not an effective barrier. Skip metastasis was mainly found at the sites of the lymphatics.
Skip metastasis is more likely to occur in regions proximal to the tumor than in distal
regions. Based on the present understanding of the natural barrier and skip metastasis, it
is suggested that the regions proximal to the tumor should be resected more thoroughly
than distal regions.



