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ALTERATIONS OF TRABECULAR BONE ARCHITECTURE IN THE
PROXIMAL TIBIA AND MUSCLE ATROPHY AFTER
SCIATIC DENERVATION IN RATS

HiroYUKI TAMAKI, AKIRA WAGATSUMA, NORIKATSU KasuGa and HIROAKI TAKEKURA

Abstract

Disused rat hindlimb caused by sciatic neurectomy is characterized by skeletal muscle atrophy
and bone loss accompanying alterations in trabecular bone architecture. We studied the time course
responses of the two-dimensional architecture of trabecular bone and the relationships between bone
loss and muscle atrophy using a unilateral sciatic nerve denervation model of disuse atrophy.

Fischer-344 male rats aged 11 weeks were denervated. The right and left tibiae, soleus and
extensor digitorum longus muscle of denervated and control rats were obtained at 1, 3, 7, 10 days
and 2, 3, 4,5, 6,7, 8, 10 weeks after surgery. Histomorphometric analyses were performed on longitu-
dinal sections of proximal tibial metaphyseal secondary spongiosa.

Marked trabecular bone loss and muscle weight loss were observed mainly at 7~10 days and
1~3 days after denervation, respectively. Time courses of the percent decrease in trabecular width
and length from 0 day (i. e., thinning rate : TR and fragmentation rate ; FR) were not matched at 7~
10 days and 5~6 weeks after denervation. The scatterplot for TR : FR showed that the FR changed
stepwise with the first threshold between 12~25% of TR.

(Ipn. J. Phys. Fitness Sports Med. 2004, 53 : 403~410)
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Figure 1.  Time course of the relative weight (muscle
weight/body weight X 10%) of SOL (open circle)
and EDL (closed circle) muscles following sciatic
denervation.

*p<0.05 vs basal controls. Values are means=+
SD.
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Lightmicrographs of proximal tibial metaphysis in the analysis area from the

denervated and contralateral side. Specimens stained with Azocarmin G and Aniline
blue-orange G (Azan). Black and white area showed bone marrow and trabecular bone
area, respectively. Bar=1 mm.
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Figure 3. Time course of the trabecular bone area

(%) (A), trabecular thickness (B) and trabecular

length (C) in the proximal tibial metaphysis of the

sham, contralateral and denervated legs. [JSC ;

Sham control, CL ; Contralateral, @DN ; Denerva-

tion.

*Dp<0.05 vs basal controls. #p<0.05 vs contra-
lateral control. Values are means = SD.
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Figure 4. Relationships between trabecular bone

loss (%) and muscle weight loss (%) following
sciatic nerve denervation.
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Figure 5.

Time course of relative decrease in trabecular thickness (open circle) and

length (closed circle) following sciatic nerve denervation. #p<0.05 vs contralateral

control.

ICHEBRE T 572012, BHER»50KTELY
BHLZ(X5)., MEFZELICHBRHEROELEH K
WIEVERFEBIICA R L, 210 OMRIE—
BT, Bt 7, 10, 35KRU42BEIZB VT
B3 BITLETENIFEIC(p<0.05) K& Ho
7z 72, BREDOWEN12%EA LS T Tl
REOEALIE R, 1BA25% A L7k S 1228
WEIPS0% B L, ORIAETTREIRZE
ﬂﬁbfﬁ?ﬁ‘o 7z,

V. & =

N-A. HEELREEERVERNEIL
BRffic e b W EDL RU'SOL OB EE I
B BIIZIZT0% LA B LBRE RIKT 2R L 72,
AMEMIRIIEICTHREBEXELTBY, HOEE
REHNEL, AR TER S N LEFHRIRIC X
AAREMESEEN AT TV Z L 2RET S D
DTholz. BE(LE L BT 2 FREEFIC
DWTHE, SC TIXEEREAMI AP 1257 %380 L 72 4%,
DN TIZ90%ET L7z, B & 5 ek,
i, BEECXHDIEELZBEEOER XTS5
T, SOLBLIBEOERTEBLL I EAHBEL
2. F7z, AR TIEEBME® L, 3, 7, 10,

14, 21, 28HH 4 ABHETTYH 7 SOBER S
tRELTERETORBHELEZEBE L -4
K, BHER7 ~10HICHEERETEHEI NG
B, TREWHEIT L THRERICL 2 EESEDN
WCHN BRI 1 ~ 2 BHOMICH A 2 &
ARME S L7,
BEBFRICE LT, BRfldxtBEE D EBRLE
HRIZEDR L, 72 DN OB —
RiEHEOBERBEDL CL, SC LA IIHEHEIR
TWaZenh, LEFMRURIC L 2R8I,
BEHT v b OREOREFHOIER % EE %1
ThnwZ R Ihs, KEEHBNORER
DV TH ARSNGB L 28I %<, 2
72, FTABEERLHKIEE, FHRITIZL DI
BIZBWTORERMBERICEEN LW L
BESNTHEY, BREOEBIEE LW
EWIRENSz. HERIEO > 7 F VS EREED
T, BEORMBERICES T 5 RERKE R
&, BEEORBICES T2l T 2bbEFM
o Rk & MR D 11 BRI B RUC TR 72
5bDEEZLNDL. —F, JIEMBHEICEILIX
hoy U RZEECE, REESKRE, RERRE
DGR BRF ML I — KRG BB RE I

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

408 W%, &FE, FH, &

S EbHEINTVES? . HEHT v
OB EREEMBEIE CICEE#SOMBEIIH L
T, WoWHRTFENFHNRTFOEBIEIRLL D
DEHEFEIND.

NV-B. B-BRiEOEHEETBIE

DN IZBIT 2 EEDHFE M4, SOL Tid
FikE1HE»S, EDL TIZ3HE»HHEIZES
NFORIIE Do 7208, BREFIZBWTIE DN
DEENPEMIZEHEINLIETTC1IABUETZEL
7. BRGHIBERNO Y Ny A EY 54 Y
V'— AEERIETE IR AAE R 24 ~T2RE B TH 2 512
HMntsEmEINT wp % 72, Weinreb
ot al. T BRI ERI£30 ~ T2RE I #2 12 TRAP J& M7

Thickness

thinning

20 & N2 B M AL DN RE B MR S 0 B
KERELTBY, 94V — LEEORISEH
W e KEARERBVE)THE., LrLLRA
SRR L A RIEETIE, BRIUST 2 — ik
1EE S AD S LR LIED A Z LB RESNTE
D72 B BWTRAECHT 20K
GASE LT b AMG IS B RITT £ T E
THEEZONT:, IN6DT LS, B-BH
SRS BT B ARER T B BB A RSO
BT NAEL L Z L EZ 5.

N-C. BE & JUBRESWMBEDERIE
1k
AR TR 6 IR L72@E ), BRAEOIHIZE

12 % 25 %

—

R

S

%...‘
% %ﬁf

ay 0

Figure 6.

day 3

> <

!

<
UOHDIUIUBDA ]

=
X

Schematics of trabecular architecture alterations after sciatic nerve denerva-

tion. Lightmicrographs showed the osteoclastic bone resorption process stained with
TRAP. Dark area indicated the TRAP positive location (arrow head). Bar =50 zzm.

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

ANEBZ & 5 FRUEHEHOEHEER 409

WTIRE RS ORLIZETE T, HMEDHAS
FATT B ENEHMBTH o7z, JIERERT v b
M OGRS DB LR LTI,
BRIBELDDERBEOBLVHEETHY), BED
HEEEOETOHETEEFIREVZ EPHRES L
TBYH, BMZEOBELIEELRL. BRI D
IR, TA My v RZENENEFET O
BAEETIRERLZ LT ENS, JIEKERS
v b EBRMRET Y POBRIEE TR LZHET
d, IREBRTIIEREOHKCHRMEDSEILE
DOHRERIZE L LD L, DN TlEEEIcy—
CELIED S 2 e HEshTwaY, $7:, F
EBEMBETIE0tm BEDORS THHMEY
2Ny MARICIRING 245, = A by RZOH
TiE, 200 «m RAIROBRIETOMRIEL L
PEEETH D EMESN TS KB CH
LZINT-BHENHOFREICNET 5 HEME
&, EFRICHEEEICHFEL(XG6), —HEsEE
REZRINT A L) b DTid o7z, LicH
- T, UIERERME T EMEDZE LW ETRIL
DEERPEREERRITEL S & THAIEYE
ELTETT B2, RIFFETERL 72 & %K
BBV TREREEE L — IR L Tw
&, BREVSDHEERD LI-L 2 A THRILA
EITTHOTIE RV EEZONZZ (X4, 6).
AIFFE TIIBR/MEDT12% EAT L 7B E Tl
WrHALiZ0%DE T THY, 25%5K/MEAHEIT L
7ok BIZRBICET R LA™S0% 2 L7z, S/MEDds
12~25% DEIZ BV THRT LA AT 5 B EIHY 57
NHGIET 2 2 LD RSN,

V. # ]

RIFFETIILFTHEOYFIZL o CHlERI &
NAANEED, BEEREETOMMEEL I TR
BERHERICRIZTEELEHFNICBIZ L, £HE
EITREOENRENTIIIOWTHRET L. 4
BRI (NBIML) (2 & AR L NV T O EERY
b7 ~10HEHE» S 86F 0, ZnLIE, B
BILOBOEELRIZLTVWLILDEEESR
72, £72, BREOWILEREIZB WV THME & BT
FALD BT BRI AT L, HEWTREIWT A

DEALBERIZHBFRN TIPS ELLLDEER L
N7z, S5, BLERHOEMETHEEIIEN
BRI —E0 497, TARLRE IC BRSNS
FET A EDTRIEB SN,

E

RKIFFEDO—ERiE, HARFMIRESEFHEE MBS
HEATRFE (A) GREES | 14208005), HARFe(C) (B
S 1 13480010) I ICER AT RFEHRE LEHAE
BW7uy s MEB)ICE o UThI, LT
HEERLEIT.

(Z¥H FRl6%46 A17H)

X 73

1) Turner R. T., & Bell N. H. The effects of immobi-
lization on bone histomorphometry in rats. J. Bone
Miner. Res.,(1986), 1, 399-407.

2) Wronski T.]., & Morey E. R. Inhibition of cortical
and trabecular bone formation in the long bones of
immobilized monkeys. Clin. Orthop. Rel. Res.,(1983),
181, 269-276.

3) Wakley G. K., Baum B. L., Hannon K. S., & Turner
R. T. The effects of tamoxifen on the osteopenia in-
duced by sciatic neurotomy in the rat: A histomor-
phometric study. Calcif. tissue Int., (1988), 43;
383-388.

4) Young D. R, Niklowitz W.]., Brown R. J., & Jee W.
S. S. Immobilization-associated osteoporosis in pri-
mates. Bone, (1986), 7, 109-117.

5) Jensen K.S., Monsekilde L., & Monsekilde L. A mod-
el of vertebulae bone architecture and its mechanic-
al properties. Bone,(1990), 11, 417-423.

6) Ito M., Ohki M., Hayashi K., Yamada M., Uetani M.,
& Nakamura T. Relationship of spinal fracture to
bone density, textural, and anthropometric para-
meters, Calcif. Tissue Int., (1997), 60, 240-243.

7) Weinreb M., Rodan G. A., & Thompson D. D.
Osteopeniain the immobilized rat hind limb is
associated with increased bone resorption and de-
creased bone formation. Bone, (1989), 10, 189-194.

8) Zeng, Q. Q. Jee, W. S. S., Bigornia, A. E., King Jr. J.
G.,D'Souza S. M., Li X.]J.,, Ma Y. F., & Wechter W.
J. Time responses of cancellous and cortical bones
to sciatic neurectomy in growing rats. Bone,(1996),
19, 13-21.

9) Yoshida S., Yamamuro T., Okumura H., & Taka-
hashi H. Microstructural changes of osteopenic
trabeculae in the rat. Bone, (1991), 12, 185-194.

10) Bourrin S., Palle S., Genty C., & Alexandrine C.
Physical exercise during remobilization restores a
normal bone trabecular network after tail
suspension-induced osteopenia in young rats. J.

NI | -El ectronic Library Service



The Japanese Soci ety of Physical

410

11)

12)

13)

14)

15)

16)

17)

18)

Fitness and Sport Medicine

H%, #&E, &H,

Bone Miner. Res.,(1995), 10, 820-828.

mATFIZE, BB E i, AEk L RV E CERE
THE BONE, (1993), 7, 87-91.

Takekura H., Kasuga N., Kitada K., & Yoshioka T.
Morphological changes in the triads and sarcoplas-
mic reticulum of rat slow and fast muscle fibres fol-
lowing denervation and immobilization. J. Muscle
Res. Cell Motil.,(1996), 17, 391-400.

WMHFEH, tIEKER, 7y FOREEEEHNIC &
LbEEEE-ERBEEROH L VAL —. BEF
B aMEaE, (1983), 1, 96-104.

Matsui K., & Shichikawa K. Cortical thickness
measurement and bone indices of rat tibia. Jpn J.
Bone Meabol.,(1983), 1, 96-104 (in Japanese)
tH=K B, BH X, KH ¥, KEHM,
MEHOESHFFIEREITHFRKR KIURE,
(1990), 39, 181-188.

Shimegi S., Katsuta S., Amagai H., & Ohno A.
Exercise-induced bone hypertrophy in growing
rats. Jpn. J. Phys. Fitness Spots Med., (1990), 39,
181-188.(in Japanese)

Tamaki H., Akamine T., Goshi N., Kurata H., &
Sakou T. Effects of exercise training and etidronate
treatment on bone mineral density and trabecular
bone in ovariectomized rats. Bone, (1998) , 23,
147-153.

Tanaka T., Morioka T., Ayasaka N., & Sakano A.
Tartrate-resistant acid phosphatase in osteoclasts
and preosteoclasts by low temperature embedding
in lowicry!l K4M. Acta Histochem. Cytochem., (1987),
20, 693-697.

Mellish R. W. E., Ferguson-Pell M. W., Cochran G.
V. B, Lindsay R., & Dempster D. W. A new manual
method for assessing two-dimensional cancellous
bone structure: comparison between iliac crest and
lumbar vertebra.]. Bone Miner. Res., (1991), 6,
689-696.

Parfitt A. M., Mathews C. H. E., Villanueva A. R, &
Kleerekoper M. Relationships between surface,
volume, and thickness of iliac trabecular bone in

19)

20)

21)

22)

23)

24)

25)

26)

e

aging and in osteoporosis. J. Clin. Invest.,(1983), 72,
1396-1409.

Wronski, T.J., Schenck, P. A., Cintron, M., &
Walsh, C. C. Effect of body weight on osteopenia in

‘ovariectomized rats. Calcif. Tiss Int.,(1987), 40,

155-159.

Ke, Z. K., Jee, W. S. S, Mori, S, Li, X.]., & Kimmel,
D. B. Effects of longterm daily administration of
prostagrandin-EZ2 on maintaining elevated proximal
tibial metaphyseal cancellous bone mass in male
rats. Calcif. Tissue Int.,(1992), 50, 245-252.
Sibonga J. D., Zhang M., Evans G. L., Westerlind K.
C., Cavolina J. M., & Morey-Holton E., Turner R.T.
Effects of spaceflight and simulated weightlessness
on longitudinal bone growth. Bone, (2000) , 27,
535-540.

Stenstrom A., Hansson L. 1., & Thorngren K-G.
Effect of ovariectomy on longitudinal bone growth
in the rat. Anat. Embryol.,(1982), 164, 9-18. »
Furuno K., Goodman M. N., & Goldberg A. L. Role
of different proteolytic systems in the degradation
of muscle proteins during denervation atrophy. J.
Biol. Chem.,(1990), 265, 8550-8557.

Murakami H., Nakamura T., Tsurukami H., Abe M.,
Barbier A., & Suzuki K. Effects of tiludronate on
bone mass, structure, and turnover at the
epiphyseal, primary, and secondary spongiosa in the
proximal tibia of growing rats after sciatic neurec-
tomy. ]. Bone Miner. Res.,(1994), 9, 1355-1364.
Yamamura M., Nakamura T., Tsurukami H., Hijioka
A., Narusawa K., Ohnishi H., Ohta T., & Hosoda K.
Local bone turnover in the metaphysic of the pro-
ximal tibia and the lumber vertebra during the ear-
ly periods after ovariectomy in the rats. Calcif. tis-
sue Int., (1996), 58, 52-59.

Parfitt, A. M. Age-related structural changes in
trabecular and cortical bone : cellular mechanisms
and biomechanical consequences. Calcif. Tissue Int.,
(1984), 36, S123-128.

NI | -El ectronic Library Service



