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BT LA B R R NE-223S (H 43t
E, WE) AAL, [GHEEE TIR=EANME, KEERRE
%7 F L AMAER, BEEE T AR TR REEICHAL, &
NhwtHIZEE L, HERBE T Counterpoint MK2
(Dantec medical, Denmark) Z{Ef L7-.
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[EERETI D & A BN (axonotmesis) WEEE & Y, AR
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Fig.1. Autoresponse of extremities of guinea pigs during falling down. This response was thought to be a kind of statokinetic reflex.
The left photograph shows the posture at rest, and the right shows the response during falling down. )
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Fig.2. Tibial nerve crushing. (A)Plier for the aid of nerve crushing. (B)Process of crushing the tibial nerve approaching from the
postero-lateral aspect of the left knee. Maximum compressive force of the plier was exerted on the tibial nerve by hand-grasping for 30
seconds. Circle in B shows the lesion immediately after nerve crushing, which was completely compressed and flattened. *Sciatic nerve,

**Tibial nerve, ***Peroneal nerve.
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30% 7 &) VIBRET—RRF L-DB, 90% 2 ) ) Vi
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D AW IEEI BN (compound muscle action potential,
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TIZERICL 7 FRR=BE AR 2 L L 7z,

3. WEHEEII

é Day 0 : Crush the tibial nerve

Denervation
phase

XDay 20 :

Day 21 : Start therapy
(20 min. a day) Measure
CMAP
every 5
days

Reinnervation | Therapy || Control
phase: group group
(n=10) (n=10)

Day 60 : Finish therapy

Day 61 : Remove materials
of the tibial nerve branches
for histological examination

Fig.3. Program of the experiment. This was planned to start
with tibial nerve crushing (day 0), and to end by removal of
histological samples (day 61).
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(Dantec medical) Tif#E - IRIF - FREREEZFML, 127—%
DEMEFY L-E% &EEOT—5 £ L7z, 5 BEICRD 7
T F Uk, BINCTEE RS A A L. TR O LR
fsEld t#5%E (Macintosh, Statview J 4.5) # vy, p<0.05%F
B L

5. TFIR=TEALFR O M 1

e, eFHME T ICHE SN A HRMEHMEL L
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G20 L, Ebitn=8& L CHEMRET L7z, &d, Hbr
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Fig.4. Muscle re-education by statokinetic reflex in guinea
pigs. (A)Procedure of muscle re-education. Guinea pigs were
forced to fall down to antero-inferior direction for about one
second. (B)Electromyogram recorded from the medial head
of the gastrocunemius muscle while muscle re-education was
performed. This apparently showed the response of muscle
contraction during falling down.
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BTIREATHEO TREZFEHRHEL EFE =8 £ LT
BRTIMA 72, BERUERT ORI (528 X 400) D &ME % Sk
% (E+L 7 1 V4, Fujicolor superl00) L7zf%, [E{§uLHEE
(Macintosh, Adobe Photoshop 3.0]) 12 TIRIZEE 400 THEL L /2.
WRETIE B 35 fRAER L, S H RO MZEE (axon diameter,
AD) B L OHi#5E (myelin thickness, MT) & L 7z.

97, W{EAENTLERE (Macintosh, NIH Image 1.61) %\
A H RN AR L, B I a TR s i
HEfREE RO 7. BB OILKRE X tiE (Statview J 4.5)
W, p<0.05%FEE L7z, RIZ, & 5 HE M2 K
(axon area) , Ti¥H% & OMMEH™ (external fiber area) ¢ 2 D
* W &R {E (NIH Image 1.61) TEHIL, BHE&ER
(Statview J 4.5) 12 CF 9°AD & #iHi{E (external fiber diameter,

External
. fiber area

Axon |
area -

Fig.5. Measuring portion of AD, EFD, MT, and IL of
myelinated nerve fiber for histological examination by light
microscopy. The left schematic diagram shows the transverse
section, and the right shows the longitudinal section. In
transverse section, each AD and EFD was calculated from
axon area and external fiber area. In both sections, MT was
calculated by (EFD —AD)./ 2. AD, axon diameter; EFD,
external fiber diameter; IL, internode length; MT, myelin
thickness.

Fig.6. Light micrographs of the transverse sections and the
teasing fibers of the tibial nerve branches to the
gastrocunemius-soleus muscle. The process of Wallerian
degeneration is presented in B and C. (A)Normal nerve.
(B)Day 5 after nerve crushing. (C)Day 10 after nerve
crushing. Scale bars in photos indicate 20 zm.

i

EFD) &R, 51, ADELEFD2HMTZH M L7 (H5).
O 2HEEIZOWTEARBII N~k FERSAE RO,
BEANC I S — v PERSA B L, 9% % ZBEE T
L7z,

2) & ZF LRAERE A

A, HEREE L DICRA 3OTOWRBARLTS
DIl RL LA L, ML bn=7L L7 HEMETO
EEIT QLM (X 200) % 4 #1ERE (Fujicolor super100)
L7:1%, W{ELEREE (Adobe Photoshop 3.0)) % F\» CHR{gE
400 T L 7. PHETHEIRIE, BER»HHEERIZHIE0 5
DwiEl. MEEEE, AD LHEE (internode length, IL),
ADEMT, ILEMT, DE3EHOEEMFRE L.

F CIEFEAT R E (NIH Tmage 1.61) % W CEBEHOIL -
AD - MT# &l L7=. AD, MTO{#EIZ, HE D5 » % 1k
BB ZOFHIMEOEEZ Az (05). IhbH &
$#EEFL, ADEZIL, AD & MT, ILEMT, D& 4120 & M

Pre—-crushing Imsec

"|10mv

Post—crushing

t 200 uv
Day 20

1mV
Day 30

Day 40

Day 50

Day 60

Fig. 7. Changes of typical wave form pattern of CMAP of the
medial head of the gastrocunemius muscle. Electrical
response was absent for the first 20 days after tibial nerve
crushing, corresponds to the “denervation phase”. A feeble
poly-phasic wave with delayed latency and long duration was
appeared at day 20 after nerve crushing, which is the sign of
the beginning of reinnervation. Then CMAP developed to two-
or three-phasic wave with latency and duration gradually
shortened, and amplitude getting gradually higher. This
period corresponds to the “reinnervation phase”. CMAP,
compound muscle action potential.
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Fig.8. Changes of three parameters of CMAP. (A)Latency.
(B)Amplitude. (C)Duration. O, control group (n=10); @,
therapy group (n=10). Each value represents X £ SD.
*P<0.05 vs. control group. CMAP, compound muscle action
potential,
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Fig.9. Averaged total number of myelinated fibers in the
transverse sections of the tibial nerve branches to the
gastrocunemius-soleus muscle on day 61. Value in each group
represents X £ SD. **P<0.01 vs. normal group. ***P<0.0001
vs. normal group. NS, no significant difference.
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Fig. 10. Histograms of the tibial nerve branches to the

gastrocunemius-soleus muscle on day 61 analysed from the
transverse sections. (A)Histogram based on AD.
(B)Histogram based on MT. Thick black line, therapy group
(n=8); Thick gray line, control group (n=8); Thin black line,
normal group (n=8). AD, axon diameter; MT, myelin
thickness.
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Table 1. Distribution of all samples of internodes
acquired by teasing method based on axon diameter

Number of internodes

AD (2 m) Control group Therapy group
0~1 60 77
1~2 196 226
2~3 266 234
3~4 354 280
4~5 236 193
5~6 78 57
6~7 10 6
Total 1200 1073

Because of small number, the samples of 6~7 zm
were eliminated from examination (see Figure 11A).
Number of materials is seven in both groups. AD,
axon diameter.

Table 2. Distribution of all samples of internodes
acquired by teasing method based on internode

length

Number of internodes

IL (2 m) Control group Therapy group
0~50 2 0
50~100 35 7
100~150 117 81
150~200 289 293
200~250 356 371
250~300 252 225
300~350 107 75
350~400 32 17
400~450 8 2
450~500 2 2
Total - 1200 1073

Because of small number, the samples of 0~50 . m,
50~100 4 m, 350~400 4 m, 400~450 . m and 450
~500 #m were eliminated from examination (see
Figure 11B and 11C). Number of materials is seven
in both groups. IL, internode length.
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Fig. 11. Relations of two parameters analysed from teasing
fibers of the tibial nerve branches to the gastrocunemius-
soleus muscle on day 61. (A)IL plotted against AD. (B)MT
plotted against AD. (C)MT plotted against IL. AD, axon
diameter; IL, internode length; MT, myelin thickness. [,
control group; B, therapy group. Each bar represents X = SD.
*P<0.05 vs. control group. **P<0.01 vs. control group.
***¥P<(),0001 vs. control group. -+ P<0.05 vs. therapy group.
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Fig. 12. A schematic diagram for the hypothesis of the effect of muscle re-education performed in reinnervation phase. As showing,
muscle re-education may leads to earlier maturation of motor nerve fibers as a result of greater MT, but neither AD nor IL are affected by
muscle re-education. The final matured appearance of the both groups is supposed to be the same. AD, axon diameter; IL, internode

length; MT, myelin thickness.
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The Effects of Muscle Re-education on Recovery from Peripheral Nerve Injury: Experimental Model using the

Statokinetic Reflex in Guinea Pigs

Tetsutaro Yahata, Department of Orthopaedics, School of Medicine, Kanazawa
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Abstract

Muscle re-education, a type of physical therapy for motor palsy generally performed by voluntary muscle contraction, is
indicated for peripheral nerve injury usually during the reinnervation phase. The therapeutic mechanism of muscle re-
education remains unclear, because of the difficulty of making an experimental animal model. The statokinetic reflex of
guinea pigs was examined for suitability in this experiment, which provided stable contraction of the gastrocunemius-soleus
muscles, and this response was applied to muscle re-education. Twenty guinea pigs were divided into two groups, 10 in the
therapy group and 10 in the control group. To create motor palsy of the gastrocunemius-soleus muscles, the tibial nerve was
crushed with the aid of smooth, flat-tip pliers with maximum compressive force exerted on the nerve in order to induce
“axonotmesis”, not “neurapraxia”. Compound muscle action potential (CMAP) of the medial head of the gastrocunemius
muscle was completely absent for the first 20 days after nerve crushing, corresponding to the “denervation phase”, following
which CMAP then appeared and began to increase, corresponding to the “reinnervation phase”. A program of muscle re-
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education for the therapy group was run for 20 min a day during the reinnervation phase from post-crushing day 20 until day
60. CMAP examination was performed every five days during the same period. On day 61, the tibial nerve branches to the
gastrocunemius-soleus muscle were removed for histological examination by light microscope. CMAP showed no significant
differences between the two groups in terms of changes in latency and duration, but the amplitude in the therapy group
became significantly higher than that in the control group. Histologically, the total number of myelinated fibers in the
transverse sections showed no significant difference between the two groups. The axon diameter (AD) histograms for the two
groups showed a similar distribution, but the myelin thickness (MT) distribution in the therapy group was skewed obviously to
the right in comparision with that in the control group, meaning a greater increase of MT. An analysis of the relation between
AD, MT and internode length (IL) of teasing fibers found no significant difference in AD and IL, but MT in the therapy group
appeared to be significantly thicker. These results suggest that muscle re-education performed during the reinnervation phase
may lead to earlier maturation of motor nerves as a result of greater MT, and thus to earlier functional recovery of motor
nerves.



