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Fig. 1. The treadmill for rats. (A) The iron bars at the right side give rats electrical stimulation to make them run. (B) The velocity and
inclination of the treadmill are variable.
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Fig. 2. Operative procedure: The medial and lateral one-fourth
of the patellar tendon was removed in order to increase the
tensile load. (<)

v b (BERF2—L R 85—, {FE228g ~315¢) %MV, EH
B IEETAECENAEELLAIENTEL/EYHE L
v N2V (34 7 8EHE, TREAD MILL MODEL-SN460) %
FH L (1A, B). 7221, FA#EIELEYROADEEHT
BTHEHSH, THEENEWMIBHES vy v &7 v 7HOF
WA ZAEERAL, AREORFRSEEELTITo 7.

2. FiER

Y, WEDT v P 2 EEBIZOETODIBIIHT, &R
WRGESZEM L Evay bo—e L, mOEBEIEEOA
BEMBEAG (20§ 2 L EER CTh 5 F O RET AT 58, 5k
DEEERUEES TH L LYV REL AW TAEEE L.

AT ERIDSFEILEE12 m/8 Ty +— 35Ty
7%Lt&h£&%nVﬁ EFH 15, 304X 5E D 1504 T

, B LOBIZIZ 05 DEKEEET, ToRkSER

ﬂw%% oz, B, PLy FILNOBHFIZBRESILLE
FRBEELFAL (F14), T v M2 HEOESEE L B
NG EIZET7 Y FORBICERNBENA TEFZIRL .

B

3. LHHEEARO(ER

TR E RO REIL T T 24 M AR L, IR FUR
b FE AR & [ 0 | #ﬁLcﬁﬁ@vvb@mM&me%%%%
HHEMEROBERE LT3R LA, BRI 1
7 ¥~ (xylazine hydrochloride) (Sigma, St. Louis,USA) 5 mg/kg
kﬁ%#?iy(iﬁ,km)%nmmgGMﬁmm%%ﬁM%
PTG L T g bl (4580) 28721812, Ry M2 v —
N (KHABLE HTT) 50 mg/kg O NEIERFES) % (i F L 7= 780
BTN IT o 7, FEIHEARZ 10% V<) P i Tl L,
EDTAIZ L 2 LB OBIROMEIZ/ST 7 ¢ 2L 72, Zh
TR CE S 2 pmOYH & L THERE %17y, B8 CH
217,

4. BEAWETNLT v bOER

30D T v MM L TEMZIT, IEEMOEZ 50T
225 AW 25 ICLAGBRAMET VT v M ERERL .
FHIRORDFE & B 4 G R TISAT v, T 0 B BE A I8 P )
BTS2 L, S0P Ml 1/4 % Wik L TR oI
TRDIILABIEE AL (02). ZoMANFEFILS
v N B MER CIRFARE L MR L0 20 3 T2,
AW L 4w RAT AR, TUWA%HMT Tl LB
EVGEE AT S PASR ORI L 22, SER RN IR 7
Hauﬁim#kmﬁ@ﬁTfnﬁaAfﬁw,Eﬁ%Tu
PRI B L CT M3 2 el TR L. s, #3
ZERYALIR 2 | X Fisher O ARSI 4L % v 72,

I. E8&2. R OMEHS LUROEESHIRERICES R

FE—

1. #M#

WEREN IS ER T BB DO A AN 1 A5 —%T v b (AKX
F v — VX)) N—, {KE155g ~ 197g) 350 % B4R L 7.

2. EEhES

3BBEDT v M HEENSEEME L TEMTERKORET
BEL, EBAFHOI L ra—LE L7 ) O30 E
TEBIZ10EFOm3FIHT, PEEAMNEILESZEHF LR
Wy ba—vE L, SERGEITYIREL BT AR, 4
EHROBHIEVIELTBEWT B L, SESEMIEERET
L, RUOSSBIIEE IO M/ STy +—3I 077y LI
PBITHEE 15 m/5, #SL 158, 3053 TiT-7:.



LB B & OSROESERY I & B BB ARG 2L 21

Sy
L]

B

Fig. 3. Histopathological findings of the patellar tendon of the rat. (HE stain) (A) Control. The bar indicates 100 ;2 m. (B) 24 hours after
eccentric exercise for 150 min. The collagen fibers were arranged regularly in both sections and no histological changes were observed
after eccentric exercise. The bar indicates 100 z m. (C) (D) Patellar tendon of an operated rat after eccentric exercise. Dissociation and
hemorrhage between collagen fascicles were observed in the deep layer of the patellar tendon. The bar indicates 200 2 m (C) and 50 » m
(D). (E) Patellar tendon of the operated rat after eccentric exercise. Waviness as well as microrupture of collagen fibers were observed

near the bleeding site. The bar indicates 50 7. m.
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Fig. 4. Frequency distribution of collagen fibril diameter. (A)
Non-exercised group: 7 week-old non-exercised rats (@,
n=10), 9 week-old non-exercised rats (4, n=10), 12 week-old
non-exercised rats (M, n=10). (B) Eccentric exercised group:
7 week-old non-exercised rats (@, n=10), 2 weeks after
eccentric exercise (4, n=10), 5 weeks after eccentric
exercise (ll, n=10). (C) Concentric exercised group: 7 week-
old non-exercised rats (@, n=10), 2 weeks after concentric
exercise (A, n=10), 5 weeks after concentric exercise (M,
n=10).

Table 1. Incidence of patellar tendinosis
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M THERE D (P<0.01, Kruskal-Wallis #iig), BBl a4
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P<0.01, Mann-Whitney #R7%€), 35308 & G R OLEEO I
HEZIIRD N4 Dh o7 (Mann-Whitney #5%E). F 7z, #IE
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LTOHAE ST (P<0.01, Mann-Whitney HR5E), &5 KO ER A
LTHHFEIZKE Do 7 (P<0.01, Welch ? t+#45E) (F5).

Microrupture
with waviness

No exercise
Eccentric exercise 5
Concentric exercise 1

Dissociation Patellar

and bleeding tendinosis
0 0 T
14 14 ]** #
5 5

*P<0.05, *¥P<0.01 (Fisher's exact probability test).

Table 2. Surface area and numerical density

No Exercise Eccentric Exercise

Concentric Exercise

*SA (%) 63.2x1.7 76.7+73
*ND (/zm?) 23.4+£22 65.81+23.7

77.0%£5.2
33.6%3.5

SA: Surface area of the fibrils in relation to the total area of the tendon tissue.

ND: Numerical density of the fibrils.
#P<0.01 (Kruskal-Wallis test).
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Fig.5. Electron microscopic findings at twelve week-old. There were few small-diameter fibrils and the interfibrillary substance was
relatively abundant in non-exercised group (A), while the interfibrillary space was filled with many small-diameter fibrils in the eccentric
exercised group (B). SA of the concentric exercised group (C) was almost the same as that of eccentric exercised tendons, but the
number of small-diameter fibrils was a little smaller. The bar indicates 200 nm.
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Effect of Eccentric and Concentric Exercise on Tendons Ryuichi Nakamura, Department of Restorative Medicine
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Abstract

In recent years some authors have reported good clinical results with eccentric exercise for tendinosis, but no experimental
study has been conducted on the effect of eccentric exercise on tendons. Our study aimed to examine the effect of both
eccentric and concentric exercises of the quadriceps femoris muscles on the microstructure of the patellar tendon. First, the
medial and lateral one-fourth of the patellar tendon of 12 week-old rats were cut off along the longitudinal axis in order to
double the maximum tension during running. The operated rats were then exercised by running on a treadmill with variable
velocity and inclination on a 15" incline at 20 m/min for 150 minutes. A downhill treadmill was used for the eccentric
exercise and an uphill treadmill for the concentric exercise. The patellar tendons were then examined histologically by using
HE stain combined with light microscopy. The results showed the dissociation and microrupture of collagen fibers as well as
hemorrhage between collagen fascicles which were thought to represent the early stage of patellar tendinosis. The incidence
of these histological changes was statistically significantly higher for the eccentric than the concentric group. In order to
clarify the effect of both types of exercise on tendon maturation, 7-week-old rats were exercised by running on a treadmill
with a 15° incline at 15 m/min for 30 min every day for 5 weeks, after which their patellar tendons were examined with an
electron microscope. The surface area of the fibrils in relation to the total area of tendon tissue and the numerical density of
the collagen fibrils were significantly higher in both the eccentric and concentric groups than in the non-exercised control
group. This indicates that both types of exercise resulted in densification of the ultra-microstructure of the tendon. Moreover,
the number of small-diameter fibrils, which play an important role in tendon repair, was increased significantly in the eccentric
group compared to the concentric and the non-exercised groups. This indicates that eccentric exercise may reduce the risk of
recurrence of tendinosis by supporting the repair process of the injured tendon. In conclusion, eccentric exercise, although
more injurious to tendon tissue than concentric exercise, may function as an effective physical therapy for tendinosis.



