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Summary 

Observing the early phase of response to mechanical load, we evaluated morphometrically 

articular and growth cartilage of knee joint in immature guinea pigs in comparison with unloaded 

controls. 

Intracellular substance and arti＜、ularcartilage thickness showed after initial stress increase, 

in further progress reduction and stagnation. up to 11000 man abrupt increase of intercellular 

substance was accompanied with decrease of cartilage thickness, cellnumber and cellvolume in 

tangential zone and cellvolume-reduction either in radial zone. 

Diminishment of epiphyseal thickness and tibial length compared with same aged controls 

was remarkable after 11000 m. We suggest an adaptive potential of growing cartilage to respond 

mechanical stress in a range of tolerance・－

Introduction 

In exploration of the early phase of osteoarthrosis exists a necessity to know, in which way 

the cartilage internal system decompensates below the level of pure, mechanical destruction 

under chronic exercise12> In this respect the study of the earliest response and the adapti＼＂仁

potential of growing articular and epiphyseal cartilage to mechanical stre討、l対thepurpose of our 

experiment. V.アeatt；‘1ched great importance to the preservation of the articular integrity and 

the physiologic movement, which can cause, applied in certain ways, osteoarthrotic change. 

In other models of experimental induced degenerative changes the instability of joint for inst山町e

after section of cruciate ligaments or extirpation of meniscus in adult animals is prefered 8, 10, 13, 21人

but these changes in <1 sense of prearthrotic deformations are irreversible, impossible to influence 

Key words: Osteoarthrosis, Experimental arthrosis, Articular cartilage, Growth plate, Chondrocyte. 

索引語：変形性関節症，実験的関節症，幼若モルモット，膝関節，組織学的計測
Present address: Humboldt l; niversity ~chool of ;¥[edicine, ( "harite Hospital，向、humannStra'・"' 20/21, 1040 
Berlin <;erman Democratic Republic. 



-16:! 日外宝 第五6巻第5号（昭和62年9月）

and rapidly、thはtthe early changes in cartilage m11st lie di伍cultto study. E-、peciallythe synovial 

inflammation may play a considerable role、which mark the di佐rentused terminnl山町 of 

osteoarthritis and osteoarthrosi,. 

Materials and Methods 

¥Vt・ h<1¥T u、cdju＼＇ぞnilemale alhino guim＂ιi pig,; in the beginning of experiment、2and in 
the end 3, 5 month old with an initial weight between 350 g to 400 g and divided into 6 randomized 

groups‘running-groups (II, III, IV, V VI) and control (I), each containing 12 animals. The 

guinea pigs had to run on a com・evc、r-beltwithout experienced painful trauma and to cover dis司

tances of 1000 m to 11000 m with speed of 10 m per minute, 200 m once a day over 7 clavメper

week. A ,;pecial apparatus in accordance to the experiment of :-;TOFFT 1980口、23>was designed, 

that would provide continous activぞmotionin quadrupted gait of t"ach of 16 animals at the same 

time. 

The mec、h乱ni仁driveequipment was connected and controled byもmelectronic autornat for 

regi、tr札tion of timeリndintι・n、．、
to exclude any additional hormonal influences. The animals were provoked to wall王bya simple 

刈・n'orbrush, localized in the onset of the belt, and due to the selfmovement of the belt. If one 

animal became uncomfortable in the apparatus and the strugglL‘altered the load time record, 

this animal w~1s excluded from the further experiment. The animals were刈crified24 hours 

after the l川tloading. Light-and electron micro,;r、opicmorphometrical evaluations were under-

gone. 

After 11000 m and 55 d川、 thetibial length of loaded and unloaded animals were radio-

logic辻llye＼九du品ted.

Histomorphometry: 

Frontal sections of thc whole knee joint were cut 10 micron,; thick and chondrocyte~ of 

tangential and radial zone of articular cartilage and proliferative zone of epiphyseal plate of 

femoral condyle and upper tibia were morphometrically analysed. The surface density, vol-

umetric density‘number of profile人 川 llvolume,area fraction‘numeri＜、alden,;itγand section 

thick1w山 24)1¥Trt' evaluated. (zonal morphometric findings). 

¥¥'e made a point of comparison between the different loaded locations namely periphery-

covered by meniscus, central-uncovered lり・meniscus,medicl and lateれlI condylus. (local morpho-

metric findings). ¥V・eexamined with a statistical ,;ccurity of 100 r‘1・.i]u;1tion unit areas per 

location、はmagnificationof 1000 and with a tl・,tline length of 0,5 μm. 

Transmission Electron Micoscopic Morphometry: 

( 'hnndr（氏、れれ ofthe radial zone were prep辻redfor electron micr川 copicl'Xamination. 

485 chondrocytes were photographed with magni品川ionof 12000. The following parameter;; 

were documented morphometrically: areは ofnucleoli, number and volume of mitochondria, 

numlier of golgi-bodies. number anrl area of fot-vacuo!t、人 numberof lysosomes‘area of 
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endoplasmatic reticulum channels、dilatationand area of microfilaments. Changes in the 

organelle system of the chondrocytes t‘はnb~ documented qualitatively and quantit川 in・lyon l~· 

h~· stati宍ticalevaluation of L1rge groups of （でlls. W1・examined也1tll'a~t 70 CC'!b per group. 

Results 

( Histomorphometrv) 

Only minute irregularities after 11000 m for instanr、ぞroughne州 oflamina splendens, minima.I 

flakes or splittings in comparison with the controls‘in which no initial alterations occured, could 

be obtained. 

Zonal Morphometric Findin酔：

Advance of intercellular subst<mce, coincidental adv<1nr t白 ofcartilage thickness with conse-

quently relative decrease of cell number and of mean cellvolume in tangential zone was observed 

after 1000 m. In further loading the decrease of cartilage thif'knc-;s and volume density of 

intercellular substance with still diminished number of 「hondrocyte討肌1saccompanied with 

叩parentincrease of mean cellvolume in 3000 m and 5400 (Fig. 1). After 8000 m the cartilage 

thickness returned to the controlvalue, although the volumetric density of intercellular substance 

was increased. Therefor we could find a reduced cellnumber and obvious diminished cellvolume 

in tangential zone up to 11000 m. The progress in the first step to 1000 m Wets in the radial zone 

similiar in comparison with the tangential zone. When cartilate thickness and volume density of 

intercellular substance were returning between 3000 m and 5400 m to the controlvalue. the 
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pro gr<' 同 ofthe同 meparameters as in Fig. 1 in radial zone (according to 100% of controlgroup). 

cellnumber and the mean cellvolume were relative increased (Fig. 2). When the cartilage 

thickness w;1' further reducing 礼fter5400 m to the、controlvalue、thevolume density of interccllular 

刈 bstancewa－、；1hrupt increased. In consequence the cellnumber w川 relntivedecreased. On 

the other hand the cellnumber was absolutely increasing after 8000 m accompanied with further 

cellvolume diminishment and further incn·a~ing of volume densitv of intercellular ,;uh,,tanre to 

Fi邑.2 

11000 m. 

Local Morphometric Findings: 

The percent portion of cartilage thi《kne"inc氏、は柑 is,ignificant higher (p<0,05) in centrnl 

location of medical femoral condyle uncovered lw meniscus (Fig. 3). The cellnumber of 

tangential zone in uncovered central location of medical condyle is significant Jes吋（p<0,05) than 

in periphery of <ill groups. The mean cellvolume in tangential zone in uncovered medial condyle 

is ,igni五canthigher (p< 0,05) than in medial periphery covered by meniscus in 8000 rn-and 

11000 m group whereby in control-up to 8000 m-group the mean「ellvolumeof radial zone in 

uncovered medial location is significant less (p<0,05) than in c＜川 ・redmedial periphery. In 

11000 m-group this value has no significant di仔erencein both locations of medial femoral condyle 

(Fig. 4). The number of <'hnnclrrn、vte'in tibial likewise in femoral proliferative zone of epiphyseal 
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Fig. 3 progress of cartilage thickness in: 

A= growth plate (proximal tibia); 

B= medial peripher/meniscuscovered (femoral condyle); 

C= medial central/meniscusuncovered (femoral condyle); 

D=lateral peripher/meniscus covered (femoral condyle）一（accordingto 100° 0。fcontrolgroup). 
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Fig. 4. Mean cellvolume in tangential and radial zone in comparison with evaluated locations 
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Fig. 5. ascent of tibial growth in loaded宮roupin accordance to controlgroup (1.2 mm x・n1y-unitl. 

plate was aftn 11000 m decre川刊はndthe thicknc、川 oftibial epiphyseal plate is obvious below 
the controlvalue （ドig.3). Because of this we me;1sured the tibial length once a week and the 
growth conduct of running animals covered a distance over 11000 m was compared with the 
same aged controls. The right tibial length of unloaded controls wa,; 73% greater than in 
loaded animals after 11000 m and 55 days 「）｜｝町rvation. The ascent of tibial growth in controls 
W色村、I町 peras in loaded animals (Figure 5). In loaded <mimals was no any abrupt loss of weight 
to recognize. 

Electron Micrography: 

The Cりlgi恥ldwas signi五cant(p<0,05) enlarged after 1000 m and between 3000 m and 
8000 m almost normalized. After 11000 m it was significant less (p< 0,05) than in controls. 
The individual volumes of mitochondria were increased after 1000 m but the number of them 
was deminishing between 1000 m and 3000 m. From 5400 m to 8000 m the number wa,; in-
ere・ιtsin日andthe volume too. 人「ter11000 m the number as well as the mitochondrial volume 
was decreased. 

Fat vacuりle、Wt.Tl色、ignificantdeminishecl (p< 0、05)after 1000 m. 人fter11000 m the lipid 
contentDwa：、 doubleas in 1000 m. 

Discussion 

Dosed and chronic intensification of loading ]JrO¥'O恥、 ri吋 ofmetabolic、activityand pro-
duction of proteoglycans and collagen, becau~c of receptor ca pa「itvof chondrocytes without 
attended enlargement of collagenous networkザ ，.12).

The 、肘retorvactivity of theけ10ndrocytesincrea川ヘ alreadyafter a short time of physirnl 
exercise, <is wt・ measured in enlargement of <;olgi fields and increased number of Dictvosomes. 
The cartilage osmotic prrs、urt・ increases I町c・auseof hydrophilou日刊rellingpotential of glyco-
saminoglycans up to a limit "fter the collagenous structure is relax or begins to burst. Under 
continous incrc・‘asc・ of volumetric demity of intercellular叫tbstan「Ebt口rnseof hypermeL1bolism 
the cartilage is getting elastic hardne,;s re九p引 tivelystiffness. San・ that the collagenous負bres
れ1n burst I wrn use of overpn白州ure、the fibrous network can break after stimulation of lysosomal 
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enzymes released from chondrocytes into the intercellular space幻. Thereafter existメthepossi-

bility for enforced inhibition of water whereby the cartilage i, loosing sti仔ness.mechanical 

destruction will be possible and the cartilage internal 'Y'tem decompensates into a catabolic 

phase. According to this described conduct the volumetric density of intercellular substance I討

increasing significant in both evaluated zones of articular cartilage accompanied with relative 

increase of cartilage thickness and reduction of numeric density and mean cellvolrnneはsfeature、
of adaptation under initial physical stress. In further loading the reduction of intercellular 

substance and C礼rtilagethickness accompanied with relative increase of numeric density seems 

to be a compensative mechani畑 1of cartilage internal system, what may prevent the burst of 

collagenous fibres and the pathologic hydratation. 

In radial zone the number and volume of mitochondria and volumetric den,ity of fat ¥・akuoles 

is decreased with the reduction of Golgi apparatus in this stable compensation or plateauphase 

between 3000 m and 5400 m. Therefore we can find a decreased mean cellvolume of radial 

chondrocytes. In consequence it can be also a result of increased loading, cartilage thickness 

rise and deterioration of diffusional nourishment, therefore the chondrocyt引 arenot able to work 

at an high level. The adaptation was treated fully. In this phase we can observe the consequent 

and absolute increase of cellvolume as cell hypertrophy in tangential zone. WEISS et al. 197226> 

described early osteoarthrotic changes in human cartilage also with notably enlargement of cells 

in superficial zone as f印刷reof a metabolically active cell and evidence for increased ~'Vlatrix 

density. 

This rather abrupt increase in cell size may be firstly a compensation of the reduced metabolic 

activity in radial chondrocytes. But secondarily it would be rather due to cellular swelling, 

since the increase in number and volumes of cytoplasmic components alone could not account 

for this enlargement and it would be po~'iible, that after hydratation changed metabolite~12 > 

from radial zone effect a negative feed back on cells of superficial layer,:JJ < 'ellular、wピ!lingis 
indicative for cellular degenerはtion. It seems that the osmotic pressure achieved the maximum 

so that the increased imbibition of water is apparently and fluid is drawn into cell like a hydrophic 

degeneration. After 5400 m up to 11000 m we can observe a phase of decompensation, because 

the cartilage thickness returnes to the controlvalue and cellnumber and -volume are absolut（’ 

decreased in tangential zone, what may be the consequenc、rand an argument for preceded hydro-

phic degeneration. Therefore the intercellular substance is relative increased. The intrercellular 

substance in radial zone is increased in resembling way, although the activity of Golgi apparatm 

is fallen below the controlvalue. It seems to be a result of enforced fluid of water into the inter-

cellular space. At this point we suggest the first deterioration of the collagenous network. 

The absolute increase of numeric density in radial zone until! the controlvalue seemed to be 

a compensative mechanism for recreation of the constant cellnumber per area unit because of 

superficial cell reductionzo> and the attended further deminishing of cellvolume as feature of 

degeneration. This will be proved by measured reduction of number and volume of cytoplasmic 

components like Golgi apparatus and mitochondria. The absolute increase of fat vakuoles iメ

seemed as a feature of regressive metabolic disturbances and lack of oxygen like in menisc山 was
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可 enaftl'r overloading27> and in the other w川 thebehaviour of intrnl℃llular lipid may underline 

the important role of stored fattvιtcid、inchanged metabolism of energy・". In experience of 
the significant l'valuated increu-;e of cartilage thickn円、 in川、ntrallocation of femoral condyle 

unc、overedby meniscus we刈 gge刈 thislocation 川 regionof high strcs' gradienta, 11、Iυり9>with 
apparentζidaptive reaction compared with the periphery. Therefore we can observe in this 

central location the significant ,111~1 ll super白cialcellular density with the cellular ratio equalizing 

significant high cellular densitv of radial zone. The mean cellvolumc in tangential as well as 

radial zom・ Wl'Tl' decreasing while the conduct of loading. but the volumina r辻tiobetween ('entral 

and pじriphericlocalized chondrocytes waメturnedto the central localized chondrocyte；に whatis 

'cemed as functional feature of most apparent demands upon the metabolism in this regiona,12, 

and let us conclude, that the meniscus confers a protect in‘function on the underlaying articular 

cartilage. 

えppearanceslike narrowing of tibial epiphyseal plate and reduction of numeric density in 

ti hi辻Ias well as femoral proliferative zone with attended delayed skelぞt<1l growth of tibia seemed 

to be五rstlydue to undernourishment like other author~ ol附 rvcd1；＞引いeciallyin immature guine 

pig,. But the nourishment both groups of animals received w品川fficientand not vitamin ぐ

restricted 16>, so that typical morphological五ndingsof juvenile scurvey14J could be excluded. 

1～.l白 Cよinsuggest that the growth cartilage j, exposed to the出1meloading conditions and n、之i

in resembling mode with degenerati、，Echanges aメwell礼sarticular cartilage when the limit of 

tolerance i, exceeded, what will have a clinical relぞγancein rase of "overuse＇’of immature 

joint討15).

Conclusion 

In summary、ti】《．、、

ments cau討eda physiologi「cycleof: adaptation一compensation一一criticphast'一decompensation,

with overlaped transition into the pathologic range且lreadyin stage of decompens<ttion. 

The articular and growth cartilage of immature guinl'a pigs have the capacity to respond 

to mechanical stress within a range of tolerance. The tibial length di仔erencesuggest that 

phy吋山lforces may have a trophic effect upon proliferating c;1 rtilage as originally suggested hi' 
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和文抄録

幼若モルモットにおける運動負荷が関節軟骨におよぼす効果

一組織学的計測と電顕的観察－

Humboldt大学整形外科， ι‘harite病院

V Frankenberg, E., Engelmann, L., Zippe!, H. 

幼若モノレモットの膝関節を用いて，運動負荷による 骨表層の細胞数，細胞の大きさの減少およひ深層にお

関節軟骨および成長軟骨の早期変化を形態学的に研究 ける細胞の大きさの減少がみられた．

した． 一方， 成長軟骨においては， 11000m の歩行負荷に

関節軟骨において細胞間物質と軟骨の厚さは．少量 おいて軟骨層の厚さの減少および腔骨長の減少が明ら

の運動負荷においては増加を示し，運動負荷の増加と かであった．

ともに減少した.11000 m 歩行の運動負荷においては， 以上の結果より， J;IJ若軟骨は許容範囲内においては，

急に細胞間物質の増加と， 軟骨の厚さの減少， 関節軟 運動負荷に対し形態学的に反応する能力を有している．




