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Sunierous diseases and deformities result in a shorteiiiiig 
of one of the lower limbs. We see this state appear after infantile 
paralysis, after an arthritis in childhood, after a badly united 
fractwe, with congenital hypoplasia, with a defect of the lower 
extremity, and with some other affections. 

For the treatment of this deformit? in adults n-e hare two 
methods: the lengthening of the affected leg or the shortening 
of the sound one, if we set aside the using of a raised shoe or 
an orthopedic apparatus. In  very special cases we may applj- 
the operation of Borggreoe, which is indicated for very pro- 
nounced shortenings, particularly in cases of tlie existence of a 
congenital defect of the femur. In this case what matters is, that 
after resection, both of tlie pseudarthrosis and of tlie Bnee-joint. 
the foot is twisted 180' round the axis of the leg. On the fore- 
foot a tibia-prothesis is fixecl so t h a t  the twisted ankle-joint 
takes over the function of tlie knee. 

The elongation of the diseased leg is certainly the most logical 
operation. However, its application is rather limited, the soft 
parts, viz. the vessels and nerves, allow but a limited amount 
of stretching. Many references are to be found in literature as 
to paresis and paralysis, as  well as to circulatory troubles 
in the course of this treatment. With this operation which w e  
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apply by preference in the form of oblique osteotomy of the 
femur, eventually combinecl with a similar osteotomy of the 
tibia, we can obtain a lengthening of 4 cm. 

Considerably better results are to be obtained with the 
shortening operation of Heine, in its modernized form, combined 
with osteosynthesis. Hereby we can easily neutralize a shorten- 
ing from 4 to to 8 cm, and even larger, without detriment to the 
natural functioning. The technical conditions for this are a 
primary osteosynthesis, e.g. by a medullary pin of KiLntscha 
and a thorough after-treatment of the muscles of the shortened 
leg with massage and Swedish gynmastics. 

However, we consider it a disadvantage that these operations 
can only be successfully performed on adults, because otherwise 
growth would continue to be unequal. We also object to perform- 
ing a fairly thorough operation on a sound leg, an objection which 
has been made before from different sides. One should not forget 
the fact that the muscles must adapt themselves in their func- 
tions to the new length of the skeleton. Though finally this 
haI)pens without any permanent consequences, some muscular 
insufficiency may exist for a time. 

There is still another way of treatment, i.e. the one by which, 
through affecting the growth during several years, successively 
an equalisation of the length of the leg is attained at last. 

One of the most successful operations is the epiphyseodesis 
of Phencistw in which the growth of the sound leg is stopped 
,l,n order to enable the ailing leg to attain the length of .th$ 
sound one. The only disadvantage may again be that the opera- 
tion is performed on the sound leg. It is true that this small 
operation has not the same consequences for the muscular ap- 
paratus as the shortening operation. 

Another possibility is to increase the growth of the shortened 
leg by stimulation of the growth region, so that the leg stunted 
in growth might overtake the length of the sound one. Perhaps 
thia is only possible when the epiphyseal cartilage of the af- 
fected leg has not been destroyed by the pathologic process 
and have kept their potentiality for growth. 

In literature differept efforts have been described, in which 
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i t  was tried to stimulate a pathologically shortened extremity 
to  increased growth by inducing hyperaemia. It has been 
tried to make the shortened extremity grow faster by local ap- 
plications of heat. Fmelich, H,elfkh and Laage tried to  
stimulate the growth of the retarded extremity by Bier's hyper- 
aemia, without, however, obtaining definite results. Hawis 
thought he could observe a lengthening of the extremity in the 
period of growth, by a lumbar sympathectomy, whereas Bisgaurd 
has been able to show that this operation, performed on goats, 
does not yield the expected result. 

Several authors, whose investigations will be discussed 
later on, have thought that they could correct genua valga by 
one-sided irritation of the growth region with metal and ivory 
pins and have published their results as successful. 

Already in 1869 v m  Lamgtmbiecb made experiments in which 
he irritated the growth region of a dog 8 months old with ivory 
pins which he stuck into the metaphyses of femur and tibia. I n  
this way he obtained a lengthening of the  femur and the tibia of 
5 mm. after 3% months. 

After World War I renewed interest has been taken in the 
experimental observations of the second half of the 19th century. 
In Europe there were KWigs&sm (1925)) RRsch7c.e (1925 and 
1928)) RuschRnbwg (1936) and can Nes (1938). 

These attempts were a reason for us to study the possibilities 
of lengthening the bones by operative irritation of their epi- 
physeal cartilage, in order to arrive at  a definite opinion 
about their possibilities, the more so as the results were doubtful, 
and no systematic summing up and verification of these existed. 

The blasis of experhmtal research. 

I n  our experiments, which we made in the years 1942, 1943 
and 1944 under difficult war circumstances during the occupa- 
tion, cut off from modern literature and other sources, we 
started from the well-known observation that pathologic proces- 
ses in the vicinity of the epiphyseal cartilage, which do 
not touch them, may result in a stimulation of longitudinal 
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growth of bones b ~ -  local h~peraemia. We found some statenleiits 
about this made by Stunley (1849), Page6 (1853), vow Be?.gmunn 
(1868) and 230% Lungefl.beck (1869). The observations on in- 
creased longitudinal growth in inflammations of the bone tissue 
near the epiphpeal cartilage, in inflammation of the joint, in 

Fig. 1. 
Increase of growth of 2 cm due to a tuberculosis of the left knee. 

fractures and in osteosynthesis of the bones in the vicinity of the 
growth region, have increased and are generally known, so that 
we need not dwell longer upon this. To sum up, all processes in 
the vicinity of the epiphyseal cartilage of a bacterial in- 
flammatory or aseptic nature may bring about an  increase of 
longitudinal growth b7 hyperaemia. To illustrate this we re 
produce here a photograph of a 15 year old boy (Fig. l), who in 
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cliildliood suffered from tubeiwlosis of the left knee, which =as 
cured, howeveia, without destruction of the joint, so that this boy 
has only beeu left with a slightly impaired flexion of tlie knee 
joint, besides an atrophy with a lengthening of the affected leg 
of more than 3 cim. 

The experiiiieiits wliicli have beeii undertaken to stimulate 
the growth region in ordei- to increase the longitudinal growth 
arose from the iclea of causing a sterile reaction in tlie riciiiit)- 
of the epiphyseal cartilage. This has been tried with different 
irritating substances, by putting in ivory pins, which w-oulcl 
be absoi-bed in coui’se of time, or by metal pins by which reac- 
tion with local liypei-aemia would be brought about. HeZjeridi 
obtained some lengthening of tlie legs of rabbits, after having 
put in splinters of wood drenched with tct. cantharidis into the 
medullary cavity. Helger saw tlie same after filling up the 
medullary cavity of the metaphysis with a fluor-calcium plug. 
Konigswieser made similar experiments, in the course of which 
he observed a small longitudinal increase during bacterial irrita- 
tion ; he obtained the best results by filling the medullary cavity 
of the metapliysis w-it11 a plug of camphor and nitrate of silver. 
Although he could not observe a permanent increase of length, 
these experiments sufficiently proved that irritation of bone 
tissue iii the vicinity of tlie epiplij-seal cartilage may cause a 
lengtheiiing of the bone. 

Ezperinaents to  stimulate loiagitudinul growth of hones by ir- 
ri tating the epiphyseut eurtiltige l y  i>ife(1m of icorg crnd 
naetul pins: 

The oldest experinleiits are those of uon Lungenbeck who, as  
described above, used ivory pins to stimulate the growth region. 
He obtained a positive result with these and has recomniended 
applying this process to men. 

In 1881 Riedinger made- analogous experiments. He placed 
two sizeable ivory pins in tlie vicinity of the growth region 
into the diaphysis of a dog which he killed 3 iiionths later. The 
ii-ritated tibia showed a length of 99v2 ninis. against the normal 
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one 951/2 mms. long. After the insertion of the pins a strong 
reaction appeared, a s  a result the pins worked their way out 
with pus formation. H e  could obwrve on the tibia a circumscript 
osteitis with a local increase in thickness of 5 mnis. The femur 
had not been irritated, but through the reaction in the joint, it had 
become 2v2 mms. longer, standing a reactive increase of cell 
growth of the epiphyseal cartilage plate. His experiences agree 
with the results of the experiments of TVhlechnm and Schott. 
These experiments, like those of Biddel- who checked the growth 
hg driving metal needles into or beside the epiphyseal cartilage 
in rabbits, show clearly from the protocols that the asepsis 
had not been perfect, so that  purulent reactions had developed 
on the spot. From this fact i t  follows that  we are  unable 
to attach much importance to these experiments. So we must 
assume that  t h e  increase of the growth is to be ascribed to the 
purulent reaction. I n  itself an aseptic reaction by sticking ivory 
pins in the Yicinity of the epiphyseal cartilage with a 
certain amount of influence on the growth is quite possible, as 
we can clearly conclude from the experiments of Rnwh (1927) 
that after the introduction of i\-ory pins first a light bone- 
necrosis arises on the spot. Xonths or even years afterwards 
the absorption of the ivory then begins, and after that a local 
recovery of the bone processes which cause sufficient reaction 
and hyperaemia. With young, growing individuals, these pro- 
cesses end quicker so that  the ivory is absorbed more quickly 
and a stronger reaction is brought about. This method has been 
applied in human practice. While OZlier was the first to  propose 
a correction of the genu valgum by one-sided destruction of the 
epiphyseal cartilage; Schiilter was the first t o  introduce 
a metal pin in the vicinity of the growth region on the 
lateral side for its stimulation to  achieve a correction of a genu 
valgum. He left this pin in for a time to  irritate one side of the 
epiphyseal cartilage, and removed i t  after the lapse of a 
certain time, and observed a favorable result of this treatment. 
Reschh likewise implanted ivory pins of a length of 3-4 cms. 
for the correction of genua valga, and obtained good results 
(1925 and 1928). Ruschmbsrg, too, (1936) mentions a number 



of 6 young patients, whom he treated in a siiiiilar way with a 
like object, aiid likewise attained good results. He placed the 
pins laterally, so that they partly protruded froin the bone in 
order also to obtain a stiiiiulatioii of the periost. T'an Ares (1938) 
describes 2 cases, in which he placed ivory pins in the metaplip 
sis for the stiiiiulation of the lougitucliiial growth of bones, 
without publishing the resllts. 

Infbuence of X-ruys o n  Zonyitztdinnl grorrtli of bones: 

Apart froiii these efforts to influelice the growth, further 
experiments haye been tried to use X-rays for the same purpose. 
That through X-rays tlie iiornial growth of the bone can be in- 
jured has been demonstrated by Perthes on chickens. Since the 
observations of TT'. &fuller, Stordmn, Grcts.mcin n, Beck, Otnbre- 
dlanne, Hue& and Spies, Schmidt. dnschut: and Beck and others 
this is a generally known fact. 

The experiments of Fiimterliny. I~rxkenbery ,  Iselin, and 
others 011 dogs, rabbits, goats, inice, rats, etc. follom-ed. Hoffnzco, 
has made systematic investigations, and demonstrated by these 
(1922) that with rabbits of 3 or 4 weeks old an iiijurj of tlie 
bone already appears with a dose of 25 "/c S R D, whereas oldw 
rabbits need a dose of 40 o/. S R D for a siiiiilar iiijui-s of tlie 
bone. In his experiiiients Buzcnach has ahowii that with 1650 1' 
necrosis of the bone can be attained; a checking of the growth 
has,. however, already appeared a t  doses of 550-880 r given in 
fractions. After a pause of 1-2 months, however, a recovery may 
appear. At an irradiation with 165 r a temporary stimulation 
of the growth was observed. This has also been pointed out by 
S h o n s .  Bisyaard and Huat relate that with rabbits they at- 
tained an injur j  of the cells of the epiphyseal cartilage plate 
at 50-100 74 S R D, whilst a dose of 25 % S R D resulted in an 
injury of the haematopoetic tissues. With 400 r the5 obtaiiied 
a shortening of .5 mms. in the femur of a 1-abbit. From this i t  
appears that with S-rays one inag attain an arrest or 
a considerable check in growth of tlie bone, a-hei*as the results 
of the experiments for stimulating the growth are uncertain. 
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Checking the growth by S-rags is a dangerous enterprise, and 
offers no aclvantages 01-er the operative treatment. Consequently 
only a possible stimulation of the growth by X-rays would be 
of interest. The esperimental results, however, already point 
to their usefulness. We have also tried to attain either the 
checking or stimulation of growth in rabbits espeilmentally. 
It n-as our iiitention to obtain eventually a clinically usable 
inethocl so that me had to restrict ourselves to a moderate close 
in order not to procluce a general iiijuq- of the bod\-. The results 
of o ~ i r  sporadic esaniinations were all negatire. With a stimulat- 
ing S-rar ing on rabbits we coulcl not fix a lengthening of the ii-. 
radiated leg. With a checking X-raying with a iuoderate dose, a 
periostitis of the bone indeed appeared, but there was no check 
in growth. T’ery soon, however, we gave up thew esperimenta, 
and restricted ourselves to  others, stimulating the growth by 
means of metal and ivors pins. 

OUR ESPERIMESTS ASD RESULTS 

The basic itlea of the erperinzents: 

We based oiir experiments on the observation that reactive 
processes, as already described, can give a lengthening of the 
bone. We proceeded from the premise, that  n-hen metal pins in 
the vicinity of the epiphyseal cartilage canw R slight bone 
necrosis which reacts into hgperaeniia, this reaction can stimul- 
a te  the growth. On the basis of this we decided to deposit pins 
near the growth region and expected this to result in a lengthen- 
ing of the estremitj-. 

The choice of the  tiiatei-icrl rrliich i w . 9  i i S 4 d  to st i iwwlr i tc  
the growth. 

Snmok and Gwillnrd describe in their research that different 
metals produce different reactions in the bone, ix., some metals 
a re  toxic with respect to the growth of bone cells and others are 
not. They used in their experiments osteoblasts of foal-embryos 
which the? raised during a certain time with various metals 



cleposited in the cultures. Certain cultures experienced a check- 
ing influence by the tosic action of the metal and were retarded 
in growth with iaespect to control cultwes. Erentually they suc- 
ceeded in setting up a series of tosicitj- which me reprocluce here. 
B -  comparative measurements of the diameter of growth and 
surface, thex found a gron-th-constant, which theF calculated 
froin the following formula : 

control 
culture 

L = the radial esteiisioii of culture. 
Sin = surface of culture after n clays. 

trial control trial 
culture culture culture 

iihosyhorbronze ............ 
copper ......................... 
bronze ......................... 
(3-Si-steel ................... 
hrass ........................... 
iron ............................. 
aluminiuni ................... 
nickel .......................... 
Y2A-steel ..................... 

0.97 
1.70 
1.26 
1.30 
1.97 
0.79 
2.29 
1.52 
1.10 

0.00 
0.70 
0.30 
052 
1.54 
0.47 
1.58 
1.80 
1.15 

~~ - 

3.91 
7.35 
7.02 
i.63 
8.30 
4.00 
7.30 
7.91 
6.51 

0.00 
0.00 
0.45 
1.47 
5.67 
3.51 
6.50 
6.79 
6.53 

.Wook and @aillard: Influence of metals on the growth of bone tissue. 
(Table abridged.) 

So when rarious metals exercise a different toxic action on 
the gron-th of osteoblasts and check the growth b? this action, 
then after introduction of the metal a reaction of the bone must 
appear. This reaction must be strongest with metals working 
estremely toxically. The stronger the toxic reaction appearing 
in the bone tissue, resulting in local necrosis, the stronger the 
reparative reaction with hyperaemia will be. So n-e can use 
this reaction as a stimulus for growth br introducing metal, 
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acting toxically in the vicinity of the growth region, and let 
the destructive aiid reparative processes end there. This was for 
that matter the basic idea of our experiments. With V2A-steel 
pins we cannot get any reaction, T’ZA-steel being iiidiffereiit to 
bone tissue; growth constant of the test culture is 6.53 against 
the control culture 6.51 when checked. The difference of 0.02 
falls within the margin of error. Therefore no increase of the 
growth in length can be expected, if the ground plan of our es- 
periments is correct. Should we however observe any change in 
the rate of growth, then other elements would play a part. The 
fact is that, through the presence of galvaiik current betaeen 
the pins a necrotic zone appears round each of them. This could 
produce sufficient reaction to stimulate longitudinal growth. 
Therefore it was decided to deposit pins of different metals in 
the bone so that a current could be raised between them. S)’ntook 
and Qaillard observe that when fixing a fracture of the neck of 
the femur with a nietal pin a decalcified zone can be observed 
round the pin by X-rays. This is not based on osteoporosis, but 
rather on the appearance of a capsule of fibrous tissue round 
the nail. It is to be assumed that this capsule arises through 
necrobiotic processes resulting from galvanic current generated 
on the spot. The nietal pin works as a galvanic element, electro- 
chemical processes result, when the metal is not homogenous, or 
when the pin lies in different media, with a difference of oxygen 
concentration. So if a pin lies in the bone, projecting into an- 
other surrounding, e.g. muscular tissue, then the result is, that 
the part which lies in the bone and finds itself in surroundings 
poor in 0,, works as an anode, while the projecting part lying 
in surroundings rich in O,, works as a cathode. These simple 
reasonings have for that matter furnished the basis for further 
experiments in which the pins were not fully introduced into 
the bone-tissue. Further experiments are based on the fact that 
absorbable materials cause a protracted reaction. We need not 
dwell any longer on this fact here, as this has already been d i 4  
cussed before and has been proved by the experiments of others. 
We used ivory for our experiments, which is an absorbable 
material and brings about a protracted reaction, so that it might 



reasonably be supposed that  sufficient hj-peraeinia would take 
place to stimulate the loiigitudinal growth. 

The technique of thlp esperinient.r: 
I n  our experiments we have used dogs, guinea-pigs and rabbits. The es- 

periments with dogs had to be soon stopped on account of w'ar conditions. 
Caviae did not prove suitable for these experiments, as the skeleton is 
too thin. We succeeded in breeding a series of rabbits of a strong and 
big breed in  the University Pathological Institute at Leyden, and used 
them for our purpose. We made our experiments on 22 animals; only 
14 produced results to form an opinion on. (6 animals died of infectious 
diseases, before a proper opinion of the result could be formed.) All 
the animals were operated on quite young, so that a long period of 
growth could be counted on. With rabbits the age a t  which the experi- 
ments commenced ranged from 6 to  12 weeks. After 12 weeks they were 
X-rayed. The length of the paw had been fixed by X-rays before the 
operation. The experiments were all made on one side, so that the other 
hindleg could serve for comparison. We tried to stimulate the lower 
growth region of the femur and the upper one of the tibia, as ft appears 
clearly from Campbell's figures that  the growth regions of the knee give 
by far the most growth in length: 77 % of the length of the femur and 
56 % of the tibia. I n  one case the upper growing cartilage of the femur 
was stimulated too. The measurements were made direct on the X-ray 
photographs, which were all taken with the same technique. For  this the 
animals were laid on their bellies, and the legs extended equally. The 
distance between object and tube amounted to f.25 crns. The X-ray photo- 
graphs were consequently taken dorso-ventrally. 

The experiments were made under narcosis, and performed under the 
most aseptic circumstances. Here we manipulated exclusively with in- 
struments in the wound, and the pins were likewise exclusively handled 
with forceps. The pins were introduced from a straight incision opening 
the knee, after a hole had been made on the desired spot. It must be 
noted that the pins were introduced from medial, lateral and bilateral. 
Some of the pins were deposited entirely in the bone, others with a small 
part of their length protruding from the bone. To eliminate the possible 
disturbing influence of the unstimulated fibula, it was resected before- 
hand for a distance of 2-3 crns in some of the animals. The healing of 
the wounds of all the animals was undisturbed. The function of the 
joints remained intact. Optimal feeding of the animals was cared for. 
A number of the animals was killed when the experiments were finished, 
and their legs were examined histologically. 

The growth in length of long tubular bones occurs towards the epiphy- 
sis. Causing the stimulation in  the epiphysis has the advantage, that the 
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growth region does not move froin the place of the stimulus. When we 
deposit the stimulating ;)ins in  the metaphysis, the epighyseal cartilage 
may get too far away from the place of reaction, and no longer 
experience sufficient stimulation. I n  the course of the experiments it 
appeared however that the deposit of the pins in the epiphysis remained 
without any success, so that we started placing the pins in the metaphysis. 

Resalts of the  expel-iments: 

We give here a table,' showing the results of the different ex- 
periments and shall confine ourselves to a surtimary of results. 

With respect to the place of stimulatioq we coiicluded that 
the pins put in the epiphysis did not cause a yeaction in the 

Fig. 2. 
Dog D1. Irritation by VZA-steel pins. No increase of growth 4 months 

after operation. 



growth in length (Fig. 3 ) .  I n  particular this holds good of 
\'2A-steel as expected. \?A never causes a reaction, and quiclrly 
siiri*ounils itself with a capsule, so that no further reaction can 
be expected, which iiiight stimulate growth. By combination of 
copper and z i w ,  ~-1iere a retictioil w a s  expected from the re- 
sulting galvanic. t*iirreiit. oiiiy it riarefaction appeared around 
the pins on the s-i*iiy (Pig.  3) .  This local waction was iiot 
able either to  esewisr any inflnence on the longitudinal 
gro\vth. \Vth  iroii r a q i n g  results were attained. On the one 
hancl we found a slight increase in growth, on the other hand 
the growth of the bone was retarded. The risible reaction in the 
bone was rery nioclemte, so that  we quickly gave up this material 
and (lid not continne these experiments. The fluctuations were 
iuinimal, and iiiiglit fall within the limits of possible ei*ror. The 
strongly tosic coppel' cwisecl a distinct i+eaction in the bone 
in the esperinient, so that cleforniities appeaiwi, and the X-ray 
films showed ii tlistinct rarefaction round the inetal. As to the 
longitudinal growth we perceirecl here a lagging behind of femur 
and tibia, pl.es11I1IilblJ 011 a toxic basis, so that this material 
(lid not appear to be f i t  for our further experiments. 

As to the diniensions of the pins we must mention that small 
pins were eiicapsirlecl without further reaction, so that we had 
to choose thick pins botli of inetal ant1 of ivory. So whilst the 

F i g .  3. 
Rabbit R 2 :  irritation by copper Rabbit R 3 :  irritation by iron pins. 

Postoperative Experinientiil Post operative Ikperimental 
control. result. control. result. 

and zinc. 



experiinents with metal pins did iiot give satisfaction, n-e could 
show illore reactioii with ivoq7 ones, and hare exclusively con- 
tinued the experiments with ivory. 

Already with the first rabbit which we liacl stiiiiulatecl jvitli 
ivory pine three aiontlis after the ol)er>itioii ti t.qbieal \ i i l g u h  

Fig.  da.  Rabbit R4. Fig. 5 a. Rabbit RG. 
Postoperative control. 

position of the tibia aid of the fibula appeared, however witliout 
lengthening of the leg (Fig. 4) .  The valgtis deviation took pliic-t. 
in the metaphysis on the place of the ivory pin. The femur did 
not show ail? lengthening, nor any change of structure or posi- 
tion. 11ei.e the stiiiidatiiig pins were, in contrast to the t i lb i i l .  



placed in the epiphysih. Looking for an explanation of the 
appearaiice of this deforniity, n-e thought it niiglit be as.;tutiecl, 

Fig. 4 b. 
Kabbit R 4 - experiinental result. 

Fig.  5 b. 
Rabbit R 6 - experiiuentnl result. 

that one side had apparently groan harcler than the other? 
through a one-sided stimulus of the growth region. It was 
however not impossible either that here some checking iiiIlueiiee 



had pi.oceeiled froiii the uiistiriiulatecl fibula which grew nor- 
mally, and checked the accelerated growth of the tibia laterally, 
so that a valgus position was the result. This supposition seemed 
less probable to us, as the fibula was likewise curvecl in valgus, 
and moreowr we supposed that  with a more intense growth of 
the tibia the fibula would follow the traction, and likewise 

Fig.  6 a 
Showing >I 1mrt of the fibrous capsnle, which enclosed the pin. (100 X). 

p o w  harcle~. Sotwithstanding these consideratioils we decided 
to  eliminate in future this checking factop. I n  future we always 
cut the fibtila. Apart from this we introduced in certain cases 
the ivory pins medially and expected by this a valgus deformity. 
I n  introducing the pins laterally a varus deformity could be 
expected to  appear. A bilateral intrpduction of the pins would 
result in a lengthening of the extremity. 

The rabbit R6= (Fig. 5 )  showed under stimulation with 
ivory in the metaphysis, a remarkable change of the femur, which 
became thick in the stimulated area and looked puffed up. A 
lengthening of 1 mm. appeared. The tibia which was stimulated 



froill tlie lateral sitlr. she\\ etl ilgilill il \ algus position, but 
110 lengthening, \\-liereah tlie rabhit r\’i = So.  9 stiniulated 
iiiedia11-j in the tihia u~rtal)li> hi< slio\rrtl priicticallj 110 ralgus 
and 110 lengthening. “lie correslwucling frliiur, \\-hen stiriiulated 
mediallg, sho~vecl no tlefoi*mity but i i  prolongiition of its length 
of about 1 inins (about 3 “/c of the length of the other leg). In  

F i { / .  6 b. 
Local increased density of bone tissue in the vicinity of the 1)in. (50 X). 

case Xo. 10 rabbit 133, where the feniur was stimulated centrally 
and the tibia niedially after resection of the fibula, the femur 
showed some thickening of the metaphysis without lengthening, 
whilst the tibia as espectecl showed valgus position. The fibula 
had regenerated itself here. A lengthening of 1 mm. of the tibia 
appeared. Remarkable is the case No. 11 rabbit R11. Here the 
femur and the tibia were stiniulated bilaterally, after resection of 
the fibula. The fibula coulcl not regenerate. Some thickening of 
both bones occurred, but  no lengthelling, neither of the tibia nor 
of the femur. The case So.  13 rahhit It12 which in difficult 
to judge with regard to the gaining of length on account of 
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rnms. 

faultj- projection, is lion-evei* further practically analogous to 
tlie preceding. Contrary to our expectations 110 leiigtlieiiiiig with 
a bilateral stiniulation of tlie Bone was observed. 

I n  tlie cases So.  1:: and 1.1 rabbits R13 aiicl Rl.1, wlirw 
the stiinulus has taken place laterally aiid inedially after re- 
section of the fibula. we see no distinct ralgns or 1-arua defor- 
mity appear, but a tliic1;eiiing of the bone which we have ob- 
serrecl before. As to the lengthening, both experiiiieiits are  
faroi-able, as in both cases the feiiioi*a hare showii some leiigtheii- 
iiig, though the tibiae have not shared in this process. 

percentage 

TABLE I1 

femur 

h'o 

tibia femur 1 tibia 

o.o 
- 3.0 
- ?.(I 

- 3.5 
+ 1.(1 + 3.0 

CI.(I 

+ 1.i) 
+ 4.0 

0.0 
O.( I 

+ 6.0' 
+ 1.0 + 3.0 

- 
0.0 

- 0.5 

0.V 
- 1.0 

0.0 
0.0 
0.11 

+ 1.ii 
0.0 

- 0.3 

0.0 

(1.o 

0.0 

0.0 
- 2.4 
- 3 . i  
- 3.01 
+ 0.94 
+ 3.3i 

0.0 + 1.16 

0.u 
0.0 

+ 8.34 
+ 1.09 
+ 3.3 

+ 4.76 

- 
0.0 

- 1.7 
0.0 
0.0 

0.0 
0.0 
0.0 

+ 1.16 
0.0 

- 0.69 
0.0 
0.0 

- 1.12 

Increase in length in imns. and percentage of the sound leg indicated 

The measurements have been perfornietl on S-ra\- photogral)iis. 
For absolute length see table I. 

by : $. Lagging in growth indicated b~ : -. 

unequal Drojection ! 



11 i s t  olo y i ca 1 excc ni  i n (1 t io : 
After the animals hacl been killed the bones, in which the 

pins had been put, were removed and pi3eservecl in fornialin 5 %. 
Then they were placed for a time in nitric acid, till they had 
become sufficiently soft to be cut into sections or to be sawn 
with a fret-saw. The cutting and sawing surfaces of these 
sections were chosen so that the seat of the pins m s  shon-n. 
With a view to the cuttiiig of the sections enclosecl in celloicliiie 
the metal pins had to be removecl. This was clone before tlie 
decalcifiecl bone was cut iiito sections. They ivory pins could I w  
left, because it was found that these became soft owing to tlie 
decalcification by the nitric acid. The difference in consistency 
between the decalcified bone- tissue and these softened ivoq 
pins was however such, that in cutting the sections these pins 
fell out, and a cavity reniainecl. In  the histologic picture of tlir 
bone sections obtained like this, whicli liacl been colourecl with 
haematosylin and accorcliiig to clan Gicson, the growth regioii 
showed first of all a iiormal appearance. The cartilaginous zoiie 
had the same width in each section, and showed a very regular 
and normal structure. The zone of ossification likewise showed 
a nornial and regular aspect. Slightly lo~ver, \\-heiBe the pins hat1 
lain, a zone of fibrous tissue was found, the width of which 
differed in various cases. The fibrous tissue of this encapsulation 
was comparatively poor in  cells and sonietinies partly hyalinised. 
With the exception of a few cases, no cellular infiltrates were 
found. The adjacent bone-tissue showed a marked trabecular 
structure; the medullary tissue had an orclinary cellular aspect. 
as is to be expected with young animals. Round the pins there 
was unequal fibrous thickeiiiug of the periost. The underlying 
bone-tissue sonietiiiies showed strong bone-laniellae lying close 
together. An exception to  this description holding good nearly 
everywhere was formed by a rabbit whose leg had adopted a 
very slanting position, evidently owing to  onasided growth. 
(Fig. 6 a and b).  Histologically it appearecl first that  on tlie 
couvex side, i.e. ou the side where the strongest growth occurred, 
the periost showed a strong fibrous thickening. A substitutiou 
of the bone-tissue had also taken place in the area, where the 



ivory pins had lain, just under the corticalis, by fibrous tissue 
already partly hyalinised. I n  its centre was a conglonieration of 
leucocytes and lyniphocytes without there being any pus forma- 
tion. The adjacent bone tissue showed increased density locally, 
Iroth i n  the spongiow and in the rortiwlis owing to the broacleii- 
ing of the bone lamellae, full of swollen osteoblasts. There was 
in this area of one-sided stroilgel. growth a local clisappeai.aiice of 
Iwne with substitution 1)s inflaiiirtiatory fibrons tissue, froiii 
\\-liic.h a t  the Sattie tiiiir a stininlns to strong bone foriiiatio~i 
must have proceeded. The local character as  well a s  the in- 
cidental appearance niakes it acceptable, that n.e have here to 
do  with an unusual growth tissue, owing to a n  inflammatory 
yeaction, the caiise of which was not clear. l k t ~ t ~ r i i ~ l  staining 
jielded no result, so that the possibility of infection could not 
be confirmecl. In geiieixl it (.:in be saitl, that  t l i r  histologic 
rsaminatiori confitatus the c*linic.;il rwults of the experillien ts. 

s u m 1 A I ; Y  

In summing up our results we inlist conclude, that  i t  is in- 
(lee(\ possible to cause soiiie reaction H-hich leads to a stimulation 
of growth by introducing metal 01’ ivory pins into the meta- 
physis of growing bone. Frequently however the local reaction 
is not sufficient to influence longitudinal growth. Metal pins 
produce a strong reaction in so far as the metal acts toxically 
on the tissue, which may even result in damage to  the growth. 
Nostly however the metal pins are surrounded by a membrane 
of fibrous tissue, so that  reaction is eliminated. This also happens 
when various metals are  deposited in bone tissue to produce a 
galvanic current. More positive results are obtained with ab- 
sorbable material, which maintains a reaction in the bone dur- 
ing the time of absorption, e.g. ivory. After the introduction of 
ivory pins the reactive processes result in a thickening of the 
bone. The actual influence on the growth of the bone becomes 
of secondary importance. Some lengthening of the bone is in- 
deed attained, but the results are very various and uncertain. 
Xoreover the reaction often causes deformity of the extremity, 



which can not be inflnenced a t  will by modification of the tech- 
nique of the experiment. The lengthening moreover is minimal 
and many results are certainly still within the bounds of pos- 
sible error. Our investigations show that n certain influence oii 

the growth is possible by the introduction of ivory pins into the 
inetaphysis of growing bone, but that this method is not suit- 
able for human practice on account of its uncertainty, and 
because of the appearance of deformities. 

Unilateral shortening of extremities should preferably be 
treated by Phe'naister's epiphyseodesis. By this method we ob- 
tained favorable results apar t  from those mentioned in the 
extensive literature. As an alternative the checking of growth 
by means of a wire-loop as indicated in 1945 by 8. L. Haas, $an 
Francisco, is open to  discussion. 

Wenn wir unsere Ergebnisse zusammenfassen, miissen n-ir 
den Rcliluss ziehen, dass es wirldich riiijglich ist, eine Reaktioii 
auazulosen, die clurch Eiiifiihrung von Illetall- oder El- 
fenbeinstiften in die die Metaphyse voii wachsenden Iinochen das 
Wachstu,ni fordevt. Haufig reicht jecloch die lokale Beaktioil 
nicht Bus, urn das Langenwachstum zu beeinflussen. Metall- 
stifte rufen iiisoweit eine starlie Reaktion hervor, als das Me- 
tall toxisch auf das Gewebe wirkt, was auch einen schadlichen 
Eiiifliiss auf das Wachstum haben kana. Rleist siiid jedoch die 
Metallstifte von einer Membran von fibroseni Gewebe umgehen. 
so dass eine Reaktion unmoglich gemacht wird. Dies geschieht 
auch dann, wenn mehrere Metalle im Knochengewebe deponiert 
werden, urn einen galvanischen Strom hervomirufen. Nehr po- 
sitive Ergebnisse wurden mit absorbierbarem Material erzielt, 
das wahrend der Dauer der Absorption eine Beaktion im Iino- 
chen unterhalt, z. B. Elfenbein. Nach der Einfiihrung von El- 
fenbeinstiften fuhren die reaktiven Prozesse zu einer Verdickung 
des Knochens. Der tatsachliche Einfluss auf das Wachstum des 
Knochens bekommt sekundare Bedeutung. Eine gewisse Verlan- 
gerung des Ihochens wird wirklich erziel t ; die Ergebnisse sind 
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nher sehr variierencl uacl unsicher. Ubeidies rerursacht die Reak- 
tinii oft eine Deformierung cler Extremitiit, clie xich (lurch eine 
Yodifizierung der Technik cles Experiments iiicht willkui~lich 
heeinflusseu lasst. Ausseidem ist die \7erlange~-ung minimal, und 
r i d e  Ergebnisse liege11 sicher iiinerhalb normaler Fehlerpenzeii. 
Unsere Untersuchungen zeigen, (lass clurch clie Eiiifuhrixiig von 
Elfenbeinstiften in clie Metaphyse eines wachsencleii Knochens 
sich ein gewisser Einfluss auf clus Wachstuni erzielen Iasst, class 
diese Uethode abei. wegen ihrei2 Uiisicherheit, iintl weil clabei 
Deformitiiten auftreteii kiinnea, sich fur  die Praxis am Men- 
when nicht eigiiet. 

Eine unilaterale T’erlciirzung von Estreniitiiten sollte VOB- 

zugsweise mit tler PhcnaisteiJschen Epiphyseoclese behandelt 
werclen. Nit dieser Methocle haben u-ir gunstige E:rfolge erzielt, 
abgesehen von clenen, die in cler urufassenden Liteixtur angegeben 
sincl, Eine diskutable Alternative ist die Hemmiiug tlrs ITnrhs- 
tums mit Hilfe eiiier Drahtschlinge, wie A. L. H U C ~ S ,  Sali Fran- 
cisco, sie 1945 angegeben hat. 

r\ I3SUlIfi 

11 est possible cl’obtenir une stimulation cle la croissance 
des 0s par unplantation clans les Cpiphyses osseuses cl’une poiiite 
metallique ou d’iroire, neaumoiiis la reaction locale n’est sou- 
rent pas assez forte pour favorisel? la croissance en longueur. 
Les pointes metalliques procluisent une forte rCaction B cause 
de l’action toxique sur les tissus clu metal, cette rCaction peut 
n3me g&ner la croissance ; le plus sourent il se fornie autour 
cle la pointe une membrane fibreuse protectrice. Le m&me fait  
se produit quand on introduit clans les tissus osseux differents 
mCtaux pour obtenir un courant galvanique. 

Les rhsultats sont meilleurs avec des pointes en mati6re 1-6- 
sorbable, comme de l’ivoire, qui entretients une reaction osseuse 
jusqu’il resorption compl&te, cette reaction se traduits pur un 
Qpaississement osseux. 

L’influence sur  la croissance en longueur est variable et 
incertaine, et il se produit souvent une clCformation de I’extrB 



init6 osseuse, d6formation qii’oii iie peut pas iiiflueiicei* iiieiiie en 
inoclifiant la  technique cle l’esp6i+nce, 

La croissaiice en longneiir ii’ect qne niiiiiinale et beaucoup 
tle nos r h l t a t s  xe troiirent tlnnr les liinites d’uiie erreur pos- 
cible. 

Nos reclierclies niontrent qu’il est possible jusqu‘k un certain 
poiiit d’agir siir la ciaoissaiice eii loiigneuia des 0s par  l’iniplanta- 
tioii de poiiites cl’iroire daiis la iii6taphyse. inais la m6tliocle n’est 
pas applicable l’homiiie cause cle soil iiicertitiide et cles cl6- 
formations qu’elle provoque. 

11 est pr6f6rable de traiter 1111 racouncissenient unilateral cles 
estr&mit& par 1’6piph~-seod&e (le Pfittii i s t w .  Cette technique 
iioiis a cloiiiih cles rhsultats favomhlea en dehors de ceus inen- 
tioiiiiCs clans la l i t thatt ire.  

Quaiit i’i l a  possibilitb cl’aiw$ter la croissaiice moyeniiaiit 1111 

lubaii d’acier ni6thocle iiicliqu6e eii 1943 pa13 P. L. Haas (le Sail 
Francisco, la question reste ourelate. 
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