
FROM T H E  (JRTHOP.4EDIC HOSPIT.4 I, I N  COPEBHAGEN 

ELBOW FLEXOR PLASTY IN TENDON TRANSPOSITION 
( A n  analysis of the functional result in 26 p a t i e n t s ) .  

I n  the years following the great polio epidemic in Denmark in 1952, 
an increasing number of patients were referred for o r thoped ic  recon- 
struction of their paralytic extremetics.’ 

The two main groups of operations applied, were arthrodeses and 
tcndon-musclc transpositions. Frequently a coinbination of procedures 
\vas prcfcrrcd, since cfforts ncrc  conccntratcd on achicving the optinial 
result with regard to both strength, stability and coordination. 

Amongst the aim of reconstructivc treatment of upper extremity 
paralysis was the restoration of active elbow flexion in case of per- 
niancnt paralysis of the normal elhow flexors (biceps brachii: long and 
short head, hrachinlis and brachioradialis) . To fulfill this task Steind- 
ler’s clhow flexor plasty ( 1 )  was favoured, whereas the pectoral plasty 
tlcserihed by Clarc was eniployed only in a few selected cases. 

I n  1918 Steindlcr puhlished the results of his first attempts with his 
iicw technique. Steindlcr’s brilliant idea consists of utilising the forcarrn 
flvsor grou]) as a substitute for the normal elbow flexors by increasing 
the muscle group’s negligeable lever a rm on the  elbow joint and thus 
1)rovitlinS the muscles with “a reciprocal task” in addition to the ori- 
ginal function in the \vrist joint, hand and fingers. 

Stcindlcr’s operative procedure is performed as  follows : A longitu- 
dinal incision is niade along the medial aslwct of the elbow joint from 
5 cnis. above the joint to the medial epicondyle and from here swinging 
radially along the radial edge of the pronator teres to about 5 cnis. 
distally of the joint. The skin and subcutaneous tissuc a r c  reflected and 
the ulnar nerve is isolatcd and drawn carefully aside. The coiniiion 
hcad of the flexors is th rn  exposcd and released su1)pcriosteally from 
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the epicondyle. In order to obtain sufficient length of the transplant, 
the muscle group is dissected bluntly as far as this is permissible, bear- 
ing in mind the motor nerve branches from the median and ulnar 
nerves. 

Finally the transplant is fixed proximally at  the medial rim of the 
humerus, which is exposed by dissection along the medial intermuscu- 
lar septum between the brachialis and triceps. The tendon is fixed to 
the periosteum or through drill holes in the bone with the elbow in 
flexed position and the forearm in maximal supination. 

This position is maintained for 3 weeks in circular plaster of Paris. 
After this period the plaster is replaced by a dorsal splint furnished 
with flexible joini. The degree of flexion is gradually diminished and 
6 weeks postoperatively exercises is commenced after removal of the 
splint. 

A more detailed analysis of the functional result in a larger series 
did not emerge until Steindler’s own report in 1939 on 29 cases ( 3 ) .  
In the following 20 years serial publications revealed the great interest 
for this intervention (Carrol & Gartland 1953 ( 4 ) ,  Mayer & Green 1951 
( 5 , 6 ) .  Schoetfstaedt, Larsen & Bosf 1958 ( 7 )  and Segal, Seddon & 
Brooks in 1959 ( 8 )  ) . 

The above authors all agree with the premises: a strong forearm 
flexor group and a good hand function. Mayer & Green emphasise the 
importance of strong wrist joint flexors, since these require the major 
power of the muscle group. 

A hand capable of function is a conditio sine qua non, since the ope- 
ration would otherwise lack all purpose. In case of impaired hand func- 
tion several authors recommend a primary reconstruction of hand 
function. Steindler & Carroll, however, preferred inverse sequence, as 
they point out that the best result of tendon transfer in the hand is 
achieved, if the origin of the muscles is transposed in advance. 

2 important drawbacks of Steindler’s operation are some restriction 
of supination and elbow extension. In case of pronation contracture, 
tenotomy of pronator teres andor  pronator quadratus may be a good 
solution, while a threatening contracture with restriction of active su- 
pination has in several cases been overcome by tendon transposition 
reinforcing the supination. 

For the latter purpose Steindler perfers a transposition of the flexor 
carpi ulnaris around the  forearm with fixation to the radius, while 
Tubby has described another method, in which the pronator term and 
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flexor carpi radialis are detached distally and brought through the 
interosseous membrane to the dorsal aspect of the radius. 

Srgal,  Seddon & Brooks attribute the loss of supination to the loss of 
the main supinator, the biceps, while Carroll & Gartland, agreeing with 
this, point out the importance of adequate exercises of the accessory 
supinator muscles, particularly the extensor pollucis longus and flexor 
carpi ulnaris. 

The postoperative limitation of extension is by most authors ascribed 
to a paralytic triceps. Both Sfeindler and Seddon & Brooks point out 
\he significance of this loss of antagonistic strength, and the first- 
named warns against the early onset of contracture. 

The importance of an adequate, postoperative retraining of the ex- 
tension is generally accepted. In case of a weak Triceps, Mayer & Green 
go so far as to remove the plaster after only 2 weeks, and immediately 
begin exercise with special attention to eptension. On the other hand 
Schoettstaedt, Larsen & Rost point out that a complete extension is 
rarely obtainable and even not desirable, since elbow flexion is facili- 
tated from an initially position of flexion. In agreement with this S P ~ -  
don 13 Brooks are able to demonstrate a relationship between the flexion 
power force of the transplant and the degree of restricted extension. 

Amongst other attempts to counteract the limitation of extension, 
primary splinting in a more extended position may be mentioned. 

Due to these difficulties and on the hasis of a more exact analysis, 
several authors have tried to modify the operation. Thus Mayer & Green 
fix the common head of the flexors laterally to the anterior aspect of 
the humerus in an attempt to counteract the pronation tendency and 
state that they are able to lessen, although not prevent it. The same 
authors have furthermore attempted to increase strength by a simul- 
taneous transfer of the extensor group, but were compelled to give this 
up due to the technical difficulty in preserving the motor nerve bran- 
ches. 

Bunnall s lengthening the insertion with fascia lata transplant, Eyler’s 
suggestion of dispensing with the flexor carpi ulnaris in order to ob- 
tain better clivage (Henry’s internervous plane), and Mayer & Green’s 
careful dissection of the flexor group to achieve a higher and more 
lateral position are all strivings for a more ideal utilisation of Steindler’s 
original idea and a further step towards normal function. 

In the same way the present study is a modest attempt to contribute 
to the solution of these problems. 
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The following may be mentioned as the most important alternatives 
to Steindler’s operation : 

1 .  Clarc’s transposition of the pectoralis major to the biceps. ( 2 ) .  
2. Brook’s & Seddon’s modification of the above (9 ) .  
3. Bunnell’s transposition of the sternocleidomastoideus to the hi- 

ceps using fascia lata transplant for lengthening. 
4. Carroll’s transposition of the triceps to the biceps. 

In addition various forms of pectoralis plasty have been utilised 
since Schultze-Berge in 1917 (12)  made use of the muscle for the first 
time, but it was not until Clarc’s modification in 19-16 that this form 
of elbow activation was generally accepted. 

A single case in which the pectoralis minor has been used, was pub- 
lished by E .  Spira from Israel ( 13) .  

In the present study we employed Clarc’s operation only in individual 
cases. 

Personal series: 

26 patients operated for elbow paralysis at  The Orthopaedic Hospital 
in Copenhagen, dept.s I, I1 and I11 in the years 1951-59. 

22 cases were polioparalysis, 3 trafficlesions of the brachialplexus 
and a single case a sequence of an obstetric lesion. 

113 of the operations were performed on women, 213 on men, including 
2 operations on the same patient with bilateral paresis. 

The operations were performed 2-6 years after the first orthopaedic 
consultation with the exception of single cases in which individual 
factors in the patients’ invalid condition or the treatment became pre- 
dominant. The premises for operation were generous, so far as the 
claim for full strength in the transposed muscles was not absolute, 
whereas the requirement for adequate hand function was decisive. In 
cases of insufficient hand function the Steindler operation was always 
preceded by hand reconstruction and the result of this was determining 
the elbowplastics. 

Operative technique: 

The technical procedure followed the principle stated by Steindler. 
Most frequently the common caput of the flexors was detached from 
the medial epicondyle by chiseling away a small slice of bone a.m. 
Campell ; in individual cases the tendon was freed subperiosteally. 
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AGE Of DIS€AS€ 

Table 1. 

Group I 0 - 9yr.s. 
2 I0 -24 

I) 3. 25-40 

4 
-~ 6r2  G[3 

PERIOD FROM 
DlSEASE 10 
OPERA TlON 

Table 2. 
Group r. & - 6 yrs 

t, 2. 7 - f 7  3, 

3. 23 -26 

patients with plexus /es;on 

PERIOD f R 0 M  
OPERA TlON TO 
FOL L ow - UP 

Table 3. 
Group 1. 2 - 3 yrs. 

11 2. 4-6 11 

Trrblr I. 'Ihc age distribution a t  t he  onset o f  disease or t ime of lesion. ?h of the  
patients a re  previous polio children. who caught the i r  disease during 0-10 
years of  age. 

Trzblr 2. The  periods u p  to  the  t ime of operation. More than  'h of the  patients were  
operated on  within 6 xears after the occurrence of paralyses. 3 wi th in  2 
years. 

Tahlr, 3. The periods from operation to  fo l low-up examination. More than  3/a of 
the patients were followed u p  from 4-6 gears postoperatively. 

Fixation was carried out to the nicdial bordcr of the humerus from 
2--6 cms. proximally, efforts being made to place the fixation as  high 
as possible with the elbow flexed 90 degrees and with the forearm in 
maximal supination. 



ERRATA 

In Dr. Kame Nyholm’s article in Acta Orthopaedica Scandinavica. vo l .  SSSI 1 1 .  
f a x .  1 ,  page 35, Fig. 1 is missing. The f igure is reproduced here. 

Fig .  1. 

Verte 
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In one single patient the tendon was fixed laterally to the anterior 
aspect of the humerus a.m. Mayer & Green. 

The tendons were firmly fixed by drill holes in the bone or to the 
periosteum and the intermuscular medial septum. 

After the operation the arm was put into a circular plaster of Paris 
with the elbow flexed 90 degrees and the forearm in maximal supina- 
tion. 3 weeks later the plaster was changed to a dorsal splint and active 
excersises of elbow flexion and myotensor treatment were started. 
After another 3 weeks the splint was removed and physiotherapy com- 
menced. 

Avulsion of the transposed tendon from its bed was not observed in 
any patient. 

In 2 patients the classic Steindler operation was supplemented by 
proximal transposition of muscles from the extensor or radial extensor 
group. One case is differentiated from the others owing to an isolated 
transposition of the radial extensor group, as the flexors were found 
too weak. 

R E S U L T S  O F  T H E  F O L L O W - U P  E X A M I N A T I O N  

Sfeindler-plasiics. 
Elbow flexion: 

All patients, but one, were able to carry out a slow harmonised flex- 
ion-extension movement of the elbow corresponding to the number of 
degrees stated. (Fig. 1). The strength achieved varied from 3-4, while 
that in 4 out of 5 patients with simultaneous function of the biceps 
reached at least 4. No one with total paresis of the normal elbow flexors 
could lift more than 4 pounds. 

Fig. 1. 
The results of 24 Steindler operations on 23 patients. 
The middle curves show the elbow flexion-extension in  degrees. 
The arrangement of the curves is determined by an increasing extension deficiency 

centrally. Active supination and pronation can be discovered from the Manchet 
curves. Maximum pronation: o degrees. Maxium supination: 180 degrees. 

The unbroken lines represent movements in patients with fully capable forearm 
muscles. The dotted lines are equal movements in patients with reduced strength 
in single or several forearm muscles. (strength below 4). 

Elbow flexion strength is stated according to the following grading: 

3: flexion to full extent with ?h pound weight in  the hand. 
3 4: flexion to full extent with %-2 pound weight in the hand. 

4: flexion to  full extent with 2-4 pound weight in the hand. 
5: flexion to full extent with normal strength. 

3' 



A l l  patients, rxccpt 2, prefcrrcd to flex the cll)ow with pronated fore- 
iirrn and clenched hnntl. 1 1 1  the '1 c.sccptions the forrarni was in maximal 
su 1)in a t ion, without act i vc 1) ron  ;i t ion. 

10 wcrc  capablc of flexing during unchanged su1)ination or semi- 
supination, \\.hereas 10 were com1)elled to 1)ronatc (luring flexion. In 
1 cascs the forcarin was in fixed pronation. 

Of the first incntionetl 10 paticnts, 4 had a partially reco\.crcd biceps, 
2 a sup1)lcinenting extensor transposition anti 2 :I supin:ition contrac- 
turc in thc iorcarm. Of the last 2 ,  one had soinc t'unrtion of hrachiora- 
tlinlis arid the last one a prcopcrativc function of biceps, whereas this 
function could not he tlcmonstratcd a t  the follo\v-up examination. 

The preferred position of the forcarin and hand is a function of the 
primary action of' the now doubly working musclcJs and demonstrates 
the functional hasis for the Stcindler operation. A replaccment of the 
normal flexion-sul,inatiiig inechanism by a flexion-pronating inecha- 
nism, which phy1og:cnetically is probably of an older datc,. 

The same 1)henomenon is demonstrated during flrsion tests with the 
lorcarm supinated. Alinost all paticvits with total paresis of the biceps 
a n tl 1) ra c h io r ad i a 1 is, an d with ou t a s u 1 ) 1 ) 1 r i n  c n t in g cx t cn so r t r an s pos i- 
tion, exhibit such a pronation tcmdcncy. 

A shouldcr arthrodesis \\-as performed in 6 patients. Among the other 
18 patients 4 showed fairly slight atrophy and instability in the 
shoulder, kvhile 11 had severely paralysed shoulder girdle with subluxa- 
tion of the joint during elbow flexion. 

A study of the preoperative elbow bending capacity showed that  10 
patients a t  that time were able of  trick movenients, in which the clbow 
could b e  flexed utilising the shoulder girdle, to a position between 90 
and 180 dcgrecs. Amongst these 3, who were able to flex the elhow 
ahovc right angle. Al l  3 had initial function of the biceps. The others 
had 110 active flexion of the elbow. 

Degree of Elbow Flexion. 

The evaluation of the degree of elbow flexion is hardly a relevant ex- 
pression of functional value and shall only serve for the analysis of the 
varying results. 

A normal degree of elbow flexion was achieved in but  '/4 of the pa- 
tients. Al l  those 6 patients had some type of shoulder stabilisation 
(arthrodesis (4) and tenodesis (2 )  ) .  This indicates that stabilisation 
was of direct value for reaching a maximal degree of flexion. 

Another characteristic of this group is that  it comprises 5 patients 
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with fully capable forearm muscles and 3 with severe limitation of 
extension. Both factors undoubtedly contribute directly or  indirectly 
to the good flexion result. However, the other 3 patients in this group 
did show normal extension to 180 degrees (only one of these with func- 
tion in biceps). This shows clearly that a fully capable, transposed 
forearm flexor group is able to act sufficiently as  elbow flexor through 
a full range of joint excursion. 

Elbow Extension. 

An assessment of elbow extension does not provide such a pessimistic 
impression as previous authors have assumed. 

In more than ( 1 3 )  of the paticnts the extension limitation was lcss 
than 10 degrees. In 4 between 10 and 25 degrees and in 7 more than 
25 degrees. In the last group 2 patients stand out with a flexion con- 
tracture of 75 and 70 degrees. 

A direct relationship between the strength of the triceps and the 
degree of extension can not he demonstrated, although a certain con- 
nection is indicated. 

A comparison with the prcaoperative extension status shows that an 
increased limitation in consequence of the operation is present in ?'3 of 
the patients. 

Supination. 

According with previous stusies ;he patients are characterised by a 
limitation of active supinat cm, which a few cases resulted in a pro- 
nation contracture. 

10 out of 24 patient: have a n  active supination equal to or  more than 
135 degrees, including 7 v ith normal supination. 7 an active supination 
a t  between 135 and 90 degrees and 5 a supination of below 90 degrees. 

In 2 patients the forearm had a contracture in supination. These 2 
patients are  characterised by paresis of both pronating and supinating 
action with reduced strength in the radial part of the flexor group of 
the forearm ( pronator teres and flexor carpi radialis). 

A constant finding in all patients was a varying reduction in supina- 
tion power. The pronation power was normal, except in 5 patients in 
whom pareses encroached onto the pronating muscles. 

Amongst the 7 patients with active supination to 180 degrees 3 had 
function of biceps and 2 of these showed improved supination in spit(. 
of the operation. This was owing to the function of biceps. 
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In 20 patients the supination remained unchanged after operation. 
Only in 1 was found increasing pronation contracturc. 

Rt-funcfion of Biceps. 

A small number of patients with function in their normal elbow 
flexors demand special attention, since we are  confronted here with 
simultaneous function of 2 flexion mechanisms. 

The group consists of 5 patients (Table 41, including 3 with pre- 
vious traumatic plexus lesion and 2 with polio paresis. 

T.4BLE 4 
T h c  results in 5 patients operated according to Strindler and with simultaneous 

function in biceps.  

5 ~at i e i i t s  with refunction of biceps ‘ Paresis ’ Shoulder I ’ Triceps Elbow Active 
Pt Etiology ~ arthrodesisl st:::ith 1 strength ~ flexion supination 

I Plexus + 4 5 180170 20 gr. 
(contr.) 

I 1  Polio + 1-5 3 180/25 180 gr. 
1 1 1  Plexus __ 3 0-1 170j90 90 gr. 
11’ Polio + 4 4 105/25 180 gr. 

v Plexus __ 4 4-5 175180 180 gr. 
(contr.) 

Elbow extension was found to be almost normal with the exception 
of a single patient, in whom a n  excessive extension limitation is pro- 
bably to be explained by  a too severe tightening of the transplant by 
opera tion, combined with insufficient postoperative ex tension excer- 
sise. The degree of flexion ranges from 90 to 25 degrees, probably de- 
pendent on the strength achieved by the biceps. In  3 patients there is 
free supination, in one patient with extensive pareses and numerous 
tendon transpositions in the hand and the forearm it reaches 90 de- 
grees, while in the last of the group a pronation contracture arose pre- 
operatively. 

Pectoralis Plastics a.m. Clarc. 

A s  an alternative to the activation of clbow flexion aided by Steind- 
ler’s operation, pectoralis plastics reportcd by Clam in 1946 was em- 
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ployed in 3 cases. For this operation full strength is required in the 
lower part of the pectoralis muscle. 

All  3 patients were previous polio children and achieved a normal 
flexion with only a slight limitation of extension. The strength of flex- 
ion were 3-4. The result with regard to the 3 factors stated were con- 
siderably better than those amongst the patients operated according 
to Steindler. The degree of supination in a single case remained un- 
changed postoperatively and must be attributed to the complete lack 
of biceps function. Formation of contracture prevented a possible im- 
provement of the supination after operation. No anatomical explanation 
can be given of the ohvious and necessary pronation tendency of the 
forearm in all 3 patients, but it may possibly be due to a simultaneous 
function of the muscles of the forearm, where the pronating strength 
is dominant. 

D I S C U S S I O N  

The growing interest of the last decade in tendon transpositions- 
their future  development and their limitations-could not avoid bring- 
ing in those problems which concern the restoration of lost elbow flex- 
ion. 

An adequate discussion of the subject using the present series as  a 
basis requires a comparison with previously published studies, of which 
we have especially chosen Sfeindler's from 1939, M a y e r  & Green's from 
1954 and Segal, Seddon & Brooks' from 1959, since these represent pa- 
tient series of approximately the same size. 

To a large extent there has been concordance about the indications 
and premises for operation. Concerning the absolute requirement of a 
strong flexor group, however, our opinion diverges from that of most 
authors whose rigorous conditions are  determined by the desire of an  
elbow, which can serve as  weightbearer or lifter. This should undoubted- 
ly be the ideal aim, but should not exclude aid to those patients whose 
muscle status puts such a result out of reach. Amongst our patients 
there is a relatively large number, whose forearm muscles are  prima- 
rily paretic. All of these have achieved an elbow flexion of a t  least 90 
degrees, which argues quite convincingly in favour of a more liberal 
attitude when selecting those suitable for operation. 

There is no divergent opinion about the value of a stable shoulder. 
In our  series the importance of a n  arthrodesis in the shoulder is pointed 
out both for the total functional result and for the degree of flexion 
which can itself be obtained. The results in cases combined with artho- 



ticisis dt*rnonstrate the value of shoulder stabilisation before the Steind- 
I t b r  operation. 

I n  accordance Lvith earlier sur\.eys we consider a reduced extension 
;IS linked \\.it11 and as a consequence of the Steindler operation. The 
a\.cr;+gc. deficiency in extension is in Carroll’s series 40 degrees, Scddon 
d Hrook‘s 60 tlegrccs and Alaycr & Green find corresponding values of 
30 c1cgrc.c.s. I n  o u r  on.n material it is found to be between 15 and 20 
ckgrfc~s. 

\\’hilt. most authors point out the importance of this lack of extension, 
\vliich makcs the flexion effective by virtue of a flexed initial position, 
Sluycr 6 Green do not find the results satisfactory and accept a t  the most 
15 degrees of limitation of extension. 
.4n explanation of the deficient stretching ability has been sought in 

thv rclationshij) between the strength of the antagonistic muscles 
around the c.lhow joint. In agreement with our  own investigations Sed- 
don d Brooks have demonstrated a certain relationship between the 
strcwgth in the triceps and the degree of extension and a t  the same time 
h a v c  1)ecvi ahl t  to attribute the most severe limitation to those cases 
\\here f l c x o r  plastics were supplemented by proximal transposition of 
thc, cs t t~nsor  group. 

In contrast to this we havc found 6 cases with accompanying extensor 
trLinsfcr or  with refunction of biceps, who have achieved almost normal 
c~lt)ow cxtension. These patients all had relatively good triceps strength, 
so that thcy do not form any decisive argument against the theory 
ahout the significance of the antagonistic strength relationship. 

The slight limitation in extension amongst our patients is rather 
surprising in \,iew of the poor triceps status and varying function of 
the hiceps. The explanation may perhaps be found in the limitation of 
the transplant strength and the consequently limited effect on the 
antagonistic strength relationship. 

It should be noted here that Seddon & Brooks using Carroll’s triceps 
transplantation observed a severe limitation of extension, while the usc 
of pectoralis plastics, in agreement with our results, rarely were fol- 
lowed by a limitation of more than 15 degrees. This last point argues 
that  othcr factors, linked with thc3 operative procedure itself, determine 
the. tlcgrcbe of extension limitation. Here one should point out  the fun- 
dwincmt:tl tliffercncc hetween Steindler’s and Clare’s operation. The for- 
mer operates directly on the antcrior aspect of the joint, while the latter 
opcrntion tlocs not touch this important region. 

‘The dcgrcv of f lcxion is not thc tlecisivc, factor in the functional re- 
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sult. Steindler demands at least 60 degrees. &layer & Green require free 
flexion to a t  least 50 degrees, while our patients have all been able to 
flex to YO degrees. 

The most important problem seems to be a flexion to the horizontal 
position, from which further movement will be accompanied by de- 
creasing weight. Nevertheless there are numerous of our patients, who 
have obtained a degree of flexion of just below YO degrees, though 
further active flexion is impossible. When considering the slight limita- 
tion of extension in these patients and the results from other series 
with larger extension deficiency and a t  the same time a greater degree 
of flexion, the problem seems rather to comprise the active span of the 
new elbow flexor. Can this muscle, with correct fixation and sufficient 
training, adjust itself to its new task and carry out a maximal elbow 
flexion ( to  30 degrees) from the normal extension position (180 de- 
grees) ? In our series this was achieved in only 3 patients. 

Like Seddon & Brooks, who find no change in passive supination 
after Steindler’s operation, we were able to demonstrate a direct re- 
lationship between the active supination limitation and the loss of the 
main supinator, the biceps; a further limitation of supination and in- 
creasing formation of contracture in consequence of the operation only 
occurred in a few cases. 

A small group of patients in our series was given special attention 
owing to simultaneous function of the biceps. These 5 patients provide 
a warning against too early operation, while the result of the flexor 
plastics demonstrates the importance of the biceps muscle in main- 
taining free supination, if passive supination is preserved until the 
biceps function again. 

Clare’s pectoralis plastics was in 3 cases the alternative to Steindler’s 
operation. Like Seddon & Brooks we find the extension-limiting effect 
of this operation to be minimal. Flexion to a normal extent with good 
strength was obtained. 

s u A1 M A n Y 
27 elbow plastics were followed up  and the results were analysed and 

discussed with special reference to the flexion and extension results 
of the elbow, the stability of the shoulder and the pronation-supination 
movement of the forearm. The main emphasis was laid on the 24 Steind- 
ler plastics and 5 of these patients with partial recovering of the biceps. 
3 pectoralis plastics a.m. Clare were given specie1 attention with refer- 
ence to the influence on functional result. 
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27 cas de coudes en matibre plnstiquc ont  P t k  suivcs e t  Ics rksultats 
ont  ete analyses en vuc d’etablir en particulier le degre de flexion e t  
cl’extension du coude, la stabilitk de I’epaulc et  les mouvemcnts dc pro- 
nation et  de supination dc I’avant-bras. L’intkret principal s’cst port6 
su r  24 coudes plastiqucs Steindlcr, alors que I’on a examink avcc unc  
attention specialc, par rapport b la difference dcs resultats fonctionncls, 
5 d r  ces nialadcs oil Ir. biceps R 6te remis cn function r t  3 avcc 1)ecto- 
raux p1astiquc.s selon la methocle tlc Clarc. 

z 1‘ s A a1 11 E s F .4 s sr N G 

27 El1bogenl)l~tstikeri \vurden nachuntcrsucht und die Ergcbnissc 
nurtlen untcr  bcsondcrc~r Beachtung der Beugc- und Strcckfahigkrit 
des Ellbogens, d r r  Stahilitct der Schulter, und  der Pro- und  Sulgnation 
des Unterarnies :Inalysiert. Das Hauptgewicht wurdc auf 24 Steindlrr 
PI as t i ken ge 1 cg t , \v iih rc n d f ii n f die se r Pat icn te n mi t I\’ i c dc r he rs t e I I u n g 
des Biceps und 3 1’c.ctoralis-plastiken nach Clarc einc besondere Auf- 
merksamkcit hinsichtlich des Unterschiedcs des funktioncllen Ergch- 
n i sse gcw id m e t w u r tl e . 
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verified rocntgcnogral)hicnlly by Ingelinark and Ekholm ( 1048, 1961 ) : 
13y this n~c:ins thc latter authors found that  after sonic ~ninutes  of 
a r ti c 11 In r function th c c n rt il R ge grew t h i c ltc r an tl t h R t :t corn pa r:i ti vr  l y 
short period of rest sufficed to rcduce this condition. The  only ex- 
planation of these variations i n  thickness is p r o l ~ h l y  that fluid is 
transported to and from the cartilage. 

A s  long ago as  1894 Hammar stated that normal function of healthy 
joints undoubtedly has an abrnsive effect on the surface of the arti- 
cular cartilage and of the synovial membrane. The same view was 
later published by Hultkn and Gellerstedt ( 1 W O ) ,  who pointed out 
that under adequate magnification the surface of a normal arti- 
cular cartilage is not smooth and w e n ;  it is rough, because the outer- 
most cartilaginous layer has been scratched. Hammar's finding of for- 
mal elements in normal synovial fluid, probably particles abraded from 
the cartilages and joint capsule, constitutes further evidence in sup- 
port of this view. 

The synovial membrane. A fairly extensive literature exists on the 
structure and function of the synovial membrane. Full agreement has 
probably not been reached yet with respect to the character of the cells 
in it. They have been variously designated a s  endothelial, epithelial, 
mesothelial, glandular and modified fibroblastic. In  .addition the pro- 
blem whether the synovialis is a complete, continuous membrane with- 
out rifts or openings or whether it must be regarded merely as a space 
in the connective tissue, has given rise to a lively discussion. A t  present 
the latter view is dominant. Synopses on the subject with detailed 
bibliographies have been published by Key (1928 a ) ,  Bauer et al. 
(1940),  Davies (1946) and Edlund (1949) .  

Many methods have been adopted to study the transport of solu- 
tions and particle suspensions from the joint cavity via the synovial 
membrane (cf. Edlund 1949). Only a paper by HultCn and Geller- 
stedt (1940) will be mentioned here. I t  describes observations of car- 
tilaginous particles in the synovial tissue, where they are  in time 
broken down after injection of finely divided cartilage in fluid sus- 
pension into the rabbit knee joint. 

The synouial f luid.  Discussions on the nature and origin of syno- 
vial fluid have been carried on for a long time and many theories have 
been put forward. The opinion generally held today is probably that  
joint fluid is a dialysate of blood plasma (Ropes, Bennet and Bauer 
1939, Bauer, Ropes and Waine 1940, Davies 1946, Sundblad 1950). 
According to Ropes et al. (1939),  this assumption explains all known 
facts regarding the chemical and physical composition of synovia, ex- 
cept the presence of mucin, albumin and globulin. A simple explana- 




