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INTRUEUCTION

I t  i s  th e  purpose of t h i s  study  to  in v e s t ig a te  the  g en era l 

na tu re  of th e  m olecular changes which provide fo r  th e  s o lu b i l iz a t io n  

of co llag en  in  an in  v ivo  system . ¥ i th  th e  ex cep tio n  of the  in v e s t ig a ­

t io n  of Haugaard, Thoennes and H a ll ( 8 ) ,  th e  r e s u l t s  o f which w i l l  be 

r e la te d  subsequen tly , no a ttem p t has been made to  e v a lu a te  th e  funda­

m ental p ro cesses  invo lved  in  t h i s  tra n s fo rm a tio n .

In  p rev ious s tu d ie s  a t te n t io n  has been devoted p r im a rily  

to  th e  ab so rp tio n  c h a r a c te r i s t ic s  o f co llagenous su tu re s  w ith a 

view toward fu rn ish in g  th e  surgeon with a product which meets the  

requirem ents imposed by s p e c if ic  c o n d itio n s . By fo llow ing  th e  change 

in  te n s i le  s tre n g th  w ith in  v ivo d ig e s tio n  tim e , i t  has been shown 

by Bates (3) and K ra is s l  (12) t h a t  non-chrom icized su tu re  i s  d ig e s t­

ed more ra p id ly  th an  chrom icized s u tu re . Furtherm ore a r e la t io n s h ip  

between th e  r a t e  of t e n s i le  s tre n g th  d ec lin e  and u lt im a te  s o lu b i l iz a ­

t io n  has been dem onstrated by. Jenk ins ( l l ) .  S uture  which u su a lly  

lo s t  i t s  t e n s i l e  s tre n g th  in  le s s  than ten  days was r a p id ly  absorbed 

in  th ree  to  s ix  weeks, whereas su tu re  which remained in ta c t  beyond 

th i s  p e rio d  was g e n e ra lly  s o lu b il iz e d  w ith in  an in te r v a l  of th re e  

weeks to  th re e  months.

The f a c t  th a t  th e  in  v ivo d ig e s tio n  o f co llagenous su tu re s  a 

period  o f le n g th y  d u ra tio n  i s  observed in  which th e  p ro te in  i s  

r e f ra c to ry  to  s o lu b i l iz a t io n  suggests th a t  th e  co llag en  i s  undergoing 

a p re lim in a ry  co n d itio n in g  re a c t io n  which i s  r e q u is i te  fo r  enzym atic 

a t ta c k . This in te r p r e ta t io n  i s  in  accord w ith  the  views expressed  by
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Linderstrom -Lang to  account fo r  th e  accepted d e s c r ip tio n  o f enzyme 

a c t io n . A co n d itio n in g  r e a c t io n  (d e n a tu ra tio n ) , (15) o r the  

cleavage of a number of " s t r a te g ic a l ly "  im portan t p ep tid e  bonds ( 1 )4) 

i s  assumed to  occur p r io r  to  th e  enzym atic h y d ro ly s is  o f many

p ro te in s . Evidence of d e n a tu ra tio n  and /or the  f i s s io n  of sm all numbers

of p ep tid e  bonds in  th e  s tag e  preced ing  the  onset o f ap p rec iab le  

h y d ro ly s is  should  be dem onstrable in  th e  p re se n t s tu d y .

Comprehensive review s by Schm itt (21)., Gustavson (7 ) ,  and 

McLaughlin and Theis (17) on th e  s t ru c tu re  and chem istry  of co llag en

are  r e a d i ly  a v a i la b le ,  and a d isc u ss io n  of th e  f e a tu re s  germane to

th e  problem need only be co n sid ered .

I n te r p r e ta t io n  of th e  x -ray  d i f f r a c t io n  p a t te r n  ob ta ined  fo r  

co llag en  in d ic a te s  th a t  a degree o f order or c r y s t a l l i n i t y  occurs 

in  the  b a s ic  s t r u c tu r e .  Thus, c h a r a c te r i s t i c  s id e -c h a in , back-bone 

and average re s id u e  spac ings have been d e sc rib ed . A re p e a tin g  

p a t te rn  of approxim ately  6 I4O Ac along th e  f i b r i l  has a lso  been demon­

s t r a te d  xxrith th e  use of x -ra y  by Bear (I4) and co rro b o ra ted  by 

Schm itt (22) by e le c tro n  m icroscope a n a ly s is .  W ithin th i s  u n i t  a 

s e r ie s  of a l te r n a te  l i g h t  and dark bands are  observed w ith  th e  

e le c tro n  m icroscope, and th e se  have been a sso c ia te d  w ith  the  d i s ­

ordered and c r y s ta l l in e  re g io n s  along th e  f ib e r  a x is .

The co llag en  f i b r i l  i s  regarded  to  be c o n s t i tu te d  of p o ly ­

p ep tid e  ch ain s  x-Jhich, more or l e s s ,  tra v e rs e  th e  f i b r i l  p a r a l l e l  w ith 

th e  long a x is  and th e se  ch ain s  a re  considered  to  be in  c lo se  p rox im ity  

to  each o th e r in  th e  c r y s ta l l in e  a re a s .

The n a tiv e  c o n fig u ra tio n  i s  m aintained through th e  a c tio n  of
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in te r  and in tram o le c u la r  fo r c e s .  Probably th e  most im portan t of 

th ese  a re  hydrogen bonds, and s a l t - l in k a g e s .  P.upture o f th e se  bonds 

r e s u l t s  in  a marked shrinkage and the  f ib e r  acq u ires  a rubbery  

e l a s t i c i t y .  The cleavage o f th e se  secondary fo rc e s  may be induced 

by therm al tre a tm en t as wel3. as by th e  a d d itio n  of c e r ta in  chem ical 

re a g e n ts . In  th e  shrinkage p rocess th e  norm ally extended po lypep tide  

chains fo ld  upon them selves to  achieve a more therm odynam ically s ta b le  

c o n fig u ra tio n . In te rm ed ia te  s tag e s  between th e  com pletely shrunken 

s ta te  and th e  n a tiv e  s ta t e  a re  a lso  p o s s ib le ,  and th i s  i s  m anifested  

by a low ering of th e  shrinkage tem p era tu re . For example, as shown 

by Haugaard, Thoennes and H all (8 ) ,  when co llag en  i s  heated  in  a 

non-aqueous medium a t  tem peratu res in s u f f ic ie n t  to  produce sh rin k in g , 

the  shrinkage tem peratu re  in  w ater i s  reduced . This re d u c tio n  i s  a 

r e f le c t io n  of the  p a r t i a l  lo s s  in  l a t e r a l  cohesion induced by h e a t .  

These in v e s t ig a to r s  a lso  showed th a t  during th e  course of th e  in  v ivo 

d ig e s tio n  o f co llagenous su tu re  a p ro g ress iv e  dep ression  of the  

shrinkage tem peratu re  i s  ap p aren t.

I t  appears l i k e ly ,  however, t h a t  more th an  the  ru p tu re  of 

secondary fo rc e s  i s  involved  in  th e  p re lim in a ry  s tag es  of in  v ivo  

d ig e s t io n . For reasons which w i l l  be d iscussed  l a t e r  th e  profound 

change in  t e n s i l e  s tre n g th  p r io r  to  th e  p e rio d  of s o lu b i l iz a t io n  

cannot be e n t i r e ly  exp lained  on th e  b a s is  of lo s s  of l a t e r a l  cohesion 

when th e  p robable  mechanism of ru p tu re  under s t r e s s  i s  co n sid ered .

Meyer (1 8 ) , and A lfrey  (1) d iscu ss  a number of defined  fa c to rs  

which in flu en c es  th e  t e n s i l e  s tre n g th  c h a r a c te r i s t ic s  of f i b e r s .
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F ib e rs  which a re  composed of long prim ary valence chains are char­

a c te r iz e d  by high t e n s i le  s tre n g th , a lthough th e  value obtained  

exp erim en ta lly  i s  u su a lly  con sid erab ly  lower th an  th a t  which i s  

c a lc u la te d  from th e o ry . This d iscrepancy  may be accounted fo r by 

the  f a c t  th a t  in  p ra c tic e  n o t a l l  th e  chains w ith in  a f ib e r  are pu t 

under s t r e s s  s im u ltaneously , and th e  fo rce  re q u ire d  fo r  ru p tu re  i s  

obviously  in flu en ced  by th e  number of chains which bear th e  s t r e s s .  

Hence, f ib e r s  in  which the  degree of o r ie n ta t io n  i s  high more n e a r ly  

approach the  te n s i le  s tre n g th  which i s  p re d ic te d  from p u re ly  th e o re t ic ­

a l  c o n s id e ra tio n s .

In  co llag en  the  po lypep tide  chains a re  a rran g ed , more or le s s  

p a r a l le l  w ith th e  f ib e r  a x is .  D esp ite  th i s  alignm ent i t  i s  found 

by H ighberger (9) th a t  the  th e o r e t ic a l  t e n s i le  s tre n g th  i s  t h i r t y  

tim es g re a te r  than th e  observed te n s i l e  s t r e n g th ,  i f  ru p tu re  of the  

weakest prim ary valence fo rce  in  th e  chain ( th e  C—II bond) i s  assumed.

I t  was, th e re fo re ,  concluded th a t  th e  most p robable  mechanism of 

ru p tu re  in  co llagen  c o n s is ts  of b reak ing  th e  l a t e r a l  cohesive fo rc e s . 

This type of cleavage then  perm its one chain  to  s l ip  over another 

with consequent f r a c tu r e .  Other arguments w il l  be advanced l a t e r  in  

support o f t h i s  mechanism.

Since in  a mechanism of t h i s  n a tu re  the  cleavage of r e l a t iv e ly  

few p ep tid e  bonds may have a pronounced in flu en ce  on te n s i le  s tre n g th , 

evidence fo r  such cleavages w il l  be sought. Of fu r th e r  i n te r e s t  i s  

the q u a l i ta t iv e  a p p ra isa l of the  c o n tr ib u tio n  o f re d u c tio n  in  l a t e r a l  

cohesion to  the  lo s s  o f t e n s i l e  s tr e n g th , as w ell as the exam ination 

of the  changes in  h y d ra tio n  p o te n t ia l .
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EXPERINENTAL METHOD

A s e r ie s  of im p la n ta tio n  s tu d ie s  was conducted on a v a r ie ty  of 

su tu re s  fo r  th e  purpose of ev a lu a tin g  th e  g en era l p a t te r n  o f th e  

changes which su tu re s  undergo w ith  d ig e s tio n  tim e. The ty p es  of su tu re s  

s tu d ie d  were:

1 . P la in ,  s i r/,e 2-0
2. Medium chromic-, s iz e  2-0
3. Medium chrom ic, s iz e  1
It. E x tra  chrom ic, s iz e  2-0

(S ize 2-0 and s iz e  1 su tu re s  have approxim ate d iam eters of 

0.3!? mm. and 0.63 mm. re s p e c t iv e ly .  The chrome co n ten t o f medium chromic 

su tu re  i s  about 0.U p e r cen t and th a t  o f e x tra  chromic about 0 .33  per c e n t ) .

Im p lan ta tions were perform ed on w hite male r a b b i t s ,  th e  w eights 

of which ranged between f iv e  to  te n  pounds. The o p e ra tiv e  procedure 

was c a r r ie d  out under s t r i c t  a se p tic  c o n d itio n s . An a rea  approxim ately  

f iv e  inches wide extending from th e  shou lder to  th e  t a i l  re g io n  of the  

anim al was c le a n ly  shaven. Follow ing shav ing , th e  sk in  was cleansed 

w ith "pHisoderin", and th e  la th e r  was subsequen tly  removed w ith  s t e r i l e  

s a l i n e .  T in c tu re  of io d in e , a lc o h o l, and e th e r  were th en  a p p lie d  in  

th e  order named. The anim al was f i n a l l y  p repared  by draping  vdth  

s t e r i l e  s h e e ts .  S a t is f a c to ry  a n ae s th e s ia  was ob ta ined  by th e  i n t r a -  

p e r i to n e a l  in je c t io n ,  o n e -h a lf  hour b e fo re  in c is io n ,  of one to  two cc. 

of nembutal (60 m g ./cc .)  d i lu te d  w ith  an equal volume of is o to n ic  s a l in e .

The im p lan ta tio n  techn ique comprised drawing a seven inch  s t i l e t  

th readed  w ith su tu re  through two in c is io n s  fo u r inches a p a r t .  The knot 

b ind ing  th e  su tu re  to  the  s t i l e t  was c u t on th e  s id e  proxim al to  the  

in c is io n ,  and th e  s t i l e t  was w ithdraw n. A ll im plants were imbedded in
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th e  subcutaneous t i s s u e .  In  th e  case of Medium Chromic S u tu re ,

S ize 2 -0 , the  f i r s t  type s tu d ie d , th e  su tu re  p ro tru d in g  through the  

sk in  a t  each end o f the  im plan t was secured  to  th e  sk in  by means of 

s i lk  s u tu re s . S ix  p o rtio n s  of the  same su tu re  were in troduced  in to  each 

r a b b i t .  The rem ainder of each s tra n d  was re se rv e d  fo r  c o n tro l a n a ly se s .

The im plan ts were removed a t  p e r io d ic  in te r v a l s ;  only one 

im plant was removed a t  a tim e from a g iven  r a b b i t .  The p ro tru d in g  ends 

of the su tu re  and th e  a reas  c lo se  to  th e  su rface  were cu t o ff  and d is ­

carded . O ccasio n a lly , su tu re s  could n o t be found p ro tru d in g  through 

the  sk in . I f  probing  was u n su c c e ss fu l, th e  anim al was s a c r i f ic e d ,  the  

subcutaneous area  exposed, and th e  rem aining im plan ts removed.

Because o f th e  d i f f i c u l t i e s  encountered in  t h i s  p ro ced u re , as 

w ell as th e  p o s s ib i l i ty  o f in fe c t io n  sp read ing  from th e  exposed ends 

of the su tu re  in to  the  t i s s u e s ,  the  su tu re  was com pletely  embedded in  

th e  subcutaneous t i s s u e  in  subsequent im p la n ta tio n s . At predeterm ined, 

in te rv a ls  th e  anim als were s a c r i f ic e d  and th e  s ix  im planted su tu re s  

removed.

Each im plan t was su b jec te d  to  t e n s i l e  te s t in g  and e i th e r  

w eight or n itro g e n  d e te rm in a tio n s . The chrome c o n ten t was evaluated  fo r  

a l l  o f th e  chrom icized im p la n ts . Shrinkage tem peratu re  an a ly ses  were 

performed on th re e  of th e  fo u r types of su tu re s  l i s t e d .  (Medium, chrom ic, 

s iz e  2-0 im plan ts  were n o t su b jec ted  to  shrinkage s tu d y ) .

In  a subsequent phase of t h i s  in v e s t ig a t io n  th e  e x te n t of 

p ep tid e  bond h y d ro ly s is  was determ ined in  a s tag e  of th e  in  v ivo  

process p r io r  to  s o lu b i l i z a t io n .  F u r th e r ,  ano ther s e r ie s  of im p lan ta­

t io n  s tu d ie s  were conducted to  examine th e  t e n s i l e  s tre n g th  of im plants
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under d i f f e r e n t  t e s t  c o n d itio n s .

S ince la rg e  q u a n ti t ie s  of im plant were d e s ire d  fo r  these  

a n a ly se s , th e  im p lan ta tio n  procedure was m odified  to  meet these  

req u irem en ts . This g e n e ra lly  involved making two tra n sv e rse  in c is io n s  

about fo u r  inches a p a r t .  The su tu re  was th readed  through the  sub­

cutaneous la y e r  by passing  th e  s t i l e t  to  which i t  was attached, through 

one in c is io n  and out o f th e  o th e r . The p a th  was re tra c e d  in  the 

opposite  d irec  bion when th e  fre e  end or loop of the  su tu re  approximated 

the l in e  o f th e  in c is io n .  In  th is  manner i t  was p o ss ib le  to  im plant 

two su tu re s  (about 100 in ch es) in to  a r a b b i t .
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ANALYTICAL FROCEDUHBS

A. Chrome A nalysis

A t i t r i m e t r i c  method Tor the  d e te rm in a tio n  of chromium in  co llag en ­

ous su tu re s , using 1 to  2 gram sam ples, has been re p o rte d  by Smith (2 3 ) . 

Since samples weighing only 3 to  6 mg. could be conven ien tly  re serv ed  

in  the  p re se n t study fo r  th is  a n a ly s is , ano ther method was sought.

The h ig h ly  s e n s i t iv e  a iphenylcarbazirte  method has been adapted 

by L o lla r  ( l6 )  to  th e  d e term ina tion  of chromium in  l e a th e r .  The 

described  procedure was n o t w ith in  th e  working range f o r  the  minute 

q u a n tit ie s  of chromium to  be determ ined in  s u tu re s . M odifications of 

t h i s  procedure have, however, a ffo rd ed  the  a cc u ra te  d e te rm in a tio n  of 

chromium in  3 to  U mg. samples of s u tu re . The r e s u l t s  of recovery  

experim ents and accuracy ox the  procedure a re  reco rded  elsewhere (2 6 ) .

To avoid w eighings, the  change in  chrome co n ten t p e r u n i t  len g th  

of su tu re  was s tu d ie d . This method was p o ss ib le  s in ce  the len g th  of the  

im plant d id  n o t a l t e r  p e rc e p tib ly  during  the course of d ig e s t io n . To 

perm it a ccu ra te  measurement of th e  sample, th e  im plan t was thoroughly  

w etted . A sample o n e -n a if to  one inch  in  len g th  was cu t o f f  and t r a n s ­

fe r re d  to  a 12 X 75 mm. t e s t  tu b e . Two drops o f con cen tra ted  s u l f u r ic  

ac id  and br drops of co ncen tra ted  n i t r i c  a c id  were added, and the  m ixture 

was b o ile d  g en tly  on a h o t p la te  u n t i l  ca rb o n iza tio n  occurred . The 

sample was cooled , and one drop of hydrogen perox ide  (30%) was added.

The m ixture was heated  again  to  c h a rr in g , removed from the ho t 

p la te ,  and cooled , and th e  trea tm en t w ith  a drop of hydrogen peroxide 

was re p ea ted . U sually  3 drops o f hydrogen perox ide  were re q u ire d  to
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e f f e c t  complete d ig e s t io n  of the  sample in  t h i s  manner. Follow ing 

c le a rin g  th e  sample was allow ed to  remain on th e  ho t p la te  fo r  0 .9  hour 

to  remove t r a c e s  of u n re a c te d  hydrogen p e ro x id e .

A fte r co o lin g , 2 drops o f co n stan t b o il in g  p e rc h lo r ic  a c id  (70 to  

72$) were added to  th e  d ig e s t io n  tu b e . The t e s t  tube was in s e r te d  about 

19  mm. below th e  su rface  o f a co n s tan t tem peratu re  b a th  a d ju s ted  to  

200° ± 2° C. and ox id ized  fo r  19 m inutes. A fte r o x id a tio n , th e  tube 

was im m ediately in s e r te d  in to  a co ld  w ater b a th  and d i lu te d  w ith  d i s t i l l e d  

w ater to  a volume of approx im ately  3 m l. The s o lu t io n  was tr a n s fe r r e d  

in to  a 29 ml. vo lum etric  f l a s k .  About 10 m l. of xrater were used  fo r  the  

t r a n s f e r .  The vo lum etric  f la s k  was p laced  on a h o t p la te  and th e  so lu ­

t io n  was b o ile d  fo r  s e v e ra l  m inutes to  remove l ib e r a te d  c h lo r in e . A fte r 

co o lin g , one drop of co n ce n tra te d  phosphoric a c id  and 10 ml. of an HC1-KC1 

b u f f e r ,  pH 1 .6  were added. One m l. of d ipheny lcarbaz ide  (0 .25$ in  1 to  

1 ace tone-w ater) was t r a n s f e r r e d  to  th e  f l a s k ,  w ater was added to  the  

mark, and the  s o lu tio n  was shaken. The co lo r was allow ed to  develop 

fo r  15 m inu tes. Readings were made in  an Evelyn co lo rim e te r u s in g  a 

No. £k0 Evelyn f i l t e r .  The r e s u l t s  were expressed  as micrograms of 

chromium/inch of su tu re .

B. S o lu b i l iz a t io n

S o lu b i l iz a t io n  was determ ined e i th e r  by w eight or n itro g e n  

a n a ly s is  o f a known le n g th  of im p lan t. On removing im plan ts from an 

anim al, freq u e n tly  a rnucoid-like  d ep o sit was observed to  surround the 

su tu re . This was c a r e fu l ly  removed p r io r  to  a n a ly s is .  The p o rtio n  of 

im plants used  fo r e i th e r  o f th e se  analy ses was th a t  which had been 

p re v io u s ly  su b jec ted  to  t e n s i l e  t e s t s .
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H itrogen  was determ ined by th e  s tan d a rd  m icro -K jeldah l p rocedu re . 

The measured len g th  of sam ple, u s u a lly  2 to  3 in c h es , was d ig e sted  

o v e rn ig h t. T i t r a t io n s  were c a r r ie d  out w ith  0.02 N HC1 in  the  p resence 

o f a mixed in d ic a to r .  Although th e  t i t r a t i o n  va lu es  were only of the  

o rder o f about 2 m l.,  s a t i s f a c to r y  r e p r o d u c ib i l i ty  was o b ta in ed . The 

r e s u l t s  were expressed  as mg. n i tro g e n /in c h  of s u tu re .

where weighings were s u b s t i tu te d  fo r  n itro g e n  d e te rm in a tio n s , 

th e  measured le n g th  of su tu re  was a i r - d r i e d  fo r  U8 h o u rs . The sample 

was weighed to  0 .01 mg. on a m ic ro -b a lan ce . R esu lts  were expressed as 

rag ./inch  of su tu re .

C. T en s ile  S treng th

A S c o tt IP —Jj. S erig rap h  was used in  th e  t e n s i l e  s tre n g th  determ ina­

t io n s .  The sample was secured  between the  jaws of a s ta t io n a ry  clamp 

and a movable clamp, the  l a t t e r  being  a tta ch e d  to  a c a r r ia g e . The 

c a r r ia g e  r e s te d  on r a i l s ,  th e  p lane  o f which changed a t  a co n stan t 

r a te  when th e  instrum ent was in  o p e ra tio n . The instrum ent was so 

designed th a t  th e  f u l l  lo ad  of th e  c a r r ia g e  was t r a n s fe r re d  to  the  

sample 20 seconds a f t e r  th e  i n i t i a t i o n  of in c l in e .  A mechanism fo r 

a u to m a tic a lly  reco rd in g  on a c h a rt th e  p o in t a t  which ru p tu re  occurred  

was a lso  p ro v id ed . The b reak ing  s tre n g th  was c a lc u la te d  from th e  known 

lo ad  on th e  c a r r ia g e .

I t  was found n ecessa ry  to  a l t e r  th e  r a t e  o f load ing  during  th e  

course of an experim ent because o f th e  d r a s t ic  change in  th e  t e n s i l e  

s tre n g th  o f im plants w ith  p ro g ress iv e  d ig e s t io n . The r a te  of load  was 

u s u a lly  r e s t r i c t e d  to  a one and o n e -h a lf  change and never exceeded th r e e ­

fo ld .  The e r ro r  in c u rre d  because of t h i s  v a r ia t io n  was, however, no t
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considered  s e r io u s . Midgley and P ie rce  (1°) have found th a t  th e  b reak ­

ing  s tre n g th  of a yarn  in c reased  only about 10 ,  fo r  every te n fo ld  in ­

crease in  the r a t e  of lo ad in g .

Im plants su b jec ted  to  th i s  t e s t  xrere p repared  under v a rious con­

d i t io n s .  In  th e  p re lim in a ry  phase of t h i s  s tu d y , 2 to  3 inches of 

im p lan t, a c c u ra te ly  measured, were soaked in  x-rater fo r  about an hour 

p r io r  to  t e s t in g .

In  o rder to  c h a ra c te r iz e  th e  c o n tr ib u tio n  of red u c tio n  in  l a t e r a l  

cohesion to  the  lo s s  o f te n s i le  s tr e n g th , a p o rtio n  of im plant was 

te s te d  under wet co n d itio n s  and compared w ith  another segment of the  

same im plant which was shrunk a t  70° or 100° C. In  con junction  w ith 

th i s  phase of th e  study  another s e c tio n  of im plant was reserv ed  fo r  

dry  te s t in g  to  determ ine the  changes in  h y d ro p h ilic  ch a rac te r  during 

d ig e s t io n  by comparing th ese  va lues w ith  those obtained  fo r  the  w et- 

cond itioned  im p lan t.

For t h i s  purpose two su tu re s  were im planted in to  each of fo u rteen  

r a b b i t s .  To a ffo rd  c lo se r  observ a tio n  o f ev en ts , th e  d ig e s tio n  process 

was impeded by im planting  su tu re  w ith in  a r e l a t iv e ly  confined a re a .

The su tu re s  used were medium chromic, s iz e  1 . The anim als were s a c r i ­

f ic e d  a t  v a rio u s  in te rv a ls  over a p e rio d  o f 17 dajrs to  o b ta in  a wide 

range o f r e s id u a l  te n s i le  s tre n g th  v a lu e s . Upon removal of th e  im p lan ts , 

th re e  segments of each were cut o f s u f f ic ie n t  len g th  to  a llow  fo r  a t  

l e a s t  fo u r r e p l ic a te  a n a ly se s . The segments were p repared  fo r  d ry , 

shrunken, and wet t e s t in g .  Dry co n d itio n in g  comprised a ir -d ry in g  a t  

about 70° C. fo r  U8 h o u rs . The shrunken samples were ob ta ined  by sub­

je c t in g  p rev io u s ly  soaked im plants fo r  hS seconds to  w ater m aintained
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a t  70° C. or b o ilin g  w ater fo r  30 seconds. The te n s i le  s tre n g th  was 

recorded  in  pounds.

D. Shrinkage Tem perature.

Three methods were employed in  th e  ev a lu a tio n  of shrinkage tem pera­

tu r e .  An e le c tro n ic  sh rinkage m eter co n stru c ted  by Kremen and h o l la r  

(1 3 ) , and s im ila r  in  p r in c ip le  to  th e  one desc rib ed  by Theis and S e rfa ss  

(210, was f i r s t  used to  determ ine the  shrinkage tem peratu re  of P la in  

S u tu re , S ize 2-0 and Medium Chromic S u tu re , S ize 1 im plan ts which were 

embedded up to  10 days.

A s t r a in  gauge was embodied in  the  in s tru m en t, and th e  fo rce  

ap p lied  to  the  gauge x-ras r e f le c te d  by a change in  e l e c t r i c a l  r e s i s ta n c e .  

3y means of a Wheatstone Bridge arrangem ent, th e  change in  v o lta g e  xras 

m easured. The v o ltag e  change was expressed in  term s of fo rce  by c a l i ­

b ra tin g  the  sc a le  w ith  knox-m xxreights. A l in e a r  response between v o ltag e  

and fo rce  p re v a iled  in  th e  o p era ting  ran g e . The in stru m en t was s e n s i­

t iv e  to  a change of one gram.

The sample, u s u a lly  about on e-h a lf inch in  le n g th , was clamped 

between th e  .jax-rs of two h o ld e rs . One of th e  h o ld e rs  was f irm ly  f ix e d  

to  the  frame of the  in s tru m en t; th e  o th er was a tta ch e d  to  th e  low er end 

of th e  s t r a in  gauge and could be a d ju s ted  by means of a screw th re a d  so 

th a t  any d e s ired  i n i t i a l  te n s io n  could be ex e rted  on the  f i b e r .  An 

i n i t i a l  ten s io n  of 7 to  3 grams was found to  be adequate , s in ce  the 

sample d id  no t e x h ib it  ex ten sio n  during th e  course of d e te rm in a tio n .

The sample was x-retted fo r  one hour p r io r  to  t e s t in g .  I t  was then  

clamped to  the  instrum ent and immersed in  a beaker of w ater which xras a t
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room tem p eratu re . An e le c t r i c  s t i r r e r  ancl h e a tin g  elem ent were b u i l t  

in to  the  in s tru m en t. The r a te  o f h ea tin g  was a d ju s te d  a t  3° C. p e r 

m inute. The fo rc e  which developed as the  tem perature  was r a is e d  was 

reco rded  every two d eg rees . Force was p lo t te d  a g a in s t tem p e ra tu re , and 

ex ten sio n  of th e  s t r a ig h t - l i n e  p a r t  of the curve to  th e  tem peratu re  

ax is  was a r b i t r a r i l y  d esig n a ted  as th e  shrinkage tem p era tu re .

Im plants which were embedded fo r  more than  te n  days f re q u e n tly  

became fragm ented under th e  t e s t  c o n d itio n s . S ince th e  fo rce  developed 

i s  a fu n c tio n  of th e  i n t e g r i t y  o f  th e  f i b e r ,  i t  was n ecessa ry  to  su p p lan t 

t h i s  method by v is u a l  te ch n iq u es .

In  a m icroscopic  techn ique th e  sample was p laced  in  a w a te r - f i l l e d  

concav ity  of a g la ss  s l id e  and p ro te c te d  a g a in s t ev ap o ra tio n  w ith  a 

covers l i p .  The s l id e  was p laced  on a Walton m icroscope ho t s ta 'g e , and 

th e  r a te  o f h e a tin g  was c o n tro lle d  a t  3° C ./m in . by means of a v a r ia b le  

tra n s fo rm e r.

The sample was c u t o f such s iz e  th a t  i t  e x a c tly  spanned th e  f i e l d  

o f the m icroscope o b je c t iv e . The tem peratu re  a t  which th e  ends o f  the  

sample were seen to  sh rin k  away from the  bo rder o f th e  f i e l d  was recorded  

as the sh rinkage tem p era tu re .

In  a m acroscopic techn ique a sample about one inch  in  le n g th  was 

in s e r te d  in to  th e  arm of an "L" g la s s  tube of l / l t"  d iam eter. The tube 

was a ff ix e d  to  a thermometer and in s e r te d  in to  a w ater b a th  p rovided  

w ith  a s t i r r e r .  The b a th  was h ea ted  a t  a r a te  of about 3° C. p e r  m inute. 

The tem perature  a t  which c u r lin g  and sh rin k in g  were f i r s t  observed was 

reco rd ed . S ince s u b je c t iv i ty  i s  in h e re n tly  invo lved  in  v is u a l  p ro ced u res , 

th ese  analy ses were perform ed by an unb iased  observ er.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- l l i -

E. Free Amino N itrogen A nalysis

For th e  purpose o f determ ining the  e x te n t of p ep tid e  bond h y d ro ly s is  

a t  a s tag e  of the  d ig e s t io n  process p r io r  to  s o lu b i l iz a t io n ,  amino 

n itro g e n  analyses were perform ed. The method adopted fo r  f re e  amino 

n itro g e n  a n a ly s is  was th e  Van Slyke p ro cedu re , as m odified  fo r  a p p lic a ­

t io n  to  in so lu b le  p ro te in s  by Doherty and Ogg (6 ) .

The sample was ground in  a NTiley iiLU to  60 mesh s iz e .  The 

m oistu re  co n ten t o f a p o r tio n  of t h i s  sample was determ ined by drying under 

vacuum fo r  16 hours a t  90° C. Another p o r tio n  weighing approxim ately  

lUO mg. was t r a n s f e r r e d  to  an a u x i l ia ry  chamber, which con tained  about 

2 m l. o f w a te r . The chamber was evacuated and l e f t  under vacuum over­

n ig h t .  This p re lim in a ry  trea tm en t was suggested  by Bowes and Kenten (5 ) ,  

in  order to  ensure thorough w e ttin g . The fo llcw in g  morning th e  chamber 

was re -e v a c u a te d , and th e  reag en ts  were added. The l ib e r a te d  gases were 

w ithdrawn a t  10 and 30 m inu tes, 1 , 2, 3 and Ij. hours a f t e r  the  s t a r t  o f 

th e  r e a c t io n .  The gas was p u r i f ie d ,  t r a n s f e r r e d  to  the  Van Slyke manometric 

a p p a ra tu s , and th e  volume measured. The amino n itro g en  was c a lc u la te d  

by p lo t t in g  th e  n itro g e n  evolved a g a in s t tim e . The slope  and in te rc e p t  

of the  secondary p a r t  o f th e  curve were determ ined by th e  method of 

l e a s t  sq u a res . The l ib e r a t io n  of gas in  the  secondary phase i s  due to  

th e  r e a c t io n  of th e  guanidine group on a rg in in e . C o rrec tio n  fo r  th is  

re a c tio n  i s  o b ta ined  by e x tra p o la tin g  to  th e  amino n itro g e n  a x is .  The 

r e s u l t s  were expressed as per cent amino n itrogen /g ram  m oisture fre e  

p ro te in .
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results

The average per cent t e n s i l e  s tre n g th  which i s  re ta in e d  during 

d ig e s tio n  .for th e  fo u r types of su tu res  which were s tu d ie d  in  the  

p re lim in a ry  phase o f th i s  study  i s  shown in  Table I .  This summary of 

r e s u l t s  was computed from th e  in d iv id u a l te n s i le  s tre n g th  values which 

appear in  Table A of the  appendix.

F igure  1 shows the  r e la t io n s h ip  between th e  per cent of t e n s i le  

s tre n g th  re ta in e d  and d ig e s tio n  time fo r  th ese  s u tu re s .  Each p o in t 

re p re se n ts  an average of th e  t e n s i le  s tre n g th  re ta in e d  fo r  im p lan ts , 

which-were removed a t  the designa ted  in te r v a l s .

P la in  su tu re  i s  d ig ested  more ra p id ly  than  th e  chrom icized 

v a r ie ty .  F u r th e r , th e  chrome co n ten t of the  su tu re  in flu en ces  th e  

r a te  of d i g e s t i b i l i t y ,  as i s  ev iden t by the  f a c t  th a t  s iz e  2-0 e x tra  

chromic im plants r e ta in  a g re a te r  te n s i le  s tre n g th  throughout the  

course of d ig e s t io n  than  th e  same gauge of medium chromic su tu re . The 

l a t t e r  in  tu rn  decay le s s  r a p id ly  than  p la in  s u tu re .

As in  p rev ious in v e s t ig a tio n s  the  r a te  of d i g e s t i b i l i t y  i s  a lso  

found to  be a fu n c tio n  of su tu re  gauge. Medium chrom ic, s iz e  2-0 

im plants a re  d ig e s ted  le s s  ra p id ly  than  s iz e  1 medium chromic im p lan ts .

A marked decrease  in  te n s i le  s tre n g th  occurs in  the  e a r ly  s tag e  

of d ig e s t io n . Following t h i s  p e rio d  th e  change i s  more g radua l. The 

i n i t i a l  re a c tio n  i s  g e n e ra lly  le s s  pronounced w ith  in c reased  chrome 

co n ten t. The s iz e  of the su tu re  a lso  in flu en ces  t h i s  phase of the  

re a c tio n  s ig n i f ic a n t ly .

A summary of the  n itro g en  de term ina tions of p la in  and medium 

Chromic s u tu re , s iz e  2-0 a re  shown in  Table I I .  The weight determ ina-
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t io n s  of medium chromic, s iz e  1 and e x tra  chromic s ize  2-0 su tu re s

a re  given in  summary form in  Table I I I .  The complete d a ta  fo r

n itro g e n  and w eight appear in  Tables B and C of th e  appendix , r e s p e c t iv e ly .

F igure  2 shows the  r e la t io n s h ip  of s o lu b i l iz a t io n  and d ig e s tio n  

tim e fo r  medium chromic su tu re  s iz e  1 . In  th e  f i r s t  10 to  1? days of 

im p lan ta tio n  the  su tu re  i s  r e f r a c to r y  to  s o lu b i l iz a t io n .  Following 

th i s  p e r io d , a g radual lo s s  in  w eight i s  m an ife s ted . On th e  26th day 

about 50  p er cen t o f the  im plant i s  s o lu b i l iz e d .

The g en e ra l c h a r a c te r i s t ic s  of th e  s o lu b i l iz a t io n  curve are 

e s s e n t ia l ly  th e  same fo r  the  o th e r types of su tu re  in v e s t ig a te d , 

whether examined by weight or n itro g en  a n a ly se s . D iffe re n c e s , however, 

a re  ap p aren t w ith  re s p e c t to  th e  r a te  of s o lu b i l i z a t io n .  E x tra  chromic 

su tu re  i s  most r e s i s t a n t  to  a t ta c k ,  a lthough s o lu b i l iz a t io n  i s  i n i t i a t e d  

a f te r  approxim ately  the  same in te r v a l  of im p lan ta tio n  (1 2 th  d ay ). In  

the  case of p la in  s u tu re , a s l ig h t  decrease  in  weight i s  observed a t  an 

e a r l i e r  p e rio d  (8 th  day).

The shrinkage tem perature  da ta  of medium chromic s u tu re s , s iz e  1 

and p la in  s u tu re s , s iz e  2-0 as ob ta ined  xriLth th e  shrinkage m eter a re  

shown in  Tables IV and V, re s p e c t iv e ly .  The r e s u l t s  a re  v a r ia b le ,  and 

no d e f in i te  conclusions reg a rd in g  th e  in flu en c e  of d ig e s tio n  tim e on 

th i s  f a c to r  can be deduced. For reasons which were p re v io u s ly  d iscu ssed , 

th i s  techn ique i s  found to  be u n su ita b le  f o r  measuring th e  shrinkage 

tem perature  of im plants which a re  embedded fo r  periods exceeding 10 days.

These su tu re s  were re-exam ined by v is u a l  tech n iq u es ; and the  d a ta  

are shown in  Tables VI and VII fo r  medium chrom ic, s iz e  1 and p la in ,  

s iz e  2-0 s u tu re s , r e s p e c tiv e ly . From the  beginning  of im p la n ta tio n , a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-17-

d iffe re n c e  in  th e  shrinkage tem peratu re  between th e  c o n tro l and im plant 

i s  d is c e rn ib le .  I / i th  th e  excep tion  o f th e  im plan t removed on th e  f i r s t  

day fo llo w in g  im p la n ta tio n , a d if fe re n c e  of 1 to  3 degrees between 

im p lan ts  and c o n tro ls  i s  n o tic e ab le  fo r  th e  p la in  su tu re . The g re a te s t  

d e v ia tio n  from th e  c o n tro l u s u a lly  occurs in  th e  l a t e r  s ta g e s  of the  

d ig e s t io n  p e r io d . VJith re g a rd  to  medium chrom ic, s iz e  1 im p lan ts , the 

sh rinkage tem peratu re  i s  3 to  U degrees low er th an  corresponding c o n tro ls  

in  th e  i n i t i a l  phases of d ig e s t io n . As d ig e s t io n  p ro ceed s, the  sh r in k ­

age tem peratu re  d ec lin e s  p ro g re s s iv e ly ; and a maximum d iffe re n c e  of 

10 degrees i s  observed on the  2iith day. S im ila r r e s u l t s  a re  ob ta ined  

f o r  e x tra  chromic im plan ts (Table V I I I ) ,  a lthough  th e  d is p a r i ty  in  t h i s  

case between c o n tro ls  and im plants i s  n o t so pronounced. In  th e  l a t e r  

s ta g e s  of d ig e s t io n  (20 to  30 days) th e  d if fe re n c e  i s  o f the  o rder of 

7 d eg rees .

A summary of th e  changes in  th e  chrome co n ten t fo r  th e  th re e  

ty p es  o f chrom icized su tu re s  s tu d ie d  i s  shown in  Table IX. The complete 

da ta  a re  shown in  Table v of th e  appendix . As b e fo re , th e  average per 

cen t o f chromium which i s  re ta in e d  a t  a s p e c if ie d  in te r v a l  was computed 

and p lo t te d  a g a in s t th e  im p lan ta tio n  tim e . The r e la t io n s h ip  i s  shown 

in  f ig u re  3 fo r  medium chromic s u tu re , s iz e  1 , The curve i s  c h a ra c te r ­

iz ed  by a more or le s s  ra p id  lo s s  of chromium to  about 80 per cen t of 

th e  o r ig in a l  chrome co n ten t w ith in  th e  f i r s t  days of im p la n ta tio n .

This period  i s  fo llow ed by one in  which th e  lo s s  i s  le s s  r a p id . By the  

26th day the  r e s id u a l  chrome con ten t i s  approx im ately  60  per cen t of 

th e  c o n tro l .
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E ssen tia lT y  the  same r e s u l t s  are  ob tained  fo r  th e  o ther v a r ie t i e s  

of chrom icised su tu re s  s tu d ie d . I f  d if fe re n c e s  in  the  chrome con ten t 

as a f fe c te d  by im p lan ta tio n  tim e e x i s t ,  such d iffe re n c e s  a re  no t 

dem onstrable because o f th e  v a r i a b i l i t y  of th e  r e s u l t s .

The f re e  amino n itro g en  analyses of medium chromic su tu re , 

s iz e  1 c o n tro ls , and e ig h t day im plan ts a re  shown in  Tabic X. The 

range o f s ix  c o n tro l analy ses i s  0 J 4.I p e r c en t to  0.1+9 per cen t amino 

n itro g e n . Because of th is  v a r i a b i l i t y ,  com paratively  sm all changes in  

the  f r e e  amino n itro g e n  co n ten t a re  n o t d e te c ta b le .  The per cen t amino 

n itro g e n  in  th e  im plan ts i s  no t s ig n i f ic a n t ly  d i f f e r e n t  from th a t  o f con­

t r o l s .

The t e n s i l e  s tre n g th  d a ta  fo r  im plan ts which were examined under 

d i f f e r e n t  t e s t  co n d itio n s  a re  shown in  summarized form in  Table XI.

The experim ental v a lu es  appear in  Table E of th e  appendix.

In  f ig u re  1+ the  dry t e n s i l e  s tre n g th  v a lu es  a re  p lo t te d  a g a in s t 

the  wet te n s i le  s tre n g th  va lues o f th e  same im p lan t. Each p o in t r e ­

p re se n ts  an average o f the  sep a ra te  v a lu es  (u s u a lly  fo.ur) o b ta in ed .

A g en era l correspondence e x is ts  between th e  te n s i le  s tre n g th  and 

d ig e s t io n  tim e . That i s ,  su tu re s  which a re  removed in  th e  e a r ly  phase 

of the  study u s u a lly  possess  g re a te r  t e n s i l e  s tre n g th  th an  th o se  which 

are  removed a t  a l a t e r  p e rio d . However, th e  im p la n ta tio n  tim e was 

neg lec ted  so th a t  the  fundam ental change w ith o u t th e  in flu en c e  of 

b io lo g ic a l  v a r i a b i l i t y  could be more r e a d i ly  an aly sed .

The te n s i le  s tre n g th  of wet and dry c o n tro l su tu re  was a lso  

determ ined. These d a ta  are  shown in  Table X II. The mean w et/d ry  was 

68 per c e n t, and th e  maximum d e v ia tio n  from, th e  mean fo r  one of the
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f iv e  su tu res  te s te d  was 3 per c e n t. That th is  r e la t io n  i s  co n s ta n t, 

i r r e s p e c t iv e  of the i n i t i a l  te n s i le  s tre n g th  of th e  co n tro l su tu re , 

may be reasonab ly  assumed. The re la t io n s h ip  i s  designated  by  a 

c o n tro l l in e  in  f ig u re  h.

Figure U shows th a t  the  r e l a t io n  between wet and dry t e n s i le  

s tre n g th  f a l l s  below th a t  ox the th e o r e t ic a l  c o n tro l value from the  

beginning of d ig e s t io n . The (%) i s  in d ic a te d  in  the f ig u re

fo r  each im plan t. As th e  t e n s i le  s tre n g th  i s  d is s ip a te d  th i s  r a t i o  

d iverges p ro g re ss iv e ly  from th a t  of the  c o n tro l.

F igure $ shows th e  r e la t io n  between wet im plants and im plan ts 

shrunk a t  100° C. C ontro l su tu re s  which are  shrunk under these  

co n d itio n s  r e ta in  60 per cen t of t h e i r  wet t e n s i le  s tre n g th  

(Table X I I I ) .  This r e la t io n  i s  in d ic a te d  by the  c o n tro l l i n e .

The co n s id e ra tio n  p re v io u s ly  mentioned w ith  reg ard  to  the c o n tro l 

l in e  which was drawn fo r  th e  w et-dry  r a t i o  a p p lie s  in  th i s  case as w ell 

in  .ju s tify in g  e x tra p o la tio n  of the  experim en ta lly  determ ined c o n tro l 

re la t io n s h ip .

The summarized d a ta  fo r  th e  r e la t io n  between wet im plants and 

im plants shrunk a t  70° C. are  shown in  figure. 6 . Under th ese  con­

d it io n s  of sh rink ing  th e  c o n tro l su tu re  r e ta in s  77 per cent of i t s  

o r ig in a l  wet te n s i le  s tre n g th  (Table XIV).

F igures 9 and 6 show the  same g en era l c h a r a c te r i s t i c s .  In  the  

e a r ly  s tages of d ig e s tio n  the ex perim en ta lly  determ ined values a re  

concen tra ted  below the c o n tro l l i n e .  The r e la t io n  appears to  undergo 

tran sfo rm a tio n  as d ig e s tio n  p roceeds, p a r t ic u la r ly  fo r  the  s e r ie s  in
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which im plan ts a re  shrunk a t  100° C.

The s t a t i s t i c a l  s ig n if ic a n c e  of th e  d e v ia tio n  o f th e  ex p e ri­

m ental va lues from th e  c o n tro l l in e  was ev a lu a ted  by s tu d e n t 's  " t"  

t e s t .  Each s e r ie s  was sep a ra ted  in to  two groups (d es ig n a ted  by 

hollow  and s o l id  c i r c le s  in  f ig u re s  5 and 6 ) .  The se p a ra tio n  was 

determ ined by the  s tag e  in  which th e  r e la t io n  to  th e  c o n tro l l in e  

appeared re v e rse d . The ex p erim en ta lly  determ ined values were com­

pu ted  as Shr’uadS?  ̂ ancj COmpared w ith  th e  corresponding p e rc e n t-
Wet

age v a lu es  of the  c o n tro ls .

To j u s t i f y  th e  comparison of im plan ts w ith  co n tro ls  by th e  

s t a t i s t i c a l  method, th e  e x te n t of shrinkage o f each was determ ined. 

C ontro l f ib e r s  which a re  shrunk a t  70° C. and 100° C. r e ta in  about 

65 per cen t and 58 p er c en t o f th e i r  o r ig in a l  le n g th , r e s p e c tiv e ly . 

Although e r ro r  i s  invo lved  in  th e  measurement o f th e  kinked and e l a s t ­

ic  shrunken f ib e r s ,  g ross d if fe re n c e s  a re  d is c e rn ib le .  The len g th  

r e ta in e d  by im plan ts fo llow ing  sh rin k in g  i s  no t s ig n i f ic a n t ly  d i f f e r ­

en t from th a t  of c o n tro ls  (see  Table XV).

In  fig u re : 6 th e  average ^ ru n k e n  (%) of  the  experim ental
*J6 o

p o in ts  in  the  upper range ( s o l id  c i r c l e s )  i s  70 per c en t, whereas th a t  

of c o n tro ls  i s  77 per c e n t. This d if fe re n c e  i s  found to  be s t a t i s t i c ­

a l l y  s ig n i f ic a n t .  The c a lc u la te d  " t"  i s  9*75 in  c o n tra s t  w ith the  

ta b u la r  " t"  a t  the  0 .01  p ro b a b i l i ty  l e v e l  of 2 .8 6 . That i s ,  t h i s  

d if fe re n c e  may have been th e  r e s u l t  o f chance le s s  than  one tim e in  

a hundred. The v a rian ce  r a t i o  (F) t e s t  p rec lu d es  th e  exam ination o f 

th e  lower p o in ts  in  t h i s  f ig u re  by th e  " t"  t e s t .
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l i t h  reg a rd  to  th e  d a ta  p re sen ted  in  f ig u re  5 in  which sh rin k in g  

was induced a t  100 C.,  e v a lu a tio n  of the  s t a t i s t i c a l  r e s u l t s  in d ic a te s

th a t  th e  experim ental p o in ts  in  th e  upper,, as well, as in  the  lower 

ran g e , a re  s ig n i f ic a n t ly  d i f f e r e n t  from th e  c o n tro l v a lu e s . The 

average d if fe re n c e  of th e  p o in ts  in  the  upper p a r t  of th e  curve from 

th a t  o f the  average c o n tro l  r a t i o  i s  8 per c e n t. The c a lc u la te d  " t"  

i s  7 .0 5  as compared w ith  th e  ta b u la r  " t"  of 2 .9 2  a t  the  0 . 0 1  confidence 

le v e l .  The low er p o in ts  in  th e  f ig u re  average 3 .5  per cen t g re a te r  

than  th e  average c o n tro l v a lu e . The " t"  which i s  computed fo r  th i s  

d if fe re n c e  i s  2.07U, which i s  v ery  n e a r ly  e q u iv a le n t to  th e  ta b u la r  

”t ,: (2 .120) a t  th e  0 . 0 5  p ro b a b i l i ty  le v e l .
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DISCUSSIOI'I

A d ep ress io n  in  th e  shrinkage tem perature  as determ ined by 

the  v is u a l  techn iques occurs during d ig e s tio n  fo r  th e  th re e  types of 

su tu re  analyzed (T ab les V I, V II, V I I I ) .  The shrinkage tem perature  of 

the  chrom icized im plan ts d ec lin es  more ra p id ly  th an  th a t  of p la in  

s u tu re s .

The p o s i t iv e  c o r re la t io n  between th e  chrome co n ten t of co llag en  

and th e  shrinkage tem peratu re  i s  commonly reco g n ized . That i s  the  

shrinkage tem peratu re  o f co llagen  i s  found to  decrease w ith  decreasing  

c o n cen tra tio n s  of chrome. Therefore the  d ec lin e  in  th e  shrinkage 

tem peratu re  which i s  observed fo r  chrom icized im plan ts i s  p a r t i a l l y  

a sc r ib a b le  to  the  dechrom iciza tion  which occurs during  d ig e s tio n  

(see  f ig u re  3)» However, chrom icized im plants which a re  removed in  

the  l a t e r  s tag es  of d ig e s t io n  r e ta in  s ig n i f ic a n t  q u a n t i t ie s  of chrome; 

y e t ,  th e se  im plants e x h ib i t  a lower shrinkage tem perature  th an  th a t  of 

p la in  s u tu re . For example the shrinkage tem perature  of c o n tro l medium 

chromic s u tu re , s iz e  1 i s  about C. A fte r  2lq days o f im p lan ta tio n  

the  shrinkage tem peratu re  drops to  U8° C. (Table IV ). The shrinkage 

tem peratu re  o f c o n tro l p la in  su tu re  exceeds the  l a t t e r  tem perature  by 

h degrees (Table V II) . T here fo re , the  d ec lin e  in  the  shrinkage tem pera­

tu re  o f chrom icized im plan ts i s  not wholly a t t r ib u ta b le  to  a decreasing  

chrome com position.

Shrinkage i s  reg ard ed  to  occur when the  therm al a g i ta t io n  o f the  

po lypep tide  chains i s  s u f f ic ie n t ly  s treng thened  to  ru p tu re  th e  l a t e r a l  

cohesive bonds. I f  th e  number o f l a t e r a l  bonds i s  reduced , then  the
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tem perature a t  which shrinkage i s  induced i s  low ered. The r e s u l t s  

o f th e  shrinkage tem perature  analyses,  th e re fo re , in d ic a te  th a t  the  

ra p tu re  of th ese  secondary valence fo rces  occurs in  th e  in  v ivo 

p ro cess .

The d iscrepancy  in  the  r e s u l t s  between in s tru m en ta l a n a ly s is  

in  which no change in  th e  shrinkage tem perature  was observed 

(Table IV and V) and th e  v is u a l  methods of a n a ly s is  i s  n o t c le a r ly  

understood , p a r t i c u la r ly  s in ce  th e  shrinkage tem peratu res o f c o n tro l 

su tu re  when examined by th ese  methods a re  e s s e n t ia l ly  id e n t ic a l .

The p o s s ib i l i ty  e x is ts  th a t  under the  co n d itio n s  employed w ith  th e  

shrinkage-m eter in  which the f ib e r  i s  n o t p e rm itted  to  sh r in k , the  

i n i t i a l l y  ap p lied  te n s io n  and th e  r e s t r a i n t  may in  some manner be 

s u f f ic ie n t  to  obscure the  changes in  l a t e r a l  cohesion in c id e n t to  the  

in  vivo p ro cess . That te n s io n  has an in h ib i to r y  e f f e c t  on the  

so lu tio n  of c r y s t a l l i t e s  in  co llag en  ( c r y s t a l l i t e s  d isso lv e  on sh rin k ­

age) i s  borne out by th e  in v e s t ig a tio n  of b r ig h t and b ied erh o rn  (2 7 ). 

Furtherm ore, Weir (2£) has shown th a t  w ith  in c reased  te n s io n  the 

r a te  of shrinkage decreases; and th e  in d u c tio n  perio d  i s  prolonged.

The p ro g ress iv e  d ec lin e  in  l a t e r a l  bond s tre n g th  as in d ica ted  

by the  shrinkage tem peratu re  measurements may exp lain  th e  change in  

the  w et-dry  te n s i le  s tre n g th  re la t io n s h ip  during the  in  v ivo  p ro cess . 

The viet-dry r a t i o  dim inishes more or le s s  re g u la r ly  as th e  te n s i le  

s tre n g th  d ec lin es  (see  f ig u re  b) in d ic a tin g  th a t  the  t e n s i le  s tre n g th  

of im plants in c re a se s  in  s e n s i t iv i ty  to  wet te s t in g  as d ig e s tio n  

proceeds. Since th e  ru p tu re  of secondary fo rce s  may be expected to
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produce a le s s  firm  s t r u c tu r e ,  the  q u a n tity  of w ater imbibed may be 

augmented from p u re ly  th is  p h y s ica l c o n s id e ra tio n . F u r th e r , i f  th e  

secondary fo rce s  ru p tu red  invo lve  hydrogen bonds, the  carbonyl 

groups l ib e r a te d  a re  a v a ila b le  fo r  w ater b in d in g . The in tro d u c tio n  

of w ater in to  the  s id e -ch a in  spaces as th e  r e s u l t  of e i th e r  or bo th  

th e se  e f f e c t s  may weaken th e  e x is t in g  l a t e r a l  cohesion and thereby  

induce th e  s e n s i t i v i t y  to  wet te s t in g  co n d itio n s  which i s  observed.

VJhen the  mechanism of ru p tu re  under s t r e s s  i s  co n sid ered , the  

re d u c tio n  in  l a t e r a l  bond s.treng th  during  th e  in  v ivo  p rocess p a r t i ­

a l ly  ex p la in s  the  d ec lin e  in  t e n s i le  s tre n g th  ( f ig u re  1 ) . As p rev ious 

ly  d iscu ssed  th e  concept o f s l ip p in g  when co llagen  i s  ru p tu red  under 

s t r e s s  was proposed by H ighberger (9 ) because of the  v a s t  d iffe re n c e  

between th e  t e n s i le  s tre n g th  value which i s  ob ta ined  in  p ra c t ic e  and 

th a t  which i s  th e o r e t ic a l ly  computed, when th e  ru p tu re  of prim ary 

bonds i s  assumed. Evidence to  support t h i s  mechanism may be advanced 

from o th e r o b serv a tio n s  in  which m o d if ica tio n  of the  l a t e r a l  bond 

c h a ra c te r  i s  found to  a l t e r  the  t e n s i l e  p ro p e r t ie s  s ig n i f ic a n t ly .  

Jacobson and L o lla r  (10) have shown t h a t ,  when t r e a te d  w ith  m ercuric 

a c e ta te ,  which i s  considered  to  be a b rid g in g  ag en t, co llag en  f ib e r s  

e x h ib it  a s ig n i f ic a n t  in c rease  in  t e n s i l e  s t r e n g th .  Furtherm ore, 

re d u c tio n  of l a t e r a l  bonding by sh rin k in g  (Table XIV) causes a marked 

decrease  in  t e n s i l e  s tre n g th . Since the  shrunken f ib e r  i s  s tre tc h e d  

to  approxim ately  i t s  i n i t i a l  le n g th  during  th e  t e n s i l e  t e s t ,  w ith 

consequent rea lignm en t of po lypep tide  c h a in s , the  decrease  in  te n s i le  

s tre n g th  i s  no t a t t r ib u te d  s o le ly  to  a m o d ifica tio n  in  th e  o r ie n ta t io n
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A comparison of su tu re s  te s t e d  fo llo w in g  wet and dry co n d itio n in g  

(Table X II) f u r th e r  shows th a t  th e  wet f ib e r  i s  approxim ately  

tw elve per cen t weaker than  th e  dry  f i b e r .  I f  the  mechanism of 

ru p tu re  in  co llag en  invo lved  th e  cleavage of prim ary fo rce s  along the 

p o lypep tide  ch a in , th e  in flu en ce  of th e  f a c to r s  enumerated x-rould have 

no, o r a t  most s l i g h t  e f f e c t  on th e  te n s i le  s tre n g th . P r a c t ic a l  

dem onstration  o f t h i s  f a c t  may be c i te d .  Sakurada (20) has shown th a t  

w ith  w e ll o r ie n te d  b a s t  f i b e r s ,  which ru p tu re  by cleavage ox prim ary 

valence fo r c e s ,  the  load  a t  which the  f ib e r  b reaks i s  un in flu en ced  by 

n i t r a t i o n  or a c e ty la t io n ,  although  t h i s  tre a tm e n t i s  known to  modify 

th e  secondary va lence  bonds. The ev idence, th e n , s tro n g ly  fav o rs  the  

mechanism of ru p tu re  by s l ip p in g .

The f a c t  should  be emphasized th a t  the  cleavage o f c ro s s - l in k s  

which occurs in  the  in  v ivo p rocess  does n o t proceed to  th e  e x ten t 

of spontaneous sh rin k ag e . The le n g th  of im plant removed i s  the  same 

as th a t  which i s  im plan ted . A pparen tly  s u f f ic ie n t  l a t e r a l  bond 

s tre n g th  rem ains i n t a c t  in  th e  e a r ly  s ta g e , as w e ll as in  th e  sub­

sequent s ta g e s  of d ig e s t io n , fo r  r e ta in in g  th e  m etastab le  c o n fig u ra tio n .

The d e c lin e  in  te n s i le  s tre n g th  Tvhich occurs in  th e  in  v ivo 

system cannot be a t t r ib u te d  m erely  to  the  le sse n ed  l a t e r a l  cohesion 

when th e  e x ten t of lo s s  i s  co n sid ered . Shrunken s u tu re , which undoubt­

ed ly  p o ssesses  le s s  l a t e r a l  bonding than  im plan ts which a re  removed in  

any s tag e  of d ig e s t io n  r e ta in s  60 per cen t to  80  p e r cen t o f i t s  

o r ig in a l  t e n s i l e  s t r e n g th ,  depending upon th e  co n d itio n s  of sh rink ing  

(Table X III and XIV). These va lu es  exceed th a t  o f im planted su tu re
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co n sid e rab ly , even, p r io r  to  the  period  of th e  in  vivo p rocess in  which 

s o lu b i l iz a t io n  i s  i n i t i a t e d .  As an example, on th e  e ig h th  day of 

im p lan ta tio n  medium chromic su tu re  s iz e  1 r e ta in s  only 25 per cent of 

i t s  o r ig in a l  te n s i le  s tre n g th  (see  f ig u re  l ) .

Since th e  ru p tu re  of l a t e r a l  bonds does no t adequate ly  desc rib e  

th e  e x ten t to  which te n s i le  s tre n g th  i s  l o s t ,  some o th e r fa c to r  i s  

obviously  invo lved . The cleavage of pep tide  bonds could ex p la in  the 

r e s u l t s .  I f ,  by the  a p p lic a tio n  of p h y sica l s t r e s s ,  co llagen  is  

ru p tu red  by a s lip p in g  mechanism, then  the  cleavage o f only a few 

pep tid e  bonds could have a profound e f fe c t  on th e  t e n s i l e  s tre n g th .

The in flu en ce  of p ep tide  bond f i s s io n  on te n s i le  s tre n g th  i s  dem onstrat­

ed d iagram m atically  in  f ig u re  7 . The h o r iz o n ta l and v e r t i c a l  double 

l in e s  re p re se n t po lypep tide  chains and secondary valence bonds, 

re s p e c tiv e ly . The path  of ru p tu re  i s  shown

by ( l )  in  th e  in ta c t  f i b e r .  For ru p tu re  to  occur in  th i s  h y p o th e tic a l 

c ase , tw elve l a t e r a l  u n i ts  are  re q u ire d  to  b reak . I f  on th e  o ther 

hand a p ep tid e  bond i s  cleaved a t  p o s it io n  A the number of l a t e r a l  

bonds which must ru p tu re  i s  reduced by 75 p e r cen t s in ce  s lip p in g  

has th e  n a tu ra l  tendency to  fo llo w  the  p a th  of l e a s t  r e s is ta n c e .

(p a th  2 ) . I t  Is  re a l iz e d  th a t  cleavage in  the  p o s i t io n  shown i s  id e a l ;  

however, th a t  cleavages in  even le s s  fav o rab le  p o s i t io n s  s ig n i f ic a n t ly  

in flu en ce  the  te n s i le  c h a r a c te r is t ic s  i s  c le a r .

Evidence o f p ep tid e  bond f i s s io n  i s  no t dem onstrable by th e  

fre e  amino n itro g en  analyses (Table X). However, when the  v a r i a b i l i t y  

a tte n d a n t to  the  Doherty and Ogg procedure i s  recognized  a d iffe ren c e  o f
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only 0.05' per cen t f r e e  amino n itro g en  i s  d is c e rn ib le . C a lcu la tio n s  

show th a t  th is  d iffe re n c e  re p re se n ts  one p ep tid e  bond cleavage in  

about f:2s amino ac id  re s id u e s .

The po lypep tide  chains in  co llag en  co n ta in  very  la rg e  numbers o f 

amino ac id  re s id u es  (see  Bowes and Kenten (5 ))*  I t  i s  th en  e n t i r e ly  

conceivable th a t  the  cleavage o f sm all numbers of p ep tid e  bonds may 

r e s u l t  in  s p l i t  p roducts of m olecular dim ensions which a re  no t d e te c t­

ab le  by th e  a n a ly t ic a l  p rocedure. T herefo re , no tw ithstand ing  the 

r e s u l t s  o f th i s  a n a ly s is , p ep tid e  cleavage i s  assumed to  occur. This 

assum ption i s  found to  be n ecessa ry  in  o rder to  account fo r  the  e x te n t 

to  which te n s i le  s tre n g th  d e c lin e s , p a r t i c u la r ly  in  the  e a r ly  s tages 

of d ig e s tio n  in  which the r a te  of d ec lin e  i s  ra p id  (see  f ig u re  1 ) .

The assum ption th a t  pep tide  bonds are  cleaved in  th e  e a r ly  s tag es  

of th e  in  vivo process a lso  a ffo rd s  an ex p lan a tio n  fo r  re la t io n s h ip  

between shrunken and wet te n s i le  s tre n g th  of an im plan t.

The r e s u l t s  o f the  shrunken-wet te n s i le  s tre n g th  r a t i o  show th a t  

in  th e  i n i t i a l  s tag es  of th e  in  v ivo process th e  values range below 

the c o n tro l l in e  and above the c o n tro l l in e  in  the l a t e r  s tag es  o f 

d ig e s t io n , ( f ig u re s  5 and 6 ) . The le n g th  re ta in e d  a f te r  sh rin k in g  is  

the  same fo r  both  c o n tro ls  and im plants (Table XV). Since th e  type 

of h e a t tre a tm en t in flu en ces  the  e x ten t of sh rinkage, the  conclusion  

th a t  sh rink ing  im plants and co n tro ls  under sp e c if ie d  co n d itio n s  reduces 

both  to  e s s e n t ia l ly  th e  same b a s ic  c o n s t i tu t io n  i s  considered v a l id .

I f  the lo s s  in  l a t e r a l  s tre n g th  were the  so le  re a c tio n  involved  

in  th e  red u c tio n  of te n s i le  s tre n g th  p r io r  to  s o lu b i l iz a t io n ,  the
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shrunken-w et r a t i o  would be expected to  exceed t h a t  of th e  c o n tro ls . 

This conclusion  fo llow s from th e  f a c t  t h a t  th e  l a t e r a l  fo rces  which 

c o n tr ib u te  to  the  t e n s i le  c h a r a c te r i s t ic s  are  d im in ished . Because 

fewer numbers of l a t e r a l  bonds a re  ru p tu red  in  tran sfo rm in g  su tu res  

su b jec ted  to  th e  in  vivo process to  th e  shrunken s t a t e ,  a sm aller 

d if fe re n c e  in  th e  t e n s i l e  s tre n g th  between wet and shrunken im plant 

as compared w ith  t h a t  of the  c o n tro l should  be r e f le c te d .

Since the shrunken-wet r a t i o  of im plan ts removed in  the  e a r ly  

s tag e  o f d ig e s tio n  f a l l s  below the c o n tro l l i n e ,  a f a c to r  o ther than  

th e  ru p tu re  o f secondary valence bonds i s  in v o lv ed . P ep tide  f i s s io n  

in  t h i s  stage o f d ig e s t io n  may be re sp o n s ib le  fo r  the  apparen t anomaly. 

As a lre ad y  n o ted , when shrunken su tu re  i s  su b jec te d  to  the  te n s i le  

t e s t ,  th e  f ib e r  extends to  e s s e n t ia l ly  i t s  o r ig in a l  le n g th  as the load  

i s  a p p lie d . Presumably th e  po lypep tide  chains become re a lig n e d  in  

th e  p ro c e ss . The f a c t  th a t  th e  h igh  angle x -ray  p a t te rn  of co llagen  

reap p ears  u n a lte re d  upon s tre tc h in g  shrunken co llag en  (2) supports 

th i s  view .

I f  the  lo n g itu d in a l  c o n tin u ity  of th e  po lypep tide  chains i s  in ­

te r ru p te d  by p ep tid e  bond f i s s io n ,  the  tendency f o r  re -a lig n m en t a f t e r  

sh rin k in g  may be so im paired th a t  r e l a t i v e ly  few er numbers of chains 

b ear th e  load during th e  t e n s i le  t e s t .  As a consequence the  shrunken 

im plants In  which p ep tid e  bond cleavage occurs a re  m echanically  

weakened to  an e x te n t which i s  g re a te r  th an  th a t  induced by th e  mere 

ru p tu re  of l a t e r a l  bonds. Since im paired re -a lig n m en t i s  not in ­

volved in  the te s t in g  of wet im plants th e  in flu en c e  of p ep tid e  c leav ­

age r e s u l t s  in  a lower shrunken-wet r a t i o .  In  view of the  r e la t io n  o f
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th e  shrunken-wet r a t i o  of im plan ts to  the  c o n tro l l i n e ,  th e  e f f e c t  of 

pep tid e  bond f i s s io n  ap p aren tly  outweighs the  in flu en ce  of l a t e r a l  bond 

cleavages in  th e  e a r ly  s tag es  of d ig e s t io n .

F igure  1 shows th a t  th e  d ec lin e  in  t e n s i l e  s tre n g th  i s  exponent­

i a l l y  r e la te d  to  tim e fo r  a l l  of th e  su tu re s  s tu d ie d . A r e la t io n s h ip  

of th i s  n a tu re  su g g es ts  th a t  more than  one r e a c t io n  i s  occurring  

sim u ltan eo u sly . The pronounced i n i t i a l  d ec lin e  may be reasonab ly  

a t t r ib u te d  to  th e  profound in flu en ce  of r e l a t i v e ly  few p ep tid e  bond 

f i s s io n s .  I f  in  a s tag e  of the  d ig e s tio n  p rocess th e  number of 

p ep tid e  bonds which a re  s u sc e p tib le  to  a t ta c k  i s  diminished or exhausted , 

the  in flu en ce  o f l a t e r a l  bond cleavage ‘i s  the  dom inating f a c to r .  The 

more g radual d e c lin e  o f t e n s i l e  s tre n g th  in  th e  secondary phase of 

th e  re a c tio n  su g g es ts  th a t  such a co n d itio n  i s  a t ta in e d .  These circum­

stan ces  may e x p la in  th e  re v e r s a l  o f the  r e la t io n s h ip  between the  

shrunken-w et r a t i o  w ith re s p e c t to  th e  c o n tro l  l in e  in  th e  case of 

im plants where th e  r e s id u a l  t e n s i l e  s tre n g th  i s  low. That i s ,  the  

in flu en ce  o f l a t e r a l  bond cleavages i s  s u f f i c i e n t ly  enhanced by p ro ­

longed d ig e s t io n  to  overshadow th e  d im in ish ing  e f f e c t  which i s  induced 

by the  f i s s io n  o f p ep tid e  bonds.
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SU;#i/iRT AND CONCLUSIONS

The te n s i le  s tre n g th  o f im planted collagenous su tu res  declined  

e x p o n en tia lly  w ith in  v ivo  tim e . The pronounced d ec lin e  in  the  

in c ip ie n t  stage of the  p rocess was unattended  by s o lu b i l iz a t io n .  

F u rth e r the  r a te  of d ec lin e  was found to  be a fu n c tio n  of th e  chrome 

conten t o f th e  s u tu re .

Shrinkage tem perature determ inations as w e ll as the  comparison 

of wet and dry te n s i le  s tre n g th  of im plants removed a t  various periods 

of d ig e s tio n  in d ic a te d  th a t  secondary valence bonds ru p tu red  p ro g ress­

iv e ly . However, th e  lo s s  of l a t e r a l  cohesion in c id e n t to  th e  in  vivo 

process did  no t adeq u a te ly  account fo r  th e  degree to  which te n s i le  

s tre n g th  was d is s ip a te d , p a r t i c u la r ly  in  the  i n i t i a l  stages of im­

p la n ta t io n .  Although p ep tid e  bond cleavage was no t dem onstrable by 

f re e  amino n itro g en  an a ly se s , a sm all number o f cleavages was assumed 

to  have occurred in  the  e a r ly  phase of the  r e a c t io n  to  account fo r  the 

e x ten t to  which te n s i le  s tre n g th  d ec lin ed .

To c h a ra c te r iz e  th e  co n trib u tio n  of l a t e r a l  bond ru p tu re  to  the 

lo s s  of te n s i le  s tre n g th , im plants were te s te d  under wet and shrunken 

c o n d itio n s . P ep tide  bond f i s s io n  a ffo rd ed  a p o ss ib le  exp lanation  

fo r  th e  anomalous behav ior of the  shrunken-wet r a t i o  which was ob­

served in  the  in c ip ie n t  s tag e  of d ig e s t io n . The r e s u l t s  a lso  suggested 

th a t  fo llow ing  th e  cleavage of the  i n i t i a l l y  su sc e p tib le  pep tid e  bonds, 

the in flu en ce  of l a t e r a l  bond ru p tu re  predom inated.

Since a pe rio d  of len g th y  d u ra tio n  was observed in  which im plants 

were r e f ra c to ry  to  s o lu b i l iz a t io n ,  and in  which only sm all numbers of
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pep tid e  bonds appeared s u b je c t to  a ttack ^  the  a l t e r a t io n  in  l a t e r a l  

bond c h a ra c te r  may be lik e n e d  to  the  co n d itio n in g  process which was 

p o s tu la te d  by Linderstrom -Lang (3,  I4) to  account fo r  the  enzymatic 

a t ta c k  of m etastab le  p ro te in s .
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Figure 7. The mechanism o f s lip p in g  and th e  in fluence of 
pep tide  bond f is s io n .  The ho rizo n ta l l in e s  and v e r t ic a l  double 
l in e s  rep rese n t polypeptide chains and secondary valence fo rc e s , 
r e sp e c tiv e ly . In  the in ta c t  f ib e r  th e  course o f  ru p tu re  follow s 
p a th  (1 ). By v i r tu e  o f  peptide bond cleavage a t  (A) th e  p a th  
i s  a l te re d  and proceeds by way o f (2 ).
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Table I

Average Tensile Strength Retained {%) in 

In Vivo Digestion of Four Types of Suture

Suture Type
Days Plain Medium Chromic Medium Chromic Fxtra Chromic
Implanted S i z e ,2 -0 Size 2-0 Size 1 Size 2-0

1 61 93 90
2 28 87 102
3 39 61 85
it 35 ok it 7
5 30 37 65
6 28 U5 66
7 31 h i 21
8 16 27 it 9
9 9
10 13 21 U5
11 37
12 11 62
13 53
lit 26 8
15 9 32
17 U5
18 17 5
19 39
20 12 13
21 16
22 3 3it
2it 6 23
26 1 7
28 0
30 21
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Table II

Average Ditrogen Retained ()o) in In Vivo 

Digestion of Two Types of Suture.

_____________ Suture Type________________ _
Days Plain Medium thromic
Implanted Size 2-0 Size 2-0

1 98 103

2 102 102

3 98 10U

k 100 103

5 99 10U

6 97 102

7 101 101

9 9k

10 93

11 98

Hi 99

18 91

21 90
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Table I I I

Average Weight d e ta in ed  {%) in  In  Vivo 

d ig e s tio n  o f two Types o f  S u tu re .

days
Im planted

1
2
3
k
5
6
7
8 
10 
12 
1U 
15
17
18
19
20 
22 
2k 
26 
28 
30

_____________Sutu re
i'leaium Chromic 
Size

100
100

99
9U

101
100
101

99 
91
90
91 
9k

88

90
70
92 
53

E x tra  dhromic 
S ize 2-0_____

100
101
100
100
98

97
98 
93

90
92

9k 
86 
9k
86
69 
65
83
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Table xv

Shrinkage Temperature Analyses o f Medium Chromic S u tu res , S ize  1

C ontro ls and Im plants as Determined w ith  th e  E le c tro n ic  M eter.

Rabbit
Shrinkage
Temperature
Control

Shrinkage
Temperature
Implant

Days
Implanted

9970 56.0 59.5
59.0

1

9971 61.0 57.0
55.5

2

9972 60 .0 5U.0
57.0

3

9973 55.0 60.0
55.°
55.0

k

9969 56.0 55.0
55.5

5

9968 57.0 55.0
55.0

6

997U 55.0 53.0
57.0

7

9967 58.0 57.0
56.0

8

9966 57.5 53.0
56.5

10
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Table V

Shrinkage Tem perature A nalyses o f  P la in  S u tu re s , S ize  2-0 

C on tro ls  and Im plants as Determ ined w ith  th e  E le c tro n ic  E e te r .

Rabbit
Shrinkage
Temperature
Control

Shrinkage
Temperature
Implant

Days
Impl

993 8 50.0 55.0
52.0

1

9936 5lt.5
o 

o 
. 
.

mxr\ 2

99UU U8.5 53.0
52.0

3

99U5 52.0 55.0
5U.0

h

99U2 55.5 55.5
53.0

5

99UO 52.5 56.0 6

99U1 55.5 53.0
51.0

7

9939 5iu5 53.5 8
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Table VI

Shrinkage Temperature Analyses of Medium Chromic Sutures, Size 1 

Controls and Implants as Determined by Macroscopic Technique.

Rabbit
Shrinkage
Temperature
Control

Shrinkage
Temperature
Implant

Days
Impl;

9970 ------ 53.5 1

9971 57.5 51+.o 2

9972 59*0 52.0 3

99 73 56.0 5 i .o 1+

9969 — 5o.o 5

9968 5o.o 6

997k — 52.5 7

9967 52.0 8

9966 — 5o.o 10

9965 1+8.5 12

9961+ — 1+9.0 11+

9963 58.5 1+8.5 15

9962 — 1+8.0 18

9960 58 .0 1+7.5 20

9957 59.0 1+8.0 21+
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Table VII

Shrinkage Temperature Analyses o f  P la in  S u tu res , S ize 2-0

C ontro ls and Im plants as Determined by Macroscopic Technique.

Rabbit
Shrinkage
Temperature
Control

Shrinkage
Temperature
Implant

Days
Implanted

9938 51.0 52*.0 1

9936 50.0 2*9.0 2

992*2* 51.5 50 .5 3

991*5 52.0 2*9.o 2*

99k2 50.5 2*8.0 5

99k 0 53.0 5 i .o 6

9939 51*.o 5 i .o 8

9937 5 i .o 2*8.0 9

991*3 52.0 2*9.0 10
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Table V III

Shrinkage Tem perature A nalyses o f  E x tra  Chromic Sutures^ S iae 2-

C ontro ls and Im plants as Determined by M icroscopic Technique.

Rabbit
Shrinkage
Temperature
Control

Shrinkage
Temperature
Implant

Days
Imp!

213 60.5 57.5-59.5 1

21U 58.5 57.5 2

215 59.5 55.5 3

216 60.5 55.0 5

217 61.5 5U.o 6

218 59.0 53.0 8

212 59.0 56.0 12

211 59.0 5U.5 13

210 62.5 53.0 15

209 60.0 53.0 17

208 59.0 5U.5 19

201 59.0 52.0 20

202 60.0 5U.5 22

203 61.0 52.0 2k

20U 60.0 52.5 26

205 6 0 .0 53.0 28

206 59.0 52.0 30
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Table IX

Average Chromium R eta ined  {%) in  In  Vivo 

D ig estio n  o f  Three Types o f  S u tu re .

S u tu re  Type
Days
Implanted

Medium Chromic 
Size 2-0

Extra Chromic 
Size 2-0

Medium Chromic 
Size 1

1 88 8U 8U
2 87 102 75
3 81 95 72
h 80 83
5 70 83 99
6 6U 76 69
7 71
8 95 76
10 73 73
11 65
12 65 75
13 75
1U 5)i 63
15 60 60
17 77
18 61 6U
19 68
20 73 70
22 62 75
2k 65
26 k l 5U
28 51
30 .53
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Table X

Amino Nitrogen Analyses Medium Chromic 

Sutures, Size 1, Controls and Implants

Medium Chromic Sutures, Size 1 
Control

Medium Chromic Sutures, Size 1 
8 Day Implant

Amino Nitrogen 
Per Cent by Gram

Q.H6
OJil
0.H2
O .lil
o.HS 
O.u 9

0.U6
0.U3
0.U8
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Table XI

Average T en sile  S tren g th  (pounds) o f  Dry, Wet and A r t i f i c i a l l y  Shrunken 

Medium Chromic, S ize 1 Im plants Removed A fte r V arious In te rv a ls  o f D igestion  

Im plants
Removed Wet Wet Dry Shrunken Shn

R abbit (Day) Im plant C ontrol Im plant Im plant Im p lan t( 70° C .) Imp]
292 1 A 13 A 1)4.3 1 6 .1 10.2

B 12.6 10 .7 17.it 6.7

285 2 A 1U.0 111.9 16.7 9.it
B 1U.5 13.2 16.3 6.9

286 3 A 17.0 1)4.2 17.8 6.1
B 12.5 13.8 lit.5 10.3

28U 5 A 13.5 11.6 lit.2 8.3
B 11.6 8.7 lii.l it.l

288 7 A 15.1 10.7 16.5 5.7
B 16.6 10.5 lit.2 7.7

276 9 A 13.5 9.2 15.1 it.9
B 15.3 7.3 13.6 3.5

278 10 A 16.7 13.3 lit.8 6.2
B 15. U 10.3 12.7 6.0

282 12 A 12.5 3.9 9.3 1.9
B 17.1 7.1 13.7 6.2

279 1U A 17.6 it.3 10.6 2.6
B 17.1 11.7 lit. 8 8.2

281 15 A 15.5 6.0 12.5 3.2
B 18.0 11.1 lit.O 8.3

283 16 A 17.7 6.0 11.7 it.9
B 15.7 7.8 11.7 3.5

280 17 A 13. h 3.2 7.1 1.5
B lit. 3 5.8 11.5 it.O

287 17 A 16.0 5.2 5.0 3.3
B iit.5 8.7 6.3 5.3

291 17 A 12.7 it.2 3.3 3.3
B l i t . 5 it.8 it.l 2.5

, O n
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Table XII

T e n s ile  S tren g th  D eterm inations o f  Wet and Dry ifon-Im plante Medium Chromic S u tu re s , S ize  1

Average 
P er Cent

S u tu re  C ond ition  _____________R e p lic a te  T e n s ile  T ests  (p o u n d s)___________  Wet/Dry

1 Dry 12.8 1 6 .0 16.8 18.8 20.0 20.3 20.5 20.8
Wet 15.1 15.7 15.5 16.2 16.8 16.8 17.6 18.8 51

2 Dry 17.5 17.8 18.0 18.5 15.0 20.5 21.0
Wet 1U.U 15.8 16.3 17.0 17.1 17.1 17.U 17.8 88

3 Dry lU.o lit.3 15.8 20.5 20.5 20.5 20.8 21.8
Wet 15.2 15.5 16.1 16.8 16.5 17.3 17 .U 18.3 88

U Dry 15.8 18.8 18.8 18.8 15.3 20.3 20.5
Wet 1 h .9 15.0 15.0 16.2 17.0 17.7 17.0 17.3 86

5 Dry 15.3 15.8 17.3 17.8 17.8 18.3 18.5 18.5
Wet 1U.U 1U.5 15.2 15.7 15.5 1 6 .1 16.3 16.5 85
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Table X III

T e n s ile  S tren g th  D eterm inations o f  N on-Im planted Wet and Shrunken 

(100 C, 30 seconds) Medium Chromic S u tu re s , S ize  1

Suture Condition

1 Shrunken
Wet

ll.li
19.0

11.1
18.6

2 Shrunken
Wet

10.2
18.5

10.1
18.1

3 Shrunken
Wet

11.5
1 8 .0

10,6
17.2

5 Shrunken
Wet

10.5
17.6

10.0
17.2

5 Shrunken
Wet

9.5
16.9

9.0
16.8

6 Shrunken
Wet

9.5
17.1

9.0
16.6

7 Shrunken
Wet

10.6
16.8

9.9
16.0

8 Shrunken
Wet

11.8
16.2

10.2
15.7

R e p lic a te  T e n s ile  T es ts  (pounds)

10.8 10.7 9.9
18.5 16.5 15.5 15.2

9.5 9.1 6.5 5.7
16.8 16.8 16.6 15.7

10.0 10.0 9.9 8.5
17.0 16,5 16.2 16.0

9.6 8.8 8.9
16.5 16.2 15.6 15.6

9.0 8.0 8.0 6.8
16.0 15.8 15.5 15.8

9.0 8.6 8.5 7.7
16.1 16.0 15.5 13.6

9.9 9.2 9.2 8.2
16.0 15.9 15.5 12.9

10.5 9.7 7.6
15.5 15.6 12.6 12.2

Average 
P er Cent 
Shrunken/Wet

62 .5 

50 .3 

58.6
+-Co

5 8 .9  

5.2.5 

55.8 

6 l . o  

69 .0
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Table X III  (C ontinued)

Average 
P er Cent

S uture C ond ition R e p lic a te  T e n s ile  T e s ts  (pounds) Shrunken/Wet

9 Shrunken 10 .9 10.2 9 .5 8 .9 8 .6 8 .1
Wet 16.3 l o . l 1 5 .9 15.2 llt.U 13 .9 61 . k

10 Shrunken 9 .0 8 .6 8 .0 7.8 7.8 7.3
Wet 1U.2 12 .6 11.2 11 .0 10 .6 10.1 69 .8
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Table XIV

T e n s ile  S tren g th  D eterm inations o f  Non- Irnplanted Wet and 

Shrunken (70°C, U5 seconds) Medium Chromic S u tu re s , S ize  1

Average 
P er Cent

Suture C ondition R e p lic a te  T e n s ile  T es ts  (pounds) Shrunken/W et

1 Shrunken 15.2 13 .6 13 .6 12 .2
Wet 16 .0 17 .0 17 .2 17 .8 80.5

2 Shrunken 12 .1 12. k 12 .7 13 .0
Wet 17.2 17 .5 1 7 .6 . 18 .6 71.1

3 Shrunken 10 .9 12.8 12 .8 1 3 .U
Wet 15 .1 1 6 .0 16 .3 17 .0 77.6

h Shrunken 10 .2 11 .9 13 .0 13 .8
Wet lU .6 15.9 17 .6 19.2 72.6

5 Shrunken 15 .1 1U.8 lU .9 lU.U
Wet 17.6 18.1 18 .7 81.7

6 Shrunken 13.6 13 .7 13 .9 lU .it
Wet lU.U 15.6 16. L 16.7 67.9

7 Shrunken 1 1 .U 12.2 12 .7
Wet 13 . U l l r .6 15 .9 1 6 .0 80.6

8 Shrunken 7.6 11 .5 11 .8 12.2
Wet 12.5 13.5 13 .6 1U.7 79 .U
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Table XIV (C ontinued)

Average 
P er Cent

S uture C ond ition R e p lic a te  T e n s ile  T ests  (pounds) Shrunken

9 Shrunken 9 .2 9 .2 10.8 11 .7
Wet 1 2 .7 12.7 1U.0 lU . l 76.1

10 Shrunken 9 .8 10.2 10.7 11.1
Wet 15 .6 15.2 l i t . 9 13.2 70.9

11 Shrunken 10.1 10 .1 11.2
Wet 1 2 .8 13 .8 m .e 15.2 73.2

12 Shrunken 11.2 11 .6 11.8 13.6
Wet 15 .2 15 .5 16.1 76.9

-e
6*

r



Table XV

Length R etained  (%) by Shrunken C o n tro ls  and Im plan ts. Im plants 

Arranged in  Order o f  D ecreasing Wet T en s ile  S tren g th .

Shrunk at 70°C. Shrunk at 100°c.

Controls Implants Controls Implants

66 67 59 55
6U 70 56 57
66 72 59 60
6U 6U 59 55
66 67 55 60
6 9 65 57 62
6 9 65 63 59
62 65 57 58
66 65 59 56
70 62 57 57
62 67 57
69 6)4 55

6H 56
65 56
63 57
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Table A

T e n s ile  S tren g th  D eterm inations in  In  Vivo D ig estio n  (pounds) 

A, Medium Chromic S u tu re s , S ize  2-0

R abbit

IS

2S

Us

5s

6S

13S

il*s

15s

O rig in a l
S u tu re

5 .8
6 .8

7.6
6 .1

7.3
6 .0

7.5
7.8

7.5
7.0

7.5
8 .0

6 .3
7.0

6 .5  
6 .7

U

2.9

2 .1

U.6

5 .7

6 .1

U.8

U.2

U .i

7

2.5

1 . 2

1 . 0
2 . 0
3 .0  
1 .7

2.5  

U.9 

U.7

3.3  

U.O

Im plant Removed (days)
11

3.3

0 .5

3 .0

2 .6

1 .7

n r

2.U

2 .5

1 .7

1 .5

I B -

1.7

2 . 0

l . l

21

l . l
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O rig in a l ______
R abbit S u tu re  II

1 6 S 7 . 6  U. 6
6 .8

17S 7 .1  2 . 6
5 .6

1 8 S 7 . 9  6 . 6
6 .6

Average 
Per Cent
R eta ined  6U

Table A (C ontinued)

Im plant Removed (days)
7 I I  Hi IB 21

U.5 U.6 2 .1  —
l . l

2.9- 0 .3  0 .7  0 .9

3 .8  U.5 2 .9  0 .5

U7 37 26  17 16

H*H*
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Day
Im plan ts O rig in a l 

R abb it Removed S u tu re  1

99U5 h 6 .5  2 .2
6 .0

C. E x tra  Chromic S u tu re s , S ize  2-0

Day
Im plan ts O rig in a l 

R abb it Removed S u ture  1__

213 1 5 .9  5 .5
7.U

21U 2 u .7  5 .5
7.1

215 3 7.U 6 .8
8.1*

216 5 5 .8  5 .3
6 .0

217 6 7 .5  U.6
7 .9

218 8 7 .5  1 .9
7 .9

Table A (C ontinued)

Average
Im plant P er Cent

_2________3__________1*__________5________ 6 R eta in ed

2 .8  2 .3  1.1* 2 .0  2 .5  35

Average
Im plant P er Cent

_3_________ 5_________ 5________ 6 R eta ined

6 .3  U.9 906 .8  6 . it 6 .0

5 .6  —  6 .8

5 .6  7 .1  7.6

5 .0  5 .5  3 .9

6 .7  5.1* 3 .1

l*.l* 2 .7  U.6

6 .5  5 .8  102

6 .1  6 .7  85

5 .0  2 .0  65

5 .0  6 .0  66

3 .9  5 .1  1*9

A
T
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Table A (Continued)

Rabbit

Day
Implants
Removed

Original
Suture l 2

Implant 
3 it 5 6

Average 
Per Cent 
Retained

205 28 5 .9
6 .2

0 .0 0 .0 0 .0  0 .0 0 .0 0 .0 0 .0

206 30 h.7 1 .9 1 .3 3 .3  0 .7 0 .7 0 .0 21

D, Medium Chromic !Sutures, Size 1

Rabbit

Day
Implants
Removed

Original
Suture 1 2

Implant 
3 • it 5 6

Average 
Per Cent
Retained

9970 1 15.2  
13.U
15.2

li t .i t I5 .i t 1 3 .0  12 .8 li t .i t 11.2 93

9971 2 12.8  
15.6  
l i t . 6

13 .2 11 .0 13 .6  12.it 12 .2 12.2 87

99 72 3 1U.U
15.2
H t.o

10 .0 12.6 8 .8  6 .8 i t .8 10 .2 61



v i i

-p 
Q) Ctso a) ni o
a) p  > 0)

co \ ! \
_G

rH
CM

O-
CM

H
CM

00

*rJ
©
G
g
•rH
-P
G
Oo

<c
©

M3

s
ca

CM

vO
M3

M3ft
vO

O
CM

oft
nO

CM

o
c**-

oftvO

CM
in

COft
m

no
vr\

vO
1A

-4
CO

CM

-4

O
lf\

-4ft
-4

oft

nO
nO

CM
rH

CO
CM

O
CO

Oft
CO

vO
CO

nO
cO

o ft
CM

rH

-4

nO
CO

CO
CO

CM

CO

co
-4

CM

-4

CO
«

CM

CM

CO

CO
CM

Ĉ-
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Table B

Nitrogen Determinations in In Vivo Digestion (mg./inch suture) 

A. Medium Chromic Sutures, Size 2-0

R abbit
O rig in a l
S u ture 1 2 3

Im plant Removed (days)
k 5 6 7 11 lU 18

9976S 0.527
0.525

0.536 0.55U 0.565 0.5U6 0.592 0.5UU

9977S 0.513
0.512

0.536 0.538 0.5U7 0.53U 0.536 0 . 5 2 7

99 78S 0.527
0.523

0.530 0.515 0.553 0.527 0.525 0 . 5 2 7

9979S 0.52U
0.526

0.527 0.521 0.523 0.537 0.539 0 . 5 2 5

9980S 0.533
0.526

0.552 0.569 0.538 0.5U9 0.5)42 0.538

9981S 0 .5 3 6
0.537

0.55U 0.553 0.5U9 0.555 0.56U 0.537

IS 0.520
0.52U

0.553 0.523 0.52U O.U72

2S 0 .5 2 3
0 .5 0 8

0.536 0.512 0.501
0.526

3S 0 . 5 2 1
0 . 5 2 1 0.532 0.50U
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Table C

Weight D eterm inations in  In  Vivo D ig estio n  (m g ./inch) 

A. E x tra  Chromic S u tu re s , S ize  2-0

Day
Implants Original 

Rabbit Removed Suture

213

2m

215

216 

217 

218 

5692 

212 

211

3

5

6 

8

10

12

13

3.36 
3.33

3.32 
3 .22

3.28
3.27

3.20
3.32

3.33 
3 .30

3.37
3.35

3.33 
3.32

3.35
3.27

3.27 
3 .17

3.28

3.32

3.13

3.28

3.18

3.25

3.25  

3.08 

3.28

3.32

3 m o

3.33

3 .30

3.30 

3.25

3.33 

3.10 

3 .23

Implant 
3 h

3.28

3.38

3.28

3 .30

3 .25

3.23

3.23 

3.08

3.25

3 .35

3.33

3.30

3.30  

3 .25 

3 .23

3.30 

3.05 

3 .00

3.U3

3.15

3.30

3.25

3.26

3.23

3.23 

3.05 

3 .18

3.36

3.33

3 .30

3.20

3 .30

3 .30  

3.23 

3 .10

3.20

Average 
Per Cent 
Retained

100

101

100

100

98

97

98 

93

99

x
ix



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Day
Im plan ts O rig in a l

R abb it Removed S u tu re  1____

210 15 3 .35  3.05
3.35

209 17 3 .35  3.15
3.33

208  19 3.U3 3.18
3.33

201 20 3 .35  3 .05
3.39

202 22 3 .33 3.03
3.32

203 2h 3 .36  2.65
3.33

20l* 26 3 .33  2.1*8
3.39

205 28 3 .3 6 2 .8 8
3.35

206  30 3 .33 2 .73
3.33

Table C (C ontinued)

2___

3.05

3 .00

3 .00  

2.73 

3 .15 

2 .88 

2.1*3

2 .00  

2.93

Average
Im plant P e r  Cent

3________ h________ 5___________6 _  R eta in ed

2.93 3 .10 3 .03  3 .03 90

3 . 0 8  3 .08  3 .13  3 .03 92

3 .20  3 .18  3 .18  3 .20  91*

2.75 3 .00  3 .10 2 .83 86

3 .13  3 .13  3 .15  3 .25  9k £
H-
H-

2.88 2 .83 3 .00  3 .00  86

2.28 2 .10 2 .20   69

1 .75  2 .10 2 .10 —  65

2.75  2 .85 2 .65 2 .60  83
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Table D

Chromium D eterm inations in  In  Vivo D ig estio n  (gamma/inch su tu re )

A. Medium Chromic S u tu re s , S ize  2-0

Original Implant Removed (days)
R abbit S u tu re  1_______ 2_______ 3_______ U_______ 5_______ 6_______ 7______ 11 lU 18______ 21

9976S 7 .2  5 .7  5 .8  6.U 6 .5  6 .8  5 .2
8 .2

9977S 6 .9  6 .8  5 .8  3 .9  6 .5  5 .8
6 .3

9978S 7 .7  7 .0  7 .0  7 .0  6 .5  6 .3  i f .7
8 .1

x
9979S 7 .7  6 .3  7 .6  6 .0  7 .6  5 . If 5 .0  &

7 .7

9980S 9 . It 7 .2  7 .6  6 .8  6 .8  5 .0  5 .8
8 .6

998 i s  5 . 2  5 . 0  —  5 .1  6 . 0  3 . 6
5 .1

IS  6 .8  3 .3  if .3 2 .9  3 .3  if.O
6 .8

2S 7 .7  5 .U U .8 5 .1  if .6
8 .9  if .3

3S 7 .8  i f .7 if .0  If .6
7 .9
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O rig in a l
R abbit S u tu re  1  2  3

US 7.2

5s 8.U
8.5

6S 7.9
7.9

13S 6 .5
6 .2

lUS 5 .7
5 .0

15s 5 .3
5 .3

1 6 s  1 1 . 7
1 1 .7

17S 9 .1
.3 7.6

18S 8 .8
9 .1

Average 
P er Cent
R eta ined  88 87 81

Table d (C ontinued)

Im plant Removed (days)
k  5 6 7

6 .5  U.7
5.2  
5.U
6 .2

5 .8  . • 5 .7

6.U 5.U

5 .6  U.6

b . 7  h . 7

3 .0  3 .7

l l .U  8 .2

5 .5

• 6.U 8 .3

80 70 6U 71

11 1U 18 21

U.5

5 .9  5 .3

2 .5  3 .6

2.2

8.U 5.9

5 .5  3 .3  5 .3

5.U

65 5U 61

x
v

ii
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£. lixtra Chromic Sutures, Size 2-0  

Day
Implants Original 

Rabbit Removed Suture 1__

213 1 1 1 .9  8 .3
1 2 .2

21U 2 9 .3  8 .6
9 .7

215 3 8 .2  8 .9
10 .3

216 5 1 0 .0  7 .0

217 6 1 1 .6  8 .6
11 .1

218 8 9 .7  9 .6
10 .5

5692 10 12.6  8.8
1 2 .0

212 12 1 0 .0  6 .9
10.1

211  13  1 0 . 1  7 .3
9 .6

Table D (C ontinued)

11 .2

9 .0

11 .0

8 .6

8 .9

9 .5  

8.7

7.1

8.6

Implant
3

lU.U

io .5

9 .6

8 .9

8 .0

o £ ✓

9 .1

8.U

6 .5

8 .7  

10 .5

8 .8

8 .3

10 .1

10 .0

8 .2

8 .0

5 .9

5

8 .8

9 .6

9 .0

10 .5

8 .0

9 .8

8 .9  

U.2 

8 .0

6

9 .9

10 .1

5 .5

6 .5  

8.U

9 .1  

1 0 .0

5 .1  

8 .3

Average 
Per Cent 
Retained

8U

102

95

83

76

95

73

65

75

T
T

T
A

X
:
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Ĉ~
CM

•
On

rA•
UN

CA
nT

CM•
M0

M

CM
O•
On

CA•
On

r—
•

r--
CA•
nT

CM
•

.nr

UN
•
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C , M edium  C h r o m ic  S u t u r e s ,  S i z e  

D a y
I m p la n t s  O r i g i n a l

R a b b i t  R e m o v e d  S u t u r e

9970 1 15 .6
1U.8 
15 . h

9971 2 23.2
25.0

9972 3 17 .8
17.6

9973 h 1U..2

9969 5 9 .8
9 .6

11.8

9968 6 16.0
1U.6

9967 8 1 U. 2
2 1 .U 
19.2

9966 10 17.2
19.6

9965 12 18 .3
17.U

1__

9,14

18 . 1*

10 .0

12.6

9 .6

10 .6

1U.8

11 .0

12 .8

Table D (C ontinued)

I m p la n t  
2 3

1U.U >.8

A v e r a g e  
P e r  G e n t  

6  R e t a i n e d

13.U 17.2 13 .2  81;

21.6  11.2

11.8 11.0

1 2 .0  11.8

1 2 .1; 1 1 . 0

16 .0  22 .U 18 . h 75

1 7 .U 12 .8  13 .2  72

1 2 . 2  1 1 . U 1 0 . 6  83

9.2  9.0  10.8  99

7.8 10.6 1 1 . 2  1 1 . 8  1 1 . 8  69

15 .6  l i t . 2 9 .6  15 .0  13 .8  76

10.0 15.8 1U.6 16 .0  12 .2  73

13.6  11 .8 1 5 .2  16.2 11 .8  75

X
X
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Table E

T e n s ile  S tre n g th  (pounds) o f  Dry, Wet and A r t i f i c i a l l y  Shrunken Medium

R abbit

292

285

Chromic, S ize  1 Im plants Removed A fte r V arious I n te r v a ls  o f D ig estio n .

Im plants
Removed Wet Wet Dry Shrunken Shrunken
(Day) Im plant C ontro l Im plant Im plant Im p lan t(7 0 °C .) Im p lan t(100° C.)

1 A 111. 7 1U. 9 19 .5 11.9
l i t . 3 1H.5 19 .0 10 .7
12 .5 111. 7 17 .3 10 .5
12.0 12.9 16 .5 10. h

9 .6
11 .9

Mean 13 .U 111.3 18 .1 10.2

B 13.9 9 .7 19.3 5 .8
13.3 9 .9 18.3 6 ,6
11 .8 11 .0 17 .5 6 .7
11. k 12.3 i l l . 5 7.2

7.3

Mean 12 .6 10 .7 17.li 6 .7

2 A 15.6 13 .5 1 8 . 0 10.2
15 .0 H i.5 17 .5 10,1
12 .9 111. 7 16.8 9.2
12.5 1 6 . 8 1U.3 1 .7

8 .6

Mean Dx.o l l j .  9 16 .7 9.1|

X
X

X
I
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