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X - R A Y  D I F F R A C T I O N  

S T U D I E S  OF H U M A N  C H O R D A E  T E N D I N E ~ "  

by 

S E R ( i E I  F E I T E L B E I ( G ,  AND P A U L  E. KAI;NI ' I 'Z** 

Physics Laboratory, the Mount Sinai Hospital, New York 

\Vhen an X-ray beam is passed through material having a periodic structure, it is 
diffracted in a characteristic fashion according to the dimensions of the crystalline 
lattice of the material, the degree of crystallinity, and the amount of orientation of the 
component molecules: Diffraction studies have yielded knowledge of the intimate 
structure of many organic and inorgalqc compounds and varieties of biological material. 

The diffraction pattern of collagen is well established. The three characteristic 
spacings obtained in large-angle diffraction studies are of approximately 2.8, 4 and IO 
Angstrom units, and are considered ~ to represent respectively the average amino acid 
residue length, the average backbone spacing, and the average side-chain distance of 
the collagen molecules. The presence of these three spacings is sufficient to identify 
the material as collagen, and Ilo matter  what its source--tunica albuginea, tendon, scar 
tissue, chorda tendinea, e tc . -- there is little variation in the pattern. X-ray diffraction 
studies can also furnish information as to the degree of orientation of the molecules; 
complete circles or discrete arcs represent lesser or greater orientation respectively. 
The degree of crystallinity is indicated by the width of the rings themselves, a thicker 
ring appearing with a specimen of low crystallinity. 

Studies have been undertaken in this laboratory to determine whether alteration 
of the X-ray diffraction pattern of human chordae tendineae accompanies aging. This 
tissue was selected because it is easy to obtain and to prepare, consists almost entirely 
of connective tissue, and is under continual stress during life. 

Method: At routine autopsies, groups of chordae tendineae were removed from the 
mitral valve, together with contiguous portions of valve and papillary muscle. In the 
presence of valvular disease or deformation of the chordae, the specimen was discarded. 
Following 20°o formalin fixation, the tissue was washed in water, and a single chorda 
approximately IOO to 15o microns in thickness removed, dried on glass without tension, 
and mounted over the collimating hole in the microcamera so that the beam would 
pass through the center of its axis. In the microcamera used in these inves t iga t ions ' " ,  
the collimated beam was about 60 by 80 microns in width, the fihn to specimen distance 
13. 4 ,,nm~ the film diameter about 43 mm. Copper K-alpha radiation (1.54 .!tngstrom 

" This work was aided by a g ran t  from the Commi t t ee  on ( ; rowth,  American ( 'ancer  Society. 
E q u i p m e n t  for this  work  wa~ dona ted  by the es ta te  of ARrHUR A. ZUCKER. 

** Sarah Wel t  Fel low in Medicine,  I947:  Research Fellow, American  Canc t r  Society,  1948 . 
*'* The cam( ra was bu i l t  in th is  l abora tory ,  and  is ident ica l  in all essent ia l  features  to the micro- 

camera  des igned by FANXKCCHEN. A s imi l a r  camera  has been recent ly  descr ibed by F. (;. CHESLEY 
(X-ray Diffract ion Camera for .Microtechnique~, Rev. Sci. Instr., t8 (June, lO.t7) 422-424. 
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milts) was used. with Eas tman Kodak No-F, creen tilm and ;m cxln~surc tim,' ,Jl al~,,ut 
io  hours. 

Prelintiimrv studies revealed th<tt the degree of oricntati,)li ,,t lhc ,lillra,'ti,,u 
pat tern  was unal tered whether the st)ccimen was fixed or miflxc(L the exp~,~,urc iinlv 
hmg or short. \Vhen the beam passed through the periphery of thc ch~,rda, th,, pat If'Ill 
was less distinct but  otheiwise identical with that  form,'d when the t)cani passetl thr~mgh 
the center of the axis. Repeated examinat ions  along the same chorda, exposures of 
several chordae from mitral  and tricuspid vah'es of the same subject and llf t 'horda,  
of vai ious thicknesses from the same subject,  all failed to show sigmlicant v:uiati~m>. 
The classical collagen X-ray diffraction pat tern  is i lhistrated schematically in l:i~. t. 

Pa t t e rns  were arbi trar i ly placed in three 
. i' : " - ,4 categories, "poor",  " m e d i u n f ' ,  a r d  "good" 

• " depending on the degree of orientation.  With " g o o d "  

orientat ion,  ..\, B, (', 1-)and E iVig. I), are distinct,  
as in Fig. 2. In "poor" orientatioil  (l"ig. -I), .\ ap- 

• 6' pears as a comph:te circle, P; aml (' t - n n  the uniform 

nfiddle ring, and I) and E conit)rise the imwr circh', 
with 1) usually merging with the I) tckground. [n 

. o c "mcd i tmf '  orientat ion (Fig. 3), -\ appears :is :l larger 
arc, (" appears as meridional accentuat ion,  l- ap- 

£ 
• pears as arcs, and I) is not disccrnibh'*. 

:- Results." l )ata  are sulnmai izvd in "l'abie I, which 
is a listing, bc chromflogical age of the subjects, of 

..- the degree of or ientat ion of ttw chordae ten(lineac 
examim'd.  I t  is to be noted that w i th  very few 

cxceptiol iS the best o l ien ta t ion  was found in t lw 
. . . . . .  • older subjects. Higher orientation indicates a higher 

' degree of al ignnlent  ot colhtgen inolecuh's in the a.'.:i~ 
of  the  chorchie. Whether  this is ;i result of constant 
tCllSioll, reorientat ion ~)r r c o r g a l l i z ; t t i o n  ~)f ¢ - i ) l l l l t , t -  

,. . \iv,, tissue as p;u't (if tile aginR t)roct'ss, (11 slHnt 
• .':. process not heretofore rccog, llizcd, iClllaills lo I)c 

Fil4. i. Schematic X-ray ditiraction dt ' termined. It appears that during adolesccllcc t in  
pattern of oricnted colhigen, inaxinlunl (tegree of orientatioll is achieved, as far 

;is can be in fe l l red  from the trrtuigenicnt of d;tta 

in our three groups,  .:\ quan t i t a t i ve  iTleasure of or ientat ion by deusi tonivtr ic  irleasllre- 
ments  is tinder considerati(m. Prel inl inary results, how,wer, do lliit :q)pear pronlising. 
It  may be per t inent  that  ('I..\RK AND ZIEGI.I'F. 2, s tudying the X - r a \  diffraction pat terns 
o f  catgut  ligatures, correlated increased ten.,ih." s trength with higher orientation.  Studies 
are now tx;ing under taken  to correlate the histological aptx;arancv of the chordae with 
the diffraction pat tern.  In addition, it is planned to investigate other collagenous 
s t ructures  of the body from the s tandpoint  of the X-ray diffraction pat tern  at various 

ages during health and disease. 

~ S  

• q .: :: 
: . ,  3 

* The outer arc .\ in ]:ig. 3 and the corresponding ringin Fig..i is not vi~ihh, in thc half lore 
reproductions: they arc quite distinct in the original tilms. 
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1,'ig. z .  X-ray  diffract ion p a t t e r n  of chordae tendineae of a 7 ° year  old ~tdult, showing  
"good"  or ien ta t ion  



I . ~  ~;. I. KI I ' I . I I . I~I : I . : ( ; .  P. I.. K \1 N i l /  '~,,I  . ~ : I , , ~c l~  

I.'ig. ~. X-r;Lx., d i f f r ac t ion  p a t t e r n  of c h o r d a e  tencl inea ,  c~f ~ t5 y t ~ r  old : tdul t ,  sh¢~x~in:- 
" l l l t ' d i t l l l l  ' ' ( l r i c ,  q l l l l  t i o n  
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Fig. 4. X-ray diffraction pattern of chordae tendineae of a year old infant, showing 
"poor" orientation 
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X - R a y  d i f f r a c t i o n  p a t t e r n s  of  c h o r d a c  l c m l i m ,  a, in 3" a u t o p s y  cases  in s t l b j c c l s  of v a r y i n g  age  
show a poor  o r i e n t a t i o n  of c o l l a g e n  lllolt, c t l l t s  ill | ] l l '  y o u n g e r  age g r o u p s  (belmv four  years} ;llld ~111 
i n c r e a s i n g  d e g r e e  of o r i e n t a t i o n  m o!der  age  g r o u p s  {all s u b j ¢ c l s  o v e r . t 5  y e a r s  show;~  h i g h  d c g r e e  
of o r i e n t a t i o n } .  

],cs di;.tgr:.tlllmcs (It. d i l t r ac t i~m des  r ; tyons  X d~,s c h o r d a e  (¢.n(.linca~ t)r(.ll..v('t':-; d ; tns  32 t:its d ' a u -  
to l )s ic  chez  de s  s u j e t s  d ' f igcs  d i t t d rcn t s ,  m o n t r e n t  quc  l ' o r i e n t a t i o n  des  moh"culvs  de  co l l ag ime  vs t  
pen m a r q u 6 e  c h e z  h,s i n d i v i d u s  h s p lus  j e u n c s  (en-dessous de  4 ans)  e t  que  t ' t . t lc ~ r i c n t a t i o n  s ' a c c r o i t  
ax'cc l'&ge ( lous  h,s i n d i v i d u s  fig(> tit" l) lus de .t5 a n s  p r d s e n t a n t  un degr(:  dlex-d d ' o r i en t a t i~m) .  

Z t ' S A M M I , ; N  I, 'ASSI 7 N( ; 

I U ~ n l ~ c n M r a h l i n t c r f c r c n z l ) i h h . r  yon t h o r d a c  t v n d i , l t ; e  in 32 Au tops i t . n  zc igcu  g c r i n g c  ( ; l t i c h -  
r i c h t u n g  d c r  l ( o l l a g c n m o l e k i i l c  b:'i 1 ,Miv iduvn  u , m . r  4 J a h r e n  uml  f i n  Z u n c h m e n  d i c s c r ( , l c i c h r i c h t u n R  
m i t  d m n  A l t t r  (in a l l e n  F i i l l cn  iib, .r  45 .]ahrv w u r d c  ein h o h c r  G r a d  d t r  G h i c h r i c h t u n g  g e f u n d e m .  
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