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R ecen tly  an u l t r a s o n ic  sc a n n e r, the Scanogram, designed  s p e c i f i c a l ly  f o r  use on 
f i n a l s  has become a v a ila b le  com m ercially . I t s  in v e n to r , P ro fe s s o r  J .R . S to u f fe r ,  

0;rn e l i  U n iv e rs ity , v i s i t e d  th e  H eat R esearch I n s t i t u t e  in  A p r i l ,  1970 and under 
■‘a s  guidance numerous u l t r a s o n ic  scans of c a t t l e ,  p ig s  and lambs were made. This 
daper p re se n ts  the  r e s u l t s  o f an experim ent on c a t t l e .

, _ There i s  a wide range o f c o r r e la t io n s  quo ted  in  th e  l i t e r a t u r e  f o r  the  r e la t io n -  
aip  between back f a t  th ic k n e ss  o f c a t t l e  (u s u a l ly  the  mean of th re e  measurements a t  
l i f e r e n t  l a t e r a l  p o s i t io n s  over SI. lo n g is s in u s  th o ra c is  a t  the  l a s t  r ib )  measured 

the„ c a rc a s s  and th a t  m easured u l t r a s o n ic a l ly .  C o r re la t io n  c o e f f ic ie n ts  range
A:roni the  n o n - s ig n if ic a n t  to  0 .96  (1 , 2, 3, 4 ) .  A s im i la r  d iv e r s i ty  (ran g in g  from
0.22
ti2S££Cii

fo 0 .9 3 ) in  c o r r e la t io n  i s  a lso  e v id e n t in  the  measurement c f  II. lo n g i s s i r

Some
tb

4 go., airain g e n e ra l ly  m easured over th e  l a s t  r ib  (see  f o r  example
p o s s ib le 30n£ :or

end o ; .
th is  d ivergence  o f ex p erim en ta l d a ta  have been id e n t i f i e d

e p re s e n t  in v e s t ig a t io n .
This s tudy  in v o lv ed  the use o f a  d i f f e i

■-^neraiiy re p o r te d , 
^ im a l

;yr>e o f experim en tal d esig n  to
In s te a d  of ta k in g  u l t r a s o n ic  measurements o f a la rg e  number of 

a t  a s in g le  an a to m ica l lo c a t io n ,  each anim al was measured in  a number of 
H ^ to n ic a l  lo c a t io n s  and r e l a t i v e l y  few an im als employed. In  t h i s  'way i t  was 
p osT-ble to  in v e s t ig a te  the  r e l a t i v e  p re c is io n  o f th e  u l t r a s o n ic  te ch n icu e  a t
¿if:
Pa-r•‘•©bent an atom ica l lo c a t io n s .  In  a d d itio n  by m easuring a number of 
_ -'«m eters a t  each lo c a t io n  the s tu d y  p rov ided  in fo rm a tio n  concern ingI - •J-c-ra.cnship betw een the  e r ro r s  in v o lv ed  in  m easuring  them.

.cue 
intend, c a l  
the i n t e r -

¿üimalc 
H4  24 month

E x p erim en ta l
s t e e r s ,  th re e  S horthorn  and th re e  H erefo rd  c ro s se s , aged between IS 

.tiis were u sed  as  ex p erim en ta l an im als . They were s e le c te d  to  re v e a l a good 
Vr̂ e o f f a tn e s s .  Judged by eye two vr?re v e ry  le a n , two of average f a tn e s s  and two 

'y t a t .  C arcass w e ig h ts  ranged from 2o6 to  334 kg.

ia:

con£
-Hal

Two d im ensional u l t r a s o n ic  sea  is !I SCc u l t r a s o n ic
sc a n n e r , xna; equipm ent i s  th e  s u b je c t  o f a r e c e n t  p a te n t ,  (? ) from

'a c tio n a l d e t a i l s  may be o b ta in ed . A -g" d iam eter 213z tra n sd u c e r  was used , 
^ n g  — ---------------------------------- * -1-

.^ - iû ra t io n  f o r  the v e lo c i ty  of

wniicn
i

;>«.ae a t  l i n e a r  m a g n ific a tio n s  o f  y  o r 4- and reco rd ed  p h o to g ra p h ic a l ly .
und in  t i s s u e  was made u s in g  a le ad  c a l ib r a t io n  

su p p lie d  w ith  the  in s tru m e n t, th e  c a l i b r a t io n  being  checked p e r io d ic a l ly .

ŝ pSS2iure. bach anim al was scanned in  e ig h t  o r n in e  p la n e s  p e rp e n d ic u la r  to  the  
a t  v a r io u s  p o s i t io n s  a long  the back . These p o s i t io n s  were: a t  the  head of

Po L&s t  r i b  and working a n te r io r ly  a t  the  head of every  r i b  to the 8 th  o r 9’th ; in
s ^ e r io r  d i r e c t io n  from the  l a s t  r i b  between the sp inous p ro c e sses  o f each v e r t -  

e Lween th e  second and th i r d  and fo u r th  lumbar v e r te b ra e .
The c a t t l e  were shorn  o f h a i r  a t  th o se  p o s i t io n s  where scans were to  he made

up  to  :

ana
s . c o n s tra in e d  in  a c a t t l e  c ru sh  w hile  th ey  were u l t r a s o n ic a l ly  te s te d .  Three of
i t

:ne
■«ere t r a n q u i l i s e d  by in tra m u sc u la r  in je c t io n  of promazine h y d ro c h lo rid e , two

■%h

a ¿ose of 1 .32  n g /k g  l iv e  w eigh t and the  o th e r  a t  1.92 ng /kg  l iv e  w eigh t.

Ham . d i a t e l y  fo llo w in g  com pletion  o f th e  scan  the  anim als were s la u g h te re d  and 
H  co n v en tio n a l vway. The p o s i t io n s  a t  which scan s  had been made ’were 

to 011 the  c a rc a s s  by the  in je c t io n  o f a v eg e ta b le  dye, through the  h id e  o r io r  
Xaf i n g .

The h o t  c a rca sse s  o f th re e  of the  s te e r s  were scanned w ith in  two hours of 
‘-or a t  the  same s i t e s  a t  'which scans had been made on the  l iv e  an im a ls .
■n -

.«tty fo llo w in g  c h i l l i n g  the s id e s  were fro z e n  in  a -40°C room and, u s in g  a hand 
t3w °ec tio n ed  th rough  the p la n es  a t  ’which scans had been made. The s e c tio n s  were 
u A ssu re d  and photographed .
tlH'^r-a1̂ ! ts_ . Two s e t s  of m easurem ents were made from the  •tran sv erse  sca n s . F o r

s e t  (term ed a n a ly s is  1 ) a l l  the scans o f a l l  the  an im als , l i v e  and c a rc a s s , 
V s ^ ^ ^ d  in d ep en d en tly  by two judges. A th i r d  judge on ly  com pleted in te ru p -- -  
taej-H °x ~c'ne scans o f fo u r  of the  an im a ls . In  a d d i t io n  a  second s e t  o f n e asu re -  

s ua-,- j. , r . - '• - ------  ^— ' "dependent¿he L̂ s i , en ( term 
iy n ine  judges

ea anaj 3 1 S 2 ) a v e  scan s  were
iach judge perform ed 5 in te r p r e ta t io n s  oi eacn  scar
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A ll i n t e r p r e t a t i  ns were made by t r a c in g  th e  o u t l in e  of the  anatom ical 
f e a tu re s  from  t i e  u l t r a s o n ic  se e n . A th in  p e rsp ex  sh e e t was p la c e d  between ko to­
s'1 c t r ac i ng paper a v c ia  .in d e n ta tio n  or the  o u tl in e s  drawn bv the ’ v : roe on 
the  pho tograph , The e s tim a te d  p o s i t io n  o f the  bakbone, top and bottom of th e 'h id 0 
bottom oi f a t  and the km.,, xciypLssiw.i th o ra c is  e t  I r - i o n a  boundary to re  marked on 
e-j.cn t r a c in g .

1 measurements Vie re  taken  from a l l  the  tr a c in g s  and c a rc a ss  s e c t io n s  as fellow®1 
2? cm in te r v a ls  were mar. ed o f f  on th e  su rfa ce  boundary from the  backbone, At 
th e se  p o in ts  l in e s  were drawn p e rp e n d ic u la r  to  th e  su r fa c e  and measurements tnl.en 
from  th e  su rfa ce  to  the  v e n tra l  b o u n d arie s  c f h id e , f a t  and km. Ion -rtc ig .
et_ lu n b o ru n . A l i n e  was drawn a c ro ss  the  w id est p a r t  o f the~Tk~7~ion 'TmwkkT~tw'khtid 
e t  liraborum and the  measurement reco rd ed  ( c a l le d  th e  A m easurem ent;. Aien "the" 
w id e s t p a r t  o f the  Ilm. lc n - is s im i th o ra c is  e t  lu rh o ru n  p e rp e n d ic u la r  to  the  !. J  
l i n e  was m easured ( c a l le d  the  3 m easurem ent). The a re a  of Km. lonw issim i tkowacig. 
e t  iunporum was m easured w ith  a p la m m e te r . A..1 l i n e a r  neasurem enis wer mm e to tb0 
n e a r e s t  0 .5  naa (m .e. 1 mm o r  1 .5  mm l i f e  s iz e  R e sp e c tiv e ly  f o r  th e  -f ai ' - k scens)* 
Ihe comresijona^ng u n c e r ta in t ie s  in  a re a  measurements were 0.4- cn£- and O.k cm“ 
r e s p e c t iv e ly .

The c a rc a s s  depth measurem ents were made d i r e c t l y  from, the  ca rcass  sections 
w h ils t  the  'A ',  *B* and a re a  measurements were made from c a rc a ss  photographs ( o f ’ 
approx-i-ma fceiy •g- l ix e  s i z e ; . In  the  case o f c a rc a s s  measurem ents an ml., o u n c e  was 
maae f o r  h id e  t —ic in e s s  c f  6 mm, to  a llow  d i r e c t  comparison between e s tim a te s  x-:--ae 
on the l iv e  anim al and the  co rre sp o n d in g  measurements on i t s  s. inned  c a rc a s s .
n u m erica l a n a ly s is  and hear. I t s

 ̂ • f e - ty s ^ s _j_. £ o r  each  anim al th e re  were p s e ts  of d a ta ,  each s e t  s e p a ra te ly
com prising  measurements o f  f a t  th ic k n e s s , Km. l o n r i s s i r d  th o ra c is  e t  li-xfoorim dep^» 
lanr— wr ac i s  e t  lu aborun 'A ' , '3 '  and a r e a . The f i r s t  uwo wots -..ore 
Ed ¿ ia c e s , wie s ix  columns oomg d is ta n c e s  'from the  m id lin e  o f the back and t  .e row’® 
b em g  lo c a t io n s  a long  th e  sp in e , c i t h e r  e ig h t  o r n in e . The 'A ',  *B* and a re a  
m easurem ents were a rran g ed  as s in g le  column m a tr ic e s  each f ig u re  re p re se n tin '-  a 
d i f f e r e n t  anatom ical lo c a t io n  a long  th e  back. There were a t  l e a s t  th ro e  r.acrdces 
Ox ec.en cyge a s s o c ia te d  w itn  each an im al: u l t r a s o n ic  measurements taken  from the 
scan s  oi tne  l iv e  anim al oy a t  l e a s t  two judges and she co rrespond ing  c a rca ss  me**-3- '  
c e n t s . In  a d d it io n , measurem ents tak en  by each judge from  the  u l t r a s o n ic  s c a rs  of 
tnree the c a rc a sse s  were a v a i la b le  f o r  com parison p u rp o se s .

A lthough i t  i s  no t v a lid  to  assume th a t  th e  ca rca ss  measurements have the 
Scxme v a lu es  as^ th o se  of the  l iv in g  anim al (due to  nanvin.'.* and o s t  mortem con. - w-- 
t io n a l  changes) th e se  v a lu es  p ro v id e  a p h y s ic a l ly  meanin ;fu l base l in o .  Accc-d-hk'-? 5 
th e /m a tr; ces o f  each anatom ica l p a ram ete r were co n v erted  to (n -1 ) m a tric e s  of ct ’c : 'y 
measurements minus scan  m easurement a t  the  same o in t  on the  same an im al. This 
d if fe re n c e  w i l l  su b seq u en tly  be c a l le d  b ia s .  The b ia s  su r fa c e s  x.ay be c o n stru c to r 
xo r each anim al and each juuge by p lo t t i n g  b ia s  as  a p e rp e n d ic u la r  d is  lacenon t 
xrom the an a to m ica l lo c a t io n  c o o rd in a te  system . A ll  th e  su rfa c e s  ( a l l  anim als 
£-r-l ju d g es) shou ld  he c o in c id e n t p la n e s  of zero  b ia s  f o r  p e r f e c t  ag r em t  bo'x’0e3 
u l tr a g o n ic  and c a rc a ss  m easurem ents. A s im i la r  p rocedure may be adopted fc-r .... 
'3' a id  a re a  m easurements ex cep t th a t  th e  s u r fa c e s  become l in e s  ( the* :.r. t r i c e s  2°c.%, 

v e c to r s )  s in c e  anatom ica l o s i t io n  i s  d e fin e d  s o le ly  by th e  .o s i t i c n  a i m -  .v.e • " *

IV.e r e s u l t s  o f t h i s  method, which re v e a l  the d e v ia t io n s  from the  1 'e u l  of 
aero b ia s  l in e s  and s u r fa c e s  nay he ex p re ssed  in  a. co n v en ien t manner nux -.risa. >J 
in  term s o f mean b ias  and s ta n d a rd  d e v ia t io n  about t h i s  near., uhe s m a lle r  tire 
s tan d a rd  d e v ia t io n  th e  s e t t e r  th e  agreem ent between d i f f e r e n t  e s tim a te s  c f  ~*ie 
same p a ram ete r; the  sm a lle r  th e  mean b ia s  the  b e t t e r  th e  ab so lu te  agreem ent -xW1  ̂
c a rc a s s  m easurem ents. 3*or p r a c t i c a l  use a b ia s  would n o t m a tte r  i f  i t  -were a--- - 
ana mown s in ce  i t  cou ld  ue allow ed f o r .  Table 1 re c o rd s  th ese  mean b ia s  ' r- 
s ta n d a rd  d e v ia tio n  v a lu e s  c a lc u la te d  from two ju d g e s ’ i n te r p r e ta t io n s  o f the z^~- 
of the  fo u r  s te e r s  scanned a t  m a g n if ic a tio n .

In  o rd e r to  compare the accu racy  o f the  tech n iq u e  a t  th e  d i f f e r e n t  an a tc^ -0*" 
lo c a t io n s , the  h :, J.origls:. hr 1 fh c r a c ls ^ t  :rw:hcrirg 'A ',  ' 2 1 and a re a  b ia s  -/ax'd0 -■
•.rere su sp e c te d  to  an a n a_ y s is  o f v a r ia n c e . The d i f f e r e n t  an im als p ro v id e -  
r e p l ic a te s  and anatom ical p o s i t io n  and judge were a ss ig n e d  as two :o s s ic le  -iC^  
in f lu e n c in g  b ia s  v a lu e s . Table 2 p re s e n ts  t  e r e s u l t s  o f th e se  a n a ly se s  of -- 1
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H  u
'd s-nd a re a  b ia s measure:c e n ts o f th re e  ju d g e s ' in te r p r e ta t io n s  <of th e scans o f  4
^ im a .Is .

f ab le  1
P a t depth. b ia s ram Km. Ion- ' i s s i n i there.c i s  e t lunbo

Pos .
along
aDine

D istan ce
dep th b ia s in  nan

f r c n  sp ine  
cm

2 .5 £ 7 .5 10 12.5 2 .5 5 7 .5 10 12.5

3/4 Ho 4 4 4 4 4 2 4 4 4 4
Kean -3 .0 -2 .5 6 .8 4 .0 3 .8 2 .0 -5 .2 1 .5 4 .3 8 .3
S.D. 2 .6 2 .9 2 .6 6 .2 5 .6 - 14.5 2 .5 7 .9 8 .7

2/3
No

Kean
8

-5 .3
8

-1 .3
8

0 .3
8

0 .3
. S 
1 .5

5
-2 3 .4

8
-3 .5

8
-6 .6

8
- 3 .8

8
6 • 8

S.D. 4 .6 3 .2 5 .2 5 .0 5.5 17.6 9 .3 1 0 .0 3 .5 6 .8

1/2
Ho 8 8 8 8 8 4 8 8 8 8

Kean -0 .4 -0 .1 3 .0 3 .0 4 .8 -8 .8 6 .4 5 .0 2 .3 6.5
S.D. 4 .7 2 .6 2 .7 4.1 4 .6 7 .S 9 .3 5 .6 7 .8 8*3

13/1 Ho
Kean

8
0 .0

8
0 .3

8
1 .0

8
1 .6

8
2 .4

5
-2 .4

8
12.4

8
8 0

8
1 .3

8O r—41 . 1
S.D. 4 .7 2 .7 2.1 2 .0 1 .4 17 .4 6 .6 7 Q 7 .7 10.4

12/13
Ho 8 oO C oO 8 6 8 8 8 8

Kean 5.9 4 .5 4 .3 2 .3 2.9 10.7 18.5 12.1 7 .6 13.0
S.D. 5 .4 5 .5 7 .5 5.6 3 .7 27.9 8 ,6 6 .8 5 .2 10. fL

11 / l  2
Ho

Kean
C

2.9
8

6 .9
8

-1 .5

rro
- 2 .0

8
—0 • o

1 8
17.1

8
5.9

8
0.1

8
-0 .6

S.D. 5 .9 4 .8 6 .0 5.5 5 .8 - 9 .6 5 .7 10.8 12.3

1%  1 Ho 8 8 8 8 8 2 7 8 8 Qo
I le an 3 .4 0.1 0 .5 3 .4 1 .1 43 .0 18.0 3 .6 1 .5 ~-02.6
S.D. 5.1 4 .5 7 .0 9 .7 r n6. J - 17.2 9 .6 16.2 17.0

V 10
No 5 S 8 8 8 1 8 8 8 8

Kean 0 .4 - 2 .8 - 3 .8 -5 .S -3 .6 - 24 .6 11.9 7 .9 6 .3
S.D. 8 Q 3 .4 3 .4 5.1 6 .3 - 9 .4 9 .8 11 .2 13.7

8/9 Ho 1 4 4 4 4 - 4 4 4 4
Ilean - -2 .5 -4 .5 -5 .3 -3 .5 - 28.2 21 .5 5 .0 -6 .5
S.D. - 4 .7 7 .7 7 .7 4 .8 - 13.3 15.7 20.9 12.1

Tab le  2 Kean b ia s  v a lu es

b )

8.2

10.4

^ ac tio n s  s i  
D iffe re n c e sT) 4 -c* ov~~ j. e ren ces  
D iffe re n c es  
D iff  e rences 
D iffe ren ces  
d if f e r e n c e s

Judge 2/3 1/2 13/1 12/13 1 l / l  2 10/11 9/1 C
X 19.0 10 .0 6 .3 6 .8 9 .8 5 .8 1 .5
Y 24 .8 7 .3 -1 .0 -2 .3 7 .5 3 .3 -1 .5
Z 21 .8 1 .8 - 9 .0 -2 .8 1 .5 5.3 -8 .3
X -7 .3 -0 .3 7 .3 25.0 6 .0 1 .5 3 .8
Y -6 .5 - 3 .0 2 .5 - 2 .8 2 .8 -4 .3 1.3
Z -7 .5 -3 .5 3 .0 -0 .3 1 .5 0 .5 1 .0
X 2 .3 3 .7 5.3 6.5 10 .8 12.0 7.1
Y 3 .2 -0 .4 -1 1 .8 -8 .6 3.1 - 2 .8 5.3
Z

.can t (?)>
2.1

0 .05)
-0 .7 -5 .1 -4 .4 -1 .2 3 .2 -2 .6

¡en judges n o t s i g n i f i c a n t  (P> 0,.05).

between judges n o t s ig n i f i c a n t  (P > 0 .0 5 )  
between p o s i t io n s  s ig n i f i c a n t  (p< 0 .05) 
between judges s ig n i f i c a n t  (P< 0.01 ) 
be fee  en p o s i t io n s  n o t s ig n i f i c a n t  (P > 0 .0 5 )
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D iscu ssio n
C arcass d e fo rm atio n . The d i r e c t  com parison o f measurements of an a to m ica l param eters 
m easured on a l iv e  an im al and the  co rresp o n d in g  measurem ents taken  from se c tio n s  
o f i t s  c a rca ss  i s  n e c e s s a r i ly  a s s o c ia te d  w ith  e r r o r s  independen t o f p a r t i c u l a r  
measurement te ch n iq u e . These e r r o r s  a re  in tro d u ced  by c a rca ss  defo rm atio n  re su ltin g  
from p o s t- s la u g h te r  tre a tm e n t ( e .g .  hanging and s p l i t t i n g )  and r i c o r  m o r t is .

F ig u re  1

F ig u re  1 reco rd s  the  r e la t io n s h ip  betw een the  p o s i t io n  o f the  s o f t  t i s s u e  r e ls tF v'e 
to  the  sk e le to n  a s  o b ta in e d  by p a lp a t io n  on the l i v e  anim al and the  corresponding 
p o s i t io n  on the  c a rc a s s  o b ta in ed  by d i r e c t  m easurem ent. I t  can be seen  th a t  in  
th e  extrem e th o ra c ic  reg io n s  th e  s o f t  t i s s u e ,  in  which th e  scan  p o s i t io n  had been 
marked, moved c r a n i a l l y  r e l a t iv e  to  th e  s k e le to n . In  a d d it io n  a cau d a l movement 
was reco rded  in  the  lum bar re g io n .

The re le v an c e  o f th e se  s h i f t s  w i l l  be d iscu ssed  a t  a p p ro p r ia te  p o in ts  in  # 
the  fo llo w in g  d is c u s s io n  in  which i t  i s  co n v en ien t to c o n s id e r  the measurement 0i 
each an a to m ica l param eter s e p a ra te ly .
(a ) Measurement o f f a t  th ic k n e ss
A n a ly s is  1 . An exam ination  o f the s ta n d a rd  d e v ia t io n s  of Table 1 re v e a ls  th a t  
the  b ia s  su rfa c e s  were bunched c lo s e ly  to g e th e r  in  c e n t r a l  p o s i t io n s  (7 .5  cm,
10 cm and 12.5 cm d is ta n c e s  from the  backbone) over the  I-Im. Io n r~~i s rimi th o ra c ig.—  
JlF^/orum f n th e  1pth  th o ra c ic / l  s t  lumbar p la n e . In  th ese  p o s i t io n s  th e  th ic k n ^ ^  
o f th e  second la y e r  o f f a t  was v e ry  sm a ll, and th e re fo re  d if f e r e n c e s  between l lV
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an^ c a rca ss  measurements due to  a  con fusion  between the f i r s t  and second la y e r s  
Would a lso  be sm a ll. The sm all p o s i t iv e  mean b ia s  and sm all s ta n d a rd  d e v ia t io n s  
Recorded a t  th e se  p o s i t io n s  r e s u l t  from a co n fu s io n  between th e  f i r s t  and second 
ayers  o f f a t .  B ias v a lu es  become more p o s i t iv e  and s ta n d a rd  d e v ia tio n s  in c re a s e
owards the  lum bar p o s i t io n s  as  the  th ic k n e ss  o f the second la y e r  of f a t  in c r e a s e s ,  

the n eg a tiv e  b ia s  and la rg e  s ta n d a rd  d e v ia t io n s  in  the extrem e a n te r io r  p o s i t io n  
j'.ere due to  co n fu s io n  be te e  en the f a t  boundary and th e  v e n t r a l  su rfa c e  of 

■1 .t r a p e z iu s - The n eg a tiv e  mean b ia s  v a lu es  i n  the  lumbar re g io n s  on the 2 .5  cm
3-hd cn p ines were due to  the  p resen ce  of a la y e r  o f g r i s t l e ,  the  d o rsa l su rfa c e  
of which was d e fin e d  in  t h i s  experim ent f o r  f a t  th ick n ess  measurements as the 
ower boundary o f f a t .  In  many o f the t r a c in g s  o f the  u l t r a s o n ic  scans however, 
wis la y e r  was n o t id e n t i f i e d .

^SalV sis  2 . I n  a l l  cases th e re  were h ig h ly  s ig n i f i c a n t  d i f f e i ’ences (p< C.CC1) in  
. e o ias  v a lu e s  between judges and bet./een  l a t e r a l  'd is tan ces  from the backbone. Ho 
•-W teractions were s ig n i f i c a n t  (p V C .05 ). P o s s ib le  reasons f o r  th e se  d if fe re n c e s  a re  
^ s c u s s e d  above. A lthough a l l  the  mean b ia s  l in e s  of each scan  c u t the b ia s  = 0 
axi s  a t  l e a s t  a t  one p o in t ,  th u s  in d ic a t in g  a l a t e r a l  d is ta n c e  a t  which the  e s tim a te d  
^ab th ic k n e ss  ag reed  b e s t  w ith  th e  ca rca ss  m easurem ent, th i s  d is ta n c e  from the 

r te b ra l  column d if f e r e d  between scan s .

_ A lthough th e re  a re  p o s i t io n s  in  the  u l t r a s o n ic  scans of c a t t l e  a t  which f a t
‘ ic k n ess  measurements ag ree  w ith  the  ca rca ss  m easurem ents i t h i n  th e  l im i t s  of

th in -an d  betw een-judge v a r ia t io n s ^ ,  these  p o s i t io n s  depend on the conform ation
anatomy under in v e s t ig a t io n  and in  g enera l w i l l  n o t on ly  depend on the

^po -tion  a t  which an anim al i s  scanned b u t a lso  on anatom ical v a r ia t io n  between
'Qal s .  Gross d if f e r e n c e s  between u l t r a s o n ic a l iy  e s tim a te d  f a t  th ic k n e ss  and

e*t cass measurements occur as a r e s u l t  of m is - id e n t i fy in g  d is c o n t in u i t i e s  in
b c^ t i c  inpedence w ith  anatom ical b o u n d a rie s . C le a r  i d e n t i f i c a t io n s  of anatom ica l
°bndaries i s  a t  tim es confused  by the  u re sen ce  o f a u l t i u l e  r e f l e c t io n  a r t i f a c t s  win , , , .a re  n o t always o o v io u sly  l a e n t m a b l e  a s  such .

Measurement of Urn, lonrissini thoracis et immuontm depth
4fia.lv.

(b)

y, -i i s 1 . W ith re fe re n c e  to  Table 1 i t  can be seen th a t  in  g e n e ra l mean b ia s  
^ £ Ues of Hr., lo n ~ iss im i tr.c ra .c is  e t  liufeorum depth  were p o s i t iv e ,  in d ic a t in g  an 
j . T 1*“®s b im ation  of the  d e p th . S tandard  d e v ia t io n s  were s m a lle r  in  the  lumbar 
Ver+°nS ^ an £b o th e r  p o s i t io n s ,  due to  the tra n s v e rse  p ro c e sse s  of the  lum bar 
tp ' e °rae  p ro v id in g  good r e f le c t in g  su rfa c e s  and th u s  g iv in g  r i s e  to  c le a r  echoes. 
i  tho rax  th e  i d e n t i f i c a t i o n  of th e  v e n tra ]  boundary of Km. loi:-~f ssim l

e t  lunborum was more u n c e r ta in .  Tlie p o s i t iv e  b ia s  v a lu es  may in  p a r t  
ue bo the f a c t  th a t  the v e lo c i ty  o f sound in  muscle i s  g r e a te r  th an  th a t  in  

7 ■¿bother e f f e c t  may be seen  by examining the  b ia s  v a lu es  a long  th e  5 cm and 
ex^ Cl:; l a t e r a l  l i n e s .  Here v e ry  la rg e  o s i t iv e  b ia s  v a lu e s  were reco rd ed  in  the  
Va- / ”De th o ra c ic  re g io n s  scanned in  t h i s  s tudy  and th e re  i s  a tendency f o r  the  b ia s  

s bo be s l i g h t l y  n e g a tiv e  in  th e  extrem e lumbar p o s i t io n s .  In  view o f the
lo n -lss im u s  th o ra c is  d ep th , the u n d e r-e s tim a tio n  o f

rat>irr  s l i g h t l y
1 ^ ', ^ t e r i o r  in c re j

,lofi~
in

th o ra c is  depth  in  the  extrem e a n te r io r  p o s i t io n s  may be due to  the 
Ifi covement of the  su rfa ce  s o f t  t i s s u e s  r e l a t i v e  to  the sk e le to n  as recorded

^ S U re  1 .. In . the  lumbar reg io n s  o f the  anim al m is - in te r p r e ta t io n  e r r o r s  are, o f 
Veyi'"^ance in  the m ed ia l p o s i t io n s .  These r e s u l t  from  a confusion  between the 

boundaries o f th e  K. longissim us
t h i ^ y ^ e r e  i s  a tendency to  o v e r-e s tim a te  Mj_

lo c a t io n .
4fiaiy ̂ .

There were h ig h ly  s ig n i f i c a n t  (P < 0 .001) d if fe re n c e s  between the b ia s  
lc-t-^es £t  d i f f e r e r . t  d is ta n c e s  from  the  sp ine in  a l l

is. lunborum and 
Lon

m u ltif id u s  a o r s i . 
s s in u s  lunborum doeth

vrere s ig n i f i c a n t  (P> 0 .05)
scans ex cep t one. Ho i n t e r -  

S ig n i f ic a n t  d if f e r e n c e s  between judges a t
ipfp ‘-o the  P< 0.01 l e v e l ,  were reco rd ed  f o r  a l l  scan s  exceo t tiro, wherei r e c t i —~ ,, , „ . the

ons from th e  tra n sv e rse  w rocesses o f the  lum bar v e r te b ra e  were p a r t ic u -
y oj-ear. 

Me4fiap- deepurew ent o f 'A 1
The h ig h ly  s ig n i f i c a n t  d if fe re n c e  (P <  0.0C1) in  th e  b ia s  va lu es  of 'A ' 

t i 0Jl P o s i t io n s ,  reco rded  in  T ab le  2, was la r g e ly  due to th e  g ro ss  u n a e r-e s tim a - 
^001 'A ' in  the  lumbar re g io n s . Agreement w ith  c a rca ss  measurements was b e t t e r  

ao t i0®l t i o n . 13 /l  , 12/13 and a t  9 /10  than  a t  o th e r  u o s i t io n s .  Ho s ig n i f ic a n t  i n t e r -  
0 r  d if f e r e n c e s  between ju d g es  was ap p a ren t ~(p  ̂ 0 .0 5 ) .
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In  view o f th e  ra p id  in c re a s e  in  ca rca ss  'A* measurement tow ards th e  extreme 

lum bar re g io n s , th e  cau d a l movement o f  th e  lumbar s u r fa c e  t i s s u e s  r e l a t i v e  to  the 
sk e le to n  (see  F ig u re  1 ) may be re s p o n s ib le  f o r  the  la rg e  b ia s  v a lu es  in  ' ' 
reco rd ed  a t  p o s i t io n  3/4  and 2/ 3 .

The la rg e  r e s id u a l  s ta n d a rd  d e v ia t io n  about the mean b ia s  va lu es  o f k . ' a t  
c»ll p o s i t io n s  ( l a d e  2) i s  due to  the  i n a b i l i t y  to d e f in e  p r e c is e ly  the l a t e r a l
ana m edial boundaries o f  — AA. lid;' • a th o ra c is  e t  l umhorum on the  u l t r a s o n ic
sca n s .

A.r-.r-.-'-.Y3- 5 .?_• S ig n ix ic a n t  d if f e re n c e s  (p<( C .01) between ju d g e s ' e s tim a te s  o f 'A' 
were re so iv e d  by an a n a ly s is  o f v a r ia n c e  o f the  r e s u l t s  o f rep ea ted  interpretations 
0x J-v® in d iv id u a l  so e e r  sca n s . Shis showed th a t  w n ils t  jud-mes were r e l a t i v e ly  
c o n s is te n t  w ith in  them selves, they  d i f f e r e d  s ig n i f i c a n t ly  from one to  th e  o th e r  
in  t h e i r  mean a ssessm en ts .
(d) Heasmrowent of '3 1

...1..« Table 2 re c o rd s  the  r e s u l t s  o f the  a n a ly s is  o f v a ria n ce  of b ia s  values 
o f *3* as a fu n c tio n  o f p o s i t io n  and ju d g e , ho s ig n i f i c a n t  in te r a c t io n  o r  d i f i  ¿re*1003 
between judges (?> O .C b) were ev id en t b u t th e re  was a  s ig n i f i c a n t  d if f e r e n c e  dew. ®en 
the 'B ' b ia s  a t  d i f f e r e n t  an atom ica l lo c a t io n s  ( P < 0.05)»  The 'B ‘ measure: en t 
Wc.s o v e r-e s tim a ted  0y a l l  judges a t  p o s i t io n  2 /3 . b e t t e r  agreem ent w ith  ca rca ss  
m easurem ents_o c c u rr in g  a t  1 /2 , 12 /13 , 10/11 and 9 / 1 0  than  a t  o th e r  p o s i t io n s .  The 
o v e r-e s t im a tio n  01 ’B* a t  p o s i t io n s  3/4  and 2 /3  was due to  the  g ro ss  under-estiw m - 
t io n  o f the  d ep th  o f th e  d o rsa l su r fa c e  o f Ij._ . lo.nwissim.ns Ivmborun in  th i s  reg io n .

r e p e t i t i o n  s tu d y  y ie ld e d  s ig n i f i c a n t  d if f e re n c e s  between j u k e s  in 
¿ / I  the scans examined a t  l e a s t  a t  th e  P <  0 .0 5  s ig n if ic a n c e  l e v e l .  I t  i s  i n t e r  
tm g  to n o te  t h a t  th e  d if f e r e n c e s  between judges in  th e ir  measurement 0* fB' i 
the  lumbar scan s  3 /4  and 2 /3  were due to  d if f e r e n c e s  in  th e  in te r p r e t a t i o n  of the 
d o rs a l  boundary o f th e  m_._lo r.visni;mus lumbcrum o n ly .
(°) Measurement o f  I-Im. lo n v is s in u s  th o ra c is- e t  Irm borrn  a re a

A s ig n a l le a n t  d in e r e n c e  between i r e  ju d g e s ' e s tim a te s  o f a re a  a t  anv :-ossti®n 
was recora.eo. ( Taoie 2¡. However, d if f e re n c e s  betw een b ia s  v a lu es  a t  d i f f e r e n t  
p o s i t io n s  were r o t  s ig n i f i c a n t  ( P >  0.0:5). T h is i s  due to th e  f a c t  th a t 'V f  M  
v;as under—e s tim a te d  'A 1 tended to  be o v e r-e s tim a te d .

C onclusions

The v e n t r a l  boundary o f h.m. lo n - is s im i th o ra c is  e t  k;r.borum was : re  
c le a r ly  lgx j.i;Sd in  one u l t r a s o n ic  sem is c i t r e  lumbar rsv io n s  than  in  those  o f ah® 
th o rax . U ltra s o n ic  scan s  of th e  extrem e a n te r io r  p o s i t io n s  were p a r t i c u l a r ly  
cíj__fx-c .1 t  *c i n t e r p r e t  ..ue vo th e  p o s s ib le  p re sen ce  of I,, i rm e z iu s  and s 
.ei . A r.!4. o v e rly in g  k . lo i r  iso,lauos t h o r a c i s .

U ltra so n ic  measurements o f f a t  th ic k n e ss  -compared most fav o u rab le - w ith 
c a rc a s s  measurement m  m e 1 3 th  th o r a c ic /  1 s t  lum bar u lane  in  c e n t r a l  wosii'i ens  ̂
( 7 .5  cm, 10 cm and 12.5 cm d is ta n c e  from th e  m id - l in e ) ,  f b i l e  th e  v a r ia t io n  bet-.;«®*! 
an im als may be s u b s ta n t ia l  a t  th e se  lo c a t io n s  th e  a b so lu te  f a t  ilic io n es  s i s  f r e ­
q u e n tly  sm all so th a t  they  may n o t  n e c e s s a r i ly  be the  most s u i ta b le  c i t e s  fo r  
d e te c t in g  d i f f e r e n c e s  between a n im a ls .

s ig n ix ic a n t  d if f e r e n c e s  between anatom ica l lo c a t io n s  
agreem ent between u l t r a s o n ic  and c a rc a ss  measurements of 15: 

id. ".EJE Ax 1 c-nd '3 '  m easurem ents. *A' tended to  be un 
ovei’-e s  toma te a  in  th e  lum bar r e g io n s .

■ere re co r u 
" o r - i  ss-‘ • 

r -e s t im a te

In  g e n e ra l  i n t e r p r e t a t i o n  o f  th e  scan s  tended to  u n ie r - e s t in ;  te  lie. long ....
th o ra c is  e t  lumbcrum. a re a  a t  a l l  p o s i t io n s .  D iffe re n c es  bet: een the agree, --z • 
c a rca ss  and u l t r a s o n ic  measurements were mot s ig n i f i c a n t ly  (p > C.05) r e la te d  to 
lo c a t io n .

.̂„1*
The r e s u l t s  o f th e  experim ent to  determ ine the  "w ith in -an d  between-op :-r£iC- 

v a r ia t io n s  in  i n t e r p r e t a t i o n  of s e le c te d  scans have shown th a t  w h ils t  o p e ra te -3 
may be r e l a t i v e l y  c o n s is te n t  w ith in  them selves in  g e n e ra l shey diffem s i g n i f i 2^ ' 1” " 
from each o tn e r . I t  would th e re fo re  be ac.visa.ble, in  s tu d ie s  in v o lv in g  fnuow-b 
ta t io n s  of u l t r a s o n ic  scons by more th an  one ju d g e , to  a llow  f o r  th e  ex te: t  00 _• 
each judge tends to  o v e r-o r  u n d e r-e s t im a te . E q u a lly  in  a . u ly in g  th e  te c  00100.0
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l iv e s to c k  improvement schemes, e .g .  perform ance t e s t in g ,  i t  would, be s e i r a b le  to  
a rrange f o r  a l l  the  scans to  be in te r p r e te d  by the same o p e ra to r .
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