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Disuse bone atrophy was induced in 10 adult dogs by means of brachial plexus section 
and/or elbow disarticulation. After 9 to 12 weeks of disuse intact humeri were examined by 
X-ray, and their physical properties determined. The whole humeri were isolated, defatted, 
dried to constant weight, and their mineral and collagen content determined. 

Eight out of 10 experimental (non-ueed) humeri demonstrated evidence of decreased 
radiodensity. The non-used limb demonstrated parallel loss in dry, fat-free weight (--23.2 % ), 
in collagen (--25.3 %), and in mineral (--26.1% ), as compared to the normal limb. The data 
indicated that the major portion of the lost bone tissue in disuse osteoporosis is replaced by 
water, fat, and other unidentified organic materials rather than fibrous tissue, and that 
collagen is lost in equal proportion to mineral. The proportionately greater loss of collagen 
and mineral than of dry, fat-free weight appears to be due to an increase of non-collagenous, 
non-lipid organic material, presumably protein. 
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Atrophic osseuse d'immobilisation 6fair induite par section de la plexus brachial et/ou 
d6sarticulation de la coude. Apr~s 9 bis 12 semaines de d6su6tude hum6ri intaetes furent 
examin6s par rayons X et leur qualit6s physiques d6termin6s. Les hum6ri entier8 furent isol6s, 
d6graiss6s, dess6ch6s au poids constant, et leur teneur en eendre d'os et co]lagbne d6termin6s. 

Huit des 10 hum6ri immobflis6s monstrbrent radiodensi~ diminu6. La jambe inusit6e 
monstra perte parall~le en poids sec et poids sans gras (--23.2%), en eollagbne (--25.3%), 
et en cendre d'os (--26.1%) en eomparaison de la jambe normale. Les donn~es monstr~rent 
que la portion plus grande du tissu osseux perdu en atrophic osseuse d'immobilisation est 
remplac4e par de l'eau, du gras, et des autres materiels organiques inconnus plutSt que par 
tissu fibreux, et que collagbne est perdu en proportion du min6ral. La perte proportionellement 
plus grande du collagbne et de la cendre d'os que du poids sec et poids san gras semble d5 A 
une augmentation du mat6riel organique, non-collag~ne, non-lipide, probablement prot6ine. 

Immobilisations-Knochenatrophie wurde in 10 erwachsenen Hunden herbeigefiihrt dutch 
Brachialplexusschnitt und/oder Ellenbogenexartikulation. Nach 9--12 Wochen der Immobili- 
sation wurden die intakten Humeri unter R6ntgenstrahlen untersucht und ihre physischen 
Eigenschaften bestimmt. Der intakte Humerus wurde isoliert, entfettet, zu konstantem 
Gewicht getrocknet und der Knochenaschengehalt und Kollagengehalt bestimmt. 

Acht der 10 experimentellen (immobilisierten) Humeri demonstrierten Beweis yon ver- 
ringerter R5ntgendichte. Die immobilisierte Extremit~it zeigte ~ihnlichen Verlust in trockenem, 
fettfreiem Gewicht (--23,2%) in Kollagen (--25,3%) und Knochenasche (--26,1%) im 
Vergleich zur normalen Extremit~t. Die Daten deuten an, dal3 der Hauptanteil des Verlustes 
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des Knoehengewebes (bei Immobilisations-Knochenatrophie) von Wasser, Fett und anderen 
unidentifizierten organischen Substanzen ersetzt wird, als yon Faserngewebe und dab 
Kollagen und Knochenasche im gleichen Verhgltnis verloren gehen. Der gr6Bere, proportionale 
Verlust an Kollagen und Knochenasche, eher als der Verlust an fettfreiem Gewicht, scheint 
in der Zunahme an nicht kollagener, nicht lipoider, organischer Substanz, vermutlich Protein, 
zu liegen. 

Introduction 

The fate of bone matrix in disuse osteoporosis has been defined usually in 
terms of the matrix being lost in equal proportion to the mineral (ALLISON and 
BROOKS, 1921 ; LANDOFF, 1942). Radiographic studies which were the first used 
to study disuse osteoporosis, demonstrated a loss of bone mass (GREY and CARR, 
1915). These studies give no compositional information in that  they are an index 
only of the mineral mass of cortical and cancellous bone. They are further 
limited in a quantitative sense by a lack of sensitivity to small changes in 
b o n e  m a s s .  

Histological study of disuse osteoporotic bone has been interpreted in various 
ways. ALLISON and BROOKS (1921) produced disuse osteoporosis of humeri by 
brachial plexus section in immature and adult dogs. They described the marrow 
as containing increased amounts of fat. Other workers ( L A N D O F F ,  1942; BURDEAUX 
and HUTCHISON, 1952) have described granulation and loose vascular connective 
tissue replacement of resorbed bone in disuse osteoporosis (plaster immobilization) 
of adult rabbits and dogs. No evidence of fibrous tissue replacement of osteo- 
porotic calcanei was observed in adult rabbits with heel cord section (GEIsEa and 
TRU]~TA, 1958). These histological studies varied in their interpretations, the 
replacement of resorbed bone being attributed to fat (ALLISON and BROOKS, 
1921), water (LANDOFF, 1942) or fibrous tissue (LANDOFF, 1942; B~D~AUX and 
HUTCHISON, 1952). I t  is often difficult to evaluate histological observations due 
to the various methods used in cleaning and extracting organic components of 
bone and bone marrow prior to its fixation and staining. 

Compositional studies of disuse osteoporotic bone began with the work of 
ALLISON and BROOKS (1921). They determined the per cent of water, organic 
matter and mineral in intact humeri and biopsies of compact bone in young and 
adult dogs. The dogs were subjected to braehial plexus section and sacrificed 
from 24 to 256 days postoperatively. The content of water was calculated from 
the difference between fresh and dry weights. The amount of organic component 
was determined as the difference between dry and ash weights on dry, but not 
fat-free bone. In bone samples obtained by biopsy there was little difference 
between the mineral content of the disused and control bone. However, in the 
whole experimental humerus there was a decrease in the mineral content of a 
young bone from 23.1% to 17.2% and in adult bone from 35.7% to 26.1%. From 
ALLISON and BROOKS' (1921) data on whole humeri we calculated that there 
was a 29% loss of mineral mass, but only a 2.2% loss of organic matter. ARM- 
STRONG etal. (1945); ARMSTRONG (1946), utilizing young and mature rats, 
demonstrated a greater net loss of total mineral than of organic material in dry 
defatted bone of paralyzed whole humeri. These observations have been con- 
firmed (GEDALIA et al., 1966) on intact femurs from disuse atrophy induced by 
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sciatic and femoral nerve sections in young adult rats. Thus, there appeared to 
be a difference in mineral and organic composition between whole bones and 
biopsy samples. 

Physical changes in disuse osteoporotic bone have been obtained via the 
determination of weight, volume, and specific gravity (ALLISO~ and BRoo~s, 
1921). These physical measurements have shown varying losses in weight and 
density of osteoporotic bone, depending on the species of experimental animal, 
the age of the animal, and the method of rendering the bone osteoporotic. Since 
mineral is the largest component of bone by weight, weight and specific gravity 
measurements largely depend on change in mineral content. Usually the content 
of organic matter of bone has been determined indirectly by the difference 
between the dry, fat-free weight of bone and the ash weight. 

On the basis of histological studies in disuse osteoporosis, it has been reported 
that the bone marrow is fibrous (McLEAn and URIST, 1961) and compositional 
studies have shown that the intact atrophic bones exhibited greater net losses 
of total mineral mass than of organic matter (ARMSTRONG et al., 1945; GEDALIA 
et al., 1966). The purpose of this investigation was to determine in adult dogs the 
relative losses of mineral and collagen in intact (whole) humerus. Chemical 
analysis for hydroxyproline, an amino acid that  is relatively specific for collagen 
(NEVMAN and LOGAn, 1950a), was used to quantitate collagen. 

Adult dogs were used to avoid the complicating factors of growth (POTTORF, 
1916; ARMSTRONG, 1946). The use of whole intact humeri instead of biopsy 
material circumvents the heterogeneity of bone in reference to the amount of 
cancellous and cortical bone found in ostcoporotic and control extremities, and 
the differences in composition of trabecular and cortical bone (ST~oBIXO and 
FAR~, 1949; Go~c et al., 1964). This approach permits a study of bones as an 
organ rather than a tissue (WWI~MAN~ and SICHER, 1955). 

Methods 

Animah'  

Ten adult mongrel dogs weighing from 10.0 to 26.6 kgm were used as the experimental 
group. Seven females and three males were employed. The animals were judged to be in good 
health prior to selection. All animals were weighed preoperatively and at two-week intervals 
postoperatively. Three additional non-operated dogs weighing 13 to 28 kgm were used to 
confirm bilateral equality of humeri. 

X-  Rays 
The right humeri of the ten experimental dogs were X-rayed preoperatively after small 

doses of intravenous sodium pentothal. X-rays were taken of both proximal and distal 
epiphyses. Only animals showing bony closure of both proximal and distal humeral epiphyses 
were selected as adult animals. 

Operative Procedure 
Six dogs were anesthetized with intravenous sodium pentothal, and a right elbow 

disarticulation was performed. A right elbow disarticulation as well as a right brachial plexus 
section were performed on two animals. The brachial plexus was isolated over the first rib 
by a medial suprascapular incision. Two dogs were subjected to only a right brachial plexus 
section. The experimental animals were relatively inactive for the first week postoperatively, 
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and then ambulated well on three legs. All wounds healed well and there were no postoperative 
infections. Table 1 gives the sex, weight changes and operative procedure for the experimental 
animals. 

Table 1. Animal Protocol 

Animal Sex Days from Body weight Operative 
procedure change at  procedure 
to sacrifice sacrifice (kg) 

1 Male 88 Jr 2.9 RED b 
2 Male 82 _L 0.6 RED 
3 Female 64 ~ 2.2 RED 
4 Female 88 @ 0.2 RED 
5 a Female 82 --  2.5 RED 
6 Female 78 ~- 2.5 RED 
7 Female 70 + 5.1 RED ~- B S 
8 Female 74 --  0.3 RED 5~ BS 
9 Female 67 + 0.5 BS c 

l0 Male 63 + 1.9 BS 

a Distemper post operatively, but  recovered. 
b R E D -  Right elbow disartieulation. 
c BS Brachial plexus section. 

Bone Preparation 
The ten experimental animals were sacrificed 9 to 12 weeks postoperatively using lethal 

doses of sodium pentothal. Whole intact humeri were dissected free from the animals. After 
careful cleaning (sharp dissection) of articular cartilage, soft tissue and periosteum, both the 
experimental and opposite control humeri were X-rayed simultaneously. In 5 of the 10 
experimental dogs, both right and left femora were similarly handled to confirm physical 
equality between left and right sides. In three additional non-operated dogs, the humeri 
were similarly studied to confirm the radiological and physical equality of the intact hmneri. 

All of the above bones (whole, intact humeri and femora) were weighed wet in air and 
water to determine volume and specific gravity (STE[NDLER, 1936; STOVER and JEE, 1963). 
The bones were then fragmented in a vise, weighed, and placed in individual beakers. For 
the removM of lipids, 300 nfl of an alcohol-ether mixture (1:3) were added to the fragmented 
bone and heated to boiling on a steam table. The alcohol-ether was decanted and the entire 
procedure was repeated three times. The samples were dehydrated twice by the addition of 
100 ml of acetone. After decanting the acetone, the samples were allowed to dry at room 
temperature for one hour. They were then dried at  room temperature for four to seven days 
in a desiccator at a pressure of 1 mm of mercury over sodium hydroxide and the dry weight 
determined (RomNsoN and ELLIOTT, 1957). 

Analysis 
The entire specimen of cortical bone and marrow content was hydrolyzed in 20 volumes 

of 6 N gCl  at 121 ~ for 4 hours in an autoclave. Aliquots of the hydrolyzate were evaporated 
to dryness in a vacuum desiccator over sodium hydroxide. The dried residue was made up 
to a known volume with water and analyzed for hydroxyproline (NEvMA~ and LOGA~ ~, 1950 b; 
KLEIN, 1958). A second aliquot of hydrolysate was dried before being ashed in a muffle 
furnace at 800 ~ for 3 hours; the ash was cooled in a desiccator and weighed. 

R e s u l t s  

Radiographic Measurements 

E i g h t  ou t  of t e n  e x p e r i m e n t a l  h u m e r i  s h o w e d  v a r y i n g  b u t  o b v i o u s  d e c r e a s e d  

r a d i o d e n s i t y  in  s i tu.  These  c h a n g e s  were  m o r e  a p p a r e n t  w h e n  e x p e r i m e n t a l  a n d  
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control humeri were removed from the dogs and X-rayed simultaneously (Fig. 1). 
Both cancellous and cortical bone showed evidence of demineralization. There 
were large areas of rarefaction in the metaphyses and diaphyses, and the endosteal 
surfaces of the cortical bone showed scalloping and striations. Those dogs showing 
the greatest loss of dry weight exhibited loss of normal trabecular patterns and 
thinning of the cortices. 

Fig. 1. Radiograph of the whole femur and humerus from the left (L) and right (R) sides of 
dog @ 1. The right humerus was 88 days after disartieulation of the right elbow 

Physical measure~ents (Tables 2 and 3). There was a small decrease in the 
average volume of the experimental humeri (--2.6%) as compared to the control 
side. A decrease was observed in eight of the ten experimental dogs. The specific 
gravity of the disused (right) humeri was decreased in all animals, with an 
average decrease of 8.9 % as compared to the control (left) side. The wet weights 
of the experimental humeri were decreased in all animals, with an average loss 
of 11.0%. The dry dcfatted weights of experimental bones were decreased 13.2 to 
39.0%, with an average loss of 23.2% as compared to the control sides. The 
absolute differences between wet and dry defatted weight, which represent the 
amount of fat and water removed, are greater in the paralyzed humeri (average, 
18.53 gin) as compared to the control side (average 16.86 gm). This is reflected 
in the per cent water plus lipid which is greater in the paralyzed side (45.6%) 
than in the control bones (36.7%). The per cent of water plus lipid averaged 
36.6% in 5 pairs of femurs from experimental dogs and from 3 pairs of humeri 
from non-operative dogs. There was essentially no difference in the volume, 



Bone Matrix in Disuse Osteoporosis 

Table 2. Physical measurements Experimental 
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Animal Bone Volume Specific Wet Dry, Difference Water 
( c o )  gravity weight fat-free in wet plus lipid 

(gm) weight and dry content 
(gm) weight ( % ) 

(gm) 

1 Right Humerus 31.11 1.284 39.95 23.60 16.35 41.0 
Left Humerus 32.64 1.445 47.21 32.92 14.29 30.3 

2 Right Humerus 36.38 1.302 47.30 25.95 21.35 45.1 
Left Humerus 36.12 1.410 50.90 31.87 19.03 37.4 

3 Right Humerus 24.30 1.220 29.48 13.92 15.56 52.8 
Left Humerus 25.57 1.370 35.16 21.20 13.96 39.7 

4 Right Humerus 26.79 1.290 34.54 19.75 14.79 42.8 
Left Hmnerus 28.30 1.448 40.84 27.20 13.64 33.4 

5 Right Humerus 26.50 1.310 34.66 19.70 14.96 43.2 
Left Humerus 26.70 1.405 37.57 23.90 13.67 36.4 

6 Right Humerus 18.13 1.305 23.65 13.81 9.84 41.6 
Left Humerus 18.85 1.450 27.33 18.10 9.23 33.8 

7 Right Humerus 33.45 1.187 39.64 19.37 20.27 51.1 
Left Humerus 33.80 1.356 45.74 27.63 18.11 39.6 

8 Right Humerus 45.30 1.188 53.83 23.14 30.69 57.0 
Left Humerus 48.14 1.357 65.32 37.93 27.39 41.9 

9 Right Humerus 20.05 1.333 26.78 15.30 I 1.48 42.9 
Left Humerus 20.47 1.400 28.64 17.65 10.99 38.4 

10 Right H mnerus 55.82 1.393 77.67 47.64 30.03 38.7 
Left Humerus 55.62 ].420 79.05 50.75 28.30 35.8 

Average :Right Humerus 31.78 1.281 40.75 22.22 18.53 45.6 
Left Humerus 32.62 1.406 45.78 28.92 16.86 36.7 

Mean difference -- 2.6% --8.9% - 11.0% -23.2% @ 9.9% - -  

specific gravi ty ,  wet weight  and dry, fat-free weight  of the control femurs and 
humeri .  

Chemical Measurements (Tables 4 and 5). The effect of disuse on whole humeri  

was evalua ted  by de termining the composition of each humerus,  and by comparing 

the total amounts  of collagen and mineral  in the opera t ive  l imb and the non- 
operat ive  limb. The content  of organic  plus inorganic solids after  the removal  of 

fa t  and water  was similar in the control  bones of both opera t ive  and non-opera t ive  

dogs, 63.3 and 63.4%, respectively,  as compared to the  exper imenta l  humeri  

54.4%. The collagen and ash composit ions of the non-used humeri  were 23 .1 - -  
24.2% and 57.5--67.5%,  respect ively.  The collagen and ash contents  of the 

control side were 23.2--25.6% and 62.0--67.3 %. 

A comparison of the total  amounts  of collagen and ash in the opera t ive  humer i  

to the unopera t ive  side showed tha t  the average loss of collagen was 25.3 % and 
the loss of ash was 26.1%. The loss of dry, fat-free weight  was 23.2%. The three 

control pairs of humer i  varied from -~4.3% to - -3 .0% in dry  weight,  to ta l  

hydroxyprol ine  and bone ash, and the five pairs of femurs  f rom opera t ive  and 

non-operat ive  dogs varied from + 5 . 0 %  to - -3 .0%.  
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Table 3. Physical measurements - -  Control 

Animal Bone Volume Specific Wet Dry Difference 
(cc) gravity weight fat-free, in wet and 

(gin) weight dry weight 
(gm) (gin} 

Water 
plus lipid 
content 
(%) 

3 Right Femur 27.02 1.340 36.34 21.20 15.14 41.7 
Left Femur 27.31 1.290 35.33 20.21 15.12 42.8 

4 Right Femur 30.76 1.424 43.87 28.67 15.20 34.6 
Left Femur 31.23 1.423 44.47 29.28 15.19 34.2 

6 Right Femur 17.06 1.460 24.89 16.96 7.93 31.9 
Left Femur 17.18 1.460 25.11 17.18 7.93 31.6 

7 Right Femur 33.19 1.330 44.13 26.49 17.64 40.0 
Left Femur 33.19 1.318 43.71 25.78 17.93 41.0 

8 Right Femur 47.01 1.330 62.48 35.62 26.86 43.0 
Left Femur 46.98 1.332 62.55 36.17 26.38 42.2 

11 Right Humerus 91.10 1.350 123.00 76.55 46.45 37.8 
Left Humerus 93.30 1.340 125.00 74.17 50.83 40.7 

12 Right Humerus 30.75 1.440 44.20 30.40 13.80 31.2 
Left Humerus 30.5i 1.390 42.56 30.88 11.68 27.4 

13 Right Humerus 29.93 1.468 43.97 29.80 14.17 32.2 
Left Humerus 29.47 1.462 43.11 29.06 14.05 32.6 

Average Right Humerus 38.35 1.393 52.86 33.21 19.65 36.6 
Left Humerus 38.46 1.377 52.73 32.84 19.89 36.6 

Mean difference -- 0.8% +1.2% + 0.2% + 1.1% -- 1.2% - -  

Discussion 

The d a t a  ind ica te  t h a t  there  was an  equal  loss of bone minera l  and  collagen 
from whole humer i  af ter  2 to  3 mon ths  of disuse in adu l t  dogs. The greater  loss 
of minera l  ( - -26 .1%)  and  collagen ( - -25 .3%)  in the  exper imenta l  humer i  as 
compared  to the  loss of dry,  fat-free weight  ( - -23 .2%)  can be expla ined b y  an  
influx of organic ma te r i a l  p resumable  non-eol lagenous protein.  The d a t a  ob ta ined  
here cannot  be compared  closely to t h a t  of previous  workers.  ALLISON and  B~OOKS 
(1921); AI~MSTRO~G et al. (1945), A~MSTRONG (1946) used the sub t rac t ion  of ash 
weight  f rom d r y  weight  as a means  of de te rmin ing  total organic m a t t e r  and  per  

cent organic ma t t e r .  The g rav imet r i c  me thod  does no t  pe rmi t  e s t i m a t i o n  of 
changes be tween  collagen and  non-col lagenous mater ia l s .  ALLISON and B~OOKS' 
(1921) da t a  were fur ther  compl ica ted  b y  the use of d ry  b u t  no t  fa t - f ree  bone, 
thus  fa t  r ep lacement  was included in the  to ta l  organic fract ion.  The rep lacement  
of lost  bone collagen b y  fa t  and  o ther  organic compounds  would account  for 
ALLISON and  BRoor:s '  (1921) small  loss of organic m a t t e r  found in in tact  osteo- 
porot ic  humeri .  The rep lacement  of lost  bone minera l  and  collagen b y  other  
organic mate r ia l s  ( ca rbohydra te  or prote in)  would account  for the  grea te r  loss 
of to ta l  ash t h a n  dry,  fat-free weight  observed b y  AlCMST~ONG (1946); GEDALIA 
et al. (1966). The l a t t e r  workers  observed  t h a t  the  per  cent  ash on a weight  basis  
was s imilar  in bo th  exper imenta l  and  control  femurs,  a l though the per  cent  
calc ium was lower in the  pa ra lyzed  femur.  This  would suggest  a change in 
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Table 4. Percent changes in dry weight, collagen and ash - -  Experimental 

27 

Animal Bone Dry, Dry, Hydroxy- Collagen Ash Ash loss 
fat-free fat-free proline loss a (gin) (%) 
weight weight loss (mg) ( % ) 
(gm) ( % ) 

1 Right Humerus 23.60 -- 28.3 733.0 29.2 14.33 -- 30.8 
Left Hmnerus 32.92 1034.0 20.72 

2 Right Humerus 25.95 -- 18.6 804.6 23.0 14.92 26.5 
Left Humerus 31.87 1047.0 20.31 

3 Right Humerus 13.92 -- 34.3 453.8 33.9 8.40 36.4 
Left Humerus 21.20 687.0 13.22 

4 Right Humerus 19.75 -- 27.3 644.6 -- 31.0 11.72 - 30.5 
Left Humerus 27.20 934.3 16.86 

5 Right Humerus 19.70 17.4 627.9 21.2 13.31 16.6 
Left Humerus 23.90 797.2 15.95 

6 Right Humerus 13.81 23.7 435.6 -- 26.1 8.46 -- 28.2 
],eft Humerus 18.10 589.1 11.79 

7 Right Humerus 19.37 -- 29.9 606.5 29.3 11.54 32.8 
Left Humerus 27.63 858.0 17.18 

8 Right Humerus 23.14 39.0 759.2 -- 41.5 14.56 -- 40.4 
Left Humerus 37.93 1296.0 24.49 

9 Right Humerus 15.30 -- 13.3 492.9 15.1 10.08 15.1 
l,eft Humerus 17.65 580.6 I 1.87 

10 Right Hmnerus 47.64 -- 6.1 1481.0 2.5 31.63 -- 3.4 
Left Humerus 50.75 1519.0 32.75 

Average 23.2 25.3 26.1 

mg Collagen: mg hydroxyproline X 7.46. 

compos i t i on  of os teoporo t i c  bone  or  r e p l a c e m e n t  of lost bone  b y  non- ske l e t a l  

minera ls .  I n  t h e  p re sen t  s t u d y  the  lower  per  c e n t  ash and  col lagen  f o u n d  in t h e  

e x p e r i m e n t a l  h u m e r i  in t h e  presence  of a c o n s t a n t  r a t io  of ash to  co l lagen  ( range 

was 2.42 2.69) is cons i s ten t  w i th  t he  r e p l a c e m e n t  of lost  bone  by  non -co l l agenous  
organic  ma te r i a l .  

R e c e n t  s tudies  by  one of us (KLEIN et al., 1966) on acu t e  p a r a p l e g i a  in h u m a n s  

h a v e  shown t h a t  large losses of pep t i de  h y d r o x y p r o l i n e  and  ca l c ium in t he  u r ine  

occur red  ea r ly  du r ing  the  f irs t  week  fo l lowing  in ju ry .  T h e  t e m p o r a l  p a t t e r n  of 

a c u t e  ske le ta l  c a t abo l i sm  demons t ra t ed  an earlier a n d  g r ea t e r  exc re t i on  of u r i n a r y  

h y d r o x y p r o l i n e  t h a n  u r i n a r y  ca lc ium.  H o w e v e r ,  MISHIMA (1964) on t h e  basis  of 
a h ighe r  p e r c e n t a g e  of t o t a l  n i t r o g e n  and  h y d r o x y p r o l i n e  in t h e  c o m p a c t  bone  of 

t h e  non -used  t ib i a  f r o m  adu l t  dogs  as c o m p a r e d  w i t h  t he  con t ro l  t i b i a  sugges t ed  

t h a t  t he  r e so rp t i on  of bone  mine ra l  occu r r ed  ear l ie r  t h a n  t h e  d e s t r u c t i o n  of bone  
co l lagen  du r ing  the  acu t e  course  of bone  a t r o p h y .  

In  s u m m a r y ,  disuse a t r o p h y  of bone  can  be c h a r a c t e r i z e d  by  a la te  r e d u c t i o n  

in bone  mass  as seen by  X - r a y ,  by  a s i m u l t a n e o u s  loss of m ine ra l  a n d  co l lagen  

f r o m  the  ske le ton  which  is m a n i f e s t e d  ea r ly  as h y p e r c a l c e m i a  a n d  inc rea sed  

exc re t i on  of c a l c ium and h y d r o x y p r o l i n e  in t h e  ur ine .  The  s i m u l t a n e o u s  loss of 
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Table 5. Percent changes in dry weight, collagen and ash - -  Co~trol 

Animal Bone Dry, Dry, Hydroxy- Collagen Ash Ash loss 
fat-free fat-free proline loss a (gin) (%) 
weight weight (mg) ( % ) 
(gm) change 

% 

3 Right Femur 21.20 + 4.8 682.8 + 5.0 13.25 + 3.5 
Left Femur 20.21 650.4 12.82 

4 Right Femur 28.67 --  2.0 941.0 --  1.8 18.26 --  3.0 
Left Femur 29.28 959.4 18.83 

6 Right Femur 16.96 --  1.3 550.0 0.0 11.28 + 1.0 
Left Femur 17.18 549.6 11.16 

7 Right Femur 26.49 + 2.7 832.8 --  1.3 16.11 0.0 
Left Femur 25.78 843.8 16.08 

8 Right Femur 35.62 --  1.6 1228.7 + 2.9 23.14 --  1.7 
Left Femur 36.17 1193.9 23.54 

11 Right Humerus 76.55 + 1.8 2300.0 - -  3.0 41.66 --  0.2 
Left Humerus 74.17 2371.0 41.73 

12 Right Humerus 30.40 --  1.6 945.0 + 1.9 17.58 + 1.0 
Left Humerus 30.88 927.0 17.46 

13 Right Humerus 29.80 + 2.3 939.2 + 4.3 19.06 + 2.9 
Left Humerus 29.06 900.5 18.52 

Average - -  + 0.6 - -  + 0.9 - -  + 0.4 

a mg Collagen -- mg hydroxyproline X 7.46. 

m i n e r a l  a n d  co l lagen  is d e d u c e d  f r o m  chronic  e x p e r i m e n t s  a n d  c a n n o t  be u s e d  for  

i n t e r p r e t i n g  t h e  m e c h a n i s m  of b o n e  r e s o r p t i o n  in  m o r e  acute e x p e r i m e n t s .  
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