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BLUM (1944) has concluded that alka­line phosphatase and calcium gly­cerophosphate in an anchoring medium 
accelerate the repair of experimentally prepared bone defects in rabbits. In one of his series of experiments three to five 
mm. defects were made in the shaft of the radius of adult rabbits. The defects were filled at the time of the operation with alkaline phosphatase and calcium glycero­phosphate in an anchoring medium. The anchoring medium was formed by adding 2 per cent calcium chloride to a 5 per cent alginate solution.The process by which femoral defects in Wistar Institute strain rats heal, as well as the effect of implanting various substances into these defects, has been previously de­
scribed (Melcher 1960, Melcher and Dreyer). In view of the possible clinical application, part of Blum’s investigation has been repeated to assess the effects of the implant materials used by him on the healing process in femoral defects in 
albino rats.

M aterials and M ethods 
{a) Materials

The calcium chloride, calcium glycero­phosphate, and sodium alginate were pro­

duced by B.D.H. while the alkaline phos­phatase was supplied by Sigma Chemical Company.
T able 1

N u m b e r
o f. F em ora

Im p la n t M a te r ia l

10 C alcium  glycerophosphate and alkaline 
phosphatase in sodium  alginate gelled 
w ith calcium  chloride.

20 C alcium  glycerophosphate in  sodium  
alginate gelled w ith calcium  chloride.

10 C alcium  glycerophosphate in  sodium  
alginate.

10 Sodium  alg inate gelled w ith  calcium  
chloride.

(b) Method
Mid-shaft defects of 2—3 mms. in dia­meter were made in both femora of 25, 5—6 week old Wistar Institute strain rats. The defects in the femora were filled with the material to be investigated. This material consisted of alginate and various combinations of the substances used by Blum. The number of defects implanted with each type of material arc listed in 

Table 1.
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' Where applicable, the calcium glycero­phosphate and alkaline phosphatase were mixed with the alginate immediately be­fore the addition of the calcium chloride. At first, an attempt was made to confine the implant material to the bony defect, but the graft was constantly displaced by haemorrhage. This problem was over­come by packing the material into the medullary cavity and allowing the excess to protrude through the defect. The animals were sacrificed at varying periods from four days to 35 days post-operatively. Serial sections of the femora were stained with haematoxylin and eosin and also with toluidine blue. Histological material 
obtained from rats of the same strain and age group which were used in previous experiments on the healing of a bone de­
fect (Melcher, 1960) were utilized for 
comparison.

R esultsIn a pilot study, sections containing alginate were treated with various stains, since haematoxylin and eosin did not stain the alginate differentially. The most successful of these was toluidine blue which

stains the alginate metachromatically. 
Thin films and the edges of heavy concen­trations of alginate appear bright red while thick portions are black. The alginate undergoes a marked degree of shrinkage during histological processing.Many of the features previously de­
scribed in the healing process of grafted, defects (Melcher, 1960) also occurred in this series. Where the implanted material occupied the defect, it impeded the bridg­ing of the gap by acting as a physical barrier; but as the material in the defect was gradually resorbed it was replaced by bone (Fig. 1).There were however variations from the usual pattern of healing. The most strik­ing of these were an increase in the forma­tive response and a resorptive reaction in the femoral cortex.
The Formative ResponseAn increased osteoblastic response in­volved either the subperiosteal or endo­steal callus. An exaggerated subperiosteal reaction took place in one of two ways or a combination of both. In many of the defects the subperiosteal callus arose from

’ Fig. I x 40. H aem otoxylin  and Eosin.
Cross-section of fem ur th ree weeks post-operatively. P a rt of the defect is 
still visible b u t the alg ina te m ix ture which a t first acted  as a physical 
b a rrie r was now being replaced by bone. In  this specimen the endosteal 
response was m inim al while the m arked periosteal bone form ation has 

b ridged  the defect completely.
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an area of the cortex far more remote from the defect than commonly occurs. The outward proliferation of the subperiosteal callus varied from usual to markedly ex­aggerated proportions, the latter of which contained very large amounts of cartilage. In only one defect was the endosteal re­sponse inordinately profuse, and this in­cluded the formation of cartilage (Fig. 2).
The Resorptive ResponseA consistent finding in the alginate im­planted femora was a resorption of the cortex in a manner not unlike that which occurs in a healing fracture (Fig. 3).The implant materials were apparently well tolerated by the host tissues. Where small fragments of the material were pre­sent in the medullary cavity these were often covered by new bone. When the material protruded from the defect, foreign body giant cells were observed in the vicinity.Many methods and materials have been investigated in an endeavour to find an inductor of new bone, Levandcr (1945), Lecroix (1945), Urist and McLean (1952),

Johnson and McMinn (1956), and Bridges and Pritchard (1958). The reasons for Blum’s choice of the enzyme alkaline phos­phatase and the substrate calcium glycero­phosphate are obvious. The results of the present investigation, however, show that the presence or absence of these two sub­stances in the alginate gel does not materi­ally affect the end result. It must be con­cluded that any stimulating effect that the 
implant may have on new bone formation is due to the presence of the alginate gel.The periosteal response, which arises at a greater distance from the defect than has generally been observed, was, on two occasions, of such magnitude that it re­sembled that which is usually associated with.a healing fracture.

The subperiosteal response could possi­bly be mediated from the alginate gel as a physical or chemical stimulus, the physical stimulus may be in the form of osmotic pressure built up in the alginate and exer­ted on the endosteal aspect of the shaft of the femur. This pressure may then be transmitted to the regional blood vessel and lymphatics and thence, as a pressure

F ig . I I .  x 10. Papenicolaou.
Cross-section o f a fem ur three weeks post-operativcly. In  this specim en 
the endosteal an d  periosteal response, w hich included the form ation o f 
cartilage, has been so m arked  th a t only a small portion  o f the original shaft 

w ith ah  edge o f the defect was visible.
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F ig . I l l  x 25. H arm atoxylin  Eosin.
O ne week post-operativcly. T his cross-section of the fem ur taken im m edi­
ately  above a  defect dem onstrates the characteristic resorption of the cortex 

associated w ith alginate im plants.
or circulatory stimulus, to the overlying 
osteogenic tissue.A chemical stimulus arising from the alginate is also possible and may explain the more remote reactions. However the usual lack of endosteal reaction in relation 
to the alginate and the absence of bone formation round collections of alginate in 
the soft tissues, is not entirely compatible 
with a chemical stimulus.The endosteal reaction as seen in the 
normal healing of a defect in the femur of a rat varies considerably. This may be related to the amount of damage inflicted on the endosteum and inner surface of shaft while preparing the defect with a drill. Melcher (1960) did not find any carti­lage in the endosteal callus of 82 untreated healing defects. Similar observations were 
also made by Phemister (1935). In one instance, where the defect had been packed with Ca. glycerophosphate in an alginate gel, extensive cartilage formation occurred in the region normally occupied by endosteal callus.Amit s (1959) has described the response of the tissues when alginate is injected sub­cutaneously. Our own findings on intra­muscular alginate injections are in agree­

ment with this author and thus have not been described.
Remodelling of the bony callus nor­mally occurs in the healing defect, but resorption of the bone cortex, similar to that which takes place in a healing fracture has not been previously observed (Mel­cher, 1960). In the majority of defects in the present experiment however, resorp­

tion of the shaft of the femur has been marked and widespread, even when the formative reaction has been minimal. This resorptive phase usually commences about a week after the operation and may last from one to two weeks, and is then followed by a redeposition of bone in the shaft. The phases seem to occur indepen­dent of the continued presence of alginate in the medullary cavity.
C onclusionThis investigation has not confirmed ’ the observations made by Blum (1944) on rabbits. Consistent stimulation of bone proliferation in healing defects in rats has 

not been obtained. A larger area of sub­periosteal callus was laid down on the femoral cortex than is generally observed in similar defects or defects grafted with
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other materials; but the volume of the proliferation was so inconsistent that, although on occasions the subperiosteal callus reached enormous proportions, it is not possible to say with any degree of cer­tainty that the experimental implant will hasten healing or provide an appreciably greater volume of bony callus than would have occurred in its absence. It is thought that any osteogenic stimulus which might 
occur may arise out of the presence of alginate and not because of the influence of alkaline phosphatase or calcium glycero­phosphate.The enormous resorption of the femoral cortex which has taken place in this ex­periment has not, as far as is known, pre­viously been observed in the healing of this type of defect. It is thought that the osmotic effect of the alginate may play some part in this mechanism, but this sug­gestion requires further investigation.The authors wish to thank Mr. J . B. Cuthbert who first drew their attention to the paper by Dr. G. Blum.
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STRESS BREAKING FOR PARTIAL DENTURES
JA C K  L. K A B C E N E L L , D .D .S.

Reproduced from  the J .  Amer. D .A ., 63 : 5, with due acknowledgments 
to the author and publishers

M any and  varied  stresses are im parted  to the h ard  
and soft tissues which bear a distal extension partia l 
denture. T he den tist m ust inco rporate  into the 
design of such a d en tu re  those factors which best 
help the tissue o f the p a tien t to rem ain  in a healthy  
state. Some type o f stress-breaking action  m ust be 
incorporated into a  Class II p artia l den tu re , p a rti­
cularly when the p a tien t has weakened abu tm en t 
teeth. T he ideal stress-breaker does not exist. 
The den tist m ust evaluate the three m ain  types of 
stress-breakers and  select th a t type w hich provides 
the patien t w ith m axim um  m asticatory function and  
comfort and  m inim um  dam age to the supporting  
structures.

A FIXED prosthesis is the treatment of choice for the replacement of missing dental units. Such a prosthesis often is not possible, however. One of the chief contra­indications to use of a fixed prosthesis is the absence of posterior abutments and the

absence of more posterior units than could successfully be replaced by a cantilever fixed bridge. Such cases comprise the Class I and II (Kennedy) classification, and the treatment plan calls for the distal 
extension partial denture1.

Any denture represents the imposition of an inanimate object onto a most ani­mated region where it will be subject to countless multidirectional forces. It is not 
possible to analyse accurately all the mechanobiologic forces that will act on the denture and, therefore, the dentist cannot, with any great exactitude, elimi­
nate or ameliorate all the harmful com­ponents of these forces. He can, however, be wary of the most serious offenders and attempt to design the denture so as to
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