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Summary. In femoral bone of 10 adult patients without bone disease and 
of 15 patients with secondary hyperparathyroidism, the endosteal surface 
of the diaphysis was studied by scanning electron microscopy after non- 
mineralised organic material had been removed from the endosteal surface 
by sodium hypochlorite. This technique permits one to analyse the effects 
of  past osteoblastic and osteoclastic activities. In normal bone, the endosteal 
envelope shows a highly ordered texture: The main part  of the inner surface 
is represented by fully mineralised smooth surfaces without evidence of appo- 
sition or resorption (so called neutral surfaces). In apposition areas, collagen 
fibers are still incompletely mineralised. Ordered mineral deposits are 
observed, consisting of spindleshaped calcospherites of uniform size. The 
resorption areas are sharply delimited. The resorption layer shows a small 
difference of level with respect to the surrounding neutral surface. Resorption 
areas consist of  numerous lacunae with a smooth bottom. Individual lacunae 
are encircled by shallow ridges which run almost perpendicularly to the 
main direction of collagen fibers that have been exposed by resorption. 
These findings suggest that in normal  bone osteoclasts act as a coordinated 
group of cells. The direction of advance of the resorption area is to some 
extent influenced by the collagen pattern of  bone. 

In patients with secondary hyperparathyroidism, domain formation of 
the endosteal surface can no longer be recognized. The size and shape of 
calcospherites are extremely heterogeneous, a finding interpreted as evidence 
of formation of woven bone. Resorption areas are irregularly determined 
and often resemble worm-eaten wood. The planes of  resorption vary in 
direction and depth and in general resorption cavities penetrate deeper than 
in normal  bone. These findings point to loss of coordinated cell action 
under the influence of hyperparathyroidism. 
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The observations suggest that in hyperparathyroidism endosteal cells 
do not respond to local factors which influence endosteal cell activities 
in modelling processes of normal bone. Such local factors consist of the 
pattern of collagen and lamellar organisation on one hand and mechanical 
forces presumably via pizo-electrical potentials, on the other. In hyperpara-  
thyroidism the interdependence between bone matrix texture and spatial 
orientation of bone surface lining cell activities is lost. 

Key words: Bone model l ing-  Normal b o n e -  Renal osteodystrophy Scan- 
ning electron microscopy. 

Introduction 

Bone structure and bone mass are maintained by the concerted action of systemic 
hormones and local mechanisms (Rasmussen and Bordier, 1974). The latter 
are presumably the direct or indirect consequences of mechanical factors (Pau- 
wels, 1965; Basset, 1968). The constancy of bone geometry and bone volume 
points to the action of homeostatic regulatory mechanisms. The form and struc- 
ture of bone are the result of both skeletal renewal by remodelling and cellular 
activities which change the shape of bone by modelling processes (Frost, 1963 ; 
Frost, 1966). These mechanisms respond to metabolic stimuli as well as to 
mechanical strain. 

Skeletal homeostasis, i.e. the maintenance of form and structure of bone, 
is disturbed in metabolic bone disease. In patients with secondary hyperparathy- 
roidism, the derangement of internal remodelling has been studied to a consider- 
able extent in spongy bone, using histological (Recklinghausen, 1947; Hamperl 
and Wallis, 1933; Berner, 1944; Gilmour, 1947; Uehlinger, 1956; Ball, 1960; 
Ammann, 1963) and micromorphometric techniques (Duursma etal., 1972; 
Krempien et al., 1972; Ritz et al., 1973; Binswanger et al., 1974; Delling, 1975). 

However, the influence of hyperparathyroid bone disease on modelling 
processes has received little attention. 

The structure of bone is the result of the activities of cells lining the bone 
surfaces. It has been suggested that bone surface cell activities and bone surface 
structure are closely interdependent (Krempien et al., 1976). A disturbance of 
bone cell function may result in a disturbance of bone surface structures, as 

Figs. 1-6. Scanning electron micrographs of the endosteal surface of diaphyses of human femora. 
Treatment with sodium hypochlorite 

Fig. 1. Neutral surface of a control patient: smooth endosteal plane, consisting of densely packed 
collagen fiber bundles, which are fully mineralized and do not exhibit calcospherites. A layer 
of strong fiber bundles with uniform direction is covered by a layer of smaller bundles with 
a different parallel alignment. (Enl. 1 : 1,000) 

Fig. 2a-c. Apposition surfaces of a control patient, a The endosteal surface consists of areas 
in which the direction of collagen fiber bundles follows one preferential direction ("domains"). 
The direction of collagen fiber bundles appears to alternate. Whereas the main direction of the 
domains runs from top to bottom of the figure, an exchange of fiber bundles between neighbouring 
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domains can be seen in the direction perpendicular to it. Few osteocytic lacunae can be recognized, 
which are not completely buried. (Enl. 1 : 300). b This higher magnification shows typical calcospher- 
ites. The apposition surface differs from the neutral surface (Fig. l) because mineralization of 
collagen fiber bundles is not completed and interspaces between fiber bundles are still wide. Domains 
are clearly visible. (Enl. 1 : 1,000). c Detail of interspaces between collegen fiber bundles. Calcospher- 
ites appear as tightly packed spindle-shaped mineral deposits. Although they are composed of 
needle- or plate-like substructures, the surface of individual calcospberites is almost smooth. (Enl. 
1 : 3,000) 



76 B. Krempien 

described by Jones and Boyde (1976) and by Krempien et al. (1977). However, 
the question of whether the surface structure of bone can also influence the 
activities of bone surface lining cells has not been examined. 

In the present study, the endosteal surface of femoral bone specimes of 
patients with and without bone disease was analysed by scanning electron micro- 
scopy. On this bone surface, endosteal cells are engaged exclusively in modelling 
processes. This investigation addresses the problem of whether apposition and 
resorption areas in hyperparathyroid patients are different from those in patients 
without bone disease and further, whether an interrelation between bone surface 
structure and bone surface activity can be demonstrated under normal and 
pathological conditions. Surface lining cells are rapidly destroyed by autolytic 
processes, thus a systematical scanning electron microscopical investigation of 
the endosteal cell population in human cortical bone is not possible. In order 
to circumvent this problem, we used a more indirect method, which allows 
to analyze traces of cellular activity. Surface structures were uncovered by treat- 
ment of bone specimens with sodium hyperchlorite, which dissolves the unminer- 
alized material of bone. After this treatment, areas with different morphological 
characteristics can be described. 

To define our terms, surface areas with completely mineralized collagen 
fiber bundles are called "neutral  resting surfaces", because these areas are 
covered with resting lining cells as revealed by transmission electron microscopy. 
When incompletdy mineralized surfaces are treated with sodium hyperchlorite, 
the non-mineralized part of the organic matrix is dissolved and characteristical 
mineral clusters, so called "calcospherites", are left behind. These surfaces are 
named "apposi t ion areas",  though no information is available whether these 
areas had been covered with active osteoblasts or not. In transmission electron 
microscopical studies, we confirmed that in normal bone only part of this 
area is engaged in active matrix synthesis. The other portion has to be considered 
as a "resting apposition area",  where mineralization has ceased before being 
completed. Surfaces with traces of osteoclastic resorption arc named "resorption 
areas". This term does not make assumptions as to whether resorption had 
been active or inactive (Krempien, 1979). Since the radius of curvature of the 
femoral cross-section is large, the small areas of the endosteal envelope that 
are studied by scanning electron microscopy appear nearly plane. Distortion 
may therefore be neglected. 

Fig. 3 a and b. Resorption surfaces of control patients, a On top of the figure a neutral surface, 
underneath a resorption surface. There is an abrupt transition between both surfaces. The resorption 
area is flat, showing the same depth everywhere. The bottom of the resorption area is subdivided 
by numerous shallow ridges. To the left more pronounced funnel-shaped resorption, which opens 
a vascular channel. (Enl. 1:300). b Detail of a resorption area which shows the shallow ridges 
more clearly. In this higher magnification their preferential direction that runs perpendicular to 
the main direction of the collagen fiber bundles is evident. Within the areas, subdivided by the 
ridges, collagen fiber bundles show a parallel alignment. Both figures produce the impression 
that the osteoclasts have been moving upon the endosteal surface from the left-hand side of  the 
figure to the right side. (Enl. 1 : 1,000) 
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Material and Methods 

Bone specimens were obtained during autopsy from the anterior quadrant of the right femoral 
mid-diaphyses of 15 patients with chronic renal failure (without dialysis) and of 10 age-matched 
control patients without skeletal disease that had died in traffic accidents. The mean age of both 
groups was 35 years with a range from 25-47 years. 

The tissue was stored in 70% ethanol. Bone marrow and unmineralized bone matrix were 
subsequently removed with 7% sodium hypochlorite. 

The specimens were then washed with distilled water, dehydrated in ethanol-acetone, defatted 
and air dried. The endosteal surface of specimens measuring 1 • t cm was coated with gold and 
examined by scanning electron microscopy (Joel JS 1). 

Results 

Determination of the different types of surface area planimetrically was not 
possible, for especially in severe cases of secondary hyperparathyroid bone dis- 
ease, it is not possible to delimite resting areas from apposition and resorption 
areas with certainty. 

a) Normal Individuals 

The endosteal surface of femoral diaphyses of individuals without skeletal disease 
exhibits fully mineralised smooth neutral surfaces when studied by scanning 
electron microscopy (Fig. 1). The texture of collagen fiber bundles can easily 
be recognized since the arrangement of bone mineral crystals follows that of 
collagen fiber bundles. The bundles are quite uniform in thickness and are 
deposited side by side, exhibiting a highly ordered pattern. 

Apposition areas are considerably less frequent (Fig. 2a-c). In such areas 
of bone formation, regular "domains"  can be seen (Fig. 2a). These domains 
are the result of the concerted action of a group of osteoblasts, which deposit 
collagen fiber ~ bundles in one prefered direction. Since collagen fiber bundles 
are incompletely mineralised, their unmineralised part is dissolved by sodium 
hypochlorite. The other part, that had already been enveloped by mineral crys- 
tals, is left behind. These mineral deposits, which are called "calcospherites", 
are regularly spindleshaped macrocrystals (Fig. 2b). The ordered alignment 
of calcospherites represents the underlying order of collagen fiber bundles. At 
a higher magnification the calcospherites show a substructure of densely packed 
plates and needles (Fig. 2c). 

Within the endosteal surface, resorption areas are regularly outlined and 
sharply delimited (Fig. 3a). Individual resorption areas show a uniform depth. 
This leads to the conclusion that osteoclasts penetrate in a coordinated manner, 
removing one lamella after the other. Consequently, the bottom of the resorption 
area is smooth. The bottom is subdevided by shallow ridges, which encircle 
the areas of Howship's lacunae (Fig. 3 b). Within the lacunae, the regular fibrillar 
texture of collagen is exposed and can be easily identified. There is a suggestion 
that the direction of the ridges mentioned above is determined by the direction 
of the collagen fiber bundles, running perpendicular to their preferential direc- 
tion. 



Fig. 5a-c.  Apposition surfaces of uraemic patients, a To the right an apposition area with completely 
irregular pebble-like deposits. To the left there is an elevated plateau, consisting of bone with 
woven collagen texture and rising above the level of the surrounding bone surface. In the vicinity 
of the plateau are traces of resorption. In the middle the opening of a vascular channel is seen. 
(Enl. 1:300). b Detail of the apposition area of  Fig. 5a: Numerous pebble-like deposists of varying 
size and shape without domain formation. Note clustering of the deposits (left top) and loose 
packing of the deposits (underneath), leaving wide empty spaces in between.(Enl. 1:3,000). c Detail 
of Fig. 5b: The mineral deposits are highly irregular in size, their surface is frayed, exhibiting 
disordered bunches of poorly defined needles. This observation demonstrates that not only the 
macrostructure but also the microstructure of the mineral is completely disturbed in secondary 
hyperparathyroidism. (Enl. 1 : 6,000) 
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b) Individuals with Secondary Hyperparathyroidism 

In patients with secondary hyperparathyroidism the neutral surface of the endos- 
teal envelope is composed of normal bone with a normal ordered texture in 
some areas and newly formed woven bone in others (Figs. 4a and b, 6a-d). 
In contrast to normal bone, the surface is not smooth, but interrupted by 
incompletely "bur ied"  osteocytic lacunae of variable size, which form densely 
packed clusters (Fig. 4a and b). As far as mineralised collagen fiber bundles 
can be identified, they look coarse and frayed (Fig. 4c). In woven bone a 
disordered, partly homogeneous, partly disrupted mineralised bone matrix takes 
the place of well defined mineralised collagen fiber bundles (Fig. 4b). As a 
striking feature in bone specimens of uraemic patients we found areas with 
globiform mineral deposits of variable size, partly cemented together (Fig. 4d). 
This finding is interpreted as a gradual transition between apposition and neutral 
surfaces. 

A further typical finding in bone specimens of uraemic patients is a confusion 
of resting areas and of areas of apposition and resorption (Fig. 5a). Compared 
with normal bone, the part of the endosteal surface which can be characterized 
as the apposition area, is increased. Such apposition areas no longer show the 
typical "domain"  formation. C~ilcospherites are extremely variable in size and 
shape. In contrast to normal bone they show no ordered alignment and are 
distributed in dense clusters with wide gaps in between (Fig. 5b). The substruc- 



Fig. 6a-d.  Resorpt ion areas of  uraemic patients, a Neutral surface at the top, resorption area 
at the bot tom of the figure, The resorption area is not  plain, but  descends in several irregular 
steps (in this particular view from the top to the bottom). The resorption cavities, separated 
by ridges on the bot tom of the resorption area are highly irregular in size and outline. (Enl. 
1:300). b Transit ion between resorption area (on top) and neutral resting surface (on the bot tom 
of the figure). Note the resorption areas within the resting surface which are not  connected to 
the large resorption area on the top of the figure. Individual resorption cavities penetrate more 
deeply into bone than in normal  controls. (Enl. 1:1,000). e Irregular resorption area with deeply 
penetrating, funnel-shaped cutting cones, which consist of  numerous  individual resorption cavities. 
(Enl. 1:300). d Regular lametlar normal  bone on the left. At the top right a resorption area 
is seen. Note the flint-blade-like remnant  of  cortical bone which protudes over another  area of 
resorption. This apperance results f rom undermining osteoclastic resorption of cortical bone, leading 
to a highly irregular endosteal surface and to spongiosation of cortical bone. (Enl. 1:100) 
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ture of the calcospherites consists of loosely packed filamentous crystals, which 
are irregularly situated in contrast to normal bone (Fig. 2c) (Fig. 5c). 

There is a marked increase in resorption areas at the expense of neutral 
endosteal surfaces. Resorption areas are irregularly delimited and have serrated 
fuzzy borders (Fig. 6a). Occasionally, distinct resorption areas are no longer 
visible, their dissappearance leaving a maze of furrows and tunnels (Fig. 6c). 
As a consequence, the endosteal surface of cortical bone resembles worm-eaten 
wood in places (Fig. 6b). Resorption areas tend to penetrate far more deeply 
than they do in the bone of non-hyperparathyroid patients (Fig. 6b). The bottom 
of the resorption areas is no longer regularly subdivided by shallow ridges, 
but deep troughs are visible, which may reflect an exaggerated resorptive activity 
of osteoclasts (Fig. 6a-d). At places, undermining osteoclastic resorption results 
in overhanging cortical plates (Fig. 6d). This finding suggests that osteoclasts 
no longer resorb lamellae sequentially. This constributes to "spongiosation" 
of cortical bone in hyperparathyroid bone disease. 

Discussion 

The endosteal envelope of cortical bone is covered by osteoblasts and osteoclasts 
which are engaged in surface modelling processes throughout life. With scanning 
electron microscopy, one is able to visualize the traces left from past action 
of bone surface cells. Since, in contrast to the tetracycline double labelling 
technique, no time marker is available in SEM-studies, no conclusions can 
be drawn on rates of cellular activities using this methodology. 

Cellular activity at the endosteal surface of cortical bone differs from that 
at the surface of cancellous bone in several respects. In cancellous bone, bone 
surface cells are primarily involved in bone remodelling, which is related to 
two different functions: the adaptation of skeletal structure to load and the 
homeostasis of plasma calcium. In contrast, at the endosteal surface of cortical 
bone, bone surface cells are particularly involved in bone modelling, a process 
which mediates changes of bone shape and bone mass. The activity of the 
cells at the endosteal surface of cortical bone is thought to be influenced mainly 
by mechanical factors. This becomes obvious under conditions of faulty loading 
(Pauwels, 1965; Frost, 1973). These observations lead to the conclusion that 
the endosteal cells in cortical bone are primarily under the control of local 
factors, which result from static and dynamic deformation of bone tissue. 

The present study demonstrates a comprehensive disturbance of the endosteal 
modelling processes in femora of patients with secondary hyperparathyroid 
bone disease. This disturbance is shown at different structural levels of the 
endosteal envelope: firstly at the level of the entire endosteal surface which 
shows a disordered composition of neutral surfaces, apposition and resorption 
areas; secondly, at the level of these different surfaces, which show an altered 
pattern of collagen fiber bundles and calcospherites ; and thirdly, at the submi- 
croscopical level of individual fiber bundles and calcospherites. 

The endosteal envelope of the femoral diaphyses in patients without bone 
disease consists mainly of fully mineralized neutral surfaces. However in uremic 
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patients a preponderance of apposition and resorption areas at the expense 
of neutral surfaces is generally observed. This preponderance is due to increased 
bone turnover induced by the oversecretion of parathyroid hormone, in turn 
related to a disturbed mineralization process. The different surface areas, which 
are clearly marked off in normal bone, cannot be specifically identified in 
uraemic patients. It is conceivable that in these cases remnants of highly ordered 
normal bone are found next to bone tissue of disorganized texture. The degree 
of the derangement of the endosteal surface depends on both the duration 
and the severity of renal insufficiency. In individuals with advanced secondary 
hyperparathyroidism even the fully mineralized surface areas differ from normal: 
they exhibit an irregular orientation of collagen fiber texture and show numerous 
enlarged osteocytic lacunae, which are incompletely buried in bone. Both features 
are hallmarks of woven bone. 

In normal femoral bone, areas of bone formation (whether active or inactive) 
can be recognized by collagen fiber bundles that are not completely mineralized. 
When the technique of sodium hypochlorite digestion is used the non-miner- 
alized organic material is removed and the inorganic portion is left behind. 
The remaining mineral deposits, so-called "calcospherites" follow the main 
axis of collagen fiber bundles. The substructure of the spindle-shaped macrocrys- 
tals is composed of needles "and plates, which are packed close together. Nu- 
merous investigators have shown that during the process of mineralization a 
close interaction exists between collagen fibers on the one hand and mineral 
deposits on the other (Zipkin, 1973 ; H6hling et al., 1974). In apposition surfaces, 
collagen fiber bundles are deposited in parallel, forming a lamellar pattern. 
] 'he calcospherites are deposited between these collagen fiber bundles and more 
or less closely reflect their pattern. Bone surface areas with uniform orientation 
of calcospherites and presumably also of collagen fiber bundles have been de- 
scribed as "domains"  (Jones and Boyde, 1976). 

In hyperparatkyroid bone disease, domain formation can no longer be recog- 
nised. The alignment of calcospherites is highly disordered, and their size and 
shape varies greatly. Furthermore, a severe disturbance of their substructure 
can be recognized. Similar alterations of the substructure of  calcospherites were 
obtained in experimental chronic uremia, rickets and after a prolonged adminis- 
tration of parathyroid hormone (Krempien et al., 1977). Whereas the loss of 
the regular alignment of calcospherites might be caused by a disturbance of 
regular collagen fiber arrangement, the disarray of the substructure of calco- 
spherites leads to the assumption that the mineralization process is itself affected. 

The factors which determine the regular orientation of collagen fiber bundles 
in the matrix of lamellar bone are unknown. According to Jones and Boyde 
(1976) and Jones etal .  (1977), formative cells must be able to move upon 
the bone matrix surface in order to achieve a parallel orientation of the collagen 
fiber bundles. Other authors have proposed that contraction of the cytoskeleton 
is involved in the spatial orientation of collagen fiber bundles (Weinger and 
Holtrop, 1974). A disorganized "woven"  texture of the bone matrix is commonly 
encountered in the skeleton of individuals with hyperparathyroid bone disease 
(Krempien etal . ,  1975; 1978). This observation presumably indicates that in 
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hyperparathyroid bone disease the formative cells have lost their abiltity to 
deposit collagen in preferential directions by coordinated action of cohorts 
of cells. 

In uraemic patients surfaces with globiform and conglomerated mineral depo- 
sits and poorly defined fibrillar texture were identified, in addition to the types 
of surfaces allready defined. We suppose that these areas represent transitional 
stages between the initial and final steps of mineralization and that they may be 
considered to be an expression of a prolonged mineralization process in connec- 
tion with delayed matrix formation. Similar findings have been described by 
Lindenfelser et al. (1974) in cases of idiopathic necrosis of the femoral head. 
Whether these findings are caused by an increased formation of non-fibrous 
bone m a t r i x -  as proposed by Lindenfelser cannot be decided using scanning 
electron microscopy. 

Resorption areas at the endosteal envelope of normal bone are characterized 
by their uniform depth and their almost uniformly smooth bottom. We interpret 
this finding as evidence of cellular coordination of osteoclasts, which obviously 
determines the advance of the plane of resorption at the endosteal envelope. 
Since individual collagen fiber bundles can be traced clearly at the bottom 
of resorption areas, one must conclude that in normal bone osteoclasts resorb 
one lamella after the other. The resorptive activity of osteoclasts at the endosteal 
surface of femoral diaphyses is thought to be mainly directed by mechanical 
factors, which act on bone cells via pizo-electrica! signals in the micro-environ- 
ment. Such signals might be generated by the known ability of collagen to 
produce pizo-electrical potentials under the influence of deformation (Basset, 
1968). At a higher magnification, shallow ridges can be recognized at the bottom 
of resorption surfaces. The exact significance of such ridges remains unknown. 
It is conceivable that they delimite the resorption areas 6f neighbouring osteo- 
clasts or that they corresponde to successive resorption phases of individual 
osteoclasts. The ridges run almost perpendicularly to the main direction of 
collagen fiber bundles, which are exposed at the bot tom of the resorption areas. 
It is therefore tempting to suppose that the spatial movement of osteoclasts 
during normal bone resorption is determined, to some extent, by the fiber 
pattern of the underlying bone matrix. 

In patients with secondary hyperparathyroidisrn, such evidence of intercellu- 
lar coordination between osteoclasts is largely lost. In these patients, in whom 
cells are exposed to excessive levels of parathyroid hormone, analysis by scanning 
electron microscopy shows irregularly outlined areas of resorption that penetrate 
deeply into cortical bone. This finding must be interpreted as evidence of uncoor- 
dinated removal of bone tissue by individual osteoclasts or groups of osteoclasts. 
The resorption front apparently no longer proceedes in a direction perpendicular 
to the endosteal surface, but rather in all directions without coordination and 
without respect to bone matrix fiber pattern. 

The findings in bone resorption and bone apposition areas lead to the conclu- 
sion that under the influence of high levels of parathyroid hormone osteoblasts 
and osteoclasts are no longer responsive to local signals of mechanical, pizo- 
electrical or chemical nature. We can only speculate on whether the cells loose 
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their ability to perceive such signals, or the ability to adjust their activity accord- 
ing to the signals they receive. 

Lerchenthal (1974) has emphazised that in hard tissue the action of mechani- 
cal forces leads to an inhomogeneous stress in cell membranes and may thus 
produce local differences in dipole density and dipole orientation on the surface 
of such membranes.  These differences may produce attractive or repulsive forces 
that are capable of  orientating the agglomeration pattern of  cells. There is 
some evidence that the agglomeration pattern of  cells is able to influence the 
spatial orientation of newly formed fiber matrix. 

The value of Lerchenthal 's  speculation in understanding the alteration of in- 
tercellular coordination in hyperparathyroidism is not yet clear. In this context 
it is interesting to note that in animal experiments the absence of mechanical 
factors due to immobilisation leads to an increased reactivity of  osteoblasts 
to exogenous parathyroid hormone (Krempien et al., 1977). We may suppose 
that systemic hormonal  factors and local factors are interdependent in their 
effect on bone cell morphology and bone cell function. Consequently, the relative 
activity of  one of these factors alters the effectiveness of  others. 

Parathyroid hormone modulates cellular calcium homeostasis (Rasmussen 
and Bordier, 1974). Since calcium has been shown to play a critical role in 
the assembly and disassembly of microtubuli (Weisenberg et al., 1972), it is 
tempting to assume that the effect of parathyroid hormone on bone cell move- 
ment, contraction or coordination is related to its effect on the cytosol calcium 
and the cytoskeleton (Krempien and Ritz, 1978). A close interaction of formative 
cells on apposition surfaces is suggested by the observation of Jeansonne et al. 
(1972), that dye, when microinjected into one single osteoblast, rapidly spreads 
into neighbouring cells. This observation leads to the assumption that lowresis- 
tance nexus exist between osteoblasts (Weinger and Holtrop,  1974) and it is 
conceivable that parathyroid hormone affects the number  or the properties 
of such intercellular channels. This assumption might explain why such cells 
are no longer able to interact. When large doses of  parathyroid hormone are 
administered to rats for a prolonged period, one observes a loss of  domain 
format ion similar to that seen in patients with hyperparathyroid bone disease 
(Krempien et al., 1976). 

In conclusion, analysis of  the traces of  cellular activity on the endosteal 
surface of cortical bone in the femoral diaphysis suggests that in hyperparathy- 
roid bone disease the signals coordinating interaction between bone surface 
cells and between bone matrix and bone surface lining cells, are no longer 
effective. 

References 

Ammann, C.: Renale Fibroosteoklasie und Osteomalacie bei interstitieller Nephritis. Virchows 
Arch. Path. Anat. 335, 46 62 (1962) 

Bassett, C.A. : In: The biochemistry and physiology of bone, Bourne, G.H. (ed.) New York: Academic 
Press vol. III, 1 69 



Bone Modelling Processes at the Endosteal Surface of Human Femora 87 

Berner, A.: Les osteodystrophies d'origine refiale. Etude syst6matique du squelette dans 138 cas 
de maladies r6nales. Helv. Med. Acta II, 74-93 (1944) 

Binswanger, U., Sherrard, D., Rich, C., Curtis, F.K. : Dialysis bone disease. A quantitative histolog- 
ical study. Nephron 12, 1-!.0 (1974) 

Delling, G.: Endokrine Osteopathien. Stuttgart: Gustav Fischer 1975 
Duursma, S.A., Visser, W.J., Nijo, L.: A quantitative histological study of bone in 30 patients 

with renal insufficiency. Calc. Tiss. Res. 9, 216-225 (1972) 
Frost, H.M.P: Bone remodelling dynamics. Springfield/Ill.: Charles C. Thomas 1963 
Frost, H.M.: The bone dynamics in osteoporosis and osteomalacia. Springfield/Ill.: Charles C. 

"Thomas, 1966 
Frost, H.M.:Bone remodelling and its relationship to metabolic bone disease. Springfield/Ill.: 

Charles C.Thomas, i973 
Gilmour, J.R.: The parathyroid gland and skeleton in renal disease. London: Oxford Medical 

Publications 1947 
Hamperl, H., Wallis, J.: Uber renalen Zwergwuchs und (renale) Rachitis. Ergebn. Inn. Med. 

Kinderheilk. 45, 58%622 (1933) 
H6hling, H.J., Steffkens, H., Ashton, B.A., Nicholson, W.A.P. : Molekularbiologie der Hartgewebs- 

bildung. Verh. Dtsch. Ges. Path. 58, 54 71 (1974) 
Jeansonne, B.G., Feagin, F.F., Shoemaker, R.L., Rhem, W.S.: In: International Association for 

Dental Research, 50th General Session, p. 173 (Abstract) 
Jones, S.J., Boyde, A.: Is there a relationship between osteoblasts and collagen orientation in 

bone? Israel J. Med. Sci. 12, 98-107 (1976) 
Jones, S.J., Boyde, A., Ness, A.R. :  SEM-studies of osteoblasts: size, shape and  anisotropy in 

relation to hormonal status in organ culture. In: Bone histomorphometry, Sec. Intern. Workshop, 
Meunier, P.J. (ed.), pp. 275 292. Toulouse: Nouvelle Imprimerie Fourni6, 1977 

Krempien, B., Ritz, E., Beck, U., Keilbach, H. : Osteopathy in maintenance hemodialysis. Micromor- 
phometric and microradiographic studies with correlations to serum parathyroid hormone and 
calcitonin levels. Virchows Arch. A. Path. Anat. 3S7, 257-274 (1972) 

Krempien, B., Geiger, G., Ritz, E. : Alteration of bone tissue structure in secondary hyperparathy- 
roidism. A scanning electron microscopical study. In: Vitamin D and problems related to 
uremic bone disease, Norman, A.W., Schaefer, K., Grigoleit, H.G., v. Herrath, D., Ritz, E. 
(eds.), pp. 157-166. Berlin: De Gruyter 1975 

Krempien, B., Geiger, G., Ritz, E. : Structural changes of cortical bone in secondary hyperparathy- 
roidism. Virchows Arch. A. Path. Anat and Histol. 366, 249-256 (1975) 

Krempien, B., Geiger, G., Ritz, E. : Effects of acute and chronic PTH stimulation on osteoblasts. 
Calc. Tiss. Res. Vol. suppl. 21, 260-266 (1976) 

Krempien, B., Friedrich, G., Geiger, G., Ritz, E.: Ultrastructural studies of bone - influenc~ 
of vitamin D, PTH and uremia~ on bone cell structure and bone cell/bone matrix interaction. 
In: Vitamin D. Biochemical, chemical and clinical aspects related to calcium metabolism. Nor- 
man, A.W., Schaefer, K., Coburn, J.W., De Luca, H.F., Fraser, D., Grigoleit, H.G., v.Herrath, 
D. (eds.) 381-390. Berlin-NewYork: De Gruyter 1977 

Krempien, B., Ritz, E.: Effects of parathyroid hormone on osteocytes - ultrastructural evidence 
of anisotropic osteolysis and involvement of the cytoskeleton. J. Metab. Bone Dis. 1, 55-65 
(1978) 

Krempien, B. : The endosteal envelope of bone. Surface lining cells, mineralized and unmineralized 
bone surface structures. Studies with scanning and transmission electron microscopy. (In prepara- 
tion) 

Lerchenthal, Ch.H.: Mechano-ionic processes in stress-oriented growth and in stress-induced 
morphologic differentiation. Ann. New York Acad. Sci. 238, 218-227 (1974) 

Lindenfelser, R.: Rasterelektronenmikroskopie des Knochens. 58. Verh. Dtsch. Ges. Pathol., pp. 
83-98 (1974) 

Lindenfelser, R., Arcq, M., Dahm, H.H., Haubert, P.: Rasterelektronenmikroskopische Untersu- 
chungen idiopathischer Htiftkopfnekrosen. Z. Orthop. 112, 695-699 (1974) 

Pauwels, F. : Gesammelte Abhandlungen zur funktionellen Anatomie des Bewegungsapparates. Ber- 
lin - Heidelberg - New York: Springer 1965 

Rasmussen, H., Bordier, Ph. : The physiological and cellular basis of metabolic bone disease. Balti- 
more: Williams and Wilkins 1974 



88 B. Krempien 

v. Recklinghausen, F. : Die fibr6se und deformierende Ostitis, die Osteomalacie und die osteoclas- 
tische Carcinose in ihren gegenseitigen Beziehungen. In: Festschrift R. Virchow zu seinem 71. 
Geburtstag. Berlin: G. Reimer 1891 

Ritz, E., Krempien, B., Mehls, O., Malluche, H.H. : Skeletal abnormalities in chronic renal insuffi- 
ciency before and during maintenance hemodialysis. Kidney Internat. 4, 116-127 (1973) 

Ritz, E., Malluche, H.H., Krempien, B., Mehls, O.: Bone histology in renal insufficiency. In: 
Renal failure and nephrolithiasis. David, D.S. (ed.), pp. 197 235. New York: John Wiley and 
Sons. 

Uehlinger, E. : Pathogenese des primS, ren und sekund~ren Hyperparathyreoidismus und der renalen 
Osteomalacie. Verh. Dtsch. Ges. Inn. Med. 62, 386-398 (1956) 

Weinger, J.M., Holtrop, M.E. : An ultrastructural study of bone cells: The occurence of microtubules, 
microfilaments and tight junctions. Calc. Tiss. Res. 14, 15~9 (1974) 

Weisenberg, R. : Microtubular formation in vitro in solution containing low calcium concentrations. 
Science 177, 1104-1105 (1972) 

Zipkin, I. : Biological mineralization. J. New York: Wiley 1973 

Received January 5, 1979 


