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Summary. 50 itiac erest biopsy specimens taken from hemodialyzed uremic patients 
(average duration of dialysis 16.7~12.3 months), 20 specimens from patients in tcrminal renal 
failure and 20 specimens from healthy controls were analyzed by micromorphometry of undecal- 
cified microtome sections. In addition undecalcified ground sections were studied by microradio- 
graphy. None of the biopsy specimens of dialyzed and non-dialyzed uremic patients showed 
entirely normal bone histology. The osteopathy was characterized in both uremic groups by 
secondary hyperparathyroidism with inereased cellular activity, endosteal fibrosis and appear- 
ance of woven osteoid and by osteomalacia. Micromorphometry revealed no differences between 
uremic patients with and without hemodialysis : volumetric density, the fraction of total bone 
volume represented by osteoid, the fraction of trabecular surface covered by osteoid and the 
mean osteoid seam thickness were increased; the fraetion of osteoid covered by osteoblasts 
remained unchanged when compared with normal controls, whereas the fraction of trabecular 
surfaee covered by active Howship's lacunae was elevated. The specifie surface of trabecular 
bone was unaltered. Microradiography showed marked periosteocytic osteolysis, abundance of 
low density zones (particularly in dialyzed patients) and microheterogeneity of bone strueture. 

There was a good degree of correlation between the increased amounts of osteoid and 
active Howhsip's lacunae and increased area of osteocytic lacunae and increased serum parathy- 
roid hormone levels. There was no correlation between serum elacitonin levels and micromor- 
phometric parameters. Fibro-osteoclasia and osteomalacia apparently did not progress with 
continued dialysis. 

Zusammen/assung. Unentkalkte Schnitte und Schliffe der Beekenkammspongiosa von 
50 Patienten unter Langzeithämodialyse (durchschnittliche Dialysedauer 16.6± 12.3 Monate), 
von 20 Patienten mit terminaler Niereninsuffizienz ohne Hämodialyse und von 20 skeletge- 
sunden Patienten wurden mikromorphometrisch und mikroradiogr~phisch untersucht. 

Keine der Beckenkammbiopsien urämischer Patienten mit und ohne Hämodialyse zeigte 
einen normalen Skeletbefund. :Die Skeletveränderungen waren durch einen sekundären Hy- 
perparathyreoidismus mit gesteigerter Zellaktivität, Endostfibrose und Auftreten von atypi- 
schere Faserosteoid sowie durch eine Osteomalacie geprägt. Die mikromorphometrische Ana- 
lyse ergab zwischen urämischen Patienten mit und ohne Hämodialyse keinen Unterschied: 
Volumetrische Dichte, Osteoidsaumlänge und mittlere Osteoidsaumbreite waren gesteigert; 
der Anteil der mit Osteoblasten bedeckten osteoiden SS~ume am Gesamtosteoid war gegenüber 
skeletgesunden Kontrollen nicht verändert. Die Zahl aktiver Howshipscher Lakunen war 
beträchtlich vergrößert. Die spezifische Oberfläche der Trabekel blieb unverändert. Die Mikro- 
radiographie zeigte periosteocyt/~re Osteolyse, Mineralisationsdefekte (vor allem bei Dialyse- 
patienten) und eine starke Mikroheterogenität der Knochenstruktur. 

Die Serum-Parat-Itormonspiegel waren bei Dialysepatienten ausnahmslos erhöht. Osteoid- 
menge, Anzahl der aktiven Howshipschen Lakunen und Grölte der Osteoeytenlakunen korre- 
lierten mit der Höhe der Serum-Parat-Hormonspiegel. Die Serum-Calcitonin-Spiegel lagen bei 
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Dialysepatienten im Normbereieh. Zwischen morphometrischen Daten und der Höhe der 
Serum-Calcitonin-Spiegel ergab sich keine Korrelation. 

Dissezierende Fibrosteoklasie (Ostitis fibrosa) und Osteomalaeie erfuhren mit zunehmender 
Dialysedauer keine Veri~nderung. 

Chronic renal  fai lure is associa ted with  a pecul iar  form of bone disease, the  
pathogenesis  of which has not  been eomple te ly  elarified so far  (Kleeman et al., 
1969; Sehaefer and  Opitz,  1970; Ri tz  et al., 1971). Since the  lifes of pa t ien ts  in 
t e rmina l  renal  insufficiency ean new be prolonged by  main tenance  hemodialys is  
and  renal  homot ransp l an t a t i on  the  problem of uremic  bone disease has a t t r a c t e d  
considerable  in te res t  and  remains  one of the  ma jo r  unsolved problems of main-  
tenance  hemodialysis .  

The histologieal  changes t h a t  are found in the  skele ton of uremie  pa t ien t s  have  
been well descr ibed b y  Follis and  Jackson  (1943), A m m a n n  (1961) and by  Garner  
and  Ball  (1966). Aceording to these authors  uremic  os t eopa thy  is charaeter ized b y  
bo th  os teomalaeia  and  osteit is  f ibrosa.  I n  our own h i s tomorphomet r i c  studies we 
were able to  eonfirm these f indings b y  quan t i t a t ive  measurements  (Krempien  
et al., 1971). 

There have been conflicting repor ts  on the  eourse of uremie os t eopa thy  under  
ma in tenance  hemodialysis .  Bo th  improvemen t  (Curtis et al.,  1968; Ri tz  et al., 
1968) and worsening (Pendras  and Ericson,  1965) have  been deseribed.  I t  was the  
purpose  of the  following s tudy ,  to clarify the  na tu ra l  h i s tory  of dialysis  bone disease 
and  to iden t i fy  seine pa thogenet ica l  factors.  Quan t i t a t ive  measurements  oB the  
histological  ehanges in il iac crest  spongiosa of pa t ien ts  in te rmina l  renal  fai lure 
were compared  with  these  ob ta ined  from uremic  pa t ien ts  under  main tenance  
hemodia lys is  of var ious  dura t ion  and  with  these  ob ta ined  f lora normal  controls. 
Measurements  of p a r a t h y r o i d  hormone levels and  serum ealci tonin levels were 
per formed to f ind a possible correlat ion between these  hormone levels and  micro. 
morphomet r i e  d a t a  of bone disease. The elinical and  roentgenologieal  f indings of 
this  s t u d y  have  been repor ted  elsewhere (Ritz et al., 1971). 

Material and Methods 
Iliac crest specimens were obtained from 20 healthy vietims of traffic accidents within 5 h 

after clinical death (bedridden for less than 3 days), from 20 patients in terminal renal failure 
without hemodialysis (serum creatinine > 7 mg-%) and from all (n~50) patients in 3 German 
hemodialysis centers, who were not on anticoagulants (duration of dialysis < 1 month--more 
than 3 years). The ages of the patients ranged from 20 to 55 years. Biopsies were performed with 
an e]ectric drill ("Myelotomieinstrumentarium" after Burkhardt, 1966) 3 cm behind the spina 
anterior in a perpendicular direction. The length of the spongiosa cylinder was approximately 
2 cm. All specimens were fixed in 70% ethanol, stained in 5% basic fuehsin, dehydrated and 
defatted and embedded in methylmetacrylate according to Schenk (1965). Undecalcified micro- 
tome sections (5 Ez) were stained after Massen-Goldner (modification of Schenk et al., 1966) and 
with von Kossa stain. 4 sections of every iliac crest speeimen taken from different depths of the 
spongiosa cylinder were evaluated independently by two observers (20 areas with 720 counting 
points, en]argement 1:80, Merz, 1967). The spongiosa near the corticalis was not taken into 
aecount. The following parameters were measured (Schenk, 1967; Merz and Sehenk, 1970): 

1. volu~~etric density (Vv)-- fract ion of total spongiosa volume (%) represented by bone 
matrix volume; 

2. osteoid volu'me (VO)--fraction of total spongiosa vo[ume (%) represented by osteoid; 
3. osteoid volume (VOb)~fraetion of bone matrix volume (%) represented by osteoid" 
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4. osteoid sur/ace (OS)--fraction of total trabecular surfaee (%) rel0resented by osteoid; 
5. active osteoid (OSa)--fraction of surface osteoid (%) covered by osteoblasts; 
6. rne~n osteoicl seam thickness (tx); 
7. active Howship's lacunae (HO)--fraction of trabeeular surface ( % ) covered by osteoclasts; 
8. speci/ic sur/ace (S/V)--relation of bone surface to bone volume (mm/mine). 
Contact mieroradiographs oB 50-70 ~z ground sections were made by a CMR 5 Philips X-ray 

tube aceording to Heuck (1966) 1. In these mieroradiographs we measured the two mean dia- 
meters of 200 elliptical "osteocytie holes", represented by osteocytic lacnnae and periostea- 
eytic halos. The area was evaluated in the following way: y3=a × b × ~. 

Measurements of serum 10arathyroid hormone (PTH) and serum ealeitonin (CT) were done 
after Schopman et al. (1970) 2. Details of the protocol of the clinical study have been reported 
elsewhere (Ritz et al., 1971). 

All data are given as mean±standard deviation. The significance of differences between 
groups was evaluated by the Wileoxon test. 

Results 

1. Histological Findings .  There was no obvious difference of bone histology 
between uremic patients with and without  maintenance hemodialysis. None of the 
iliae crest biopsy specimens from both uremic groups showed completely normal 
bone histology. The most  prominent  ehanges observed were an inerease of the 
fraction of the trabeeular  surface covered by  osteoid and an increase of the thick- 
ness of osteoid seams (Figs. 1-3). The front  of calcification, t ha t  was clearly 
delinated in normal  controls, appeared blurred and indistinct in uremie patients.  
I n  addit ion to lamellar osteoid, which appeared birefringent under polarizing 
light due to a regular orientation oB collagen fibers, there were various amounts  of 
woven osteoid which irregularly orientated collagen fibers (Fig. 1 a-c). Woven  
osteoid orten showed speckled mineralization. The amount  of active osteoid- 
covered by  an almost  epitheloid layer of euboidal or more fnsiform os teoblas ts - -  
and the amount  of inactive resting osteoid seams without  an osteoblastic layer 
werë increased (Figs. 2 and 3). A ra ther  typical  finding in the uremic skeleton was 
buried osteoid, eovered by  mineralized bone (Fig. 4). Marrow fibrosis with replaee- 
ment  of retieular Iibers by  collagen fibers is rarely marked. Diffuse marrow fibrosis, 
whieh is not  unusual  in p r imary  hyperparathyroidism,  is eneountered only in the 
oeeasional pat ient  with fall blown renal osteitis fibrosa (so ea]led ter t iary hyper- 
parathyroidism, Fig. 1 a-e). Usually there was only a fibrous thickening of the 
endosteum with a few layers of eoarse eollagen fibers parallel to the trabecular  
surfaee (Fig. 3 and 4). Foci of more marked fibrosis are usually found over osteo- 
blasts and osteoelasts (Fig. 2). The trabeeular surfaee showed shallow erosions by 
foei of multi lmeleated osteoelasts (active Howship 's  laeunae, Fig. 5). These osteo- 
elasts were most ly  of modest  size and eontained only few nuclei. Central trabe- 
cular disseetions by  coni of osteoelasts were less frequently observed. Since osteoid 
is resistant to osteoelastic destruction osteoid spurs, overlying resorption eavities 
were orten found (Fig. 4). 

Osteoeytie laeunae were most ly  enlarged and orten surronnded by broad non- 
mineralized zones staining like osteoid (Fig. 3). The number  of l~rge osteocytes 
with round or bean shaped nuclei, loose ehromatin and broad eytoplasmatie 

1 We thank Prof. Dr. F. Heuek, Katharinenhospital Stuttgart, for technieal help and advise. 
2 We thank Dr. W. Hackeng, Rotterdam (Holland) lor the PTH and CT measurements. 
1 8 "  
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Fig. 1 a and b 
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Fig. 1 a - -d .  Iliae crest spongiosa. 35 y. old woman. Chronie renal insufficiency without hemo- 
dialysis, a Severe renal osteopathy with marked marrow fibrosis, eoarse t, rabeeulae and 
enlarged osteoid seams. Enl. 1 : 32. b Atypieal woven bone and osteoid with large osteoeytes 
and high osteocytie density. Enl. 1:250. e Marrow fibrosis with dense eellularity and meta- 
blastie bone formation Enl. 1 : 150. d Large multinueleated osteoelasts and immature "iibro- 
blastie" osteoblasts. Enl. 1:180. Mierophotographs. Methylmetaerylate. Masson-Goldner 

stain 
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Figs. 2 ~nd 3 
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seams  a n d  t h e  n u m b e r  of e m p t y  l a cunae  was a b n o r m M l y  high.  A l t h o u g h  t h e  shape  

of spongiosa  t r a b e e u l a e  m a y  be  b izar re  in exeess ive  rena l  os te i t i s  f ibrosa,  u suMly  

t r a b e e u l a e  were  eoarse  a n d  t h i ck  (Fig. 1 and  2). I n  seve re  cases of a z o t e m i c  osteo-  

p a t h y ,  b o t h  w i t h  and  w i t h o u t  hemodia lys i s ,  t he r e  were  oeeas iona l  foei  of m e t a -  

b las t ic  bone  f o r m a t i o n  in t h e  m a r r o w  spaces.  

2. Micromorphometric Measurements. All m i c r o m o r p h o m e t r i c  m e a s u r e m e n t s  

are  g i v e n  in Tab l e  1 a n d  2. V o l u m e t r i e  d e n s i t y  (Vv), i. e. t h e  f r ae t i on  of t o t a l  spongi-  

osa v o l u m e  wh ieh  is r e p r e s e n t e d  b y  bone  m a t r i x  v o l u m e  is ine reased  in u r e m i e  

Table 1. Micromorphometric measurements 

Control Uraemic Uraemic 
n = 20 (non dialysed) (dialysed) 

n = 20 n = 50 

Volumetric density (Vr) 26.0 ± 7.11 31.5 4- 7.3 32.0 ± 9.37 
Osteoidvolume (Vo) 0.8414- 0.739 4.624- 0.793 5.19:c 5.5t 
Osteoid volume (Vob) 3.09 ± 2.26 15.4 4- 12.7 15.8 ± 16.1 
0steoid surface (OS) 18.0 ± 8.8 51.4 i 22.7 52.0 4- 24.3 
Active osteoid (OSa) 20.3 ±20 .4  28.9 4- 20.6 37.8 ±24 .5  
ActiveI-Iowship's 1.90 ~: 1.67 8.03-[= 5.50 8.84~: 4.76 

lacunae (I-IO) 
Mean thickness 9.54 ~: 4.41 16.6 ~: 7.2 18.7 4- 13.3 

of osteoid seams (~) 
Specific surface (S/V) 17.3 4- 6.19 17.4 ± 6.54 19.0 ~: 5.81 

Table 2. Micromorphometric measurements: duration of dialysis 

< 1 year 1-3 years > 3 years 
n = 2 0  n = 2 3  n = 7  

Volumetric density (Vo) 30.0 4-10.7 34.9 -t- 9.29 27.1 ± 2.64 
Osteoidvolume (Vo) 4.824- 4.74 6.224- 6.40 2.414- 2.1 
Ostcoid volume (Vob) 15.3 ~: 14.2 18.1 :t: 18.3 8.79-~ 7.51 
Osteoid surface (OS) 55.0 -1- 25.9 54.3 ~- 24.0 38.4 ~: 20.5 
Active osteoid (0Sa) 35.2 4- 34.4 30.9 4- 15.9 49.5 4- 26.5 
Activettowship% 8.954- 5.78 7 .97± 4.16 10.9 :t: 4.97 

lacunae (HO) 
Mean thickness 14.3 -4- 9.0 20.5 4- 13.5 13.1 4- 7.68 

of osteoid seams (~x) 
Specific surface (S/V) 20.0 4- 6.68 18.3 4- 5.82 18.7 4- 3.02 

Fig. 2. Iliac crest biopsy, 35 y. old man, maintenance hemodiMysis since 2 years. Focal marro~ 
fibrosis overlying resorlotion cavities and active osteoid seams. Methylmetacrylate. Masson- 

Goldner stain. Microlohotograph. Enl. 1:70 

Fig. 3. Iliac crest biopsy, 25 y. old woman, maintenance hemodialysis since 8 months. Slight 
endosteal fibrosis and "ac t iva ted"  osteocytes surrounded by bone matrix stained like osteoid. 

Methylmetaerylate. Masson-Goldner stMn. Mierolohotograph. Enl. 1:250 



264 B. Krempien e t  a l .  : 

Fig. 4. Iliac crest biopsy, 55 y. old man. Chronic renal insufficiency without  dialysis. Burried 
osteoid and osteoid spur overlying dissecting borte destruction by multinucleated osteoclasts. 

Methylmetacrylate.  Masson-Goldner stain. Microphotograph. Enl. 1:200 

:Fig. 5. Iliac crest spongiosa. 41 y. old woman, maintenance hemodialysis since 2 years. Trabe- 
cular surface covered by  numerous active Howship's lacunae with small osteoclasts and endo- 

stem fibrosis. Methylme~~crylate. Masson-Goldner stain. Microphotograph. Enl. 1:160 
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Fig. 6. Microradiography of iliae erest spongiosa. 30 y. old man with maintenance hemodialysis 
since 2 years. M~rked inhomogeneity of bone with periosteocytie osteolysis and low and high 
density areas of surrounding bone matrix. Blurred outline and scalloping of trabeculae. Unde- 

ealeified ground seetion, 50 ~. Mierophotograph. Enl. 1:160 

patients both with and without hemodialysis. There is an increase both of the frac- 
tion of total spongiosa volume (VO) and of the fraction of bone m~trix volume 
(VOb) represented by unminer~lized osteoid. In addition the fraction of trabecular 
surface covered by osteoid seams (OS) was markedly increased. The mean thickness 
of osteoid seams was clearly elevated in uremic patients both with and without 
hemodiMysis. The percentage of osteoid seams eovered by osteoblasts (active 
osteoid, O Sa) was slightly but not significantly increased both in uremia and under 
maintenance hemodialysis when compared with normal controls. However, since 
the absolute amount of osteoid was higher in uremie patients, the absolute amount 
of active osteoid was increased likewise. An elevation of the number of osteocl~stic 
resorption centers was evident from the finding of an inerease oB the fraction of 
trabeeular surface that was covered by osteocl~sts (active Howship's lacunae, ItO). 
The speeifie surface (S/V), that  reflects the eomplexity of the structure of bone 
tmbeculae, was unchanged in uremie patients both with and without hemodialysis 
when compared with non uremie control subjects. 

3. Microradiographic Findings. In contrast to the well defined outline of 
trabeculae Jn normal bone the outline of uremic bone was usually indistinct and 
blurred (Fig. 6). The fraction of the trabecular surface covered by Howship's 
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Table 3. Relation of serum PTH levels and micro-morphometric bone parameters in dialysed 
patients 

Serum PTH(pgEq bovine PTH/ml) 

400-800 800-2000 »2000 
n = 1 2  n = 1 4  n - - 7  

Volumetric density (V»_) 35.2 ± 14.4 33.9 4- 6.4 33.1 -- 6.8 
Speci~ic surface (S/V) 17.7 4- 5.97 18.1 ~- 4.78 19.6 4- 9.49 
Osteoidvolume (Vo) 2.444- 2.91 7.58-~ 7.8 8.09± 6.23 
Osteoid surIace (OS) 37.1 4-24.4 55.9 4-24.1 52.9 4- 27.3 
Active Howship'slacunae (HO) 4.754- 3.64 9.794- 4.65 6.464- 2.44 
Osteocytic ~re~ (~z 2) - -  385 4- 57.1 588 4- 115 

lacunae was markedly increased. The periosteocytic lacunae were enlarged (Fig. 6). 
The trabeculae showed marked microheterogeneity by  skeletal remodelling. I n  
cases with severe os teopathy a bizarre deformation oB trabecular  s tructure was 
encountered. The same changes tha t  had been observed in patients in terminal 
renal failure, were also seen in patients on maintenance hemodialysis. I n  contrast  
to non dialysed patients, there seemed to be an increase of low mineral density 
zones, which were localized predominant ly  in areas close to enlarged osteocytie 
lacunae (Fig. 6). These findings were not  quant i ta ted however. 

4. Correlation between Micromorphometric Data and Serum P T H ,  Serum CT, 
E]/icieney o/ Dialysis and Duration o] Dialysis. Serum P T H  levels were markedly  
elevated in our uremic dialysed patients (1268-k736 p g E q  bovine PTH/ml ;  
normal  400 pgEq/ml,  Table 3). 

There was a correlation between serum P T H  levels ( x z p g E q  bovine PTt t /ml )  
and 

1. osteoid volume Vo ( y =  % bone volume) 

y z 1 5 . 9 ~ 0 . 0 0 1 5 8  (x--1377);  p ~0.05.  

2. osteocytic area (y=~~)  

yz413~-0 .102  (x--1411) ; p ~0.05. 

3. active t towship 's  laeunae HO ( y =  % surfaee) 

y=7 .8~-0 .00656  (x--1295);  p ~0.1.  

Serum CT levels of dialysed patients were in the normal range (285~:11.3 pg 
t tCT/ml  ; normal  395 pg HCT/ml). Micromorphometric parameters  were not  corre- 
lated to serum CT levels and to efficiency oB dialysis (predialytic creatinine levels). 
We found no correlation between micromorphometr ic  data  and durat ion of dialysis 
(Table 2). 

Discussion 

The skelctal changes in uremia have been thoroughly  described by Follis and 
Jackson  (1943), A m m a n n  (1961) and Garner and Ball (1966), whereas the influ- 
ence of hemodialysis on the natural  course of uremic os teopathy has not  been 
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clearly established so rar. In  order to clarify the behaviour of uremic osteopathy 
under maintenance hemodialysis and to examine the dependanee of skeletal 
ehanges on possible pathogenetie faetors (duration of dialysis, serum PTH-levels, 
serum CT-levels, efficieney of dialysis) we studied iliae erest biopsy speeimens 
from dialysed and non dialysed uremic patients. Apart  from patients on anti- 
eoagulants and those, who had previously undergone subtotal parathyroid- 
ectomy, all patients of 3 German dialysis eenters were examined thus exeluding 
a serious sampling error. Mieromorphometrie data on histopathologieal ehanges 
ean only be reasonably interpreted when eontrol values are at hand. Sinee eontrol 
values obtained Irom literature are not strietly eomparable due to methodologieal 
and interindividual differenees between different examiners, we studied in eon- 
t rast  to Kuhleneordt et al. (1971) and Duursma et al. (1972) an own elosely age- 
and-sëx-matehed eontrol group. 

Our mieromorphometrie measurements were done after Merz (1967) and Sehenk 
(1967) and Sehenk et al. (1970). This teehnique, using undeealeified mierotome 
seetions is in out opinion superior to quantitative mieroradiography, beeausë it 
allows to measure unmineralized bone mass and eellular parameters at the trabe- 
eular surfaee. Sinee the extent of histologieal ehanges in the skeleton varies 
eonsiderably between different uremie patients, it is essential to s tudy a large 
number of patients. Some of the apparent  differenees in literature may  well be 
explained by sampling errors in groups of insuffieient size. 

In  eonfirmation of ëarlier reports mentioned above (Follis and Jaekson, 1943; 
Ammann,  1961 ; Garner and Ball, 1966) out histologieal studies showed both osteo- 
malaeia and osteitis fibrosa in the iliae erest spongiosa of uremie patients (Krem- 
pien et al., 1971). Osteomalaeia as the morphologieal equivalent of a mineralization 
block, points to the resistanee of the uremie skeleton to physiologieal doses of 
vitamin D (vitamin D-resistanee; Chu and Liu, 1943). Defeetive bone minerali- 
zation in uremia is not the eonsequenee of disturbed intestinal ealeium absorption 
(Ritz et al., 1971). The inefIieieney of physiologieal doses of vitamin D may  well 
be due to the inability of the uremie patient  to metabolize 25-hydroxy-eholeeal- 
eiferol (Stanbury, 1972). I-Iydroxylation of 25-hydroxyeholëcaleiferol to 1,25- 
hydroxy-eholeealeiferol has been shown to oeeur exelusieely in renal parenehyma 
(Fraser and Kodieek, 1970). This metabolite seems to be the aetive metabolite 
of vi tamin D in the intestine. Osteitis fibrosa is eaused by inereased serum para- 
thyroid hormone levels (Bodansky et al., 1930; Rutishauser, 1932). The stimulus 
for parathyroid gland overaetivity and hyperplasia seems to be the tendeney of 
azotemie patients to retain phosphorus (Slatopolski et al., 1966, 1968 ; Brieker et al., 
1969) and/of the tendeney towards hypoealeemia eaused by a general depression of 
ealeium transport  proeesses. Defeetive ealeium transport  has been shown in the 
intestinal traet,  in the sareoplasmatie rëtieulum of museles (Spannagel et al., 1971; 
Ritz et al., 1972) and is possibly present in the eellular layer tha t  governs the eal- 
eium exehange between the mineral phase of bone and the extraeellular fluid (Neu- 
man and I~amp, 1972). In  eontrast to what is seen in pr imary hyperparathyroidism 
marrow fibrosis is only infrequently eneountered in seeondary hyperparathyroid- 
ism We saw it only in two casës with exeessive (so ealled tërtiary) hyperparathyro- 
idism (Fig. 1 ). As a rule we found a moderate fibrosis of the endosteal layer whieh is 
somewhat more pronouneed nnderneath resorptive and appositional zones. 
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Enhanced cellularity with an increase of active osteoid seams and of active How- 
ship's lacunae pointed to increased parathyroid aetivity. Usually only shallow 
resorption cavities are encountered pointing to a possible functional inefficiency 
of osteoclasts, tha t  has been suggested by Villanueva et al. (1970) and Jaworski 
et al. (1970) for uremic patients and has been confirmed by us in animal experi- 
ments (Krempien et al., 1972). An additional feature, tha t  deserves special emphasis, 
is the large number of "act ivated osteocytes" (Vittali, 1968), which in our opinion 
is an early morphological sign of parathyroid gland overactivity. Marked periosteo- 
cytic osteolysis can be seen well in microradiography. 

I t  may be mentioned that  the phenomenon of periosteocy~ic osteolysis has 
been already described by v. Recklinghausen (1910) under the term of " t rypt ische 
Onkose". We were impressed by the frequeney with whieh periosteocytic areae 
showed the staining eharacteristics of osteoid. While it cannot be entirely ruled out, 
tha t  mineralized bone matrix aequires staining characteristies of osteoid by mineral 
loss as a eonsequenee of periosteoeytic osteolysis (Belanger et al., 1963), the 
peeuliar staining properties might also be compatible with the possibility of 
"per ios teocy t ie  osteomalaeia", i. e. formation of nen mineralizing matrix by osteo- 
eytes under the conditions of ehronie renal failure. Bone matrix synthesis by osteo- 
cytes has been clearly demonstrated (Baylink et al., 1972). 

The presenee of woven bone and osteoid in the uremie skeleton is striking. 
In  the adult skeleton immature woven osteoid is only seen when bone turnover is 
pathologically enhaneed. The appearance of woven osteoid in seeondary hyper- 
parathyroidism demonstrates an aeeelerated rate of bone apposition and resorp- 
tion on the tissue level (high turnover bone), although matrix synthesis and bone 
resorption rates are decreased on the cellular level (Villanueva et al., 1969 ; Krem- 
pien et al., 1972). Inereased amounts of woven osteoid were usually seen in patients 
with high serum P T H  levels. Woven osteoid is a primitive form of osteoid. E ren  
when lamellar osteoid does not ea]cify, irregular mineralization can be seen in woven 
osteoid as shown by Garner and Ball (1966). In  secondary hyperparathyroidism 
the shape of osteoblasts offen resembles tha t  of fibroblasts (Vittali, 1970). This 
was also evident in 5/6-nephreetomized rats (Krempien and Ritz, 1971) and in 
intact normal animals and bone cell eultures after administration of P T H  (Gaillard, 
1965; Owen, 1970). Aeeording to Vittali (1970) osteoblasts de not at tain full matur- 
i ty in the presence of extremely rapid bone formation. Possibly eren preosteo- 
blasts deposit immature bone matrix in this situation. Similarly rapid disappear- 
anee of woven osteoid could be demonstrated after parathyroidectomy because of 
severe secondary hyperparathyroidism (Ritz et al., 1972; Binswanger et al., 1971). 
I t  may  be speeulated, that  immatur i ty  of osteoblastie cells in uremia acounts 
also for the frequent finding of endosteal fibrosis overlying foci of osteoid 
synthesis. Coneeivably the polarization of these cells, so that  matrix deposition 
oeeurs only in the direetion of the trabecular surface, may  be lost in these 
immature eells and collagen fibers may be extruded both towards the trabecular 
surface and towards the marrow spaee. As an alternative possibility it should be 
mentioned that  growth pressure of the proliferating cellular endosteal layer might 
eause stretehing which aeeording to Pauwels (1960) induees collagen fiber formation. 

The presence of osteomalacia in the uremie skeleton has been firmly established 
by the studies of Follis and Jaekson (1943), Ammann (1961) and of Garner and Ball 
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(1966). According to Frost (1963) osteomalacia is seen in the skeleton when the rate 
of organic bone-matrix formation exceeds the rate of bone minerMization leading 
to an increase of unmineralized osteoid. The presence of an increased amount of 
osteoid per se does not prove the existence of a mineralization block, since one ex- 
pects to find increased amount of osteoid in the skeleton whenever the number of 
appositional fronts is elevated due to a high bone turnover rate. According to 
VitMli (1970) a minerMization block is only firmly established, when the ratio of 
active to inactive ostoid is decreased. 

An increase of osteoid has been definetively shown in out uremic cases with and 
without hemodialysis. Both the fraction of spongiosa volume and the fraction of 
trabeeular surface represented by osteoid were markedly increased in non dialysed 
as well as in dialysed patients. In  addition, the thickness of osteoid seams was 
considerably augmented in both uremic groups. In  this context it should be men- 
tioned that  we interpreted unminerMized bone matrix as an osteoid seam only if it 
comprised more than one lamella or consisted of nonlamellar woven osteoid. 
A]though the number of active osteoid seams covered by osteoblasts was elevated 
in absolute terms, the ratio between active and inactive seams in the skeleton of 
both uremic groups was not different from that in controls. We don't  believe, 
however, that  increased bone turnover and increased eellnlarity of bone alone 
explain these findings. There is reasonable evidence, that  defective mineralization 
is involved. Villanueva et al. (1969), Sarnesethiri et al. (1970), Jaworski et al. (1970) 
could demonstrate, that  the rate of matrix synthesis of the individual osteoblast 
is diminished in uremia. Our own experiments with 5/6-nephrectomized rats gave 
evidence for a decrease of the linear rate of bone apposition and of collagen synthesis 
in renal insufficiency (Krempien et al., 1972a, b). 

Since turnover rates are changed on the cellular level, the ratio between active 
and inactive osteoid is no longer a criterium for the presence or absence of a defec- 
tive mineralization. The finding of increased osteoid seam thickness and the fre- 
quent finding of buried osteoid are good evidence for a minerMization block. In  
addition, the appearance of inactive resting osteoid seams after parathyroidectomy 
points to the presence of defective minerMization (Ritz et al., 1972). Our morpho- 
metric data document the presence of osteomalacia in the skeleton of uremic pa- 
tients both with and without hemodiMysis. Whether the underlying cause is uremic 
vitamin D resistance (Chu and Liu, 1943) alone or to a eertain extent also inhibition 
of minerMization by toxic metabolites [analogous to the cireulating inhibitor of 
chondral eMcification demonstrated by Yendt et al. (1961)] remains to be seen. 

In  eontrast to Jowsey et al. (1969) and Kuhlencordt et al. (1971) who studied 
ground seetions with quantitative mieroradiography our morphometric anMysis 
in undecalcified bone sections gave no evidence of osteopenia in dialysed and non 
dialysed uremic patients. Volumetric density, a measure of the fraction oB total 
spongiosa volume represented by cMeified and non caleified bone matrix volume, 
was rather significantly elevated. Although we cannot discount sampling error 
through locM inhomogeneity of iliac crest structure as a possible source of error, 
one would expeet that  this eance]s out in large groups of patients. On the other 
hand, our data are in good agreement with the findings of de Veber et al. (1970) 
and of Delling (1972) in uremic patients with and without hemodiMysis and with 
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the findings of Garner and Ball (1966) and of Binswanger et al. (1971) in nen dia- 
lysed uremic patients. Duursma et al. (1972) found normal bone volume in dialysed 
and nen dialysed uremic patients. 

An increase of bone matrix mass is hardly eompatible with claims that  meta- 
belle aeidosis plays a major role in the pathogenesis of uremic osteopathy (Leman, 
1969 ; Lennon, 1969). Skeletal ehanges similar to uremie osteopathy have never been 
reprodueed by metabolie aeidosis in animal experiments (Barzel, 1969; Barze! 
and Jowsey, 1969; Delling and Donath, 1971). In  contrast to what is seen in uremia, 
ehronic metabolie aeidosis eonsistently produeed osteopenia in experimental ani- 
mals. Our own animal experiments show, that  the ehanges of intermediary bone 
metabolism, of eollagen and aeid mucopolysaeeharide synthesis, of bone formation 
and mineralisation rates produeed by experimental renal insuffieiency are strikingly 
different from these seen after ammonium ehloride aeidosis (Ritz et al., 1971; 
Krempien et al., 1972). 

There are remarkable diserepancies between different authors concerning 
histologieal findings in uremie osteopathy under maintenance hemodialysis. Where- 
as Jowsey et al. (1969) found deereased bone mass, absenee of bone formation 
zehes and exeessive increase of resorption zones, de Veber et al. (1970) found 
inerease of osteoid and striking osteomalaeia in 80 % of dialysed patients. In  addi- 
tion bone mass was augmented in 55 % of dialysed patients. Whereas Jowsey et al. 
(1969) deseribed an inerease of bone resorption rate with inereasing duration of 
dialysis, de Veber et al. (1970) observed a reduction of osteitis fibrosa with inereas- 
ing length of dialysis. In  eontrast to a group of Australian dialysed patients with 
predominant fibroosteoclastic bone resorption and osteopenia (Ireland et al., 1970), 
Canadian patients (de Veber et al., 1970) und our own patients showed striking 
evidenee of both osteomalaeia and osteitis fibrosa and no osteopenia. Kuhlen- 
cordt et al. (1971), Vitalli (1970) and Ball (1971) elaimed to have found no osteo- 
malacia in dialysed patients. Osteoid seams were small in measurements of 
Kuhleneordt and eoworkers (1971) and the fraetion of bone mass represented by 
osteoid was negligible. Our own results are in good agreement with the findings of 
de Veber et al. (1970). They were meanwhile also confirmed by Duursma et aL 
(1972) and Delling (1972). In  nearly all eases of ehronie renal insufficiency with 
and without hemodialysis we found evidenee for an osteopathy eharacterized 
both by fibroosteoelasia and osteomalaeia. Various morphometrie parameters 
(Table 1 and 2) differed signifieantly from these of age-and-sex-matehed controls. 
Apart  from the prevalenee of low density areas in the skeleton of dialysed patients, 
no significant differenees between dialysed and nen dialysed uremie patients were 
deteetable. Osteomalaeia did apparently not progress with increasing duration of 
dialysis. Our data show, that  under the eonditions of dialysis employed in the pres- 
ent series, osteitis fibrosa does not progress in the iliae erest spongiosa of the major- 
i ty of patients. Since we did not perform sequential biopsies in the same patients 
und sinee the average duration of hemodialysis was relatively sh0rt , this s tatement 
is a guarded one. 

Seine of the discrepaneies between different reports in literature may  be due to 
differenees of morphometrieal methods used, to differenees of the conditions of 
dialysis [particular dialysate ealeium coneentration (Goldsmith et al., 1971) and 
serum phosphate eontrol by oral aluminum hydroxide (Parfitt et al., 1971)] er due 
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to differenees of the vitamin D status (Lumb et al., 1971) of the population studied. 
In  addition, differenees in the nutritional status and physieal activity of dialysed 
patients, espeeially protein malnutrition, fluoride intoxication (Parson, 1971) use 
of demineralizers as opposed to deionizers, er toxie factors in tap watet  (possibly 
eadmium as suggested by Kerr  (1971) for Newcastle bone disease) may  explain 
some of the differences observed. 

All quanti tat ive measurements are disquietingly snbject to the possibility of 
the samp]ing error. Although we de not have data on the variation of micromorpho- 
metrie measurements in the same individual at various points of the iliae erest, we 
tried to e]iminate sampling errors as rar as possible by studying sections taken from 
different depths of the bone cylinder which were taken at a precisely defined point 
on the iliae erest. In  the absenee of more systematic data of the entire skeleton we 
de not know whether iliac crest spongiosa is representative for the whole skeleton. 

The decisive influence of dialysate caleium (Goldsmith et al., (1971) and magne- 
sium (Plettka et al., 1971) eoneentrations on the eourse of uremie osteopathy in 
dialysed patients has not been fully reeognized until recently. Dialysis against 
inadequately low caleium eoneentrations leads both to aetivation of parathyroid 
gland activity and to progessive skeletal demineralization by imposing a eonstantly 
negative caleium balance. Whereas parathyroid stimulation was probably prevent- 
ed in the majori ty of patients studied (using an average caleium concentration of 
2.9 mvl/1), progressive skeletal demineralization in this patient group eould be 
shown both by roentgenologieal and roentgenodensitometric methods (Ritz et al., 
1971). As mentioned above skeletal demineralization is probably responsible for 
our mieroradiographie finding of low density areas. Evidently, intermittent 
positivation of ealcium balance by high dialysate ealcium eoneentrations is neeess- 
ary to overcome the negative ealcium balance of the dialysed patients due to 
intestinal malabsorption of ealeium and to feeal ealcium losses (Verberckmoes 
et al., 1971). 

In  support tha t  in the PTH-radioimmnnoassay not only biologieally active 
aminoterminal material but also biologically inaetive fragments of P T H  are mea- 
sured, there was a correlation between serum P T H  ]evels on one hand and the 
surface fraction covered by active Howship's laeunae as well as the osteoeytic 
areae measured in mieroradiographic speeimens on the other hand. The correlation 
of serum P T H  levels to osteoclasts was less well pronounced than that  of osteo- 
eytic areae, possibly beeause even without P T H  and vitamin D ehanges inter- 
mit tent  caleium loads during dialysis might stimulate osteoelasts proliferation by 
increasing eytosol caleium eoncentrations (Bordier, 1972). 

However, there was no eorrelation between serum CT levels and mieromorpho- 
metric parameters. Thus ealcitonin evidently is not a maior faetor in the patho- 
genesis of uremie osteopathy. In  addition, the data of Delano et al. (1971) show that  
caleitonin is entirely ineffective in the t reatment  of uremie bone disease. This 
agrees with the findings, tha t  caleitonin while possibly reacting to short term 
ehanges of serum caleium seems not to be involved in the long-term regulation 
of serum ealeium levels in humans. There was no eorrelation between efficieney of 
dialysis and severity of bone disease. Our data show, that  in the relatively short 
period of dialysis up to 3 years that  we eould study, there was no systemic trend 
towards improvement  er worsening of micromorphometric findings of osteopathy. 
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