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Abstract To evaluate the effects of increased parathy-
roid hormone (PTH)-secretion on trabecular bone struc-
tare in patients with primary hyperparathyroidism
(PHPT) we have analysed iliac crest biopsies from 84
patients (38 male, 46 female, age 20-85 years) with sur-
gically proven PHPT by using quantitative histomor-
phometry. As there might be an influence of age or sex,
subjects were divided into 4 subgroups according to age
(younger than 50 years, older than 50 years) and sex.
Eighty four age and sex matched autopsy cases of acci-
dental death served as controls. When compared with
age matched controls, trabecular bone volume (BV/TV)
and trabecular diameter in PHPT were increased. Tra-
becular density in PHPT was elevated significantly in the
older age-groups. These results suggest a preservation of
intertrabecular connectivity, which we were able to con-
firm by measurement of the number of intertrabecular
nodes and trabecular bone pattern factor (TBPf). No dif-
ferences were demonstrated between male and female
subjects. Furthermore, no variations according to the his-
tological type (with or without endosteal fibrosis) could
be demonstrated in our material. We conclude that in-
creased trabecular bone volume in PHPT is the result not
only of thicker trabecula but also of a reduction of the
age-dependent loss of complete trabecular plates due to
perforations. Thus PHPT leads to a substantial preserva-
tion of intertrabecular connectivity.
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Introduction

The alterations of bone structure in patients with primary
hyperparathyroidism (PHPT) were first described by
Recklinghausen in 1891 [35]. Since this time so-called
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brown tumours have been considered to be a typical fea-
ture of PHPT but previous study of iliac crest biopsies in
391 cases of surgically proven PHPT [10] has shown that
there are four distinct types of finding. Severe fibroos-
teoclasia leading on to the development of brown tu-
mours (type IV) was present in only 4% of all cases.
However, as many as 49% showed a specific, but very
often mild, endosteal fibrosis (type 1II). In 46% there
was a stimulation of endosteal remodelling surfaces
without endosteal fibrosis (type II) and in a very small
number of cases no differences from normal bone tissue
could be observed (type I).

With the possibility of using parathyroid hormone
(PTH) pharmacologically, the resulting effects of chro-
nically elevated PTH levels on trabecular bone have
opened up areas of increasing interest. Parfitt (1976)
[23] has reported that application of PTH in animals
can cause both osteosclerosis and osteopoenia depend-
ing on the dose and duration of treatment; the age of
the animals undergoing treatment is also of great im-
portance.

In man, several studies applying PTH fragments alone
or in combination with other drugs have demonstrated a
net positive effect on trabecular bone volume in idiopath-
ic osteoporosis [22, 27, 31, 32, 33, 36, 39]. These studies
have never exceeded two years in duration and were car-
ried out on a few patients. Data on the long term applica-
tion of PTH are not available.

Former histomorphometric studies in iliac crest biop-
sies of patients with PHPT have failed to show changes
in trabecular bone volume (BV/TV) [6, 7, 12], whereas
others have demonstrated an increase of BV/TV [21, 25,
26, 40]. It has been a matter of speculation whether dif-
ferences in PTH action in males or females at different
ages exist [15, 34], but this has never been investigated
systematically.

The aim of the following study was to analyse trabec-
ular bone structure in a large number of patients with
PHPT to determine whether different patterns of reaction
may exist according to age and sex. Furthermore, it is
conceivable that bone volume and trabecular bone struc-
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ture might depend on the histological type of PHPT, as
mentioned by Lloyd [19].

Patients and methods

Iliac crest bone biopsies of 84 patients (38 male and 46 female)
with surgically proven PHPT were examined. These biopsies were
derived from a collection of 391 patients with PHPT(Delling et al.,
1987). All biopsies included fulfilled the following criteria: a suf-
ficient amount of trabecular bone for quantitative histomorphome-
try (measuring field more than 30 mm?), normal renal function
(Serum-creatinine<1.0 mg/ml) and no brown tumours. Biopsies
were taken at parathyroidectomy. The patients’ age ranged from
20 to 85 years (mean=50.5 years). PHPT was detected in 16 cases
through nephrolithiasis, whereas all other patients were detected
by routine examination of calcium and/or PTH levels for other
reasons. Mean serum calcium levels in our cases were 3.1
mmol/1+0.5 mmol/l (normal: 2.1-2.7 mmol/l). Serum alkaline
phosphatase levels in PHPT were 184 U/1+75 U/l (normal: 55-170
U/l). Serum-phosphorus in patients was in the lower normal range.
PTH-levels were increased in all patients but these data were de-
rived by different methods and are not comparable. Serum levels
of alkaline phosphatase, calcium and phosphate were recorded
from the first day of admission to the hospital.

Eighty four autopsy cases (38 male and 46 female) were used
as healthy controls. Their age ranged from 19 to 87 years
(mean=50.1 years). In all of them death was sudden, due to acci-
dents. None had any history of severe diesease or prolonged bed-
rest in the past. Skeletal disorders were excluded histologically.

To allow for the differentiation of age or sex-related influences
on bone changes all subjects were divided into 4 groups according
to sex and age (<50 years/>50 years). In women, this subclassifi-
cation allows an approximate differentiation between the pre- and
postmenopausal state and enables comparison with data from oth-
er authors [24]. The number and age of patients in these groups
are shown in Table 1.

Tliac crest biopsies were taken in a vertical direction 2 cm be-
low the anterior superior iliac spine according to the procedure de-
scribed by Burkhardt, 1966 [4]. Subsequently they were embedded
undecalcified. Sections 5 pum thick were stained using Goldner,
von Kossa modification, and toluidine blue reaction [10, 14].

All morphometric measurements were done in the spongy bone
of the iliac crest. This was defined as an area at least 2 mm distant
from the endosteal site of cortical bone. The field for morphologi-
cal evaluation was at least 30 mm? in each case. One single section
of each biopsy was examined.

The following parameters were measured directly:

1. BV/TV (%), trabecular bone volume: by means of a point
counting system (Merz-grid). All points covering mineralized
bone and osteoid were divided by the number of points covering
the tissue area (T.Ar).

2. Trabecular diameter (um): by means of a semi-automatic image
analysing system (IBAS I, Kontron, FRG). Each time a randomly
oriented test line covers a trabeculum, the shortest distance from
one surface to the other is measured. The median value of at least

Table 1 Age and number of cases in each group

<50 years >50 years
Agex+SD (years) Age+SD (years)
PHPT 35.4+12.3 63.849.0
Male (n=21) n=17)
Control 33.4+12.6 65.1+11.5
(n=21) (n=17)
PHPT 38.4+10.1 63.6+7.9
Female (n=22) (n=24)
Control 37.0+9.9 64.0+8.0
(n=22) (n=24)

200 measurements for each biopsy is defined to be the trabecular
diameter. To get the trabecular diameter for each individual case
we choose the median value instead of mean value because the
frequency distribution of all single measurements is not normally
distributed. Trabecular plates which are oriented parallel to the
cutting surface of the histological section tend to result in very
high values for trabecular diameter.

3. Trabecular density (n/mm): the number of trabecula covered by
a randomly oriented test line divided by the length of the test line.
The mean value of at least 200 measurements is chosen.

4. W.Th. (um) wall thickness according to the method of Krags-
trup [18].

5. Number of intertrabecular nodes (=node count/mm?) as described
by Compston et al. [§]. By means of an IBAS II image analyser the
binary image was skeletonised and nodes were defined as single
pixels with at least three pixels in its 3x3 pixel neighborhood.

6. TBPf (mm-1), trabecular bone pattern factor, as described in de-
tail by Hahn et al. [14]. This involves using an automatic image
analysing system (IBAS II, Kontron, FRG) to obtain a binary im-
age of trabecular bone (stained using the van Kossa reaction).
Bone area (B.Ar;=Al1) and bone perimeter (B.Pm; =P1) are then
measured. After an artificial dilatation of trabecula for about 5
um, bone area (B.Ar; =A2) and bone perimeter (B.Pm; =P2) are
measured again. TBPf is calculated on the basis of the following
formula: TBPf=(P1-P2)/(A1-A2). The basic idea of this proce-
dure is that well-connected structures show a lot of concave sur-
faces and isolated structures show a lot of convex surfaces. Dilata-
tion of a convex surface leads to an increase in perimeter, whereas
dilatation of a concave surface leads to a decrease in perimeter.
High values of TBPf indicate a lot of convex surfaces (poorly con-
nected structures), whereas low values indicate a lot of concave
surfaces (well-connected structures).

Measurements of bone area (B.Ar), tissue area (T.Ar) and bone
perimeter (B.Pm) were carried out using a 63-fold magnification
and a point counting procedure [9, 38]. Osteoblast surface and
Howships lacunae were measured at a 160-fold magnification. The
percentage of lines of the Merz-grid covering osteoblasts (How-
ships lacunae) and all lines covering bone surface gives the value
for Ob.S/BS (%) and ES/BS (%).

Distances were measured at a 63-fold magnification by means
of a semi-automatic computer assisted image analysing system
(IBAS 1, Kontron, FRG). Test line measurements were obtained in
each case for at least 30 different fields (leading to at least 200
counts per parameter and section). Orientation of the test line was
determined from a random table.

The differentiation in four distinct histological types of pHPT
was done according to Delling [10]. Type I represents normal bone
tissue; type Il is a stimulation of endosteal remodelling without fi-
brosis; type III shows endosteal fibrosis and type IV are all biop-
sies with the presence of brown tumours.

If not indicated otherwise all values are given as mean val-
ues+standard deviation (SD). For calculation of significant differ-
ence student’s t-test was used in all cases (*=P<0.05; **=P<0.01;
#**=P<0.001).

Results

All cases with PHPT (type II and III) studied showed an
intact trabecular bone structure (Fig. 1). Nearly all cases
with PHPT had increased endosteal remodeling, which
was revealed by a high number of osteoclasts and osteo-
blasts. Of all cases 54% had mild endosteal fibrosis only.

Bone volume (BV/TV)

In normal subjects <50 years BV/TV was 20.8%=4.7%
(male) and 21.0%%3.7% (female) respectively, whereas
BV/TV in cases >50 years was 14.4%=+5.6% (male) and
14.9%=4.8% (female) respectively.



Fig. 1 Histological section,
primary hyperparathyroidism
(PHPT). Iliac crest bone biopsy
of a 51-year-old woman with
surgically proven PHPT.
Trabecula are wide and well-
connected. No woven bone

or destructive perforations are
present. (von Kossa stain, 10x)
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Fig. 2 Trabecular bone volume BV/TV MALE BV/TV FEMALE
(BV/TV). Males and females (%) %)
were each divided into
sub-groups <50 years and >50 3% 3
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years. In all groups and both
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In PHPT bone volume was significantly increased in
all corresponding groups (P<0.001). BV/TV in groups
<50 years was 26.05%+4.8% (male) and 26.5%=3.8%
(female). In cases >50 years it was 20.4%+3.9% (male)
and 21.7%+6.1% (female) (Fig. 2).

When we performed a correlation between BV/TV and
the number of Howship’lacunae (ES/BS) we got an coeffi-
cient of correlation of r=0.05. The correlation between
BV/TV and Osteoblastic Surface (Ob.S/BS) was r=0.13.

Trabecular diameter

Male and female control subjects showed no signi-
ficant decrease of trabecular diameter between the
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younger (<50 years) and the older (>50 years) groups
(P>0.05).

Compared with corresponding groups of normal sub-
jects in PHPT we found an increase in trabecular diame-
ter by between 16.8 pm and 27.0 um. An influence of
age or sex on this widening of trabecula could not be
shown (Fig. 3).

Trabecular density

In normal subjects, loss of complete trabecula mainly
contributed to age-dependent bone loss. In subjects <50
years there were no statistically significant differences
between PHPT and age-matched controls.
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Fig. 3 Trabecular diameter Tb.Dm Tb.Dm
(Tb.Dm). In PHPT in both age (um) MALE (um) FEMALE
groups and both sexes trabecu-
lar diameter is higher compared 800 30
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Fig. 4 Trabecular density. Trabecular Trabecular
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In older subjects there were significantly higher val-
ues of trabecular density in male and female subjects
with PHPT when compared with their corresponding
control cases. Relative increases were 13.9% (male<50
years), 9.0% (female<50 years), 16.4% (male>50 years)
and 15.5% (female >50 years) respectively (Fig. 4).

Mean wall thickness (W.Th)

Wall thickness is a variable which defines the amount of
newly formed bone by osteoblasts. In control subjects
W.Th decreased moderately during the course of aging.
Compared to corresponding groups W.Th was increased
in PHPT (Fig. 5). This points to an increased osteoblastic
activity on tissue level. Mean values for PHPT (control)
were: males<50 years 44.4+£5.7 pym (42.5+£3.8 um);
males >50 years 45.7+5.5 um (41.5+4.8 um); females
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<50 years 45.2+5.0 um (42.5+£3.1 um); females >50
years 43.7+6.2 um (39.3+3.4 um).

Number of intertrabecular nodes (mm2)

In control subjects there was a moderate age-dependent
decrease in the number of intertrabecular nodes
(count/mm-2 in) males (P<0.05) and a pronounced
change in females (P<0.001). In PHPT there was a sig-
nificantly higher value of node count/mm? between all
corresponding age groups. The values for each group are
given in Fig. 6.

Trabecular bone pattern factor (TBPf)

High values of TBPf indicate a poor rate of connectivity
of trabecula. As already described by Hahn et al. [14], in
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Fig. 5 Wall thicknes (W.Th.). W.Th W.Th
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another cohort of control subjects there was an age de-
pendent increase of TBP{ in females (P<0.05), whereas
in males no age-related change of TBPf could be deter-
mined. Furthermore, in PHPT, TBPf was decreased in all
groups (Fig. 7). This points towards a much better rate of
connectivity in terms of a decreased number of isolated
trabecula in the two-dimensional bone sections.

Histological type (with or without endosteal fibrosis)

All patients were considered to be one group and divided
according to the presence of endosteal fibrosis (type 111,
n=49) or not (type I, n=33, type I, n=2). Values for each
type were:

BV/TV: 24.6+6.3% (type 11); 23.1+6.4% (type 11I)
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Caleium: 12.3x1.5 mg% (type II); 12.9+2.0 mg% (type HI)
Alkaline phosphatase: 103.7+60.2 U/l (type 1I); 241.5
+182.5 U/l (type III)

Percentage of trabecular surface covered with How-
ship’lacunae (ES/BS): 4.25+2.15% (type II); 6.05+3.56%
(type II)

Percentage of trabecular surface covered by osteoblasts
(Ob.S/BS): 3.31+2.26% (type 11); 4.58+3.18% (type 1II).

Discussion

Our study revealed higher values of trabecular bone vol-
ume (BV/TV} in the iliac crest of patients with primary
hyperparathyroidism (PHPT) when compared with age-
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Fig. 7 Trabecular bone pattern TBPf TBP{
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matched autopsy cases after accidental death. At first
this would seem to contradict the traditionally accepted
view that patients with PHPT have a decreased amount
of bone tissue, as can be demonstrated by means of dif-
ferent non-invasive methods for measurement of bone
density [3, 20, 28, 30]. Nevertheless, it seems that at dif-
ferent sites (distal or proximal radius, or lumbar spine)
there are quite different responses of bone to chronically
elevated levels of PTH [20, 28]. Furthermore, Pfeilschif-
ter et al. [28], demonstrated that mild HPT resuits in in-
creased bone density of trabecular bone in the lumbar
spine whereas symptomatic HPT results in decreased
bone density.

Our findings of increased trabecular bone volume
(BV/TV) in PHPT are not unique. Genant et al. [13] and
Chan et al. [5] both described cases of osteoscleroses in
primary and secondary hyperparathyroidism. Obviously,
the effects of parathyroid hormone (PTH) on bone are
dependent on the duration, extent and pattern of PTH se-
cretion [16]. Piraino et al. [29] have demonstrated in-
creased bone volume in patients with renal osteodystro-
phy, where such findings confirmed a dependence on the
histological type and the serum level of PTH. Further-
more, in some clinical studies it has been demonstrated
that cyclical or pulsatile doses of PTH fragments can
cause net gains in bone volume [22, 31, 32, 33, 36, 39].

Histomorphometrical analyses carried out by some
groups [6, 7, 12] have not been able to demonstrate
changes in bone volume in PHPT, whereas in others [21,
25, 26, 40] increased levels of BV/TV in PHPT have
been established. The interpretation of these different re-
sults is quite difficult. Unfortunately, we do not know
anything about the histological type of PHPT in these
studies. As suggested by Lloyd, [19] and shown by Pi-
raino et al. [29] (in patients with renal osteodystrophy) in
hyperparathyroidism the alterations in bone volume may
depend on the histological type seen in bone biopsies. In
our study most patients were detected during routine ex-
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aminations of calcium levels and some were noticed on
the basis of recurrent nephrolithiasis. Mild endosteal fi-
brosis was present in 54% of cases. Cases with brown tu-
mours or woven bone were not present. Indeed, patients
with endosteal fibrosis had higher levels of serum calci-
um levels and serum alkaline phosphatase activity when
compared with patients without endosteal fibrosis. But,
nevertheless, in our study biopsies both with and without
endosteal fibrosis showed no different bone microarchi-
tecture.

From the pathophysiology of bone remodelling a rela-
tive gain in trabecular bone volume (BV/TV) can be
achieved in two ways; firstly by a widening of individual
trabecula and secondly by an increase in the number of
trabecula. This distinction is a particularly important one
since in terms of bone strength an increased number of
trabecula is clearly superior [17]. In PHPT in both sexes
and all ages we find a widening of trabecular diameter
by between 16.8 um and 29.6 um. This widening is in
accordance with studies from Parisien et al., [25, 26]. It
seems to be due to a stimulation of osteoblastic bone for-
mation on tissue level, as can be shown by increased
wall thickness (W.Th.). Such findings are corroborated in
another study with tetracycline marked cases where an
increased mineral apposition rate in PHPT was demon-
strated [40] and an increased lifespan of osteoblasts [6]
may contribute to the effect described here.

The widening of trabecula in our material can explain
an increase of BV/TV by between 9.8% and 29.2% only.
Measurement of BV/TV showed values which were
higher by 25.2% to 45.6% when compared with age
matched controls.

The trabecular density increased by between 9.0%
and 16.4%. How is it possible to obtain an increase in
trabecular density in PHPT? As the genesis de novo of
absolutely new trabecula is not compatible with current
ideas of bone turnover it is most likely that an increased
number of trabecula is the result of a reduced frequency



of trabecular plate perforations. As shown by Parfitt et
al. [24], the age-dependent loss of bone is mainly the re-
sult of a loss of whole trabecula, due to their perforation
by osteoclastic bone resorption. There exist a wide vari-
ety of agents stimulating motility of osteoclasts [1, 2, 41]
and if PTH stimulates in vivo osteoclastic motility, then
an unchanged resorption activity of each osteoclast
should lead to a decreased depth of resorption lacunae.
Indeed, in a histomorphological study decreased depth of
resorption lacunae in PHPT was found [12]. Further-
more, an unchanged resorptive activity of osteoclasts in
moderate PHPT has been demonstrated by means of
electron microscopy [11]. Because of an increased tra-
becular diameter in PHPT, the probability of perforations
can be reduced drastically even when there is an un-
changed depth of the lacunae. Our data revealing cases
with an increased trabecular density suggest a better rate
of intertrabecular connectivity. This is supported by the
direct measurement of intertrabecular nodes (node count
/mm?2), which were increased in all groups with PHPT.
Each perforation leads to a loss of connectivity in the
two-dimensional section but only a perforation which is
located at a node wouid result in a reduction of node
count/mm?2. Therefore, we would expect no real depen-
dency between the node count/mm? and the number of
perforations.

TBPf (Trabecular bone pattern factor) is a parameter
for the relationship between convex and concave surfac-

s [14]. Therefore, TBPf gives an value for the number
of isolated trabecula. The age-dependent transformation
of trabecular plates into rods following perforation leads
to an increase of convex surfaces in two-dimensional
sections. These can be quantified by TBPf. As a result,
in our data TBPf was decreased in all groups with PHPT
indicating a reduced number of perforations in PHPT.

The increased rate of intertrabecular connectivity and
a reduced perforation rate in our cases with PHPT sug-
gest greater stability of trabecular bone. This is under-
lined by other data [21] demonstrating increased com-
pression strength of the cancellous part of vertebrae in
PHPT. In patients with renal osteodystrophy and second-
ary hyperparathyroidism the incidence of fractures is re-
duced when compared with normal cases [29]. More-
over, Saphier et al. [37] have found a decreased fracture
rate in patients with osteoporosis with increased levels of
PTH compared with patients without increased levels of
PTH.

Our data demonstrate the ability of PTH to induce
anabolic effects in trabecular bone of the iliac crest in
patients with PHPT. A stimulation of bone cell prolifera-
tion and endosteal fibrosis did not lead to statistically
significant differences in this effect. Furthermore, the sex
of the individuals with PTH was of no importance to the
changes in the trabecular response to this disease.

Whether the application of PTH leads to an improved
trabecular bone structure comparable to the one seen in
PHPT is a question which can not be answered on the
basis of our data. Clinical studies dealing with the thera-
py of osteoporosis by means of pulsatile hPTH (1-38)
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have provided quite good results [27, 36], but such find-
ings need to be confirmed by case studies covering a
larger number of patients.
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