
J Bone Miner Metab (1999) 17:283–288

© Springer-Verlag 1999
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hyperparathyroidism patients determined using histomorphometry
and node–strut analysis
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incompletely regulated secretion of parathyroid hor-
mone (PTH) [1]. It predominantly affects women in
the first decade after menopause [2]. Both PH and
osteoporosis (OP) generally produce bone loss. How-
ever, the pattern of bone loss in patients with PH is
generally different from that seen in osteoporosis. In
PH, densitometric studies indicate that bone mineral
density (BMD) is preserved at sites containing a high
percentage of cancellous bone, whereas BMD is
reduced in regions dominated by cortical bone [3–5].
Histomorphometric studies have also shown the
relative preservation of cancellous bone in patients with
PH [6,7].

It is generally accepted that bone strength depends
on both bone mass and bone microarchitecture [8,9].
Therefore, microstructural analysis of bone is important
in a discussion of bone strength and fracture risk. As for
trabecular bone, some investigators have reported that
trabecular connectivity is maintained in patients with
PH [6–8,10–12]. Because bone is composed of both
trabecular and cortical bone, the cortical bone structure
is also important to determine bone strength [13]. In this
regard, cortical porosity deteriorates in patients with
PH [14–16]. However, there have been few simul-
taneous studies of trabecular and cortical microstruc-
ture in PH patients. The purpose of this study was to
evaluate trabecular microstructure using node–strut
analysis, which permits quantitative evaluation of two-
dimensional trabecular connectivity, and simultane-
ously to evaluate cortical porosity in patients with mild
primary hyperparathyroidism.

Patients and methods

The subjects consisted of women with PH and age-
matched controls with involutional osteoporosis. The
PH group included 11 women from 50 to 77 years in
age (mean, 61.8 years). The majority of the patients

Abstract: The purpose of this study was to use histomor-
phometry to compare the microstructure of trabecular and
cortical bone in patients with primary hyperparathyroidism
(PH) with that seen in osteoporosis. Histomorphometric and
node–strut analyses of iliac bones were performed on 11
female patients with PH (61.3 6 8.0 years old) and 61 age-
matched female patients with involutional osteoporosis (OP)
(63.6 6 5.6 years old). Cancellous bone volume (BV/TV),
trabecular thickness (Tb.Th), trabecular number (Tb.N),
trabecular separation (Tb.Sp), and wall thickness (W.Th)
were not significantly different in these two groups. The bone
formation rate (BFR) tended to be higher in the PH group
than in the OP group. The number of nodes (N.Nd/TV) and
node-to-node strut length (Nd.Nd/TV) were significantly
higher in the PH group than in the OP group. The number of
termini (N.Tm/TV) and terminus-to-terminus strut length/
total strut length (Tm.Tm/TSL) were significantly lower in the
PH group; cortical porosity was significantly higher in the PH
group than in the OP group. No correlation was found
between age and N.Nd in the PH group, but there was a
negative correlation between age and N.Nd in the OP group.
Our results show that trabecular connectivity was maintained
while cortical porosity deteriorated in patients with PH com-
pared with OP. These results suggest that there are micro-
structural differences between PH and OP in cancellous and
cortical bone that result from the bone remodeling sequence
in humans.
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Introduction

Primary hyperparathyroidism (PH) is a disorder of the
calcium endocrine system caused by increased and
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presented with clinical and biochemical evidence of
mild disease. None had nephrolithiasis, classical osteitis
fibrosa, or bone pain. Three had one or more vertebral
compression fractures, but none had any fractures at
other sites. The mean serum calcium, phosphorus,
and alkaline phosphatase levels of our patients
were 11.3mg/dl (normal, 8.7–10.0 mg/dl), 2.48mg/dl
(normal, 2.5–4.6), and 505 IU/l (normal, 80–180),
respectively. The PTH levels were increased in all
patients, but these were measured by different methods,
which are not comparable (Table 1). The involutional
osteoporosis group consisted of 61 women from 50 to 72
years in age (mean, 63.6 years), whose samples were
biopsied in our department or at other hospitals and
referred to our department for bone histomorpho-
metry. The clinical diagnosis was made according to the
diagnostic criterion proposed by the Silver Science
Research Group of the Japanese Ministry of Health and
Welfare [17].

The iliac bone biopsies were taken from the standard
site, 2cm behind and below the anterosuperior iliac
spine, following double tetracycline labeling (oral
tetracycline hydrochloride, 250mg four times a day) on
a schedule of 2 days on, 7 days off—2 days on, 7 days off.
The bone specimens were fixed in ethanol, stained with
Villanueva bone stain, and embedded in methyl-
methacrylate. Sections 5 µm thick were cut from the
embedded bones with a Jung Model K microtome (Carl
Zeiss, Heidelberg, Germany) [18].

The following histomorphometric variables were
measured or calculated for an area of cancellous bone in
each section: bone volume (BV/TV), trabecular thick-
ness (Tb.Th), trabecular number (Tb.N), trabecular
separation (Tb.Sp), wall thickness (W.Th), and bone
formation rate-volume referent (BFR/BV). Tb.Th was
obtained using the equation for the parallel plate model
[19].

The trabecular microstructure was measured using
node–strut analysis as described by Garrahan et al. [20].
Nodes (Nd) and Termini (Tm) were identified and the
numbers of nodes (N.Nd) and termini (N.Tm) were
counted per square millimeter of cancellous space
(N.Nd/TV, N.Tm/TV). The strut length was measured
and the node-to-node strut length (Nd.Nd) was
expressed per square millimeter of cancellous space

(Nd.Nd/TV); the terminus-to-terminus strut length was
expressed relative to the total strut length (Tm.Tm/
TSL). In cortical bone, cortical porosity was defined as
the sum of the Haversian canal area and resorption
area as a percentage of the total cortical area ((CtHCa
1 CtRsAr)/CtAr). Histomorphometric parameters,
cortical porosity, and strut analysis parameters were
measured in the bone specimens using a semiautomatic
image analyzer system connected to a personal computer
(System Supply, Nagano, Japan). All the parameters
were designated using nomenclature approved by the
American Society for Bone and Mineral Research [19].

Statistical analysis

Differences between groups were assessed using two-
tailed unpaired Student’s t-tests; Welch’s corrections
were used when the variance between groups was signi-
ficantly different. All the correlations were performed
by linear regression analysis. P values less than 0.05
were considered significant.

Results

Table 2 shows all the histomorphometric values for
the PH and OP groups. Histomorphometry (BV/TV,
Tb.Th, Tb.N, Tb.Sp, and W.Th) was not significantly
different in the PH and OP groups. The bone formation
rate (volume referent) tended to be higher in the PH
group than in the OP group, but the difference was not
significant (P 5 0.14) (Fig. 1).

For node–strut analysis, Nd-related variables such
as N.Nd/TV and Nd.Nd/TV indicate trabecular con-
nectivity. These were significantly higher in the PH
group than in the OP group (N.Nd/TV, P , 0.0001;
Nd.Nd/TV, P , 0.01). Tm-related variables such as
N.Tm/TV and Tm.Tm/TSL indicate trabecular dis-
connectivity, and these were significantly lower in the
PH group than in the OP group (N.Tm/TV, P , 0.05;
Tm.Tm/TSL, P , 0.05) (Fig. 2). The cortical porosity
was more than three times higher in the PH group than
it was in the OP group (P , 0.0005) (Fig. 3).

In the OP group, there was a negative correlation
between age and the Nd-related variables, while
there was a positive correlation between age and
the Tm-related variables. There was no correlation
between the structural variables and age in the PH
group (Table 3).

Discussion

Conventional histomorphometry is not always
appropriate for evaluating trabecular microstructure.

Table 1. Biochemical data of 11 patients with primary
hyperparathyroidism

Parameter Mean 6 SD Range Reference value

Calcium 11.39 6 0.79 10.3–12.6 8.7–10.0mg/dl
Phosphate 2.48 6 0.62 1.7–4.0 2.5–4.6 mg/dl
Alkaline 505.3 6 530 134–1815 80–180 IU/l

phosphatase
Creatinine 0.81 6 0.23 0.5–1.2 0.5–0.8 mg/dl

284 T. Uchiyama et al.: Bone microstructure in hyperparathyroidism



Fig. 1. Histomorphometric parameters in patients with PH (primary hyperparathyroidism; shaded bars) and OP (involutional
osteoporosis; open bars) (mean 6 SEM). For explanation of abbreviations, see Table 2

Fig. 2. Structural parameters were
determined using node–strut analysis
in patients with PH (primary hyper-
parathyroidism) and OP (involu-
tional osteoporosis) (mean 6 SEM)



Fig. 3. Comparison of cortical porosity in patients with
PH (primary hyperparathyroidism) and OP (involutional
osteoporosis) (mean 6 SEM) compared with OP patients. This finding is consistent

with previous reports [10,11]. Vogel et al. [12] also
showed that trabecular microstructure was maintained
in PH patients using node–strut analysis and another
structural parameter, trabecular bone pattern factor
(TBPf). The mechanism that maintains higher
trabecular connectivity in PH is not well understood.
Eriksen et al. [23] reported the decreased resorption
depth of trabeculae in a case of PH by counting the
eroded lamellae. This result may explain why trabecular
microstructure is maintained against trabecular
perforation in PH despite the increased activation
frequency and erosion of a large proportion of the
trabecular surface [10]. This mechanism appears to
clearly contrast with the pattern of bone loss in patients
with osteoporosis, which is caused by the loss of entire
trabeculae resulting from trabecular perforation caused
by osteoclastic bone resorption [24]. Parfitt et al. [25]
advocated another mechanism in PH, in which

Table 3. Correlation between age and structural parameters

r value P-value

PH:
N.Nd/TV 20.19 n.s.
Nd.Nd/TV 20.052 n.s.
Tm.Tm/TSL 0.391 n.s.

OP:
N.Nd/TV 20.567 ,0.0001
Nd.Nd/TV 20.545 ,0.0001
Tm.Tm/TSL 0.457 ,0.001

Table 2. Histomorphometrical indices in patients with primary hyperparathyroidism
(PH) and involutional osteoporosis (OP)

Index PH (n 5 11) OP (n 5 61) P-value Unit

Age 61.2 6 8.0 63.6 6 5.6 n.s.
BV/TV 15.67 6 8.6 11.86 6 4.8 n.s.a %
Tb.Th 147.6 6 42.2 132.7 6 33.3 n.s. µm
W.Th 33.0 6 8.4b 34.8 6 3.8 n.s. µm
Tb.N 0.884 6 0.268 0.994 6 0.338 n.s.a /mm
Tb.Sp 1117 6 431 962 6 835 n.s.a µm
N.Nd/TV 0.29 6 0.15 0.14 6 0.10 ,0.0001 #/mm2

Nd.Nd/TV 0.27 6 0.21 0.13 6 0.14 ,0.01 µm
N.Tm/TV 0.78 6 0.40 1.14 6 0.42 ,0.05 #/mm2

Tm.Tm/TSL 0.16 6 0.12 0.24 6 0.12 ,0.05 µm
Cortical porosity 18.4 6 7.9 5.1 6 3.0 ,0.00005a %

BV/TV, cancellous bone volume; Tb.Th, trabecular thickness; W.Th, wall thickness; Tb.N,
trabecular number; Tb.Sp, trabecular separation; N.Nd/TV, number of nodes; Nd.Nd/TV, node-
to-node strut length; N.Tm/TV, number of termini; Tm.Tm/TSL, terminus-to-terminus/total strut
length
Values are expressed as mean 6 SD
a Welch’s correction was performed
b n 5 10; wall thickness in 1 case of PH could not be measured because of lack of resting surface

We previously reported a typical example of two cases
with almost identical conventional histomorphometric
parameters, including BV/TV, Tb.Th, Tb.N, and Tb.Sp,
but with two- to fourfold differences by node–strut
analysis [21].

In this regard, new methods were developed to
quantify trabecular microstructure. Node–strut analysis
is one of the methods used to evaluate trabecular
structure more directly. Mellish et al. [22] reported the
usefulness of this method by showing a high correlation
between ultimate compressive strength and the number
of nodes (N.Nd).

Our node-strut analysis shows that trabecular
connectivity was maintained in patients with PH
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osteoclasts seem to change direction and erode the
interior of the trabeculae longitudinally rather than
penetrate their full thickness.

Christiansen et al. [15] suggested that the reduction
of the appendicular bone mineral density in PH might
be the result of three mechanisms: (1) increased cor-
tical porosity, (2) reduced cortical width, and (3) an
increased proportion of new, lightly mineralized bone.
Although we did not investigate the latter two factors,
our results show that the marked cortical porosity seen
in PH compared with OP may cause bone fragility in
predominantly cortical bone. This result is in accor-
dance with previous studies [14–16]. Brockstedt et al.
[16] argued that cortical porosity depends on the size
of the remodeling space because of the enhanced
activation frequency in PH.

The risk of fracture in mild PH is controversial. A
low incidence of spinal fracture has been reported
in osteoporotic patients with high PTH [26], which
suggests that PTH has some beneficial effects at sites
that contain cancellous bone predominantly. Com-
bining previous reports [10–12,14–16] with our results,
which show that PTH maintains the mass and micro-
structure of trabecular bone while enhancing cortical
porosity, we hypothesize that in mild PH the incidence
of trabecular fractures such as vertebral fractures
should be expected to decrease, whereas that of
cortical fractures should increase. Wilson et al. [27]
reported that the risk of vertebral fractures does not
increase in patients with mild primary hyperpara-
thyroidism. Larsson et al. [28] reported an increase in
the frequency of distal radius fractures in women
with mild hypercalcemia caused by PH. These two
reports support our hypothesis. On the other hand,
Kochersberger et al. [29] reported a greater prevalence
of vertebral fractures in patients operated on for PH. A
prospective study on this is necessary before recom-
mending surgical intervention in asymptomatic PH
patients.

In conclusion, an analysis of biopsied iliac bone
specimens showed that in mild hyperparathyroidism
bone loss occurred mainly in cortical bone and was
reflected by increased porosity, while trabecular con-
nectivity was maintained. This finding is in contrast to
osteoporosis, in which connectivity is presumed to be
lost as a result of trabecular perforation.
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