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Abstract

Static and dynamic histomorphometry provides reproducible data on bone morphology and metabolism. The
series of selected abbreviated case reports presented in this manuscript illustrates the role of histomorphometry
in the diagnosis and management of metabolic bone disease states.

Introduction

The application of histomorphometry to the diagnosis and
management of metabolic bone diseases was covered by
previous reviews."” The technique involves the taking of a
trans-iliac bone biopsy after labelling the skeleton with two
cycles of tetracycline administration separated by at least 14
days and preparation of non-demineralised microscopic sec-
tions. Histomorphometric analyses provide quantifiable and
reproducible data on the thickness of the cortical plates, vol-
ume and width of the trabecular bone, extent and rate of
mineralisation of osteoid, and osteoclastic activity. The data
obtained are correlated with clinical, radiological and bio-
chemical findings. This manuscript is aimed at presenting
abbreviated case reports that demonstrate the application of
histomorphometry to the multi-disciplinary diagnosis and
management of metabolic bone disease.

Case 1

A 13-year-old male patient presented with a history of inter-
mittent atraumatic bone fractures for the past four years.
The patient was bedridden for seven months and frequently
complained about abdominal pain and diarrhoea. He
received long-term prednisone and anti-inflammatory drugs
for atypical juvenile dermatomyositis diagnosed at a
rheumatology clinic. Urinary biochemistry, serum calcium
and PTH concentrations were normal, alkaline phosphatase
mildly increased and 25-hydroxyvitamin D (25(OH)D) was
decreased. Celiac disease (a common cause for bone

deficiency in patients with abdominal symptoms) was sero-
logically excluded. Radiographs showed healing fractures
of both femurs and diffuse osteopaenia. A transcortical
trephine biopsy of the iliac crest was taken and processed
according to the protocol for histomorphometry.' The bone
marrow showed an increase in mature eosinophils.
Histomorphometry revealed severe thinning of the cortex
and an increased trabecular bone volume. The latter was due
to an increase in homogenous osteoid deposited by normal-
appearing osteoblasts. The surface of the trabecular bone
showed several empty Howship’s lacunae, many of which
were filled with osteoid. Eighty-seven per cent of bone sur-
faces were covered by osteoid (n=18.9%, SD 5%).
Mineralisation fronts in the osteoid were focally broad and
ill-defined. Tetracycline lines were present on 8% of bone
surfaces (n=12.8%, SD2.3%) and were less than 4 microns
apart (n=6.4y, SD1p) (Figure I). Further examination for
the cause of the bone marrow eosinophilia revealed intes-
tinal parasitic infestation (Taenia solium). The significant
decrease in cortical bone was undoubtedly the direct cause
for the repeated fractures as cortical bone constitutes 85% of
skeletal mass.* Abundant osteoid was indicative of adequate
osteoblastic recruitment and a lack of concomitant mineral-
isation activity, histomorphometric features of hypertrophic
rickets. The normal PEI and homogenous nature of the
osteoid argued against hypophosphatemic rickets in which
the osteoid usually has a laminar appearance.’ Osteoblasts
and mineralised bone had normal morphologies exclud-
ing a diagnosis of osteogenesis imperfecta.
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A deficiency of calcium at osteoblastic level was the prin-
cipal cause for the reduced mineralisation of the wide
osteoid seams (as reflected by the reduced distance
between the tetracycline lines). The reasons for the
unavailability of calcium at cellular level were multi-fac-
torial. The low 25(OH)D concentration was the result of
the lack of sun exposure and contributed to a reduced
uptake of dietary calcium. Long-term corticosteroid ther-
apy inhibited intestinal mineral uptake and reduced
osteoblast mediation of mineralisation. Intestinal parasitic
competition for dietary mineral added another parameter
to the complex pathogenesis. The lack of loading of the
skeleton due to the bedridden state of the patient was fur-
thermore a potent stimulus for mineralised bone loss, a
phenomenon particularly relevant to the growing skele-
ton.® As some degree of mineralisation occurred during
the period of hospitalisation (reflected by the broad min-
eralisation front of recent onset) a dietary deficiency
before admission was also suspected. Treatment of the
parasitic infestation, an alternate anti-inflammatory drug
with a less deleterious effect on the skeleton, cholecalcif-
erol administration and a mineral-supplemented diet were
advised. In addition, restoration of physical activity pro-
vided a holistic approach to a protracted management reg-
imen. Eight months after initiation of therapy a follow-up
biopsy revealed restoration of bone volumes and mineral-
isation activities.

A deficiency of calcium at osteoblastic level
was the principal cause for the reduced
mineralisation of the wide osteoid seams

Figure 1.

Case 1: Green fluorescence of two parallel tetracycline
lines in the osteoid (arrows, unstained section viewed
with UV light, X80)

Case 2

An 8-year-old female from Lesotho presented with diple-
gia, progressively decreased mobility and failure to thrive.
She sustained a fracture of her femur during normal play-
ground activities. A skeletal radiological survey showed
generalised osteopaenia. All bone metabolites fell within
normal age-matched limits, and urinary metabolic studies
were unremarkable. A transcortical iliac crest biopsy was
performed according to protocol.! Histomorphometry
showed reductions of the inner cortical plate thickness
and a mean trabecular bone width (Figure 2). All bone
surfaces were smooth and no active osteoblasts were
noted. No recently formed woven bone was present,
excluding a possibility of a late manifestation of osteoge-
nesis imperfecta. The inner plate of the cortical bone
showed 35% of the surface area occupied by empty
Howship’s lacunae (n=5.1%, SD 0.6%). Scattered active
osteoclasts were present. Recruitment of osteoblasts was
zero as all bone surfaces as well as the Howship’s lacunae
were devoid of osteoblasts and osteoid. Mineralisation
activity as reflected by tetracycline uptake was zero. The
findings were in line with those of a recent onset negative
shift in bone formation with increased bone resorption.
Thyroid hormone biochemistry was requested and
hypothyroidism due to an endemic goitre confirmed. The
increase in Howship’s lacunae with active osteoclasts is
proof of the selective stimulatory effect of TSH acting via
receptors on osteoclasts.” Management of the case
entailed the establishment of an euthyroidal state, pre-
scription of a mineral-supplemented diet and step-wise
reintroduction of physical activity. The case was lost for
follow-up.

Case 2: Thin inner cortical plate (left) and a reduction of
the trabecular bone volume due to thinning of individual
trabecula (H&E stain X20. Bar =1 000 p)
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Case 3

A 19-year-old male presented with a history of renal arteri-
al thrombosis as a child with chronic renal failure. Skeletal
deformities had become progressively worse over the last
three years on renal dialysis. Six months before the bone
biopsy a successful renal transplant was performed. Bone
scans revealed generalised osteopaenia. Renal function
tests, PTH and calcium concentrations were normal,
25(0OH)D low and phosphate excretion index determined on
a 24-hour urine sample within upper normal limits. The
patient had received corticosteroids and cyclophosphamide
since the renal transplant. An iliac crest biopsy was per-
formed according to the protocol for histomorphometry.’
The three main types of bone disease in patients with renal
failure (renal osteodystrophy) are osteitis fibrosa (high
turnover hyperparathyroid bone disease), osteomalacia and
adynamic bone disease.® Only histomorphometry can read-
ily distinguish the three types of renal osteodystrophy.’
Although the renal transplant suspended the pathogenesis of
skeletal resorption in this case, elements of all three micro-
scopic entities of renal osteodystrophy were present. A uni-
versal feature of renal failure is hyperplasia of the parathy-
roids and a rise in serum PTH in response to hypocalcaemia.
Foci of inactive tunnelling resorption and osteitis fibrosa,
important features of previous high turnover hyperparathy-
roid bone disease, were evident (Figure 3).
Parathyroidectomy was however not indicated due to a sus-
pension of osteoclasts activity through the successful renal
transplant. The volume of osteoid was increased and miner-
alised cortical bone reduced in width — histomorphometric
data compatible with osteomalacia. Mineralisation activity
was, for practical purposes, not demonstrable. If mineralisa-
tion of the osteoid could be induced, the Howship’s lacunae
would mineralise and disappear.
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Figure 3.

Case 3: Howship’s lacuna devoid of osteoclasts and lack-
ing osteoblast recruitment. Note the osteitis fibrosa rep-
resented by the fibroblast proliferation in the resorptive
lacuna (H&E stain, X300)

The lack of mineralisation activity was addressed through
dietary mineral and cholecalciferol supplementation, and
moderate skeletal loading with supervised biokinetic activi-
ty was advised. Factors that impacted on mineral metabo-
lism in this case included physical activity and immunosup-
pressive therapy as discussed in Case 1. In renal dialysis
patients, the potential toxic effect of aluminium on
osteoblasts should also be considered as a potential factor
hampering bone mineralisation. Stains for aluminium
deposits in the bone marrow were however negative.
Follow-up DXA measurements after one year showed a
mild increase in bone mineral density. The patient refused a
follow-up bone biopsy.

Case 4

A 62-year-old male patient presented with generalised
skeletal osteopaenia and diffuse bone pains. The patient
gave a history of hypercalcaemia with nephrocalcinosis
one year prior to the diagnosis of the squamous cell car-
cinoma of the bronchus for which a pneumonectomy had
been performed eight months previously. Mediastinal
lymph nodes showed metastatic deposits. PET scans iden-
tified several foci of FDG uptake in the axial skeleton and
metastatic deposits were suspected. The patient refused
postoperative chemotherapy but gave consent for a bone
biopsy for histomorphometry. Upon admission for the lat-
ter, serum calcium concentrations were found to be slight-
ly elevated and 25(OH)D decreased. Albumin and alka-
line phosphatase concentrations and urinary mineral bio-
chemistry were within normal limits. Intact s-PTH con-
centration was low. A transcortical iliac crest biopsy was
performed according to protocol the for bone histomor-
phometry.! The biopsy showed a moderate reduction of
cortical and trabecular bone. No osteoblastic activity or
demonstrable osteoid were present and mineralisation
activity (tetracycline lines) could therefore not be demon-
strated. Noteworthy was an increase in osteoclasts with
foci of active tunnelling resorption (Figure 4) despite
reduced PTH concentrations. The effect of PTHrP
(parathyroid hormone-related protein, produced by the
metastatic deposits of the squamous cell carcinoma) on
bone was suspected. This was supported by the reduced
PTH- and increased calcium concentrations. Uncoupling
of osteoblast and osteoclast activities distinguishes
PTHrP-induced bone loss from hyperparathyroidism and
is an important histomorphometric characteristic of
humeral hypercalcaemia of malignancy (HHM)."” HHM
was most likely the cause for the past nephrocalcinosis of
the patient. As in our case, relationships are frequently
demonstrable between the effect of PTHrP on bone and
HHM'""? as well as 25(OH)D and PTH concentrations.
Through the release of PTHrP, cancer cells stimulate
osteoclast activity both at the site of the metastatic deposit
as well as at distant skeletal sites leading to localised
osteopaenia (manifesting as osteolytic metastases) and
distant diffuse skeletal osteopaenia as in our case.
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Management of the diffuse skeletal osteopaenia under
these circumstances would include reducing the bulk of
malignant cells through adjuvant therapy, as well as the
administration of bisphosphonates. The latter group of
drugs inhibits osteoclastic bone resorption, corrects HHM
and improves quality of life in terminal cancer patients by
reducing bone pains and preventing the development of
new osteolytic lesions.” Recent cases presented at the
2010 annual meeting of the American Association of
Orthopedic Surgery meeting in New Orleans indicate
unusual fractures in patients on bisphosphonates for more
than 4 years. These reports are the first on long-term bis-
phosphonate therapy and may introduce recommenda-
tions for periodic drug cessation in order to prevent frac-
tures. Chemotherapy and radiotherapy with the adminis-
tration of corticosteroid drugs may impact negatively on
all parameters of bone metabolism and complicate the
management of the skeletal deficiencies of the cancer
patient. Despite progression of the malignancy, two-year
follow-up bone scans indicated stabilisation of skeletal
mineral density and no new skeletal metastatic deposits.

Figure 4.

Case 4: A focus of active tunnelling resorption without
concomitant osteoblastic activity (arrows indicate osteo-
clasts in Howship’s lacunae, H&E stain X400)

Case 5

A 6-month-old baby presented with a history of multiple
fractures since birth. All biochemical parameters were
within normal limits and osteogenesis imperfecta was
suspected. A transcortical iliac crest biopsy was taken
three days after two cycles of tetracycline administration
14 days apart. The cortical bone showed an irregular
thickness varying between 60-400 um (n=750 um at age
6 months). The trabecular bone volume was normal. The
volume of woven bone in both the cortex and trabeculae
was high at the expense of lamellar bone. Osteoblasts
were spindle-shaped, resembled fibroblasts and deposited
bone that failed to show lamellar transformation (Figure
5). No Haversian systems were present in the cortices.

Case 5: Woven-type trabecular bone lined by fibroblast-
like osteoblasts (arrows, H&E stain X300)

The osteocyte lacunae were large and an increased num-
ber of osteocytes per unit area was counted. The micro-
scopic features were compatible with a diagnosis of
osteogenesis imperfecta. Osteogenesis imperfecta
involves all tissues with a type I collagen content and may
manifest over a wide age range. The mode of inheritance,
severity and clinical manifestations depends on the effect
of the gene mutation on the collagen molecule.""
Management of children who survive is focused on all
possible ways of increasing bone mass and includes bis-
phosphonates and hormone replacement after menopause.

Case 6

A 13-year-old patient, ill for the past three years and diag-
nosed with chronic lung disease, presented with fractures of
the left humerus and femur. The patient had received treat-
ment for tuberculosis in the past although all tests for the
infection were negative. Bone scans showed generalised
osteopaenia with increased metaphyseal uptake in several
bones suggestive of leukaemia. Blood smears however
showed plasmacytoid lymphocytes only. Serum and urine
metabolic screening provided no additional information.

Case 6: Histoplasma capsulatum yeast cells in the bone
marrow (silver stain, X400)
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A transcortical iliac crest biopsy was performed as pre-
scribed by the regimen for histomorphometry. Collections
of uni-nuclear histiocytes with round cytoplasmic inclu-
sions were present in the marrow spaces. Silver stains
showed numerous yeast cells (Figure 6). A diagnosis of dis-
seminated histoplasmosis was suggested and mycological
confirmation recommended. The patient demised before
antifungal therapy was commenced. This case illustrates an
unexpected finding for a metabolic bone clinic.

Case 7

A 15-year-old male patient presented with abnormal exos-
tosis in the external ear canal and thickening of the tempo-
ral bone with progressive deafness. All biochemical and
haematological parameters were within normal limits,
except for a mild increase in alkaline phosphatase. The
patient received two cycles of tetracycline for dynamic bone
histomorphometry' and biopsies were taken of the iliac
crest, temporal bone and an exostosis of the occiput. A frag-
ment of each biopsy was submitted for transmission elec-
tron microscopy. The sections of the bone taken from the
iliac crest showed grossly thickened cortices (1 863 um),
increased trabecular bone volumes (32.4%), cartilage inclu-
sions (Figure 7), elevated parameters of osteoid deposition
and a normal population of osteoclasts per linear bone sur-
face. No Haversian systems were noted. Biopsies from the
other sites showed thick lamellar bone with small marrow
spaces. An exhaustive search with the transmission electron
microscope revealed two osteoclasts, both without cytoplas-
mic ruffled borders. The findings were compatible with
those reported for osteopetrosis.”® Osteopetrosis, from a
clinical view point, is a heterogeneous group of diseases and
subsequently various classification systems exist. Because
bone formation is normal or even excessive and bone
resorption suppressed, consensus is that the primary defect
lies with the osteoclast lineage.

Figure 7.

Case 7: Broadened cartilaginous cortex (asterisk) with
wide bone trabecula showing cartilage inclusions
(arrows) (H&E stain X200)

The complications include bone marrow displacement with
pancytopaenia, pathological fractures and pressure-induced
neural atrophy with, among other symptoms, neuralgic
pains and conductive hearing loss. Repopulation of the bone
marrow with compatible bone marrow stem cells promises
a future for the management of this chronic incapacitating
disorder.

Conclusion

The cases demonstrate the multi-factorial pathogenesis of
metabolic bone diseases where co-morbidities impact on the
primary bone disease state. Histomorphometry is the only
modality that accounts for all variables and accurately
reflects the status of bone metabolism on cellular level.

The content of the article is the sole work of the author.

No benefits of any form have been or are to be received from
a commercial party related directly or indirectly to the sub-
Ject of the article.
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