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Bone histomorphometry in diabetes mellitus
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Diabetes mellitus (DM) is a common disease with many com-
plications; recently, one more complication has been associat-
ed with DM, an increased risk of fragility fractures [1–3]. Both
type 1 and type 2 diabetes patients display an increase in bone
fragility, which appears to be somewhat independent of bone
mineral density (BMD) [4]. In fact, type 2 diabetes (T2D)
patients have, in general, normal BMD while type 1 patients
(T1D) have low BMD, which may contribute to fracture risk,
but does not fully account for it [5, 6]. In this regard, a study
ana lyz ing bone mate r i a l s t r eng th (BMS) us ing
microindentation testing in vivo, demonstrated that postmen-
opausal womenwith T2D had lower BMS, and therefore com-
promised bone material properties, which were negatively
correlated with glycated hemoglobin [7]. This suggests that
the excess fracture risk in diabetes may be related to poor bone
quality, raising questions regarding bone structure, material
properties, and remodeling activity in these patients. In addi-
tion, poor glucose control and hypoglycemia besides other
features related to the diabetic patient such as impaired vision

and balance due to retinopathy and neuropathy increase fall
and fracture risk. [8].

There are just a few studies on bone histomorphometry in
diabetes with only one study in T1D [9]. Armas et al. [9]
performed histomorphometric and micro-CT measurements
on 18 patients with T1D with a mean duration of disease of
15 years; 5 of the subjects had a history of fragility fractures.
This cohort had reasonable glucose control with half of the
subjects presenting with Hba1c levels lower than 7 %. Bone
biopsies were compared with those from age-matched con-
trols. Overall, there were no significant differences between
patients and controls in the structural parameters measured by
the two techniques. However, those patients with fractures had
structural and dynamic trends different from the non-
fracturing subjects by both methods of analysis. Their trabec-
ulae were more Brod-like^ than Bplate-like^, presumably con-
tributing to their bone fragility. In addition, fracturing patients
demonstrated a trend towards lower bone remodeling param-
eters than those without fractures, but the only statistically
significant difference was a lower mineralization lag time in
T2D [10].

The first histomorphometric study of T2Dwas published in
1964 by Klein et al., who showed an increase of cortical area
of the ribs [11]. In contrast, Leite Duarte and Silva [12] in
1996 demonstrated a significant decrease in cancellous and
cortical structural parameters (e.g., bone volume, cortical
thickness) in 26 diabetic patients (50–89 years of age) when
compared to matched controls. These structural deficiencies
were accompanied by a decrease in bone formation, as indi-
cated by lower osteoblast surface. Furthermore, a study with 8
patients aged 37–67 years, 6 of whom had T2D and 2 had
T1D showed that bone remodeling parameters (e.g., mineral-
izing surface, mineral apposition rate, and bone formation
rate) were significant lower in T2D than controls, suggesting
an osteoblast dysfunction [13]. More recently, Manavalan
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et al. [14] published an interesting study showing a decrease in
tetracycline-based bone formation parameters in subjects with
T2D (aged 58±6 years) compared to age-matched controls.
Biochemical markers of bone formation and resorption were
also lower in the diabetic patients than the controls,
confirming the histomorphometric findings. Other studies
have also demonstrated a reduction in bone markers, accom-
panied by lower circulating PTH levels [15–17] Furthermore,
a combination of reduced serum PTH and osteocalcin predict-
ed vertebral fracture risk independent of lumbar spine BMD
[15]. Sclerostin, an inhibitor of the Wnt canonical pathway,
was demonstrated to be high in T2D and was associated with
increased vertebral fracture risk [16–19]. Furthermore, in ad-
dition to increased serum sclerostin, reduced serum IGF-1
levels were also associated with vertebral fractures in post-
menopausal women with diabetes [19].

Besides the alteration in bone microstructure and remodel-
ing demonstrated by bone histomorphometry, the bone matrix
in diabetes appears to have compromized material properties
due to accumulation of advanced glycation end products
(AGEs) [20, 21]. Decreased bone strength has been associated
with the accumulation of AGEs, which occurs as a result of
hyperglycemia and aging. In this regard, an increase in urinary
pentosidine was related to an increase in vertebral fractures in
T2D [20].

In summary, the only histomorphometric study in T1D to
date revealed little difference from controls. There may be
subtle differences in cancellous bone structure and bone for-
mation dynamics in those with T1D who had fractures. By
contrast, in T2D, bone histomorphometry and biochemical
markers have clearly demonstrated reduced cortical thickness
and cancellous bone volume, accompanied by reduced bone
formation and turnover. The skeletal phenotype in T2D there-
fore appears to be characterized by low bone turnover. All
these findings may indicate that anabolic agents, such as
PTH peptides and sclerostin inhibitors, may be a promising
therapeutic option in diabetic patients with bone fragility.
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