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Abstract

Introduction Osteomalacia is a hitherto common orthopaedic condition and is commonly coexists with osteoporosis. How-
ever, the identification of osteomalacia always slips under the radar and more emphasis is given to diagnosis and management
of osteoporosis. Identification of osteomalacia is equally relevant as management of the osteoporotic fractures is different
with or without osteomalacia

Methods This was a prospective study design that included patients 50 years or above of either sex presented with proxi-
mal femur fractures. Osteoporosis was identified by DEXA scan of hip and lumbar spine. Metabolic tests including serum
calcium, phosphorus, ALP and vitamin D levels were done. Histopathological diagnosis of osteomalacia was performed on
bony tissues that were taken during surgery from a site adjacent to the fracture and histological examination was performed
on non-decalcified paraffin sections using special stains.

Results A total of 45 patients was included in study. Mean age was 68.7 years (53-85 years). Abnormal values of serum
calcium, phosphorus, ALP, vitamin D were noted in 44.4%, 22.2%, 53.3% and 48.9% patients, respectively. On histopathol-
ogy, 73.17% patients showed osteomalacia. No significant correlation was found between serum biochemical markers and
histopathology except with serum Vitamin D (p value —0.004).

Conclusion The majority of patients with osteoporotic hip fractures had coexisting osteomalacia. Abnormal biochemical
values were not significantly associated with osteomalacia. Hence, histopathology remains the gold standard for the diag-
nosis of osteomalacia. Further research is needed to identify a biomarker that may enable the clinician to diagnosis and treat
osteomalacia well in time.
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Introduction and is widely prevalent in countries such as India where

majority of population receives suboptimal nutrition [3].
Osteomalacia is characterized by defective or delayed bone = High prevalence of VDD has been reported in healthy Indian
mineralization [1] resulting in low bone mineral density subjects among all age groups [4]. This includes both urban
(BMD). It is mainly due to Vitamin D deficiency [2] (VDD) and semi-urban Indians, postmenopausal women, pregnant
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women, school children and newborns [5, 6]. A prospec-
tive observational study was carried out from July 2006 to
March 2008 by Khadgawat et al [7] on Indian patients with
osteoporotic hip fractures. The authors reported all patients
(n=43) except one had VDD.

Another metabolic disease common in India is osteo-
porosis. In 2013, around 50 million people in India were
reported to have osteoporosis [8]. Fractures of femur neck
and intertrochanter region were the most commonly reported
osteoporotic fractures and add significant health burden [9].
Various studies have documented that osteomalacia and
osteoporosis coexist especially in elderly population [10,
11].

Identification of osteomalacia is a challenging situation
especially if it co exists in the setting of osteoporosis. The
symptoms, such as bone pain, decreased bone radio-density
and increased risk of bone fractures mimic each other [12].
Secondly, for diagnosis of osteomalacia, blood tests alone
are not sufficient [13], and the gold standard is bone histo-
pathology [14]. Indeed, identification of osteomalacia can-
not be overemphasised especially in patients with fracture
because correction of osteomalacia component promotes
fracture healing [15, 16]. Yet the orthopaedic community
do not stress on identification of osteomalacia despite its
significance. The aim of this study was to identify the coex-
istence of osteomalacia in osteoporotic hip fracture patients
in more than 50 years age group.

Methods
Patient Selection

This was a prospective study conducted at Level 1 trauma
centre in North India done in July 2015 to June 2016.
Patients 50 years or above of either sex, who presented
to the orthopaedics department with hip fractures, i.e.,
fracture neck of femur and intertrochanteric having a ¢
score of less than — 2.5 based on DEXA scan was con-
sidered for the study. Patients in whom biopsy could
not be performed, patients with fracture due to second-
ary osteoporosis (hyperparathyroidism and other endo-
crinopathies, drugs, malabsorption syndrome, chronic
kidney disease, haematological disorders, etc.) metastatic
hip fractures, and patients not willing to be part of the
study were excluded. Patients with a history of calcium
and vitamin D supplementation were also included in
the study, but patients with a history of bisphosphonate
were excluded. Besides the routine clinical documenta-
tion of history and examination, relevant history was also
obtained for the presence of any co-morbidities, nutritional
habits and history of sufficient sunlight exposure (expo-
sure of both hands and face to direct sunlight, without

any clothing, for 15-20 min daily for 5 days a week was
considered as sufficient sunlight exposure) [17], family
history for any significant congenital or genetic disorders.
Fasting venous blood samples were collected within 24 h
of hospital admission for routine hemogram, serum cal-
cium, phosphorus alkaline phosphatase (ALP), Vitamin
D (serum 25[OH] D), intact parathyroid hormone (iPTH),
HbAIc for glucose level, antitissue transglutaminase anti-
body (anti-tTG) level for celiac disease, liver and kidney
function tests. Patients with normal values of iPTH were
included in the study. Serum calcium level was adjusted
according to the serum albumin levels. Corrected cal-
cium (mg/dl) = (normal serum albumin level — patient’s
serum albumin level) X 0.8 + measured total calcium level.
DEXA scan of spine and hips were carried out routinely
in all enrolled patients. Modality of the surgical treatment
was determined depending on the configuration fracture
and bone quality either by cephalomedullary nailing or
dynamic hip screws or bipolar hemi-arthroplasty. All
procedures followed were in accordance with the ethical
standards of the responsible committee on human experi-
mentation (institutional and national) and with the Hel-
sinki Declaration of 1975, as revised in 2008 (5). Informed
consent was obtained from all patients for being included
in study. Prior institutional clearance was obtained from
IRB (institutional review board) vide infra: NK/2255/
MS/10823-24.

Histopathological Examination

Samples for histopathology were collected at the time of
operation from the affected site and adjoining area of the
size of around 1 cm in separate vials containing absolute
alcohol. All biopsies were processed as such without decal-
cification after overnight fixation. Sections of 3- to 5-micron
thickness were stained with routinely with H&E, toluidine
blue at pH 2.8, elastic von Gieson, Masson’s trichrome and
Solochrome cyanine R. Biopsies were assessed by (a) study-
ing overall contour of bony trabeculae, i.e., normal thickness
or thinning of trabeculae. If thinning of the trabeculae was
observed, grading as mild, moderate, or gross/extensive was
done subjectively and also extent of involvement of the bony
areas, i.e., focal/patchy or diffuse/extensive was documented.
(b) Reduced calcification of the bony trabeculae was graded
into mild, moderate and severe. Comments were also made
for non-calcified osteoid front of bony trabeculae, osteo-
blastic and osteoclastic giant cells, inter-trabeculae areas for
fibrosis and granulation tissue. A biopsy showing mainly
collagenised tissue was not graded. Histological parameters
were interpreted in context to normal bone section obtained
along the resection margins of limb amputation for fresh
traumatic injury or malignancy.
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Statistical Analysis

The investigation parameters were analysed by statistical
software SPSS 22.0 version. Mean and standard deviation
of variables were calculated, and the correlation to histopa-
thology was done using Pearson's correlation method. Sta-
tistical significance was set at p <0.05. For the calculation
of sample size, we used statistical formula. In the previ-
ous studies, prevalence of osteomalacia in osteoporotic hip
fractures among more than 50 years age of population was
from 30 to 65% [10, 11]. In the current study, we recruited
45 patients (sample size using below formula was 42.68)
assuming that prevalence of osteomalacia in osteoporotic
hip fractures among more than 50 years age of population as
50% at our setting and absolute precision as 15% with 95%
confidence interval.

ny = (1.96)*PQ / D*.

Here ny is the sample size, P is the prevalence of osteoma-
lacia in osteoporotic hip fractures among more than 50 years
age population, i.e., 50%=0.50,Q=1-P=1-0.50=0.50,
D is the Absolute precision, i.e., 15% =0.15.

Results

A total of 45 patients was included in the study. The demo-
graphic and fracture characteristics are shown in Table 1.
84.4% patients (n=38) sustained fracture at home with
fall/slip in the bathroom or wet floor. As per dietary habits,
75.6% patients (n=34) were vegetarian and 24.4% (n=11)
were non-vegetarian. 13.3% patients (n=6) were smokers
and 20% patients (n=9) were chronic alcoholic. Only 42.2%
patients (n=19) had history of sufficient sunlight exposure.
No patients were family history of congenital or genetic dis-
orders. Among co-morbidities 64.4% patients (n =29) were
hypertensive while 40% (n = 18) were diabetic. Mean BMD
value at spine was 0.700 +0.148 g/cm® and mean value at
hip was 0.594 +0.156 g/cm?. 4 (8.9%) patients were pre-
sented with a history of calcium and vitamin D supplements
and 7 (15.6%) patients were history of previous osteoporo-
tic fracture, but not on anti-resorptive medications like
bisphosphonates.

Low values of serum calcium, phosphate, Cax PO,
product and Vitamin D was found in 44.4% (n=20),
22.2% (n=10), 42.2% (n=19) and 53.3% (n=24) patients,
respectively. Serum ALP level found high in 53.3% (n=24)
patients (Table 2).

Osteomalacia was established on histopathological
analysis in 30/41 (73.2%) cases, of these, 3/30 (10%) cases
had mild, 8/30 (26.7%) cases had moderate and rest 19/30
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Table 1 Patients demographic data and fracture characteristics

Total no. of patients 45
Mean age 68.7+8.5 years
(53-85 year)
Mean BMI 21.7+3.2 kg/m?
Sex
Male 20 (44.4%)
Female 25 (55.6%)
Type of fracture
T 31 (68.9%)
NOF® 14 (31.1%)
Side of fracture
Left 28 (62.2%)
Right 17 (37.8%)
Dietary habits
Vegetarian 34 (75.6%)
Non-vegetarian 11 (24.4%)
H/O previous osteoporotic fractures 7 (15.6%)
H/O calcium and vitamin D supplementation 4 (8.9%)

Intertrochanteric fracture

®Neck of femur

(63.3%) cases had severe osteomalacia (Fig. 1). 4 cases
biopsy specimen showed dead or fibrous tissues.

For correlation, we excluded those four cases and the
histopathological and biochemical correlation was obtained
for the remaining 41 patients (Table 3). No significant cor-
relation was found with serum biochemical markers except
with serum Vitamin D (p value —0.004) (Fig. 2). Out of
29/41 (70.7%) intertrochanteric fractures patients, osteoma-
lacia were established in 22 (53.6%) patients while patients
with neck femur fractures (n=12; 29.3%), osteomalacia
were established histopathologically in 8 (19.5%) patients.
Amongst 78.1% vegetarian patients (n=32), 63.4% patients
(n=26) had osteomalacia. (p =0.042) and amongst 56.1%
female patients (n=23), 46.3% patients (n=19) had osteo-
malacia (p=0.164).

Discussion

Osteomalacia is defined as defective mineralization of bone
matrix. The main cause of osteomalacia is vitamin D defi-
ciency that can be due to nutritional deficiency, reduced
cutaneous production, malabsorption, chronic liver dis-
eases and long-term anticonvulsive therapy [18]. Several
studies have showed that bone mineral density (BMD) is
markedly reduced in osteomalacia bone [19, 20] and display
similar clinical features, such as bone pain, decreased bone
radio density and increased risk of bone fractures, as seen
in osteoporosis. Histopathological diagnosis is essential to
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Table 2 Level of various
biochemical values among

Biochemical markers

Number of patients Mean + SD?

patients Serum calcium (8.8-10.2 mg/dl)

Normal/high
Low

Serum phosphorus (2.7-4.5 mg/dl)

Normal/high
Low

Serum ALP® (42-128 U/L)
Normal
High

CaxP product (27-32 mg/dl)
Normal/high
Low

Corrected calcium (8.8-10.2 mg/dl)

Normal/high
Low

Serum vitamin D (10.0-42.9 ng/ml)

Normal/high
Low

25 (55.6%) 8.7+0.45 mg/dl
20 (44.4%)

35 (77.8%) 3.2+0.56 mg/dl
10 (22.2%)

21 (46.7%) 133.6+49.97 U/L
24 (53.3%)

26 (57.8%) 28.45+5.59 mg/dl
19 (42.2%)

25 (55.6%) 9.2+0.67 mg/dl
20 (44.4%)

21 (46.7%) 13.23 +£9.64 ng/ml
24 (53.3%)

4Standard deviation

®Alkaline phosphate

differentiate between osteoporosis and osteomalacia because
no other single blood screening test is sufficient for establish-
ing the diagnosis. In our study, osteomalacia was established
in 30 out of 41 cases (73.2%). Tucker et al. [10] in 1988
found that amongst osteoporotic hip fractures, osteomalacia
was found in 65.4% (n=17/26) patients. Another study by
Hordon et al. [11] were showed that overall 12% (n=9/72)
prevalence of osteomalacia in elderly femoral neck fracture
patients Several other studies also showed the presence of
osteomalacia in bone biopsies from proximal femur fracture
patients [21, 22].

Serum calcium and vitamin D level plays an important
role in finding out status of bone health [23]. Serum 25
[OH] D levels is most practical and widely used parameter
to assess vitamin D status of an individual. There is no gen-
erally accepted criteria on optimal levels of serum 25[OH] D
level, VDD is defined [2] as serum vitamin D level <20 ng/
ml. Using this cutoff value, we found 80% patients had
VDD, and we found 53.3% patients below 10 ng/ml (severe
VDD). A study by Peacey et al. [13] reported that relying
solely on routine biochemical laboratory tests like serum
calcium, phosphate and alkaline phosphatase can lead to
missed diagnosis of osteomalacia in about 20% of cases. In
our study, low level of serum calcium, serum phosphorus
and Ca x P product was found in 44.4%, 22.2% and 42.2%
patients, respectively. Raised level of serum ALP was found
in 53.3% patients.

The majority of patient’s dietary habits were vegetarian
and amongst female patients, many were post-menopausal.

Body weight, age, menopause and calcium intake are impor-
tant determinants of BMD and healthy lifestyle (such as diet,
exercise and sunlight exposure) plays an important role [24].
Adequate intake of calcium and vitamin D increases bone
mass and prevents long-term fracture risk in postmenopausal
women [25]. Only 8.9% of our study patients were taking
regular vitamin D and calcium supplementation at the time
of sustaining hip fracture.

The treatment approach for patients suffering from these
two similar types of metabolic bone diseases is different.
Osteoporosis treatment mainly aims about removing all risk
factors, supplementing vitamin D3 (600-800 IU/days), cal-
cium (dietary calcium 1200 mg/days) and anti-resorptive
therapy [26]. The main aim of osteoporosis treatment is
decreasing fracture risk, which can be achieved by bispho-
sphonates, anti-resorptive drugs so these called gold stand-
ard for treating osteoporosis [27]. However, management of
osteomalacia involves giving vitamin D3 and calcium for at
least 1 or 2 years [28]. It is noted that with proper treatment
of osteomalacia, normalization of BMD of vertebrae and
hip is expected to be reached in up to 12 months [29]. Some
studies suggest that increasing doses of Vitamin D for treat-
ment of patients with osteoporosis [23, 28, 30], is also useful
for accompanying some cases of subclinical osteomalacia.

Our study is not without its share of limitations. We do
not have a very large sample size, so it may not truly be a
reflection of actual incidence of whole Indian population,
besides we did not study for any relevant haematological
markers of bone formation and resorption.
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Normal
( magnification x 200)

Mild Osteomalacia
(magnifications, A=x200, B= x400, C and D= x300)

Moderate Osteomalacia
(magnifications, A and B=x300, C and D= x400)

Severe Osteomalacia
(magnifications,x400)

Fig. 1 The following photomicrographs of bone morphologies shown in Haematoxylin and eosin (a), Elastic Van Gieson (b), Masson’ trichrome

(c) and Solochrome cyanine (d) staining

Conclusion

Based on our study findings, we can say that in most of
osteoporotic hip fracture patients, osteomalacia can coex-
ist. Bone histopathology is gold standard to determine the
presence of osteomalacia but is impractical especially if
we are looking to screen the patient or if patient does not

@ Springer

suffer from fracture. Biochemical findings may not give
true picture of the disease so there is need to identify a
biomarker or panel of markers that may correlate well with
osteomalacia so that clinicians can screen, diagnose and
provide adequate treatment of osteomalacia well in time
before major fracture occurs.
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Table 3 Correlation of biochemical markers and histopathology in 41
patients

Variables No. of patients Histopathology p value
Normal Osteomalacia
Serum calcium
Normal/high 23 (56.1%) 8 (19.5%) 15 (36.6%) 0.291
Low 18 (43.9%) 3(7.3%) 15 (36.6%)
Serum phos-
phorus
Normal/high 33 (80.5%) 9 (21.8%) 24 (58.5%) 1.000
Low 8 (19.5%) 2 (4.9%) 6 (14.6%)
Serum ALP*
Normal 21 (51.2%) 3(7.3%) 18 (43.9%) 0.063
High 20 (48.8%) 8 (19.5%) 12 (29.3%)
Corrected
calcium
Normal/high 23 (56.1%) 7(17.1%) 16 (39.0%) 0.726
Low 18 (43.9%) 4(9.7%) 14 (34.2%)
Serum vitamin
D
Normal/high 22 (53.7%) 10 (24.4%) 12 (29.3%) 0.004
Low 19 (46.3%) 1(24%) 18 (43.9%)
Ca x P prod-
uct
Normal/high 26 (63.4%) 8 (19.5%) 18 (43.9%) 0.716
Low 15 (36.6%) 3(7.3%) 12 (29.3%)

#Alkaline phosphate, significant p value <0.05
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Fig.2 Correlation between serum vitamin D values and histopathol-
ogy grading (1—Normal, 2—mild, 3—moderate and severe)
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