J Orthop Spine Trauma. 2016 March; 2(1):e4936.

Research Article

Published online 2016 February 21.

Frequency of Osteomalacia in Elderly Patients With Hip Fracture
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Abstract

Background: Osteomalacia represents a risk factor for hip fracture (HF), which is one of the most common and costly injuries in elderly.
Objectives: This study was performed to determine the frequency of histopathologic and laboratory osteomalacia in elderly patients with
HF.
Patients and Methods: Totally, 87 patients with HF, admitted to Imam Khomeini hospital, Tehran, Iran, from 2005 to 2006, were studied.
Laboratory investigations included serum calcium, phosphorus, alkaline phosphatase (ALP), albumin and 25-hydroxy vitamin D3 [25 (OH)
D3]. Open biopsy from ipsilateral iliac crest was performed during the same surgery.
Results: The average age was 78.06 ± 8.4 years. Bone biopsy showed osteomalacia in eight patients (9.2%), hypocalcaemia in 42.5%,
hypophosphatemia in 17.2%, hypoalbuminemia in 66.6% and 25 (OH) D3 deficiencies in 66.6%. Concomitant hypophosphatemia and
hypovitaminosis [25 (OH) D3 < 10 ng/mL] was detected in 13 patients (14.6%). An increased level of serum ALP was found in 52.8%. Five (38.5%)
patients had only laboratory osteomalacia, when histopathological findings were negative.
Conclusions: Elderly patients with femoral neck or intertrochanteric fractures may have osteomalacia, as a treatable cause for osteopenia,
and laboratory tests may not be precise criteria for diagnosis in HF patients.
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1. Background
Hip fracture (HF) is a common injury in elderly, which
affects several aspects of health, such as functional and
psychological states. It could lead to long duration of
rehabilitation and also impose a remarkable functional
burden. Despite the advances in surgical techniques and
technology, HF has been one of the financial black holes
for the health system of developed and developing countries. In 1995, the incidence of HF in fifteen European
countries was 382,000, with estimated expenses of about
9 billion Euros (1). About 250,000 HF occur in the United
States annually, number which is estimated to duplicate
among older people up to 2050 (2). Annual medical expenses of HF were calculated at about 14 billion dollars.
Also, mortality rate, one year after fracture, had ranged
between 14% - 36%, when the maximum was during the
first 6 months (2). Only 40% and 25% of patients restored
prefracture mobility and functional state, one year after fracture, respectively (3). Osteomalacia occurs when
there is a defect of mineralization of the organic matrix of
the skeleton. The process of mineralization is controlled
by vitamin D and, therefore, deficiency of vitamin D or
its metabolites leads to accumulation of osteoid in the

skeleton, resulting in osteomalacia (4). Osteomalacia has
been associated with increased risk of HF (5). When histopathologic examination represents the gold standard
for osteomalacia (6), the diagnosis of this risk factor, by
laboratory tests, seems challenging. A study performed
on Asian immigrants in the United Kingdom showed
that titration of serum level of calcium, phosphate and
alkaline phosphatase (ALP) only, led to 20% rate of missed
diagnosis of osteomalacia (7). To make the problem even
more confusing, several other studies proved that the serum level of vitamin D may not be reliable to screen osteomalacia in patients with HF (8). Also, it was reported
that the level of 1, 25 (OH) VitD was similarly low, in osteomalacic and nonosteomalacic elderly patients with HF
(9). The prevalence of osteomalacia among elderly of different countries was reported at a range of 0% - 24% (6, 10,
11). However, there have been no statistics in Iran about
the osteomalacia among elderly affected by HF.

2. Objectives
This study was planned to evaluate the prevalence of

Copyright © 2016, Persian Orthopedic Trauma Association. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial
usages, provided the original work is properly cited.

Baghdadi T et al.
histopathologic and laboratory osteomalacia in HF of elderly patients.

3. Patients and Methods

Between October 2007 and October 2008, all patients
older than 45 years with proximal femoral fracture (femoral neck, intertrochanteric fracture), due to low energy
trauma, admitted in the orthopedics ward of Imam Khomeini hospital complex of Tehran University of Medical
Sciences, Tehran, Iran, were included in this study. Exclusion criteria included high energy trauma (like fall from
height and motor vehicle accident), pathologic fracture
due to local pathology (tumor) or non-osteoporotic osteopathies, history or laboratory finding of major renal,
hepatic or endocrine known diseases, gastrectomy or history of taking diphenylhydantoin. After approval of the
study protocol by ethics committee of Tehran University
of Medical Sciences, Tehran, Iran, the informed consent
was taken from each patient. During the surgery for fracture fixation, open biopsy was performed from ipsilateral iliac crest. The samples were sent for frozen section
study. Histopathologic diagnosis of osteomalacia was
made on the basis of mineralization level < 60%, osteoid
level > 24%, and thickness of osteoid > 24% (12, 13). Also,
plasma level of total calcium, ALP, albumin and vitamin
D3 25 (OH) D3 was measured. Corrected total level of serum calcium was calculated in based on serum albumin,
meaning that for each 1 mg/dL of decrease in albumin,
0.8 mg/dL was added to measured total calcium. In this
study, a simultaneous phosphate level < 3 mg/dL and 25

(OH) D3 < 10 ng/mL was considered as laboratory criteria
of osteomalacia (14-16). All histopathologic examination
of biopsies and laboratory measurements were done in
the pathologic laboratory of Imam Khomeini hospital,
Tehran, Iran. Collected data were analyzed by SPSS version 19 (SPSS Inc., Chicago, IL, USA). Comparison between
variables to find correlations was performed by t-test,
χ2 test and Pearson test. A P < 0.05 accounted for significance of comparisons.

4. Results
For 87 proximal femoral fractures in 87 patients, laboratory and histopathologic examination for osteomalacia
was performed. The average age of 60 women and 27 men
was 78.1 (± 8.4; range: 63 - 94) years. Eighteen (20.7%) and
69 (79.3%) had femoral neck and intertrochanteric fracture, respectively. Histopathologic osteomalacia was detected in eight (9.2%) patients (three men and five women). There was no significant association between age
and histopathologic osteomalacia. Table 1 demonstrates
the frequency of laboratory data and histopathologic osteomalacia.
The mean of 25 (OH) D3 was 18.3 ng/mL (± 6.8). Fifty
eight patients (66.6%) had hypoalbuminemia (serum
albumin < 3 g/dL). Mean of albumin was 3.2 g/dL (± 1.2).
Table 2 depicts the frequency of osteomalacia in relation
to type of fracture (P > 0.05). Five (38.5%) patients had
only laboratory osteomalacia, when histopathological
findings were negative (accounted as false positive).

Table 1. Absolute and Relative Frequency of Laboratory Markers and Histopathologic Studies Related to Osteomalaciaa

Number of patients

Parameter

Hypocalcaemia, serum Ca < 9 mg/dL
Corrected hypocalcaemia, for 1 mg/dL decrease of albumin, 0.8 mg/dL was added to measured total Ca
Serum 25 (OH) D3 < 10 ng/mL

37 (42.5)
25 (28.7)
58 (66.7)

Hypophosphatemia, Serum P < 3 mg/dL

15 (17.2)

Laboratory osteomalaci simultaneous phosphate level of < 3 mg/dL and 25 (OH) D3 < 10 ng/mL

13 (14.6)

Histopathologic osteomalacia

8 (9.1)

ALP, > 116 IU/L

46 (52.8)

Serum albumin, < 3 g/dL

58 (66.6)

Total

87 (100)

Abbreviations: ALP, alkaline phosphatase; Ca, calcium; P, phosphorus; 25 (OH) D3, vitamin D3.aValues are expressed as No. (%).

Table 2. Frequency of Laboratory and Histopathologic Osteomalacia in Femoral Neck and Intertrochanteric Fracture Patientsa
Histopathologic osteomalacia
Laboratory osteomalacia
aValues are expressed as No. (%).

2

Femoral Neck Fracture

Intertrochanteric Fracture

Total (n = 87)

P Value

2 (11.1)

6 (10)

8 (9.2)

> 0.05

2 (11.1)

11 (15.9)

13 (14.9)

> 0.05

J Orthop Spine Trauma. 2016;2(1):e4936

Baghdadi T et al.

5. Discussion
Osteomalacia is defined as deficit of mineralization of osteoid (bone matrix). The main etiologies of this disorder
are deficiency of vitamin D because of inadequate sunlight
exposure, reduced dietary intake of vitamin D, reduced absorption of vitamin D due to gastrointestinal disorders,
renal insufficiency of 1, 25 (OH) 2 D3 hydroxylase and target
cell resistance (17). Other possible etiologies include renal
tubular acidosis, hypophosphatemia (nutritional or renal)
and toxins or drugs induced osteomalacia (18). Different
reports about prevalence of osteomalacia in different populations exist (6, 19, 20). In this study, the frequency of histopathologic osteomalacia (as a gold standard diagnostic
tool) in patients with HF was 9.2%. Tucker et al. (13) assessed
this frequency among 26 Indian patients with HF (mean
age: 47 years) and the rate was 65%. The obvious discrepancy of the results of this study with other similar reports
could be explained by the higher rate of malnutrition, as a
consequence of the high frequency of vegetarian individuals in India (13). Riaz et al. (12) reported abnormal biopsy
of osteomalacia in 7.7% and abnormal levels of all serum
calcium, phosphate and ALP in about 25% of patients a cohort 168 Pakistani patients with HF (mean age 61 years). In
our study, there was no significant association between
age and histopathologic osteomalacia. However, Hordon
and Peacock (21) demonstrated an increased frequency
of osteomalacia with increasing age, in patients with hip
fracture. Vitamin D was lower than normal in 66.6% of patients in this study. Diamond et al. (22) reported subclinical reduction of 25 (OH) D3 in 63% of HF patients and 25%
of subjects in the control group. Laboratory osteomalacia
(concomitant reduction 25 (OH) D3 and reduced phosphate) was found in 14.2% of HF patients in this study, while
histopathologic osteomalacia was detected in only 9.2%
of cases. Although it seems logiacal that histopathological osteomalacia is more common that laboratory type,
our resuults demonstrate a lower rate of histopatholoc
detection. The reason could be the inadequacy of laboratory criteria for diagnosis of laboratory osteomalacia in
this study. Both laboratory and histopathologic diagnosis showed no significant difference in femoral neck and
intertrochanteric fractures, in this study. Although this
finding may change with a higher number of patients, it
could also show that osteomalacia is a risk factor for HF,
of any type. The diagnosis of osteomalacia may be missed
clinically, radiologically or even on the basis of laboratory
data. Clinical presentation is usually nonspecific (23, 24).
Radiologic evaluation is also nonspecific and may reveal
the disease by psedofractures in late stages. Although
laboratory data, helpful for diagnosis of osteomalacia include serum level of calcium, phosphate, ALP, parathyroid
hormone and 25 (OH) D3, these levels are dependent on the
stages of disease(7, 17) In our study, the rates of abnormal
serum calcium, corrected calcium, phosphate and ALP
were 42.5%, 28.7%, 17.2% and 52.8%. Tucker et al. (13) reported
hypocalcaemia, hypophosphatemia and increased ALP
J Orthop Spine Trauma. 2016;2(1):e4936

in 23.5%, 29.4% and 41.7% of HF patients. Results of Riaz et
al. (12) were 39.5%, 19.9% and 14.2% for these levels. The results of our study is similar to these two reports. In our
study, the rate of hypocalcaemia decreased from 42.5%
to 28.8%, when it was corrected by reduced albumin (0.8
mg/dL was added to measured total calcium, for 1 mg/dL
of decrease of albumin). The rate of hypocalcaemia in 58
proximal fractures was 70% in the research of Hoikka et al.
(25) Harma et al. (26) demonstrated a rate of hypocalcaemia of 88.8% in 30 women with proximal HF that reduced
to 7.7%, when corrected by level of albumin. It is important
to know that a de novo HF could change the metabolites of
the body, such as serum levels of calcium, phosphate, albumin, parathyroid hormone and ALP. Therefore, the diagnosis of osteomalacia in patients with a fractured hip may be
different, on the basis of the serum levels of these serum
markers. Peacey (7), in a retrospective study, evaluated a cohort of 84 diagnosed osteomalacia (without fracture) patients, based on the criteria of serum 25 (OH) D3 level < 10
μg/L and serum parathyroid hormone level < 54 ng/L. They
found normal level of serum calcium, phosphate and ALP
in 66%, 81% and 29% of patients, respectively. Only 6% of patients had abnormal levels on all three measurements and
these values were normal in 20% of cases. These findings
are comparable to our result. However, other studies are
necessary to compare these laboratory data in osteomalacic patients, with and without HF. In our study, the rate of
hypoalbuminemia was 66.6% (3.2 ± 1.2). Thiebaud et al. (27),
in their 180 patients with HF, found that serum albumin
was lower by 10% and 28% in the control admitted group
and healthy individuals, respectively. They concluded that
hypoalbuminemia is the most important risk factor associated with HF. Significant prevalence of osteomalacia in
our region may mandate a new point of view about the
role of this problem, to prevent related HF (28). This study
demonstrates the insufficiency of laboratory criteria of
low 25 (OH) D3 and hypophosphatemia for the diagnosis of
subclinical osteomalacia. Other studies impose to assess
the best laboratory tests to diagnose osteomalacia in HF.

References
1.
2.
3.

4.
5.
6.
7.

Gennari C. Calcium and vitamin D nutrition and bone disease
of the elderly. Public Health Nutr. 2001;4(2B):547–59. [PubMed:
11683549]
Koval KJ, Zuckerman JD. Functional recovery after fracture of the
hip. J Bone Joint Surg Am. 1994;76(5):751–8. [PubMed: 8175825]
Koot VC, Peeters PH, de Jong JR, Clevers GJ, van der Werken C.
Functional results after treatment of hip fracture: a multicentre,
prospective study in 215 patients. Eur J Surg. 2000;166(6):480–5.
doi: 10.1080/110241500750008808. [PubMed: 10890545]
Lindasay RCF. osteoporosis. 15 ed. New York: Mc Grow Hill; 2001.
pp. 2226–37.
Sato Y, Asoh T, Kondo I, Satoh K. Vitamin D deficiency and risk
of hip fractures among disabled elderly stroke patients. Stroke.
2001;32(7):1673–7. [PubMed: 11441218]
Arnala I, Kyrola K, Kroger H, Alhava EM. Analysis of 245 consecutive hip fracture patients with special reference to bone metabolism. Ann Chir Gynaecol. 1997;86(4):343–7. [PubMed: 9474429]
Peacey SR. Routine biochemistry in suspected vitamin D deficiency. J R Soc Med. 2004;97(7):322–5. doi: 10.1258/jrsm.97.7.322.
[PubMed: 15229256]

3

Baghdadi T et al.
8.
9.
10.
11.
12.
13.
14.
15.

16.

17.
18.

19.

4

Pun KK, Wong FH, Wang C, Lau P, Ho PW, Pun WK, et al. Vitamin
D status among patients with fractured neck of femur in Hong
Kong. Bone. 1990;11(5):365–8. [PubMed: 2252813]
Thompson SP, Wilton TJ, Hosking DJ, White DA, Pawley E. Is vitamin D necessary for skeletal integrity in the elderly? J Bone Joint
Surg Br. 1990;72(6):1053–6. [PubMed: 2123201]
Solomon L. Fracture of the femoral neck in the elderly: bone ageing or disease? S Afr J Surg. 1973;11(4):269–79. [PubMed: 4789651]
Wilton TJ, Hosking DJ, Pawley E, Stevens A, Harvey L. Screening
for osteomalacia in elderly patients with femoral neck fractures.
J Bone Joint Surg Br. 1987;69(5):765–8. [PubMed: 3680338]
Riaz S, Alam M, Umer M. Frequency of osteomalacia in elderly
patients with hip fractures. J Pak Med Assoc. 2006;56(6):273–6.
[PubMed: 16827251]
Tucker GS, Middha VP, Sural A, Sagreiya K. Incidence of osteomalacia in fractures of the proximal end of femur. Injury.
1988;19(2):89–92. [PubMed: 3198272]
Hovsepian S, Amini M, Aminorroaya A, Amini P, Iraj B. Prevalence
of vitamin D deficiency among adult population of Isfahan City,
Iran. J Health Popul Nutr. 2011;29(2):149–55. [PubMed: 21608424]
Hashemipour S, Larijani B, Adibi H, Javadi E, Sedaghat M, Pajouhi
M, et al. Vitamin D deficiency and causative factors in the population of Tehran. BMC Public Health. 2004;4:38. doi: 10.1186/14712458-4-38. [PubMed: 15327695]
Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley
DA, Heaney RP, et al. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 2011;96(7):1911–30. doi: 10.1210/jc.20110385. [PubMed: 21646368]
Eisman JA. Osteomalacia. Baillieres Clin Endocrinol Metab.
1988;1(2):125–55. [PubMed: 3044328]
Hahn TJ, Hendin BA, Scharp CR, Boisseau VC, Haddad Jr JG.
Serum 25-hydroxycalciferol levels and bone mass in children on chronic anticonvulsant therapy. New England J Med.
1975;292(11):550–4.
Robinson CM, McQueen MM, Wheelwright EF, Gardner DL, Salter

20.
21.
22.

23.
24.

25.
26.

27.

28.

DM. Changing prevalence of osteomalacia in hip fractures in
southeast Scotland over a 20-year period. Injury. 1992;23(5):300–2.
[PubMed: 1644456]
Compston JE, Vedi S, Croucher PI. Low prevalence of osteomalacia
in elderly patients with hip fracture. Age Ageing. 1991;20(2):132–4.
[PubMed: 2053503]
Hordon LD, Peacock M. Osteomalacia and osteoporosis in
femoral neck fracture. Bone Miner. 1990;11(2):247–59. [PubMed:
2268750]
Diamond T, Smerdely P, Kormas N, Sekel R, Vu T, Day P. Hip fracture in elderly men: the importance of subclinical vitamin D
deficiency and hypogonadism. Med J Aust. 1998;169(3):138–41.
[PubMed: 9734509]
Stocklin E, Eggersdorfer M. Vitamin D, an essential nutrient with versatile functions in nearly all organs. Int J Vitam Nutr Res. 2013;83(2):92–
100. doi: 10.1024/0300-9831/a000151. [PubMed: 24491882]
Matossian-Motley DL, Drake DA, Samimi JS, Camargo CA, Jr., Quraishi SA. Association Between Serum 25(OH)D Level and Nonspecific Musculoskeletal Pain in Acute Rehabilitation Unit Patients.
JPEN J Parenter Enteral Nutr. 2014. doi: 10.1177/0148607114555909.
[PubMed: 25316682]
Hoikka V, Alhava EM, Savolainen K, Parviainen M. Osteomalacia in fractures of the proximal femur. Acta Orthop Scand.
1982;53(2):255–60. [PubMed: 7136573]
Harma M, Parviainen M, Koskinen T, Hoikka V, Alhava E. Bone
density, histomorphometry and biochemistry in patients with
fractures of the hip or spine. Ann Clin Res. 1987;19(6):378–82.
[PubMed: 3451690]
Thiebaud D, Burckhardt P, Costanza M, Sloutskis D, Gilliard D,
Quinodoz F, et al. Importance of albumin, 25(OH)-vitamin D and
IGFBP-3 as risk factors in elderly women and men with hip fracture. Osteoporos Int. 1997;7(5):457–62. [PubMed: 9425504]
Akhtar S. Vitamin D Status of South Asian PopulationsRisks and Opportunities. Crit Rev Food Sci Nutr. 2015. doi:
10.1080/10408398.2013.807419. [PubMed: 25746099]

J Orthop Spine Trauma. 2016;2(1):e4936

