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ypovitaminosis D is the ac
"•
cepred term for insufficient or
deficient levels of vitamin D. The fe
between
D and rickets was discovered in the
early 20th century; nearly 100 years
later, vitamin D deficiency has resur
faced as a potential global health
concern.' In addition to the positive
systemic effects of vitamin D, in
creasing evidence posits the potential
benefits of the vitamin to skeletal
health and function. For all of these
reasons, vitamin D is of particular
interest to orthopaedic surgeons and
patients.
The term vitamin D typically refers
to cholecalciferol (ie, vitamin D;),
Calcifediol
25-hydroxyviuunin
D , ) and calcitrjol (ie, 1,25-dihydroxy
vitamin D ,) are hydroxyiated forms
of vitamin D i . Ergocalciferol
VI
tamin D J,) is a less potent, plant
derived form of vitamin D that is fre
quently found
m commercially
available oral vitamins. Regrettahly,
these terms are often used inter
changeably in the literature" Addi
tionally, relevant literature and clini
cal laboratories inconsistently report
vitamin D levels as either ng/mL Of
nmol/L (1
2.5
2

Sources ana
Vitamin D is obtained through di
etary sources, oral su pplements" and
exposure to sunlight. i\ sInal1 num
ber of foods contain naturally occur
ring vitamin D, but fortified foods
sl1ch as milk and breakfast cereals
are the major dietary source of the
vitamin in the United States and
Canada. In vivo conversion of
7-dehydrocholesterol to vitamin
by ultraviolet B radiatioll in the skin
is the primary source of vitamin D in
most persons.
Vitamin D3 synthesi;;:ed in the skin
or obtained from dietary sources is
inactive and must be converted
through hydroxylation 'in the liver
into 25-hydroxyvitamin D. 25
Hyciroxyvitamin D is then converted
in the kidney into 1,25-dihydroxy
vitamin D, the active form of vitamin
D (Figure 1). The hydroxylase en
zyme found in the kidney is also
found in other end organs, including
the colon, prostate" and mamr:nary
gland, as well as in macrophages and
antigen-presenting cells. Activated
vitamin D is thought to"act through
a single, common viwmin D receptor
(VDR) that hinds to specific DNA
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Dietary sou rces
of vitamin D2 and D3
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seql:ences known as vitamin D re
sponse clements, currently found on
more than 200 genes in a wide distri
bution of tissues. 2,}
The production of 1,25-dihydroxy
vitamin D is tightly regulated by a
homeostatic interaction between
1~!4

:"''''''''-_'':'-',''''~:',,,'';'',,,.,_.,,''

parathyroid hormone (PTH), cal
cium, and phosphate in the
Increased PTH, in response 10 low
serum calcium
stimulates pro
duction of 1,2S-dihydroxyvitamin D.
Low serum phosphate also stimu
lates production of 1,25-dihydroxy

vitamin D. This process is inhibited
by fibroblast growth factor 23,
which is produced by osteocytes. In
addition, high levels of
d
D stimulate the
enzymatic production of 24,2.5
dihydroxyvitamin IJ, the inactive
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form of vitamin D, thereby self
regulating the action of 1
dihydroxyvitamill D.
Classically, the primary function of
vitamin D is to maintain serum cal
cium homeostasis. Vitamin D stimu
lates active intestinal absorption of
calcium and phosphate. I.n the kid
ney, vitamin D (with
increases
distal renal tubule reabsorption of
calcium. Vitamin D also stimulates
mobilization of calcium from bone
via receptor activator of nuclear
factcr-KB ligand-induced osteoclas
togenesis. In the absence of vitamin
D, calcium and phosphate intestinal
as mlIch as
absorption is reduced
50'7<), and PTE is maximally pro
duced to maintain the normal
calcium ·to-phosphate ratio essential
for collagen matrix mineraliza tiO~l. 4
This can result in 3econdary hyper
parathyroidism and increased osteo
clastic bone resorption. Prolonged
disruption of normal bone mineral
ization can lead to I ickets in children
and to osteomalacia in adults.

Vitamin D has received considerable
3ttention in recent years, in part be
cause of studies demonstrating inad
equate levels i.n otherwise healthy
populations.\,6 Although these low
levels are a matter of concern, many
argue that these data are difficult to
interpret because of a lack of consen
sus regarding normal and abnormal
levels, as well as because of inconsis
tent diagnostic methodology.7 Many
authors consider 30 ng/mL to be the
low end of the normal range, based
on responses of PTH and optimal
calcium reabsorption to vitamin D
levels.J,ii In 2010, the International
Osteoporosis Foundation and Osteo
porosis Canada independently rec
ommended an) optimum vitamin D
level of 30 nglmL.,),lO) However, in a
March 2012, Vol 20. No 3

2010 revlCw of published literature
since their prev.ious report in I.
the Institute of Medicine found In
consistencies in much of the pub
lished literature regarding vitamin D;
the institute ultimately defined aue
quate levels of vitamin D as 20
mL, deficiency as <12 ng/mL, and in
sufficiency as being between 12 and
20 ng/mL.11
Globally, vitamin D deficiency is
prevalent in all regions but is most
severe in SOllth Asia and the Middle
East.' In the United States, data from
the National Health and Nutrition
Examination Survey (NHANES) re
veal an overall prevalence of vitamin
D <20 ng/mL of 30%.
the
higher cutoff value of 30 ng/mL, the
overall prevalence approaches
Regardless of cutoff value, levels
were relatively lower in females com
pared with 'Dales and lower inHis~
panics and African Americans com
pared with Caucasians.
Hypovitaminosis D has been
widely identifid within the ortho
paedic pa tient population. In an A l1S~
tralian series of 761 patients with hip
fracture (average age, 82 YC<lfS), ap
proximately Sor/o were vitamin D in
sufficient
<20 nglmL), and >30%
had secondary hyperpara thyroid
ism. 12 In a group of 723 patients
who underv'lent elective orthopaedic
surgery at
single institution, Bo
reported that 15%)
gunovic et
had vitamin D ;evcls below the nor
mal Institute of Medicine cLltoff of
20 ng/mL. A study of 62 British pa
tients undergoing total hip arthro
plasty revealed that 24% had vita~
min D insufficiency,11
There are multiple risk hctors and
causes of hypovitaminosis D"IS (Ta~
ble 1). Tbe synthesis of vitamin D in
the skin is decreased with increasing
latitudes, the use of sunscreen,
darker skin pigments, and increasing
age. Obesity, malabsoqtion disor~
ders, cholesterol-lowering agents,
liver failure, and kidney disease can

decrease available, bioacnve vitamin
D. Glucocorticoids and anti-seizure
medications increase vitamin D ca-
tabolis1l1. Acquired disorders include
primary hyperpanlthyroidism and
hyperthyroidism; genetic disorders
include pseudovitamin D-deficiency
rickets, vitamin D-resistant rickets,
autosomal dominant I, hypophos
phaternic rickets, and X"linkcd hypo
phosphatemic rickets.

MuscUIoskeletalimpact 9t
VitamihD
.
Classically, vitamin D deficiency can
lead to poor bone mineralization, re
sulting in rickets in child:cen and os
teomalacia in adults. The incidence
of rickets has decreased dramatically
since food fortification prograrns be-
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mm D supplementation, with or

gan in the 19305, and children now
have among the highest vitamin D
intake levels compared with other
age groups.6 In ad ults, osteomalacia
can present as isolated or symmetric
bone pain, often with proximalmLls
de group weakness. It has been
proposed that the loss of bone miner'~
alization leads to subsequent hydra
tion of the preserved collagen ma
trix, increased hydrostatic pressure
against the 'overlying periosteum,
and resultant pain symptol1ls. i7 Ra
diographiC<llly, osteomalacia can ap
pear as thinned cortices, indistinct
trabeculae, or a radiolucent Looser
line on the concave portion of long
bones.
Based on the well-defined role of
vitamin D in bone mineralization,
several studies have looked at its po
tential usc in fracrure prevention. [n
a meta-analysis of randomized con
trolled trials that compared oral vita-
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without calcium, with calcium or
placebo in
aged 260 years,
vitamin D doses between 700
and 800 IU reduced the relative risk
of hip fracture by 26%).lR In another
meta-analysis of patients 250 years
of age, daily doses of at least SOO JU
of vitamin D and 1
mg of caJ
cium showed a pooled reduction in
ratio [RRJ,
all fractures of 12(%
0.88; 95%) confidence interval lCf],
0.83 to 0.95; P == 0.0004)Y By com
parison, a randomized study by the
Women's Health Initiative of 400 IU
of vitamin D and calcium suggests
a possible dose-re'ated effect. Al
though this lower dose slightly in
creased bone mineral density, it had
no effect on reducing hip fractures in
postmenopausal women.
The relationship between vitamin
D and fracture prevention is difficult
to interpret because of the confound
ing effects of calcilll11 supplementa
tion. A Cochrane review further
concluded that vitamin D supple
mentation alone was ineffective in
preventing fracPJres but that vitamin
D and calcium reduced the risk of
,hip fractures in elderly patients re
ceiving institutional care (RR, 0.84;
95% CI, 0.73 to 0.96).16
.Metabolic and endocrine abnor
malities have long been linked with
decreased fracture healing, In a re
cent series of 683 orthopaedic
trauma patients diagnosed with frac
[Ure nonunion, 37 were refe~red to
an endocrinologist for evaluation of
an endocrine or me~abolic a bnor111al
ity.21 Of these, 84% (31 of 37 pa
tients) had a newly diagnosed endo
crine abnon:1ality, and 68(;1,) (25 of
were found to be vitamin D defi
cient. fn eight of these patients, the
nonunion healed following medical
treatment alone. In an animal model
of osteoporosis, daily administration
of 1,25 -dihydroxyvitamin D to ovar
iectomized rats with femoral frac
tures significantly increased bone

hisromorphornetric pa rameters and
bion~echanjca i strengthY
Trends in spinal surgery indicate
that increasingly cornplex procedures
are being performed in a n aging pa
tient population. Spinal instrumenta
tion, like that of the appendicular
skeleton, relies on the integrity of the
bone-implant interface. Biomech3ni
cal testing has shown a linear posi
tive correlation between venebral
bone mineral density and screw pull
out strength (I' = O.(8)Y III a single
center study of 759 patients
>50 ye,Jrs who underwent spine sur
gery, 51 'X) of women and 15% of
men had osteoporosis identified by
du,) I-energy Xray a bsorptiomerry.
Low vitamin D and poor bone min
eral density may be a significant fac
tor in im;trumentation failure, loss of
deformity correction, adjacent frac
tures, pseudarthrosis, and the need
for revision surgery (Figure 2). De
spite the wide prevalence of poor
bone density, only 20 % of 114 sur
veyed spine surgeons indicated that
;] metabolic workup was routinely
llsed for patients aged >.50 years. 2S
Increased awareness of the potential
role of vitamin D and meta bolic
bone disease in the care of complex
and elderly orthopaedic patients is
needed.
Vitamin D may also affect neuro
muscular function and patient falls.
A meta-ana
of randomized con
trolled tria Is that compa red varying
doses of oral vitamin D to calciu,iTl or
placebo demonstrated a pooled re
duction in f.llls by 22'){, as well as
irnprov.;;ments in sit-to-stand and
wa tking tests. u, I'!owever, a recent
randomized controlled trial demon
strated that elderly community
dwellers who received an annual oral
dose of 500,000 III of vitamin D
were more likely to fall ,l11ei to have
fractures compared with those who
received plac(,~bo. 1.11 an age-,' sex-,
and cOl11orbidity-matched cohort
study of 62 patiellts who underwent
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total hip arthroplasty, patients with a
vitamin D level> 16 ng/mL outper
formed matched patients with levels
<16 nglmL. 14 The vitamin D-·suffi
cient group had higher preoperative
Harris hip scores
= 0.018) and at
tained a higher percentage of excel
lent postoperative Harris hip scores
>90 (P = 0.(38). In addition, vitamin
D levels had a positive Spearman
correlation of +0.332 with postoper
ative Harris hip scores (}' = 0.(08).
This may reflect the association of
vitamin D and improved neuromus
cular function; alternatively, vitamin
D levels may be representative of the
patient's overall health status.
More recent studies have investi
gated the possible role of vitamin D
and its receptors in the pathogenesis
of various musculoskeletal condi
tions. The action of vitamin D at the
cellular level requires that it bind to
the VDR. Polymorphisms in the
VDR gene have been linked to vari
ous musculoskeleta I conditions, in
cluding low bone mineral density in
adolescent idiopathic scoliosis pa
tienrs 27 as well as multilevel degener
arive disk disease in young adults. ls
In animal studies, VDR gene-knock
out mice lose neuromuscular func
tion and undergo rapid phenotypic
aging, with a 50% shortened life
span. 29

The diagnosis and management of
hypovitaminosis D and other endo
crine and metabolic abnormalities is
no longer the sole responsibility of
the primary care physician. Initia·
tives such as Own the Bone by the
American Orthopaedic Association
have attempted to improve patient
education and physician communica
tion regarding osteoporosis and
treatment, including vitamin D and
calcium supplementation. 3D In addiMarch 2012, Vol 20, No 3

tion, counseling on vitamin D and
calcium intake for the prevention of
osteoporosis in patients aged >50
years is a Centers for Medicare and
l'vledicaid Services quality measure.]1
Orthopaedic trauma, spine, and ar
throplasty patients aged >50 years,
patients with a fragility fracture
and/of those being treated for osteo
porosis, and patients with a non
union should be screened fOf vitamin
D insufficiency Of deficiency, as
should patients with known risk fac
tors. Laboratory evaluation should,
at minimum, include 2S·hydroxy
vitamin D and serum calcium levels
as well as a PTH level to evaluate for
secondary hyperparathyroidism. 25
Hydroxyvitamin D has a 2- to
3-week half-life and is the preferred
clinical measure of vitamin D status.
If appropriate, a referral to a meta··
bolic bone specialist may be helpfull
in identifying other underlying meta
bolic abnormalities.
There is no agreed-on protocol for
oral vitamin D supplementation in
the setting of hypovitaminosis D.
Most observational and randomized
studies have used doses of vitamin D
ranging from 400 to
IU per
day. Currently, daily supplementa
tion in Im,ver doses is thought to be
superior to large, annual doses, and
vitamin D:l has been shown to be
more effective than vitamin D2 in
maintaining levels over time. 52 Vita
min D toxicity is rare and limited to
a few case reports in the literature. It
presents primarily as hypercalcemia,

with varying symptoms of malaise,
pain, confusion,
dnd chills.
Some studies have shown daily in
take upper limits of 10,,000 IU with
out
of toxicity.B In a recent re
port, the Institute of Medicine
increased the Recomrnec,ded Daily
Allowar~ce for vitamin D for nearly
all age groups Crable 2) and deter
mined a safe daily upper limit of
4,000 IU. II
Given the uncertainty of the opti
mal therapeutic dose as ,veil as the
rarity of vitamin D toxicity, we typi
cally recommend a target 25
hydroxyvitamin ]) level of between
30 and 40 ng/mL. Although the In
stitute of Medicine affirmed the role
of vitamin D in bone health, conflict
ing evidence in the literature led to
their more conservative recommen
dation of 20 ng/mL. Our threshold
for treatment, however, is based on
the PTH response to vitamin D levels
<30 ng/mL, similar to 'recent recom
mendations from Osteoporosis Can
ada and the rnternationHl Osteopo
rosis Foundation. 'fhis threshold also
accounts for temporal variations in
individual levels of vitamin D. 9,10
For patiems with insufficient vita
min D levels of between 2,5 and 30
ng/mL, a daily oral dose oJ 2,000 to
4,000 IU of vitamin DJ is often effec
tive. For patients with levels <25 ngl
mL, 50,000 IU of vitamin D2 admin
istered weekiy for 8 to ] 2 weeks is
preferred. In addition, we recom
mend 1,O()O mg of daily calcium sup
plementation . for adults aged :550
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years and 1,2.00 mg of daily calcium
for adults
>50 years. In all pa
tients, vitamin D levels are rechecked
at 3-month intervals after initiation
of treatment.
For causes
vitamin D deficiency
other than decreased nutritional in
tel ke or cutaneous synthesis, patients
may nor respond to typical supple
menration. For exaI:Jple, disease
states resulting in hepatic or renal
dysfunction can disrupt the vit<lmin
D rnetabolic pathway and may re
quire treatment with vitaminD, or
1,25 -dihydroxyvitamin D l , respec
tively. In the
of vitamin D re
sistance, such as in X-linked hypo
phosphatemic rickets, treatment with
1,2.S-dihydroxyvitamin D j and care
ful monitoring of PTH and pbospho
rous levels should be directed by an
endocrinologist with experience In
metabolic bone disorders.

A growing body of literatu.re identi
fies the potential musculoskeletal
benefits of vitamin D as well as tbe
implications of deficiency.
We therefore recommend active in
volvement
the orthopaedic sur
geon. in the diagnosis and xreatment
of p.atienrs \llith potential vitan'lin D
deficiency. Regretta bly, however, cur
rent evidence is of insufficient quality
to define optimum vitamin D .Ievels
among patients and to establish
evidence·based treatment guidelines.
l\'onetheless, active evaluation and
management of vitamin D am.ong the
orthopaedic patient population lS
safe and simple and may be effective
in improving patient care.
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