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Abstract
» Defining vitamin D deficiency or insufficiency by a single cutoff value
remains controversial because of the variability of its functional effects
on each individual.

» A variety of orthopaedic populations have been shown to have
insufficient vitamin D levels, including patients with trauma, National
Football League (NFL) athletes, and patients undergoing elective
shoulder arthroplasty and foot and ankle procedures, which may be
a reflection of the overall prevalence of hypovitaminosis D.

» Although supplementation may not prevent osteoporotic fractures,
supplementation has been shown to effectively improve vitamin D
levels in deficient patients.

» Sufficient vitamin D levels may be associated with improved
functional and clinical outcomes in patients undergoing elective
orthopaedic surgical procedures.

V
itamin D plays a crucial role
in bone metabolism through
regulation of serum calcium
and phosphate. Receptors for

vitamin D have been found on osteoblasts
and chondrocytes and trigger endochon-
dral ossification and vascularization. Evi-
dence also supports a role for vitamin D in
neoplastic, neurodegenerative, vascular,
and inflammatory processes1. Further-
more, recent literature argues for a benefi-
cial role of vitamin D in skeletal health and
function. Thus, vitamin D in orthopaedic
populations is becoming increasingly rec-
ognized as important. Current screening
recommendations for vitaminDdeficiency
by the American Academy of Orthopaedic
Surgeons (AAOS) include select orthopae-
dic populations who were 50 years of age
and older and those who have a diagnosis
associated with decreased bone health
(Table I)2.

Sources and Synthesis
Vitamin D is a broad term used for.50
different metabolites that have been
described3. It frequently refers to the
biologically inactive form, vitamin D3

(cholecalciferol). The primary source
of cholecalciferol comes from dermal
synthesis4,5. Another form, vitamin D2

(ergocalciferol), is synthesized by plants.
Both vitamins D2 and D3 are produced
industrially for use in fortified foods and
vitamin supplements.

Fatty fishes, such as salmon, tuna, and
mackerel, as well as beef, liver, and eggs
comprise the primary dietary sources of
vitamin D3. Vitamin D-fortified foods in-
clude dairy products, cereals, and juices.
These foods may be fortified with either
vitamin D2 or D3

6. These sources are esti-
mated to provide only 10% to 20% of total
vitamin D3 intake inWestern populations.

Synthesis in the skin of 7-
dehydrocholesterol to cholecalciferol
occurs after exposure toultraviolet radiation.
It is hydroxylated first to 25(OH)-vitamin
D3 (calcifediol) in the liver and again in the
kidneys, thus converting it to 1,25(OH)2-
vitamin D3 (calcitriol), its biologically
active form (Fig. 1). Disorders of the liver
and kidney, malabsorption disorders,
and obesity all disrupt this pathway,
thereby resulting in deficient or insufficient
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levels of vitamin D. Similarly, pharma-
cologic agents such as glucocorticoids
and anti-epileptics, in particular, di-
phenylhydantoin, increase catabolism
of vitamin D and reduce serum
concentrations.

Dermal synthesis of vitamin D3

decreases with increasing latitude, in-
creasing age, use of sunscreen, and
darker skin pigmentation. Dark-
skinned populations in temperate cli-
mates have been found to demonstrate
low levels of vitamin D7,8. Fair-skinned
individuals need approximately 6 to 7
minutes of direct sunlight daily to the
face, arms, and hands during summer
months and up to 30 minutes in the
winter9. However, adequate sunlight
exposure may not be feasible or may
be difficult to obtain at certain latitudes
in the winter months. Darker-skinned
individuals may require 3 to 6 times
longer exposure9.

Regulation and Function
Maintenance of skeletal calcium bal-
ance is the primary role of calcitriol. Its
biologic effects are mediated through
the vitaminD receptor.Once bound to
calcitriol, the vitamin D receptor acts
as a transcription factor to modulate
the expression of transport proteins
involved in calcium absorption10.
Furthermore, calcitriol stimulates os-
teoclast maturation resulting in bone
resorption. These two mechanisms
result in an increase of serum calcium
and phosphorus. Additionally, cal-
citriol promotes the mineralization
of osteoid matrix.

Production of 1,25(OH)2-vitamin
D3, calcitriol, is closely regulated by
feedback of serum calcium, phosphorus,
and parathyroid hormone levels. Para-
thyroid hormone, stimulated by hypo-
calcemia, results in an increased
production of calcitriol. However, high
levels of 25(OH)-vitamin D3 results in
the synthesis of 24,25(OH)2-vitamin
D3, which is biologically inactive.

Vitamin D Insufficiency
and Deficiency
The prevalence of vitamin D deficiency
in Canada and the United States has
declined substantially since the estab-
lishment of fortified foods in the 1930s.
However, it remains endemic in lati-
tudes above 30°11. Risk factors range
from patient factors such as darker skin
pigmentation, body mass index (BMI),
age, and sex to environmental factors
such as sun exposure, season, and
latitude (Table II).

Current guidelines recommend
using 25(OH)-vitamin D serum levels
rather than 1,25(OH)2-vitamin D to
assess the vitaminD status of a patient12.
It is a marker of supply, not function,
and represents sources of vitamin D in-
cluding dietary and dermal synthesis.
The half-life of 25(OH)-vitamin D is 2
to 3 weeks, and it is the most stable and
abundant metabolite. Although it is
preferred, serum 25(OH)-vitamin D
assays are not ideal. There remains a high
amount of error in these assays. The
radioimmunoassay (RIA) for 25(OH)-
vitamin D detects 25(OH)-vitamin D2

and 25(OH)-vitamin D3, as well as other

metabolites, consequently overestimating
levels by approximately 10% to 20%13.
To separate these metabolites, 25(OH)-
vitamin D assays have been performed
in conjunction with high-performance
liquidchromatography.Thiscombination
was considered the gold standard, but
is not routinely used because of its cum-
bersome nature14.

Assessment of individuals’ vitamin
D levels ought to be performed in early
spring or toward the end of winter.
However, a consensus is lacking on how
to define vitamin D insufficiency and
deficiency. Clinically, vitamin D defi-
ciency is defined by the manifestation
of bone diseases such as osteomalacia
or rickets. Objectively, in the past, it
has been defined by a serum 25(OH)-
vitaminD level of,10ng/mL.This was
due to the fact that serum 1,25(OH)2-
vitaminD levels and calcium absorption
drastically decrease at this level.
Vitamin D insufficiency has been asso-
ciated with disorders such as loss of
lower-extremity muscle mass and
strength, as well as impaired balance15.
In 2003, the World Health Organiza-
tion (WHO) defined a serum 25(OH)-
vitamin D below 20 ng/mL as vitamin D
insufficiency16.

Defining vitamin D insufficiency
or deficiency by a single cutoff value re-
mains controversial because of the wide
variability of its effects in each individ-
ual. Some define insufficiency by a
serum 25(OH)-vitamin D level of
,30 ng/mL and deficiency by a serum
25(OH)-vitaminD level of,20 ng/mL1.
In 2010, the Institute of Medicine
(IOM) (now the National Academy of
Medicine) established different cutoff
values to differentiate vitamin D insuf-
ficiency anddeficiency (Table III).These
changes in definition have an important
impact on both the prevalence of disease
as well as the supplemental dose needed
to obtain sufficient levels. Vitamin D
sufficiency is defined by the IOM as
50 nmol/L, as it covers the needs of
97.5% of the population. Although ex-
tremely rare, vitaminD toxicity resulting
in hypercalcemia may present with non-
specific symptoms such as weight loss,

TABLE I Screening of Orthopaedic Populations*

Patients.50 years

Orthopaedic trauma

Spine

Arthroplasty

Patient diagnoses

Fragility fracture

Osteoporosis

Nonunion

*These are current recommendations for vitamin D screening by the AAOS2.
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anorexia, heart arrhythmias, and
polyuria6.

Prevalence of Vitamin D Deficiency
The relationship between outcomes
following musculoskeletal injury and
vitamin D deficiency has received in-
creasing attention in the orthopaedic

literature17-32. Hypovitaminosis D has
been observed in patients with muscu-
loskeletal symptoms, such as low-energy
fractures33. In a study involving 277
women with osteoporotic fractures,
roughly 80% of patients had calcium
and vitamin D intake below the rec-
ommended dietary amounts17.

In the spring of 2010, Shindle
et al.18 evaluated a National Football
League (NFL) team and investigated the
occurrence of muscle injury, as well as
the prevalence of vitamin D deficiency.
They found that 30.3% of players were
deficient, and 50.6% had levels consis-
tent with vitamin D insufficiency.

Fig. 1
Flowchart showing vitamin D synthesis. PTH5 parathyroid hormone and RANKL5 receptor activator of nuclear factor kappa-B
ligand.
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Furthermore, it was found that African-
American players, as well as those with
muscle injuries, most commonly ham-
string sprains, had lower levels of vita-
min D18. It has been found that African
Americans have an increased risk of be-
ing vitamin D-deficient. The further
observation regardingmuscle injury and

vitamin D may simply be a reflection of
the prevalence of hypovitaminosis D, as
the direct correlation between muscle
injury and vitamin D level is not shown.
Additionally, the effect of supplemen-
tation and prevention of muscle injuries
was not assessed. However, given its
prevalence, Shindle et al. argued for

the role of screening and treatment of
hypovitaminosis D in the athletic
population.

Vitamin D has also been evaluated
in patients undergoing elective ortho-
paedic procedures. Inkrott et al. con-
ducted a retrospective review of 218
patients undergoing shoulder arthro-
plasty, including total shoulder arthro-
plasty, reverse total shoulder arthroplasty,
and shoulder hemiarthroplasty, and eval-
uated the prevalence of hypovitaminosis
D19. Patient age ranged from 35 to 95
years, with amean age of 69.3 years; 38%
of patients were male and 62% were fe-
male, and 43% of these patients had vi-
tamin D insufficiency (,30 ng/mL) and
11% were deficient (,20 ng/mL). Thus,
more than half of the patients were found
to have abnormal vitamin D levels. A risk
factor found for vitamin D insufficiency
was female sex, although it was not sig-
nificant. A lack of vitamin D and calcium
supplementation prior to testing was
found to be themost important risk factor
for abnormal levels. Another risk factor21

was a BMI of$30 kg/m2.
Similarly, in a prospective study

investigating 81 patients undergoing
major ankle or hindfoot arthrodesis,
67% demonstrated hypovitaminosis D
(,30 ng/mL). The mean patient age
was 56.3 years. No significant difference
was found with respect to sex, tobacco
or alcohol use, obesity, and specific co-
morbidities, when comparing patients

TABLE II Factors Associated with Vitamin D Insufficiency and
Deficiency

Patient factors

Increasing age

Obesity

Darker skin pigmentation

Breast feeding

Disorders

Malabsorptive disorders

Liver or kidney dysfunction

Hyperparathydroidism

Hyperthyroidism

Vitamin D-deficiency rickets

Vitamin D-resistant rickets

Hereditary vitamin D-dependent rickets

Medications

Cholesterol-lowering agents

Glucocorticoids

Anti-seizure medications

Environmental factors

Increasing latitude

Decreased sun exposure

Seasonality

Use of sunscreen

TABLE III Concentration of Serum 25(OH)-Vitamin D3 and Clinical Importance6

Serum Concentrations*

nmol/L ng/mL Clinical Importance

,30 ,12 Vitamin D deficiency: results in rickets in
infants and children, and osteomalacia in
adults

30 to,50 12 to,20 VitaminD insufficiency: inadequate for bone
and overall health in healthy individuals

$50 $20 Vitamin D sufficient: adequate for bone and
overall health in healthy individuals

.125 .50 Associated with potential adverse effects

*Serum concentrations of 25(OH)-vitamin D are reported in both nanomoles per liter (nmol/L) and nanograms per milliliter
(ng/mL). 1 nmol/L5 0.4 ng/mL.
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with normal levels with those with low
vitamin D levels. The overall fusion
rate was 85% regardless of vitamin D
status20.

Patients with orthopaedic trauma
were also found to have a high preva-
lence of vitamin D deficiency21,22. In
a retrospective study of patients with
orthopaedic trauma in the Northwest
United States, a high number of patients
were found to have levels consistentwith
vitamin D insufficiency and deficiency.
This finding was observed in both the
winter and summer months. A total of
201 patients with injuries to the lower
extremity, pelvis, or upper extremity and
patients with multiple injuries were in-
cluded, butmechanismof injurywas not
specified. The winter cohort had a sig-
nificantly lower mean serum level at
26.4 ng/mL comparedwith the summer
cohort at 29.8 ng/mL (p5 0.03). The
patient age ranged from 4 to 95 years.
Themean patient agewas 58 years in the
winter cohort and 54 years in the sum-
mer cohort. When stratified by age,
no significant difference was found
between those who were vitamin
D-insufficient and those who were vi-
tamin D-deficient, demonstrating high
rates of insufficiency, irrespective of age21.

Another retrospective study evaluat-
ing patientswithorthopaedic trauma in the
SouthwestUnitedStates alsodemonstrated
a high prevalence of vitamin D deficiency
and insufficiency; 448 patients were com-
pared with a control group of 1,091 pa-
tients scheduled for primary hip and knee
arthroplasty. Of the patients sustaining hip
fractures,patientage ranged from18to102
years, with a mean age of 79.9 years. A
greaternumberofpatientswithhip fracture
hadvitaminDinsufficiencyordeficiencyat
65.5%comparedwith the control group at
54.0%. However, vitamin D insufficiency
was common in both groups. When bro-
ken down by age, only patients who were
$71 years of age had vitamin D levels sig-
nificantly lower than the control group
(p, 0.05). Although the mechanism of
injury was not stratified, a large proportion
of young adults sustaining presumed
high-energy hip fractures also had low
vitamin D levels22.

These studies have suggested that
both vitamin D deficiency and insuffi-
ciency are prevalent in various orthopae-
dic populations. However, this may be
secondary to the prevalence of hypovita-
minosis D in the general population.
Furthermore, although risk of vitamin D
insufficiency is commonly thought to be
associated with increasing age and female
sex, no significant differencewas found in
these studieswhenpatientswere stratified
by age, sex, and musculoskeletal condi-
tion. Lastly, these studies were unable to
draw conclusions regarding the associa-
tion among vitaminDdeficiency, patient
outcomes, and supplementation.

Vitamin D Supplementation
Growth and development occur
through a complex balance between
bone deposition and bone resorption
during skeletal growth, with a peak bone
mass in adolescence. In individuals of
European ancestry, peak bone mineral
accretion rate occurs at 14.1 years in
males and 12.5 years in females34. Four
years following this peak rate, 95% of
adult bone mass is obtained35. A variety
of factors, genetic and environmental,
contribute to peak bonemass,with up to
20% to 40% obtained through lifestyle
choices. A systematic review by the
National Osteoporosis Foundation on
lifestyle factors and peak bone mass de-
velopment found a moderate level of
evidence for the benefit of vitamin D
on bone36.

The Food and Nutrition Board at
the IOM developed recommended die-
tary allowances for nutrients such as vi-
tamin D. These reference values are age
and sex-specific and are used to assess the

nutrient intake of healthy people. A
dose-response relationship was created
by the IOM for determination of these
values. Three relationships were taken
into account: (1) the relationship be-
tween serum 25(OH)-vitamin D levels
and calcium absorption, (2) the rela-
tionship between children’s bone health
and serum 25(OH)-vitamin D levels,
and (3) the relationship between adult
bonehealth and serum25(OH)-vitamin
D levels. These allowances represent the
mean daily intake of vitamin D needed
for 97% to 98% of healthy individuals
to meet their nutritional requirements.
Recommended dietary allowances are
defined on the basis of the assumption
of minimal sun exposure6.

Recommended doses vary by age
and sex, as well as for those at high risk
for deficiency (Table IV)6,9. Higher
doses may be required in those who
already have vitamin D deficiency.
For those taking vitamin D, a daily
supplemental calcium dose of 1,000 to
1,300 mg is recommended. Vitamin D
levels ought to be reassessed 3 to 5
months after supplementation9.

Robertson et al.23 evaluated the
effectiveness of vitamin D supplemen-
tation with respect to management of
deficiency in patients with orthopaedic
trauma. Supplementation resulted in an
increase of vitamin D levels in patients,
most drastically in patients who were
deficient in vitamin D. However, the
impact of increased vitamin D levels
on patient outcomes was not studied.

In a trial conducted to study the
efficacy of vitamin D supplementation
in reducing the occurrence of fractures
including hip fractures, 2,579 subjects,

TABLE IV Recommended Dietary Allowances for Vitamin D6,9

Age Male* Female*

0 to,12 months 400 IU 400 IU

12 months to 70 years 600 IU 600 IU

.70 years 800 IU 800 IU

High risk for deficiency 1,000 to 2,000 IU 1,000 to 2,000 IU

*IU5 international units.
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who were$70 years of age, were ran-
domized into 2 groups. One group
received 400 IU of vitamin D supple-
mentation, and the second group re-
ceived a placebo for the course of 3.5
years. In the third year of the study, the
mean serum 25(OH)-vitamin D was
23 nmol/L in the placebo group and
60 nmol/L in the vitamin D group. The
placebo group had a total of 48 hip
fractures, and the supplemental group
had 58 hip fractures; this difference was
not significant. In other words, supple-
mentation did not result in a decreased
prevalence of hip fractures24.

Other works have demonstrated
similar findings. A double-blinded, ran-
domized controlled trial compared the in-
cidence of fractures in patients receiving
supplemental vitamin D and those receiv-
ing placebo. The studywas conducted over
2 years and found no difference in the
prevalenceofnonvertebral fractures andhip
fractures25. These studies suggest that vita-
minD supplementation alone is ineffective
in preventing osteoporotic fractures in the
elderly. However, there may be a role for
vitamin D supplementation in the pre-
vention of fractures in younger individuals.

Lappe et al.26 evaluated the corre-
lation between vitamin D plus calcium
supplementation and stress fractures. In
this study, 3,700 high-risk female Navy
recruits were included. Recruits were
given either 800 IU of vitamin D3 and
2,000 mg of calcium or a placebo daily;
309 recruits had a total of 496 stress
fractures. When compared with the
placebo group, the supplementation
group had a 20% lower prevalence of
fractures. Lappe et al. theorized that sup-
plementation of the entire population of
14,416 women who participated in
training over a 24-month period would
have resulted in the prevention of 187
stress fractures. These findings propose
a correlation between stress fractures and
vitaminD levels, thus suggesting a positive
relationship between fracture prevention
and vitamin D.

Vitamin D and Outcomes
Vitamin D has been found to positively
influence fracture and soft-tissue healing.

In an investigation by Doetsch et al., ei-
ther vitamin D or a placebo was given to
30 osteoporotic women with proximal
humeral fractures. At the 6-week follow-
up visit, healing and callus formation, as
determined by bone mineral density
studies, were significantly greater in the
supplementation group (p5 0.006)27.

Angeline et al. studied the relation-
ship between vitamin D and rotator cuff
repairs in a ratmodel.At2weeks following
rotator cuff repair, vitamin D-sufficient
rats had a greater load-to-failure ratio and,
at 4 weeks, they had greater organization
of collagen fibers and bone formation
under histological analysis28.This suggests
that vitamin D may influence tendon-
bonehealing.However,more researchand
future studies are needed to better under-
stand this relationship.

Vitamin D has been proposed to
have a potential association with osteo-
arthritis, as vitamin D receptors have
been found in human articular
chondrocytes37,38. In a rat model,
Pascual-Garrido et al. studied the effects
of vitamin D deficiency on articular
cartilage. Vitamin D deficiency was
discovered to have an adverse histologi-
cal effect on cartilage structure29.
However, clinical studies challenge the
adverse relationship between hypovita-
minosis D and arthritis. In a randomized
controlled trial of 474 patients, when
compared with placebo, daily supple-
mentation of 800 IU of cholecalciferol
resulted in an increase in vitaminD levels.
However, this increase failed to demon-
strate a change in the rate of joint space
narrowing, pain, stiffness, or functional
loss over a 3-year period. Results were
not further stratified by age or sex30.

The orthopaedic literature has
reported a beneficial relationship be-
tween vitamin D and patient outcomes.
In a prospective study by Shin et al.31,
functional outcomes following total
knee arthroplastywere adversely affected
by hypovitaminosis D. The study in-
cluded 92 patients, divided into 2
groups at the preoperative visit based on
vitamin D levels, deficient and non-
deficient. The mean age was 70.7 years
for the deficient group and 72.4 years

for the non-deficient group. Postopera-
tive outcomes were assessed using the
(American) Knee Society Score39 as well
as functional performance tests. Patients
in the non-deficient group scored higher
for all postoperative functional out-
comes31. In an observational study,
Maier et al. found a correlation between
length of hospital stay following elective
hip and knee arthroplasty and vitaminD
levels. Of 1,083 patients admitted, ap-
proximately 60% were vitamin D-
deficient. The length of stay was 15.6
days for those with low vitamin D levels
compared with 11.3 days for those with
normal serum25(OH) vitaminD levels.
This increase in stay was found to be
significant (p5 0.014)32. Maier et al.
proposed that the vitamin D status may
be used as a predictor of hospital stay.

Both studies proposed a beneficial
correlation between vitamin D and im-
proved outcomes in this subset of patients.
However, the mechanism of this rela-
tionship is unknown. The effects of vita-
minD aremediated once it is bound to its
receptor, which has been found in a wide
rangeof tissues andcells in thebody.Thus,
vitaminD is proposed to have a role in not
only bone health, but also immune mod-
ulation,cellproliferation,andcell growth1.
Thus, perhaps insufficient or deficient
levels of vitaminDmay be associated with
cell dysfunction and consequently a sub-
optimal postoperative course.

Conclusion
The crucial role of vitamin D in bone
health has been well established. Recent
studies highlight the prevalence of hy-
povitaminosis D in various orthopaedic
populations including patients with
trauma, young athletes, and patients
undergoing elective upper-extremity
and foot and ankle surgical procedures.
These studies represent populations
studied and may only reflect the general
prevalence of vitamin D deficiency
rather than specific populations at risk.
Vitamin D deficiency and insufficiency
have been found in populations ranging
from patients with osteoporotic frac-
tures to those undergoing elective
orthopaedic procedures. Although
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supplementation has been found to be
ineffective in preventing osteoporotic
fracture, some studies have suggested
the ability to prevent stress fractures in
young, active individuals. Lastly, vitamin
Dmay be related to improved clinical and
functional outcomes. Thus, it is critical
thatmusculoskeletal clinicians be aware of
the prevalence of vitamin D deficiency
and they must recognize this when iden-
tifying individuals for screening and
supplementation.
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