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Vitamin D in Foot and Ankle

Fracture Healing

A Literature Review and Research

Abstract: Vitamin D is a generic
name for a group of essential vitamins,
or secosteroids, important in calcium
homeostasis and bone metabolism.
Specifically, efficacy of vitamin D with
regard to bone healing is in question.
A literature review was performed,
Sfinding mostly large studies involving
vitamin D effects on prevention of
Jractures and randomized animal
model studies consisting of controlled
Jractures with vitamin D interventions.
The prevention articles generally focus
on at-risk populations, including
menopausal women and osteoporotic
patients, and also most often include
calcium in the treatment group. Few
studies look at vitamin D specifically.
The animal model studies often focus
more on vitamin D supplementation;
however the results are still largely
inconclusive. While recent case reports
appear promising, the ambiguity of
results on the topic of fracture bealing
suggests a need for more, bhigher level
research. A novel study design is
proposed to help determine the efficacy
on vitamin D in fracture bealing.

Levels of Evidence: Therapeutic,
Level 1V: Systematic Review

Keywords: bone healing/
orthobiologics; bone; trauma; general
disorders; fractures; sprains; and
strains; sports podiatry

ormal bone metabolism requires

the maintenance of several

molecules. Parathyroid hormone
and vitamin D are
regulated by the body to
ensure tight management
of both calcium and
phosphate levels, as well
as bone homeostasis.
Vitamin D is obtained by
both diet and metabolism
from sunlight; it is one of
a short list of
endogenously created
vitamins." A fat-soluble vitamin, it is
present in several forms. Ergocalciferol,
vitamin D, is a slightly less active form,
originating in nonanimal species, such as
fungus and plants. When ingested, it is
uncertain how much ergocalciferol can
be converted to biologically active
vitamin D in our bodies, though it is not
thought to be an effective supplement.”
The more active form of consumable
vitamin D, vitamin D3 or cholecalciferol,
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comes from animals. Produced in the
skin of vertebrates, it is formed using
ultraviolet radiation to become active.
Vitamin D, as a whole, is also commonly
deficient in several populations,
including African Americans, Hispanics,
those lacking college education, who
were obese, are in poor health, suffer
from hypertension, have low high-

... there are few foot and ankle
publications discussing the importance
of vitamin D to lower extremity bone
health, specifically in fracture healing.”

density lipoprotein levels, or who do not
consume milk daily.* Deficiency in
children is significant for leading to
rickets, while a deficiency in adults leads
to osteomalacia.

It is hypothesized that low levels of
vitamin D can lead to pathologic
fractures. Several studies exist to
corroborate this*"'; however, there are
few foot and ankle publications
discussing the importance of vitamin D
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to lower extremity bone health,
specifically in fracture healing. Even
though vitamin D is stored in and
produced by the body, incidences of
hypervitaminosis are rare, even at high
supplemental dosages. As such, vitamin
D can be considered a relatively safe
dietary supplement. This literature
review is meant to shed light on whether
or not vitamin D supplementation is
efficacious for the treatment of pedal
fractures and postsurgical bone healing.

Normal Vitamin D Levels

Unlike most clinically obtained
diagnostic values, the normal range of
vitamin D is highly variable from
laboratory to laboratory. There are
several challenging aspects to accurately
determining normal and pathologic
levels. Seasonal variance due to sun
exposure, nonstandardized testing,
dietary intake, and even gender and age
can have an effect on what a “normal
range” would look like. Commonly,
laboratories use the compound
25-hydroxycholecalcifrol, also known as
calcidiol or 25(OH)D, as the
measurement standard. Calcidiol is not
the most active form in our body, though
it is generally considered to be the best,
most stable indicator of our vitamin D
levels. Acting as a prehormone, calcidiol
is converted to the active
1,25-dihydroxycholecalciferol, or
calcitriol, in the kidney where it can
begin to work on promoting dietary
calcium absorption. The length of the
half-life appears to be the major
contributing factor as to which gets
measured. Calcidiol levels are relatively
stable, with a half-life of around 15 days,
while calcitriol, of which levels are more
important physiologically, only has a
15-hour half-life. That is to say someone
who has chronically low vitamin D levels
can occasionally have a normal calcitriol
level."”

The US National Institutes of Health
recommends calcidiol plasma levels of
more than 30 nmol/L, less than which is
termed deficiency, while they state that
more than 50 nmol/L is sufficient for the
general population. Patients with levels

between 30 and 50 nmol/L are termed
insufficient. The United Kingdom’s
Institute of Medicine supports the same
recommendations; however, these values
are not standardized and, as such, many
use 30 nmol/L as the high end of
osteomalacia, while levels up to between
75 and 120 nmol/L are at the high end of
vitamin D insufficiency, associated with
osteoporosis.”

Because no standard measurement
exists, many laboratories will report
values using different units. The next
most common unit used is ng/mL, which
is four tenths of the corresponding
nmol/L measurement. Using the adjusted
units, normal values would be closer to
between 10 and 30 ng/mL for vitamin D
deficiency and insufficiency."* For the
purpose of standardization, values and
units must be correctly used and
appreciated. When assessing a patient’s
lab results, identify what that specific
laboratory was testing and how they
report their results.

Vitamin supplementation continues to
be a controversial topic for physicians
and scientists. On one hand, patients
with low levels of certain vitamins
certainly require supplementation. On
the other hand, however, there is
minimal evidence to support widespread
supplementation for all individuals.”>"®
As it stands, the US National Institutes of
Health recommends a daily intake of 600
IU vitamin D until the age of 70 years,
when that value increases to 800 1U."
These intakes do not have to be obtained
from supplements, but many diets lack
the ability to obtain this much vitamin
DY: the National Health and Nutrition
Examination Survey (NHANES) study
found that average individuals only
obtain 144 to 288 IU per day without
supplementation.*

Effect on Bone Fractures
and Healing

Very few studies have been published
on the efficacy of vitamin D
supplementation on bone repair and
healing. The vast majority of the research
being done is on the effect of various
bone healing modalities on at risk
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populations, mostly the elderly and the
osteoporotic, and they are focused on
prevention of fractures rather than
healing. In this arena, large randomized
control studies have been performed and
meta-analyses of these reports have been
run, as well. Through running a search
of “fracture healing and vitamin D” in
Google Scholar and PubMed and
determining actual relevance to the topic,
the list of articles in Table 1 was
obtained. Most articles were either large
prevention studies or animal model
studies, with several unique studies
found as well, ranging from 1945 until
2014.

Bischoff-Ferrari et al® notably found
that vitamin D and calcium
supplementation prevent nonvertebral
fractures in a dose-dependent manner,
with a more significant effect on the
elderly. While not being a flaw in their
research or conclusions, the conclusions
they made were on fracture prevention,
not specifically bone healing. Two
landmark articles, which are widely cited
examples of efficacy of bone healing
without calcium, are animal model
studies performed in the 1990s by Erben
et al”” and Delgado-Martinez et al®

Erben et al”’ undertook a study to
determine the effect of short-term,
high-dose calcitriol on rat cancellous
bone. These rats had no apparent
fractures and no osteotomies were
performed, however, the spines were
observed for evidence of bone
remodeling after administration of
high-dose vitamin D over 3 consecutive
days. Three separate experimental
studies were performed, all with control
groups, in order to determine calcitriol’s
role in calcium hemostasis, bone
formation and parathyroid hormone
levels, and finally on the number of
osteoblastic precursor cells in the
marrow. Among the results, rats treated
with vitamin D were found to have
pronounced hypercalcemia and
hypercalciuria during treatment,
increased osteoid production, increased
osteoblast production, decreased
osteoclast function, increased bone
production rate, and no change in
precursor stem cells. The authors state


http://fas.sagepub.com/

Ankle Specialist

~
(Gf

Foot

vol. 8/no. 5

(panunuoa)
L 1% @ UlweyA [eluawa|ddns yym awiy Buifesy ainjoel) 18xaIng Buiesy | v102 uodal ase) 4z/B 19 1y2Ied
0g99e|d 0] pasedwod sJeak 93iy] JaA0 SSO| aU0q [BL1] |0.U0D 218
68¢ L paanpal A|8]eIapowW ( UILWBYA pue wniges yum uoneluswsiddns Aiejaiq uonuanald | /661 paziwopury saybnH-uosmeq
$1S040d031S0 LM LONBIIOSSE LETIE
G621 2z weaiubis Ajieansnels e sey (y UIWRLA) [ounaJ Jo ayeiul Aeaip ybiy uonuanald | 866L | ©Sea aAndadsold 42I€ 18 SNUIB|N
S9U0]S ABupIy JO YSI By} Pasealoul pue ‘ainjoel)
diy a9npaJ Apueaniubis jou pip ‘Ausuap suoq diy ul JuawaAosdwl [eu} joJiu0d
2829¢ 1 eoUBIS INQ |[eWS B Ul PayNsaJ uoieuaWwalddns g UIWBHA YUM wnidjes) uonuanald | 9002 paziwopuey ¢[€ 18 Uosyoer
uswWoM pue uaw Ajiap|a Buowe $ainjoel) [BIGaLIOA-UOU [BL1] |01U0D
0v¥6 L Bunuanaid u 8An84)8 Jou S| No UIWEBYA N} 000 00€ JO UoiJBfuI [enuuy uonusaaid | 200¢ paziwopuey 22| 18 YUWS
19p|0 10 sIeak gg pabe
S[eNpIAIpUI 0] %0Z 1SB9| 1B Aq SaIn)aei) 99npaJ pinoys asop Jaybiy e Je1
GoZEe L pue ‘quapuadap asop SI g UIWEBNA Ylim uonuanaid ainjoel) [RIqalISAUON uonuanald | 6002 sisAjeue-e1a|\ 1IB11a4-10yasig
uowwod A1an s1 Aabuns aipaedoyypio Bulohiapun $9119S 9SBI
ezl @ sjuaned Buowe @ UILBYIA JO S[9AS] WINJIBS MO] JO 82udjerald ay| uonuanald | 0L0Z an9adsoay -2 18 o1nounbog
9AI}09)Joul 8B ( UILIBYA JO
sw.o} Jaylo ybnouyy ‘asea yuapuadap pue suoinyisul Ul Ajulew ale oym
Y 1Y6 L uawom Apapa Apueuiwopald ul Ajeniow asealaap 0] SWoas mo uIweyA uonuanald 1102 sisAjeue-ela Bl ainoyeyalg
Apapa ayy ur a1noeyy [e1gauaAuouU Aue pue ainjoel) diy Jo uonuasid LB 10
2201€ L U] Ul 9]qeJOAR) 1BUMBLIOS SeM uoneiuawsalddns q uiweia asop-ybiy uonuanald | ¢Loz sisAjeue-ela|\ 1IeLIa4-10yasig
WNI9[ed pue q UlWweyA Ae1aip Yyium pajeldosse sem buluien LIRS
v/ e 1eqwod Buunp syuniaas BunoA ul sainoe.) $sais Jo Juawdolanap ay| uonuanald | ¢Loz | osea aanogadsold [ 18 UBIO
$10198) %Sl |BaIPaW JaYl0
pey Jo ‘8s9q0 aJam ‘payows Aay) Ji Ajje10adss ‘g uIWeYA MO] J0J YSU LETIER
G/ e Jejnaiued 1e a1am a|jue 10 100} 8] JO ainjael) ABIaUS-MO| B ULIM Sluslied uonuanald | €Loz | osea aandadsold o2I€ 18 unws

sjuedioned

29uapIng
JO [9AaT]

sbuipuiy

103[qns

sioyny

‘Buijeay a1moeI4 pue g UILWeA Uo suonealjgnd

'} 3|qel

Downloaded from fas.sagepub.com by guest on September 18, 2015


http://fas.sagepub.com/

October 2015

FootSAnkle Specialist

400

(panunuoa)
s1el AJap|e U1 auoq painjoel) auy Jo yibuais ayy panosdwi [9pOoW [ewiue B 19
Gl G Apueaiyubls ainjoely [eluawIadxa Jaye mo UILUBYIA JO uoljeiSIuipe ay | Buljesy 2661 paziwopury Zoulue-opeblaq
UMBIp 8q p|Noa
Aj1gB1S 81N19R1) 0] UOIR|BI09 OU YBnOoy) ‘UoNewWIo) SN|Bd aInjael) [BL1] |0.1U0D
0g G SBM SB ‘qQ ulwelA uanlb suaned ul panoiduw sem Alsuap [eJauiw auog Buiesy $002 paziwopury o8 18 Yasiao(
£ouaI91Jap g UIWBYA Y1IM SJBJ Ul pajou aiam Alsuap [apouw [ewiue
A G [eJBUIL BUOQ J0 ‘saiuadoid snjea ‘yibua.s [ealuBYIAW Ul 8SB3IIP ON Buiesy 1002 paziwopuey 48 18 SNUIBIN
|9pOW 1eJ PaZIWO}I8LIBAO UR Ul 8U0(q JejjoLwe)
asealoul 0} Aouapua) pue ‘yibuans [ealueydsw ‘Abojoydioworsiy [9pOoW [ewiue
oy G ay Buinosdwn Aq Buiiesy ainyoely sjowo.d pinod mo uIweyA Buiiesy 6002 paziwopury 219 nd
[9pow [ewiue
12 G 901w Ul Jiedas auoq 199 e Jou saop Aauaiolep ﬁm UILUBJIA PUR 81B|04 Buiesy 0102 paziwopuey 2B 18 UIBIS|OH
[apow AW01091S0 [elowa) 1.l e ul Buljeay [9pow [ewiue
ol G auoq Bunowoud Joj 8A98Y8 aq 01 Sieadde (suoualajeuaL) Nv_ uIweyp Bulesy 0L0Z paziwopuey ¢lB 18 Ojowem|
uonejuawalddns q ulWweyA pue wnioed Ajuo yum
dnoJb 1013u02 J9A0 BWIO0IINO [euolUN) SBACIAWI puR Saunjoe.y dlAjad Ul S9119S
g9 2 Buifeay ainjoely Sa]eI919IIR 8- | duow.ioy ploAyieled Jo uoneASIUILPY Buiesy 1102 ased aA1}0adso.d 0c[€ 18 1U18d
uawom [esnedoususod
ul uorjeuuoy snjjed ajendosdde Joj pasinbai si ‘uonejuswalddns $9119S
6 A UILWBYIA PUB WNID[BI YIM Paulelqo ‘siSeisoawoy Wwnidjes pasueleq v Buijesy 2102 ased aA1109ds0.d s2€ 18 ajoy
uoneluswa|ddns q UIWBYA UM pajeay aouls Sey pue
L 7 [BNPIAIPUI JUBIJIOP—( UILBYIA B Ul P2.INJ90 2Injde.) SSUOI B JO aIn]Jeiley Buiesy €102 uodas ase) ¢2l® 18 UBWIYOBH
suewny ul asealaap 1yb1is e Jayjes 1ng polsad RETIE
¥S Z Buireay ayy 6unnp mn_ UILBYIA JO 8SBaJOUI AU LWIIUOI 10U pinod sbulpul4 Buiesy €102 9sed aA93dsold 1218 18 1HIoM

sjuedionied

29UapIAg
JO [9AaT]

sbuipuiy

yoalang

sioyny

(panunuod) *| ajqeL

Downloaded from fas.sagepub.com by guest on September 18, 2015


http://fas.sagepub.com/

401

FootSAnkle Specialist

vol. 8/no. 5

y1BuaLls panoidLul JNOUYIM INg ‘SNj[ed au} Jo

uoiedlI9ed 0} pes| uoneuswa|ddns @ uiweyA “Seinqly 1ed Jo saunjoe.y) [9pow |ewiue
oLe G ul Jreday snjjea 01 yibua.as 1sow ay) papiroid uonejuswslddns y ulwep Bulesy GY61 paziwopuey e 18 ddog
Buieay ainyoesy Buiredwn ‘sis010doa)so paje|a. auojosiupald [apow [ewiue
9l G 10 9sNsIp yum suqged ur uondiosal suoq saesahbexs mo uIwe)A Buljesy 1861 paziwopury oyl 18 UBJBpUI
suayaIyoa [9pow [ewiue
¥e G pa1ajdap—Qq uiweyA ul Jiedas auoq sajowoid uonejuswalddns mn_ uIweyIn Buieay 2861 paziwopuey | ,[e18 ybnequnig
moNA_._ova_F a]lj0qe)awl g UlWeyA aAljoe [apouw |etuiue
sdnoub ¢ G uMOUY 8L 01 UORIPPE Ul UONBULIO) 8UOq JO) [BUASSI S mowfovmmhvm Buiesy €861 paziwopury ,1B 18 13330
SY21Y9 1HYIRI Ul 199449 YINs Ou Sey momfovmm; aJlym ‘auoq [9pow |ewiue
9 G pue abeied U0 103448 [290] J08.1P € Sey $3sop Jaubly au e *a°(HO)SZ Ve Buijesy 1861 paziwopuey o 38 10p1
SN|[B9 9Y) PauUayeam
a uiweyn °a%(Ho)sz' | annae ajiym ‘snjjea sabuoss e paonpoid °q [opow [ewiue
¢l g ulweya moNfova._\N AJ0BUI JO UONIB(UI [8I0] ‘$X21Ya P8} AjjeuLiou U] Buiesy 066 paziwopuey eelB 18 40pI7
JaJIp 10U pIp SanjeA asoyy
‘sau0q 19e)ul J0J ‘I19Aamoy ‘dnoib josjuod ay) ueyy Jaybiy Apueoiiubis
aJam dnolb q uiweyiA auy Jo sanjea AupiBbu [eInXa|) Y1 pue ‘pagosqe [9pow [ewiue
02 @ £B1sua 10 sanjeA ay) ‘peo| 81moel) AUl ‘Sainjae) [elusWLIAdXa LM Buieay 1661 paziwopury oc/8 18 N|BoIBWQ
au0q SNOJ|99uB 18J Ul
gourwJopad Wea) 1SL|qos1So pue JUaLLLINIIAI 1SB|qo81So Suawhne pue [apouw [ewiue
26 [ suun Bullopowal sUoq MauU S8)eaId JUaLUIIRaI] mn_wfov-mN; wJay-uoys Bulesy 1661 paziwopuey 1B 18 Usg3

sjuedionied

29uapIng
JO [9AaT]

sbuipuiy

103[qns

sioyny

(panuyuos) | ajqey

Downloaded from fas.sagepub.com by guest on September 18, 2015


http://fas.sagepub.com/

402

FootSAnkle Specialist

Figure 1.

Despite the decreased trabeculation due to osteoporosis, as seen in (A), fracture
healing progressed with no difference in experimentally treated rats. From Melhus
etal

|.34

the likely mechanism of action was due
to downregulation of parathyroid
hormone, which was seen in their
second experiment. Vitamin D was also
found to suppress bone resorption by
decreasing parathyroid hormone and by
enhancing bone formation due to
improved osteoblastic “team
performance.” There is no mention of
scaling up this procedure to human
trials; however, the rat model they used
is not a novel approach. The murine
physiology tends to closely resemble
ours for most processes, but further
studies would need to be performed to
duplicate these results before human
conclusions can be drawn.
Delgado-Martinez et al’® performed a
randomized control study, 1 year later,
simulating femoral fractures in rats and
observing the healing process. One
group of rats received vitamin D
supplementation while the control group
did not. Five weeks after the femoral
shaft osteotomy, the femurs were
extracted and put under torsional stress,
to determine the strength of the resultant
bone callus. Blood levels of vitamin D
were obtained and those with higher
levels had higher torsional strength. They
reported that the vitamin D rat femurs
had a “greater maximum shear force
before failure.” This may or may not be
applicable to humans or, more

specifically, to the lower extremity, as it
has yet to be duplicated. Many pedal
fractures tend to be from a crushing,
rather than shear, force which was not
addressed by this study. The small
sample of 15 rats may also call this study
into question; however, the authors state
that their results indicate vitamin D can
improve the mechanical strength of bone
in elderly rats, which may correlate to
the elderly human population.

Clinically healthy rabbits have also been
used to demonstrate the efficacy of
vitamin D supplementation on fracture
healing by Omeroglu et al. Again, using
a single high dose of vitamin D, it was
demonstrated that strength across the
fracture site was increased with
supplementation. There was in increase
in strength required for refracture of the
healed bone as well as increased rigidity
measurements of both the developed
fracture callus and the resultant bone.
The authors also found that no vitamin D
supplementation had no effect on
healthy, nonfractured bone; this is an
important finding from the article. The
prior articles do not address the effect of
vitamin D on nonfractured bones, while
this one is clear that they found no
increase in strength or significant
remodeling between treatment and
control groups. In another study, a single,
intramuscular dose of 50 000 IU/kg was
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administered to healthy guinea pigs with
manually fractured tibias. After 1 week,
vitamin D led to increased organization
and denser fibers in the resultant callus
along with the observation of larger
artery and veins. After 2 weeks, the
experimental group already had
development of an early cartilaginous
callus along with some osteoprogenitor
cells. Week 3 produced calcification of
the callus in the experimental group,
while by the fourth week the fracture site
was “almost totally filled with new bone.”
The control group lagged behind by at
least a week throughout the observations.
As such, they determined that vitamin D
had 4 separate mechanisms to improve
bone healing: advancing the blood
supply, improving osteoprogenitor cell
response, increasing the amount of
collagen in the callus, and increasing the
efficacy of collagen organization. Another
study suggests that, in spite of decreased
trabeculation in femoral fracture healing
without vitamin D, as seen in Figure 1,
there was no decrease in fracture repair,
bone mineral density at the fracture site,
or biomechanical strength.**

Reports of vitamin D efficacy in the
treatment of fractures for humans are
rare. Moran et al'' reported on an
increase of stress fractures among elite
military recruits who were deficient in
vitamin D and calcium. They attribute
the stress fractures to an increase in
osteoclastic activity during bone
remodeling within a background of
already decreased vitamin D."" This study
tends to be more reflective of the recent
literature; that is to say most articles
point toward both vitamin D and calcium
playing a role together, rather than
focusing on the importance of vitamin D
as a sole entity. A randomized, double
blind, placebo-controlled trial testing the
efficacy of annual high-dose vitamin D
injections failed to show any decrease in
fracture risk with treatment in the
general population. The group of nearly
10 000 participants had similar numbers
of hip, wrist, and vertebral fractures
between the control and treatment
groups, while also failing to show a
significant difference in preventing
patient falls.** Similarly, a meta-analysis
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consisting of more than 31 000 patients
showed a nonsignificant 10% decrease in
participants who received vitamin D,
even with high levels of daily
supplementation at 800 IU per day.’

It is without question that vitamin D is
an integral mineral for calcium
homeostasis. Current literature is
indeterminate, however, as to the efficacy
of supplementation for fracture healing
in humans. Without being able to draw
conclusions within the species, in
general, it is tough to specifically make
recommendations for lower extremity
fractures. Vitamin D appears to be most
efficacious in certain scenarios. Patients
who can be described as elderly,
osteoporotic, Caucasian, or female will
receive more benefit from vitamin D
supplementation. The improvement will
increase in a dose-dependent manner
and will also, likely, improve with
calcium supplementation as well.

Recently, 2 unique case reports offer
support for vitamin D specifically for
bone healing. A Jones fracture, which
was fixated with an intramedullary screw,
went on to adequate radiographic
healing but suffered a refracture at 4
months postoperatively. The refracture
healed after an additional 6 weeks,
followed by a second refracture at 9
months after the initial injury. The
vitamin D level was then assessed, and
seen to be deficient at 20.6 ng/mL. After
8 weeks of high-dose vitamin D
supplementation, the patient’s vitamin D
status rose to 39.0 ng/mL. Since then, he
has been problem free for a year and a
half® Similarly, a single case report of a
child who sustained a distal radius
fracture followed by a refracture has
been published. He was then diagnosed
with hypovitaminosis D, with a vitamin
D level of 22.2 ng/mL. Apart from
vitamin D supplementation, both the
initial fracture and the refracture were
treated with long arm casting and
immobilization. The second fracture,
however, had significantly more callus
formation after cast removal at 35 days.26
It would seem as though the only
difference between the first and second
fractures was, in fact, the circulating
vitamin D level. While only being single

case reports, these 2 are unique in that
they both eliminate many other variables.
Still, some research supports
supplementation of other forms of
vitamin D. The less active
24 25-dihydroxyvitamin D3 has been
shown to produce similar, or perhaps
improved, healing efficacy versus what
1,25-dihydroxyvitamin D, notably when
administered locally at the fracture
site” and, while somewhat out of the
scope of this article, other supplements
and modalities have been hypothesized
and tested with animal models, with
varying degrees of success. Iwamoto et
al’ performed a study on femoral
fractures in rats utilizing vitamin K,
supplementation. They were able to
show not only that vitamin K was
effective in limiting osteoclast inducer
RANK-L, but that it also stimulated
lamellar bone formation.”" Parathyroid
hormone has been given with success in
healing pelvic fractures in humans, with
or without calcium and vitamin D
supplementation. And finally, Holstein et
al'! have shown that folate and B12 do
not affect fracture healing.

Potential Study Design

The gold standard of medical research
is the level 1 randomized control trial.
Most research in podiatric medical
journals are reported as levels 3 and 4,
with more level 4 publications than
levels 1 through 3 combined. " This topic
deserves a higher level of evidence than
is currently available. Using the following
suggestions, any sufficiently trauma-
oriented podiatric surgical residency
should be able to obtain useable and
duplicable results, establishing vitamin D
efficacy in fracture healing.

The podiatric physician on call in the
emergency department should have a
protocol established that randomly
assigns those patients presenting with
foot and ankle fractures to 1 of up to 3
groups. These patients should be
separated into, at minimum, a vitamin D
supplementation group, a vitamin D and
calcium supplementation group, and a
placebo-control group, receiving inert
pills or tablets. Ideally, further division of
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groups would occur, based on anything
from location or mechanism of the
fracture to primary treatments rendered,
whether immediate or delayed open
reduction/internal fixation or simply cast
immobilization. For example, a small
randomized group of nondisplaced
metatarsal fractures would allow the
researcher to eliminate internal fixation
as a variable; all fractures could be
treated nonoperatively with the patients
being split into the thirds that were
previously discussed.

For the sake of the research, a
sufficiently high dose of vitamin D
should be given while also minimizing
the potential for detrimental effects.
Because not all patients will be at the
same starting level of vitamin D, the dose
needs to be high enough to potentiate
an effect but low enough to minimize
risks. To prevent an additional variable,
the dose should be standardized for
everyone in the experimental group.
Likely, 800 mg per day would be an
acceptable amount. This dose is easily
obtainable and managed, usually with
just a single tablet. The vitamin D or the
placebo could be assigned randomly
through the use of sealed envelopes; the
emergency department physician would
be responsible for opening the envelope
and distributing either a placebo or the
vitamin D tablets.

All patients enrolled in the study
should have vitamin D levels drawn
immediately, in the emergency
department, along with the standard
complete blood count and
comprehensive metabolic panel, to
establish a baseline that can be
compared to, likely at regular intervals
of, potentially, 4, 8, and 12 weeks of
follow-up. Plain film radiographs would
also be obtained at the same regular
intervals, to look for signs of bone
healing, such as bony callus or
trabeculation across the fracture site.

Conclusion

While several large studies exist
regarding the efficacy of vitamin D and
calcium supplementation for prevention
of conditions, ranging from stress
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fractures, to falls, and even mortality,
very few studies on the efficacy of
fracture healing and vitamin D
supplementation have been written. Of
the few studies specifically on vitamin D
and fracture healing, even fewer are
scaled to humans at this time. It is
obviously difficult to obtain large,
randomized control studies of traumatic
medical conditions like fractures;
however, it seems like literature is
especially lacking here. High-trauma
institutions could randomize patients into
high-dose vitamin D versus placebo
groups to help definitively demonstrate
whether or not supplementation in the
general population is effective. As it
stands now, no conclusions can be
drawn, so no treatment plans can be
recommended for fractures in general, let
alone specifically foot or ankle fractures.
Basic animal models have shown that
vitamin D, mostly in combination with
calcium, may help fortify and accelerate
bone callus formation, though these
studies have yet to be scaled up to
humans at this time. The best evidence
we currently have tends to come from
small case reports and series, which do
offer some hope that vitamin D alone
may help increase fracture healing,
through stronger callus formation and by
decreasing healing time [ZH
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