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Human Upper Limbs (Distal Radius) Show Direct Dependency on
Vitamin D as Osteogenic Factor but it is not seen for The Lower
Limbs (Midshaft Tibia) - Evolutionary Insights for
Human Bipedalism
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ABSTRACT Lower limbs bear the entire body weight under the influence of gravity in various activities of daily
living like walking. Upper limbs are not having any comparable weight bearing role in modern bipedal human
beings. Thus, there may be evolutionary differences in limbs for their dependency on osteogenic factors like
nutrition, weight bearing, and environmental aspects. The level of vitamin D may be predominantly important for
the non-weight bearing upper extremity skeletal mineralization during winters as compared to lower limbs in
modern bipedal humans. Vitamin D’s association with quantitative ultrasound derived T and Z scores were checked
and its osteogenic role explored in this study. Vitamin D level using enzyme - linked immunoassay (ELISA) and
ultrasound derived T and Z scores of radius and tibia were checked during winters for a correlational study on 20
participants. Present study results show significant positive correlation (r=+0.491; p=.038) and significant positive
linear regression analysis for quantitative ultrasound derived T score of distal radius (p=0.033", R2=.241, b0= -
1.51, b1=0.053) with vitamin D levels; whereas the correlation of vitamin D was not significantly positive for
midshaft tibia’s T score (r=+0.298; p=.229). Thus, a direct dependency of vitamin D for only the upper limb has

been seen, for osteogenic function.

INTRODUCTION

Human evolution is a perpetual and essen-
tial change centered on survival and adaptation,
and has been happening at a very slow pace.
Bipedalism is also one aspect of it along with
the evolved brain that sets us apart in the animal
kingdom. The entire evolution on the earth has
been directly under the Sun and till the recent
past of our species; it has been largely attribut-
ed to outdoor living activities (David-Barrett and
Dunbar 2016). Wrist fractures (distal radial frac-
ture) are usually sustained in outdoors activity
and are reported in winter season as the first
indicator of osteoporosis (Bartl and Bartl 2017).
Bone is a hard connective tissue that has two
major components, collagenous matrix, and min-
erals. Loss of collagenous matrix and minerals
leading to a low bone mineral density ({BMD)
T score of < - 2.5, is known as osteoporosis
whereas loss of minerals in adults is known as
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osteomalacia. It has been suggested that signif-
icant overlap between the two exists with a cen-
tral role of vitamin D (Nordin 2010). The living
bone constantly remodels itself as per the vari-
ous stimulants like weight bearing and vitamin
D levels. Bone remodels in response to loading
as per Wolft’s law (Frost 2004). Various sites of
the skeletal system are known to have different
loading patterns. The calcium release or absorp-
tion, by bone, is dependent upon them. During
osteoporosis, the calcium is released due to hy-
povitaminosis D, from the bones and same is for
the case of distal radius, as discussed here.
The survival instinct has increasingly de-
manded skill base instrumental role from upper
limbs and the weight bearing - locomotor role
being primarily reserved for the lower limbs (Be-
gun 2007; Liu et al. 2016). For modern humans,
early childhood development leads to bipedal
stance by 12 months of age and the reflex bipe-
dal walking starts even before that, this adapta-
tion being rooted in the genetic programming
and the lower energy cost of locomotion being
one important factor affecting successful sur-
vival (Pasqua et al. 2016). Exploration of the en-
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vironment by the hands is also witnessed dur-
ing early childhood and the role of socio-envi-
ronmental aspect for walking has been told by
Geva and Orr (2016). Gripping, pinching and
other prehension like activities do not cause di-
rect weight bearing and are evolved along with
visuospatial function (Bruner and Iriki 2016) for
the upper limbs and the skeletal remodeling is
accordingly not attributable to a weight bearing
adaptation as it is for the lower limbs from a very
early phase of life. The evolution of bipedal walk-
ing in humans has taken away the weight bear-
ing function from the upper limbs (Begun 2007).
Moreover, the usage of upper limb is more and
more intended and limited to skilled activity; thus
for purpose of osteogenic action they may be
dependent upon factors other than mechanical
stress of regular weight bearing activities of dai-
ly living (ADL) like walking, standing and sit-
ting. Modern humans are living in a technolog-
ically advanced environment that produces very
little demand on the upper limb skeletal system
as compared to our forefathers. Furthermore, the
modern aristocracy loaded life style excludes any
outdoor endeavors as part of the survival drill
on a regular basis, and there is no natural sun
exposure to the skin surface. It leads to nutri-
tional bone disease.

Nutritional bone disease due to serum vita-
min D and calcium deficiency has been reported
to be about fifty-two percent in the Indian pop-
ulation (Teotia and Teotia 2008). This predis-
poses the affected individuals to falls, fractures,
and morbidity. The economic burden of manag-
ing osteoporosis - related fractures is going to
be huge for India as has been documented for
the other countries like United States of Ameri-
ca (Burge et al. 2007). Factors like sunlight expo-
sure, serum vitamin D, loading of bones, calci-
um levels, and heritability can affect the mineral-
ization leading to VBMD at various sites of the
body. During winters, it can be low when UV
Index is < 3 (Shukla et al. 2012). For the high
mortality rates in United States of America pop-
ulation in winter, the seasonal variations of vita-
min D are reported to be significant (Grant et al.
2017). Vitamin D plays a greater site-specific
role at a cellular level over and above the gating
of calcium through the gut (Kaiser et al. 2013).
This can involve non-weight bearing bones if
resistance exercises are not prescribed in the
presence of hypovitaminosis D for them. Vita-
min D is known to control calcium and was re-

ported to have a major role in cardiovascular
diseases. Sunlight-induced few chemical media-
tors like nitric oxide (NO) which are well known
for and acclaimed in vascular physiology, as sig-
naling molecules are also found to affect the
bone mineralization and tissue inflammation (Liu
etal. 2010; Dulla et al. 2016). Such changes have
been attributed to produce change in bone vol-
umes in a consistent way for the lower limbs but
are not seen consistently for the upper limbs
(Chirchir et al. 2017) and further exploration is
desirable. In the sample of children from Fin-
land, an insufficiency level of vitamin D in sev-
enty percent of children has been reported by
Soininen et al. (2016) highlighting physical ac-
tivity and nutritional aspects like milk intake in
them.

The various factors that are generally attrib-
uted for skeletal remodeling are diverse in na-
ture and are: 1) Environmental factors — living
arrangements indoor and outdoor living and
sunlight - induced vitamin D mediated calcium
absorption, 2) Activity based — weight bearing
and non-weight bearing function of the upper
and lower limbs, 3) Nutritional factors — like pro-
tein intake and vitamin D and calcium (Ca) in-
take and, 4) Genetic factors — evolutionary as-
pects and genetic programming for the skeletal
system (Weaver et al. 2016). These other factors
are mainly nutritional (vitamins and minerals), or
hereditary factors subjected to evolution (Ter-
rio and Auld 2002). Lower limbs and axial skele-
ton weight bear during many activities of daily
living (ADLs) and they may have it as a major
determinant of bone remodeling for the modern
humans. These factors are also interlinked with
each other and may influence each other. Not-
withstanding, are there any selective preferenc-
es for any one of the factors for a specific skele-
tal site, is presently unknown? Like vitamin D-
induced osteogenic role of upper limb? This is
the primary question addressed in the present
study. Here, researchers show a direct depen-
dency on vitamin D levels of upper limbs for
better bone structure and strength.

METHODOLOGY

Specifically, this study looked at correlation
of two different sites (distal radius and mid-shaft
tibia) using quantitative ultrasound (QU) derived
T and Z scores from, speed of sound (SOS)
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measurements, with vitamin D; and the need of
regional weight bearing exercises along with walk-
ing as primary preventive approach highlighted
specially during winters in northern locations.

Variables

Serum Vitamin D concentration, (25 OH D2
and 25 OH D3) levels were analyzed in centri-
fuged venous blood.

Quantitative Ultrasound derived T and Z
score using the speed of sound measurements
at the distal radius and mid-shaft tibia were re-
corded.

Equipments

1. Enzyme linked immunoassay (ELISA) mi-
croplate, reader.

2. SUNLIGHT US Based bone sonometer
Omnisense, Imola Italy

3. ELISA 25 OH D using DL.D kits, Germany

4. Centrifuge

5. Deep freezer

Research Design

The research design used was Correlational
Study Design

Sample Size

The sample size consisted of 20 participants.
Setting

The Faculty of Sports Medicine and Physio-
therapy, Guru Nanak Dev University was select-
ed for the study.
Inclusion Criteria

The inclusion criteria was:

1. Age group—25-70 years

2. Involved in walking for at least 30 mins

per day

Exclusion Criteria

The exclusion criteria was:

1. Involved in resistance training of upper
limbs

2. Taking vitamin D / Ca supplements
3. Individuals taking steroids
4. Previous/recent history of fractures

Procedure

Ethical approval was granted by the Institu-
tional Ethical Committee of Faculty of Sports
Medicine and Physiotherapy, Guru Nanak Dev
University Amritsar and informed consent were
taken from all the participants. Inclusion - exclu-
sion criteria were checked. Serum vitamin D 25
OH D2 and 25 OH D3 were detected from the
venous sample. The venous sample was centri-
fuged, and frozen serum kept in (EDTA) test
tubes. Enzyme- linked immunoassay (ELISA)
was done using DL.D Germany Vitamin D kits.
Thekit performed enzyme immunoassay for the
quantitative determination of 25 (OH) D levels.
Bone mineral density was tested by an ultra-
sound (QU) based probe from midshaft tibia and
distal radius. Three measurements were record-
ed and the average of them was taken.

Data Analysis

Using SPSS version 12.0, descriptive statis-
tics of the variables was found out using mean
and standard deviation (SD). Pearson correla-
tion co-efficient (r) was found out for vitamin D
and two sites being the distal radius and mid-
shaft tibia. Linear regression was determined if
the correlation was significant (p=<.05"). Scat-
ter plot for linear regression is drawn between
vitamin D and SOS derived T score of the distal
radius.

RESULTS

Total 20 participants were involved with a
mean age 0of 47.3 +10.3 yrs. The mean+ SD value
of all the variables is given in Table 1. The mean
weight being 66.9 kg with a standard deviation
of 12.5 kg. The T and Z scores are seen in which
lowest mean reading is for the tibial T score -
1.23 and the highest reading being the radial Z
score. Vitamin D levels have the mean value of
18.06 ng/ml reflecting the deficiency range. Ra-
dial T score is -.4 and it is having association
with vitamin D levels, as seen in Figure 1.

The relationship of the T scores of the distal
radius and midshatft tibia with vitamin D levels is
seen in Figure 1. It is seen in Figure 1 that the
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Table 1: Descriptive statistics of the participants showing mean and standard deviation along with the

range (max- min) of various variables

S No. Variable Mean = SD Range (Min - Max)
1 Age 47.3 +10.3 Years 26-68 Years

2 Weight 66.9 +12.5Kg 45-86.2 Kg

3 Height 60.8 £ 12.3 cm 145184.2 cm

4 Body Mass Index (BMI) 25.6 + 2.7 Kg/m? 18.2-29Kg/m?
5 Vitamin D levels 18.06+ 9.06 ng/ml 1.37-36.0 ng/ml

6 SOS derived radius (T) -0.40+ 1.1 -2.0- +2.2

7 SOS derived radial (Z) .02+ 1.69 -4.6-+2.2

8 SOS derived tibial (T) -1.23+ 0.99 -1.8-+2.2

9 SOS derived tibial (Z) -0.76+ 1.71 -3.3-+2.2

T score of distal radius, T score of midshaft tibia, Vitamin D
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Vit D and T scores superimposed for their

Fig. 1. Graph showing vitamin D and QU (SOS derived T score) at distal radius and mid shaft tibia in
all participants. Almost mirror images are found out for radius

vitamin D levels are varying with the T scores of
the distal radius in a consistent manner. This is
not seen for the mid-shaft tibial T scores.
Vitamin D concentration has been found to
have significant and moderately positive corre-
lation (r=+0.491; p=0.038") with T score at dis-
tal radius (T=-0.4150£1.11), but not with mid

shaft tibia (r=+0.298; p=0.229) T score (T=-1.2250
+0.99) as seen in Table 2.

The co-efficient of determination’s (R
square) value is .24 as seen in Table 3, meaning
twenty-four percent of variations can be ex-
plained in the quantitative ultrasound derived T
score of distal radius by the vitamin D levels.

Table 2: Correlation co-efficient and level of significance of serum vitamin D concentration and QU

derived T score, Age and BMI

S. No. Variable 1 Variable 2 Pearson correlation Significance
co-efficient level

1 Vitamin D levels Age +0.104 681

2 Vitamin D levels BMI -0.049 .848

3 Vitamin D levels T score Distal Radius +0.491 .038"

4 Vitamin D levels T score Mid shaft Tibia +0.298 229
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Fig. 2. Linear regression analysis of serum vitamin D concentration and QU derived T score (bone

mineral density) at distal radius

Scatter diagram is plotted (Fig. 2) with this data
and it is seen clearly that at 30 ng/ml is corre-
sponding to the zero (0) level in the T score
range for the distal radius. The independent vari-
able is taken as the horizontal axis and the de-
pendent variable is taken on the vertical axis.
The co-efficients for straight line are b0 and bl
being, — 1.51 and .05 respectively (Table 3).

DISCUSSION

All participants were involved in walking at
least 30 minutes per day producing weight bear-
ing for the lower limbs; they were not involved
in resistance training of upper limb. The present
study was done during winters and lack of sun-
light during winters may produce vitamin D de-
ficient state (O’ Neill et al. 2016) leading to sec-
ondary hyperparathyroidism further producing
low bone mineral density over a period of few
months. Such seasonal variations are reported
as a factor for various diseases and disorders

(Hartl etal. 2017) and even affecting the mortal-
ity rates (Grant et al. 2017). Low bone mineral
density at radius is cited as a factor for distal
radius fracture with trivial trauma (Oyen et al.
2011). For most of the world population, ultravi-
olet radiation B (UVR- B) part of sunlight is the
primary source of vitamin D (O’Neill et al. 2016).
At the time of the present study a UV Index of
about 3 (during winters) is expected at the given
location (Shukla et al. 2012) and is insufficient to
produce optimal vitamin D levels. Such season-
al changes are informed by Pasco et al. (2004) in
the Geelong Osteoporosis Study. The average
value seen by the present study of vitamin D is
18.06 £9.06 ng/ml as seen in Table 1. A plethora
of diseases are associated with such deficiency
values (Grant et al. 2005). It may lead to increased
risk of fractures predisposing to other joint prob-
lems as well. Various other factors like weight
bearing activities and physical exercises can in-
fluence it; equivocal results are reported from
various studies regarding their effect (Snow-

Table 3: Model summary and co-efficients for regression analysis- linear equation

Dependent Independent R square  F value Standardized Un-standar- — Un-standar- Sig
variable variable value co-efficients dized dized
Beta co-efficients co-efficients
b0 bl
QS derived R(T) Vitamin D 241 5.4 491 -1.5145 .0531 0.033
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Harter et al. 1992; Heinonen et al.1996; Terrio
and Auld 2002). The geographical distribution
and seasonal variation of sunlight where the ul-
traviolet index falls may lead to a variation in
occurrence rates of such diseases, from summer
to winter and from south to north (Maxwell 1994).
The north Indian children are reported to have
vitamin D deficiency (Marwaha et al. 2005).

The linear regression analysis (Table 3)
also showed significant results for the distal ra-
dius (p=0.033"), thus it was found out that con-
centration of vitamin D may be causing de-
creased bone mineral density at distal radius
during winter. Vitamin D supplementation or ul-
traviolet exposure to increase the vitamin D con-
centration to the levels of sufficiency (30 ng/ml)
as demonstrated by histological analysis of min-
eralization of iliac crest are the direct implica-
tions of this (Priemel et al. 2010). The level of
sufficiency is 30 ng/ml and it is not available in
the population studied in the present study
where only two participants reached this level.
In a systematic review (Morrison et al. 2013) of
falls and osteoporotic fractures distal forearm is
cited by two studies to have a maximum number
of site-specific fractures (SOF= 171 and Mellor
2002=496). Differences in osteocyte function with
increased porosity being negatively associated
with lacunar density has been reported for dif-
ferent sites in human skeletal system like femur,
rib, and radius by Hunter and Agnew (2016). They
demonstrated age dependent maximum negative
association for the human radius.

Globally, it has been identified that lack of
vitamin D and an increased parathyroid hormone
are associated with increased bone loss. Giving
supplement for it has been linked to improve-
ment in health outcome (Lips et al. 2001). The
significant correlation (+0.491 at p=.038*) is seen
only for distal radius T score and vitamin D lev-
els (Table 2). India has been reported to have a
large number of vitamin D-mediated cases of
osteoporosis and other diseases of the same
origin have also been identified (Malhotra and
Mithal 2008). In the present study, participants
belonged to skin type IV and V with moderate
melanin content and tanning reaction to the sun.
Darkly pigmented skin and low temperature
along with low UV index (winter) leading to less
skin photosynthesis of vitamin D and thus hy-
povitaminosis D and resultant low bone mineral
density (T score) of the distal radius in absence
of specific weight bearing explain the signifi-

cant correlation seen in Figure 2. Similar find-
ings are reported by Arya et al. (2004) for 25(OH)
D only.

Significant linear regression (p=0.033) of T
score of radius only with vitamin D concentra-
tion (Table 3) is a factor that suggests the im-
portance of weight bearing exercise interven-
tions for the upper limbs (wrist and forearm)
during winters for the susceptible population
who are regularly involved in walking other-
wise. Human bipedalism has produced many
changes in the stress and loading muscular func-
tion of the upper limbs named musculoskeletal
stress markers (Ibafiez Gimeno et al. 2013). Me-
chanical aspects for the bone mineralization at
the distal radius during morphogenesis is also
responsible for this aspect (Galtés et al. 2006).
Tibial T score has a weak, non-significant corre-
lation with vitamin D, different from distal radius
(Figure 1). It may be due to weight bearing na-
ture of tibia thus, the implication of weight bear-
ing for upper limb as well arises. In a systematic
review and meta-analysis by Nikander et al.
(2010), site-specific improvement as a result of
loading has been concluded.

Cochrane review could only find definitely
favorable improvement for post-menopausal
women in the review for vitamin D supplementa-
tion; certain adverse effects like increased neph-
rolithiasis and increased serum calcium levels
have also been quoted (Bjelakovic et al. 2011).
Recently in a review covering 29,000 partici-
pants, calcium supplementation has been relat-
ed to more of stroke and myocardial infarction
and this risk still remains even after adding vita-
min D. They have also mentioned better prog-
nosis for a group only receiving sunlight as a
therapy (Reid et al. 2011). Interestingly, hands
are most of the time still exposed for any oppor-
tunistic sun exposure.

Nutritional affluence leads to widespread
obesity/overweight that loads the lower limbs.
Moreover, from a physiological point of view,
dietary supplements largely contain 25 OH D,
(ergocalciferol) and not 25 OH D; (cholecalcifer-
ol). Their specific actions are different and may
influence the benefits derived from them.

There are comparisons found for upper and
lower limbs on a phylogenetic basis (Sinam et al.
2015). The hand is differentiated from the foot
because — the hand is in line with the forearm
while the foot is placed at 90 degrees to the leg;
and most remarkably with the changed position
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of thumb in the hand it function changes to the
more skilled and precise. There are 10 muscles
only working for the human thumb, which is
placed laterally and at a perpendicular axis. Thus,
the carpometacarpal joint has three dimensional
movements with the opposition - as the encir-
cling of thumb and fingers, for the instrumental
roles. This is distinct from the foot where the
first metatarsal ball carries maximum of the body
weight during normal gait. There is substantial
more range of motion in the upper limb as com-
pared to the lower limb. But the strength of bones
is comparatively less. They are carrying angle
advantage and the ability of the forearm to supi-
nate and pronate for better positioning in space.
Upper limbs are primarily suited for the open
kinematic chain exercises whereas the lower
limbs are primarily suited for the closed kinemat-
ic chain exercises. Therefore, during the process
of evolution, the upper limbs gradually supinat-
ed and the thumb moved out with getting closer
to the radius, leaving the weight bearing func-
tion totally.

Although, the distal radial end is an anatom-
ically differentiated structure, by ancestral walk-
ing patterns and is used to discuss and debate
whether early humans were knuckle walker or
used brachiating (swinging on the branches).
There are more advocates of knuckle-walking
patterns, but a large number of upper limb pos-
turing is concluded, and all types of ambulation
would have produced more stress on the distal
end of radius (Tallman 2012). When this is com-
pared to the present day humans, the weight-
bearing is found to be negligible, and thus, it
may be producing dependence on vitamin D for
QU (derived T score). The present day human
evolution is also ongoing and is primarily be-
cause of the indoor living environment and can
lead to the differential association with vitamin D
of the two skeletal sites seen in Figure 1. In the
indoor living arrangements, artificial light replac-
es the sunlight. The artificial light is completely
non-physiological for ultraviolet radiation - in-
duced vitamin D via photo-bio-stimulation. Simi-
lar to the way in which, plants cannot thrive in
the indoor environment, and the wild animals are
not able to do well indoors, humans also need
natural sunlight and outdoor activities for the
optimization of various health factors.

The unprecedentedly high significance
(p=0.038) (Table 2) of radius (T score) and serum
vitamin D correlation analysis (R square .241) in
the broad age bracket, (26-68 yrs) brings to fore
the independent osteogenic role of this ancient

hormone (vitamin D) for non-weight bearing dis-
tal radius. The genetic evolution after bipedal
stance has a specific mention for this. In this
context and observing the not so overall favor-
ableresults of vitamin D/Calcium supplementa-
tion and need for resistance exercises along with
UV exposure is highlighted by “throwing new
light on old light for light bones”. It can also be
recommended that maintenance of optimal vita-
min D levels and additional resistance training
for the forearms and wrist may be included along
with walking during winters in a physical fitness
program for primary prevention of osteoporosis.

CONCLUSION

Low vitamin D levels independently affect
distal radius as osteogenic factors (reflected by
the T score and vitamin D relationship), but not
mid-shaft tibia in individuals undertaking regu-
lar walks. Thus, there are evolutionary implica-
tions involving bipedalism and non-weight bear-
ing function of the upper limbs versus weight
bearing locomotion role of the lower limbs.

RECOMMENDATIONS

It is recommended that the vitamin D levels
should be checked in individuals who exhibit
upper limb musculoskeletal symptoms, like weak-
ness, pain, tendinitis or who have had upper
limb fractures and sufficient serum levels of vi-
tamin D (> 30 ng/ ml) should be maintained for
the preservation of upper limbs bone mass.
Higher levels of vitamin D in the optimal range
(30-60 ng / ml) are recommended for stronger
upper limbs. Upper limbs need added attention
for the preservation of bone mass because they
lack the natural weight bearing nature of the low-
er limbs in bipedal modern humans. This is es-
pecially of high significance during winters in
the northern locations because natural synthe-
sis of vitamin D reaches a trough during win-
ters. Also, specifically weight training exercis-
es can be recommended for upper limbs in gen-
eral population involved in regular walking.
Thus, optimal levels of vitamin D should be
maintained for the protection of bone mass of
non-weight bearing upper limbs during winters.
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