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Serum vitamin D levels in newborn with clavicle fracture
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Abstract

Purpose: The aim of this study was to determine the
possible role of vitamin D on the clavicle fracture in the
newborn.

Materials and Methods: This retrospective cross-
sectional study was conducted between 2018-2020. Infants
who were admitted to neonatal intensive care unit due to
the clavicle fracture were included. Infants who did not
have a fracture, but were admitted to the hospital for
reasons instead of exclusion criteria were included as the
control group. Birth weight, height, head circumference,
gender, gestational week, delivery type, other clinical
findings such as brachial plexus paralysis in the infant,
maternal age, number of pregnancies, risk factors time to
diagnosis were recorded. According to the serum 25-OH
vitamin D levels, newborns were classified as having
normal vitamin D status (>30 ng/ml), vitamin D
insufficient (between 20-30 ng/mlL), or deficiency (<20
ng/mL). Groups were compared for the vitamin D levels,
the demographics and clinical characteristics.

Results: A total of 48 infants were included. The groups
did not differ in terms of demographics. Age of diagnosis
ranged from postnatal 1 to 6 days of life. Serum calcium
levels were significantly lower in the case group. Although
phosphorus and alkaline phosphatase levels did not differ
between groups, vitamin D levels were significantly lower
in the case group.

Conclusion: This study shows that newborns with clavicle
fracture had lower vitamin D levels. Cautious palpation of
the clavicle can catch the fracture before the hospital
discharge even there is no evident symptom and serum
vitamin D level of those infants should be checked in order
to detect the possible deficiency timely.
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Oz

Amag: Bu ¢alismada yenidogan déneminde klavikula kirigt
tizerine D vitamininin olast rolinin  belirflenmesi
amaclanmistir.

Gereg ve Yontem: Bu retrospektif kesitsel calisma 2018-
2020 yillar arasinda yapdmustir. Klavikula kirigt nedeniyle
yenidogan yogun bakim {nitesinde izlenen bebekler
calismaya alindi. Kontrol grubu kit olmayan ancak
dislama kriterleri disindaki nedenlerle hastaneye bagvuran
bebeklerden olusturuldu. Dogum agithgl, boyu, bas
cevresi, cinsiyeti, gebelik haftasi, dogum seckli, bebekte
brakiyal pleksus felci gibi diger klinik bulgular, anne yast,
gebelik sayisi, tant zamam ve risk faktorleri kaydedildi.
Yenidoganlar serum 25-OH D vitamini diizeylerine gbre
D vitamini dizeyi normal (>30 ng/mL), D vitamini
yetetsiz (20-30 ng/mL) veya eksikligi olanlar (<20 ng/mL)
olarak simflanditildi. Gruplar D vitamini dizeyleri,
demografik ve klinik 6zellikler agisindan karsilagtirildi.
Bulgular: Calismamiza 48 bebek dahil edildi. Gruplar
demografik agidan benzer bulundu. Klavikula kirigi icin
tan1 yast dogum sonrast 1 ila 6 giindi. Serum kalsiyum
diizeyleri vaka grubunda anlamli olarak daha distiktii.
Fosfor ve alkalin fosfataz duzeyleri gruplar arasinda
farkliik gostermemesine ragmen, D vitamini dizeyleri
vaka grubunda anlamli derecede diistikti.

Sonug: Bu c¢alisma, klavikula kirigi olan yenidogan
bebeklerde D vitamini diizeylerinin disik oldugunu
gostermistir. Klavikulanin dikkatli bir sekilde palpasyonu
hastaneden taburcu olmadan 6nce kirig1 yakalayabilir ve bu
bebeklerde olasi eksikligi zamaninda saptamak i¢in serum
D vitamini diizeyine bakilmalidir.
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INTRODUCTION

Vitamin D has an important place in both skeletal and
extraskeletal health. Its fundemental role is regulatory
in the intestinal absorption of calcium and
phosphorus. Lower levels of vitamin D will result in
elevations of parathyroid hormone due to the
decreased intestinal absorption of calcium and
phosphorus!. Hence, the parathyroid hormone
causes the resorption of calcium from bone which
ends in impaired bone mineralization and higher risk
of osteomalacia, osteoporosis, and bone fractures'-2.
Vitamin D also ranks among various extraskeletal
entities including malignity, infection, autoimmune
disorders, diabetes, and cardiac diseases3*. Limited
studies evaluated the association between vitamin D,
or its main determinants, and fracture risk in
children®. The clavicle fracture (CF) is observed
during vaginal delivery with an estimated frequency
of 1-15% associated with birth trauma® The
etiological factors for CF were defined as procedural
induction of labor, prolonged labor, macrosomia, a
narrow cervix, and use of delivery instruments and
shoulder dystocial*7. Although birth weight is the
most common and well-known etiology for CF,
maternal vitamin D deficiency is also shown to be an
independent risk factor for CF of newborn, recently®.
Besides, maternofetal vitamin D deficiency is proven
to be associated with long bone fractures in newborn
infants®. Despite vitamin D’s crucial and having a
well-established role in bone health, its association to
CF of newborns is not yet studied. To the best of our
knowledge this is the first study, in literature, showing
newborn infants with clavicle fracture had lower
vitamin D levels. Therefore, the hypothesis of this
study is that there is an association between lower
levels of vitamin D and CF in newborn infants.

MATERIALS AND METHODS

Study design and participants

This research was conducted as a retrospective cross-
sectional study. Medical records of newborns were
recorded and analyzed at the tertiary referral center of
Tekirdag Namik Kemal University between Jan 2018-
July 2020 by the same neonatologist. Infants who
were admitted to level-I neonatal intensive care unit
(NICU) due to the clavicle fracture, were included in
this study. The study is approved by the institutional
ethical committee of Tekirdag Namik Kemal
University (15.01.2021/E-46048792-050.01.04-
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3525). Informed consent was obtained from parents
at the first outpatient clinic control of infants
following the ethics committee approval. The
inclusion criteria were newborns who were diagnosed
with CF based on clinical examination (skin
discoloration, swelling, tenderness, and crepitus over
the clavicle, etc.) and radiographic findings (X-ray)
within the postnatal first week of life. Infants who
were younger than 35 gestational weeks of age (>35
gestational weeks) were excluded to avoid the effect
of prematurity-related metabolic derangements such
as osteopenia. Newborns who have additional
medical problems including trauma, congenital
abnormalities, metabolic abnormalities, maternal or
neonatal bone disorders (such as osteogenesis
imperfecta, metabolic  bone  disease) were
excluded.Use of instrumentation during delivery,
such as forceps or vacuum extraction, and neonates
with shoulder dystocia were also excluded. Perinatal
conditions such as gestational DM, preeclampsia may
disrupt the placental transmission, so pregnancies
have with these conditions been excluded. Birth
weight (g), height (cm), head circumference (cm),
gender, gestational week, delivery type, other clinical
findings such as brachial plexus paralysis in the infant,
maternal age, number of pregnancies, CF risk factors
(large baby, presentation anomaly, shoulder dystocia,
etc.), time to diagnosis were recorded. Infants who
did not have CF but were admitted to the hospital for
transient
tachypnea of the newborn instead of exclusion
criteria were included as the control group.

reasons such as neonatal jaundice,

For the comparison, age- and gender-matched
control were enrolled into the study by using random
numbers. Serum 25-OH vitamin D, calcium,
phosphorus, and alkaline phosphatase were
measured within the first postnatal week (48-72 hours
of life) in both groups.

Biochemical analysis

According to the serum 25-OH vitamin D levels,
newborns were classified as having normal vitamin D
status (>30 ng/mL), vitamin D insufficient (between
20-30 ng/mL) or deficiency (<20 ng / mL)'"°. The
serum concentration of 25-OH vitamin D was
measured using an Electro Chemo Luminescence
Immuno Assay from Roche Diagnostics.

Statistical analysis

Statistical analyses performed with GraphPad Prism
(ver. 7.00) Software. Results presented as mean *
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SEM (mean * standard error of the means). The
minimum sample size of the study was calculated by
using Cohen's high effect size (d=0.8) over the
difference between the means of two independent
groups. Accordingly, the minimum number of
individuals to be included in the study at a power of
0.80 and an error probability of «=0.05 was calculated
as 42 participants (21 newborn infant per group).
Descriptive  statistics (arithmetic mean, median,
standard deviation, minimum-maximum values, etc.)
were used in expressing the variables. Whether the
data complies with the normal distribution was
evaluated using the Shapiro-Wilk test.

After checking whether the variables meet the
normality condition, t-test was used in case of normal
distribution. Therefore, demographic features of
newborn including gestational age, birth weight,
maternal age were compared with Student’s t test.
with CF and the control group infants (Table 1). Also,
mean vitamin D, Ca, P, ALP values of newborns with
and without CF were compared with Student's t test
(Table 2,4). P value <0,05 was considered statistically
significant.
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RESULTS

A total of 24 infants were found to be eligible for the
study. Figure-1 demonstrates the flow diagram of the
study (Figure 1). Fifteen of the participants were male
and nine of them were female. Age of diagnosis
ranged from postnatal 1 to 6 days of life. The
gestational age ranged from 36 weeks to 40 weeks in
the CF group with an average of 39 weeks. We
included 24 healthy newborns of same age (1 to 6
days of life) and gender (15 male and 9 female) who
were born at or after 35 weeks of gestation and did
not have any medical issues including CF. In the
control group, gestational age ranged from 35 to 41
weeks with an average of 39 weeks. Group 1 included
24 infants with CF and group 2 had 24 healthy
infants. A comparison of demographic characteristics
of groups is presented in Table 1 (Table 1).

The characteristics clinical findings of newborns with
CF at the time of diagnosis are presented in Table 2
(Table 2). Although the birth weight was higher in CF
group than the control group, the difference was not
statistically significant (Table 1).

Table 1. Comparison of demographic features of newborn with clavicle fracture and the control group infants.

Clavicula Fracture (+) Clavicle Fracture (-)
(n=24) (n=24)
Mean+SEM/n-% Mean+SEM/n-%
Maternal Age 26.18 + 1.13 31.17 + 1.05 0.002
Sex Female 9 37.5% 9 37.5% 0.9
Male 15 | 62.5% 15 62.5%
Birth Weight 3789 + 85.25 3548 + 118 0.11
Gestational Age 372 + 2.3 374 + 3.8 0.16
Maternal Parity 2.52 + 0.28 1.79 + 0.18 0.58
Apgar Score 15t Min 7.05 0.38 7.96 + 0.21 0.61
Apgar Score 5% Min 8.47 + 0.23 9.05 + 0.10 0.37

SEM: Standard error of the mean

Table 2. Comparison of serum vitamin D levels between newborn with clavicle fracture and the control group.

Serum Vitamin D

Control (n=24)

Clavicle Fracture (n=24) r

Mean, ng/ml

12.3£1.55

8.78£0.76 0.047

Table 3. Clinical characteristics of newborns with clavicle fracture at the time of diagnosis

Clinical finding n

Reduced arm movements 21(87.5%)
Crepitation at the fracture site 3 (12.5%)
Skin discoloration 2 (8.33%)
Erb-Duchenne palsy 9 (37.5%)
Klumpke’s palsy 1 (4.16%)
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- Patients with diagrasis of clavicle
fracture (n=34)

- Patients without clavicle fracture (n=24)
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N5

Excluded from case group dus to:

= No confirmation of diagnosis with imaging
data

N=-53

‘Radsalogically confirmed clavicie
fracture (n=29)

- Patients without clavicle fracture (n=24)

*| - InsufMicient clinical mformation

= Younger than 35 gestaticess] wocks of age
= Dexlined to participate

N=§

= Addtional medical probiems (congenital
ahnocmalities and necaatal boce disceders)

N-24 N-24

Term newborns with clavicks fracture Term newboms without clavicle fracture

Figure 1. Flow chart of neonatol clavicle fracture

The maternal age of the infants with CF was
significantly younger than the control group (p<0,05)
(Figure 2 and Table 1). Serum calcium levels were
significantly lower in infants with CF than the healthy
controls (p<0,05) (Figure 3 and Table 2). The
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Maternal Age (years)
- ~
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number of pregnancies ranged from 1to 5 in the CF
group with an average of 2,52 + 1 SEM. In the
control group number of pregnancies ranged from 1
to 4 with an average of 1,792 + 0,18 SEM. So, the
parity rate did not differ between the groups.

Figure 2. Comparison of maternal age between newborn with clavicle fracture and the control group.
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Figure 3. Comparison of serum calcium and phosphorus levels between newborn with clavicle fracture and

the control group.

The groups did not differ in terms of the birth weight
of infants (Table 2). The birth weights of infants
ranged from 2900 g to 4500 g in the case group with
an average of 3789 g + 85,25 SEM. In the control
group birth weight ranged from 2495 g to 4800 g with
an average of 3548 ¢ + 118 SEM. Clinical
characteristics of newborns with clavicle fracture at
the time of diagnosis were shown in table 3 (Table 3).
Apgar scores were not different between the groups.
The first minute Apgar scores ranged from 4 to 9 in
the patient group with an average of 7,05 + 0,38
SEM. In the control group first minute Apgar scores
ranged from 5 to 9 with an average of 7,95 + 0,21

SEM. The fifth minute Apgar scores ranged from 5
to 9 in the patient group with an average of 8,47 +
0,23 SEM. In the control group fifth minute Apgar
scores ranged from 9 to 10 with an average of 9 +
0,10 SEM. The mean vitamin D concentrations
within the serum of fractured and unfractured
newborns were 8,8 and 12,3 ng/mlL, respectively.
Vitamin D levels were significantly lower (P = 0.047)
in the CF group compared to healthy newborns
(Figure 4 and Table 1). Serum phosphorus and
alkaline phosphatase levels were not significantly
different between patients and clavicle fracture
(p=0,63, p=0,53, respectively) (Table 4).

Table 4. Calcium, phosphorus and alkaline phosphatase comparison between the two groups

Clavicle Fracture (-) Clavicle Fracture (+) P
(n=24) (n=24)
MeantSEM MeantSEM
Calcium 9.54+0.23 mg/dL 8,61+0.23 mg/dL 0.008
Phosphorus 6.12£0.18 mg/dL 6.26+0.20 mg/dL 0.63
Alkaline Phosphatase 186.2+12.86 U/L 197.5£12.38 U/L 0.53

SEM: Standard error of the mean

270



Cilt/Volume 47 Yil/Year 2022

154
—
E
~
e
w 104
(@]
£ s
E
-
>
0~ L
N <
‘o" ‘e"
\0 o
*
o o
& >
o 2

Vitamin D and clavicle fracture of newborn

Figure 4. Comparison of serum vitamin D levels between newborn with clavicle fracture and the control group.

DISCUSSION

Vitamin D is known to be crucial for a healthy
growing skeleton, but whether vitamin D is
associated with CF risk in newborns yet unclear. To
our knowledge, this study was the first to evaluate the
association between serum levels of vitamin D and
the risk of CF in a Turkish newborn cohort.

Vitamin D is essential in enhancing the bone health
of the newborn. A wealth of literature on this subject
released the association between 25(OH)D levels and
fracture risk in pediatric population of all ages, races,
and with a variety of fractures#®!112, Pediatric
fractures were found to be strongly related to their
serum vitamin D levels in a study by Olney et al'3. In
that study, children who had lower levels of serum
vitamin D had a higher risk of fracture due to the
impaited bone mineral density (BMD)!3. Maternal
and neonatal vitamin D deficiency is a serious and
common issue in developing countries including
Turkey. The incidence of neonatal vitamin D
deficiency is reported as 97,2% in a recent study from
Turkey'®. Therefore, the lower rate of vitamin D
levels in the control group can be associated with the
study population localized in a rural region of Turkey.
Even though a high prevalence of vitamin D
deficiency, ranging from 8% to 59%, was stated
among children with fractures, none of these studies
included a control group of children without
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fractures'h12. Since the studies were involved in
different age groups, had seasonal and geographical
differences, results cannot be generalized as some of
them did not specify the skin type. A similar study
revealed that the CFs were associated with poor
vitamin D intake in children younger than six years
and normal serum levels of vitamin D reduced the
risk of CF by about 58%°. Nevertheless, though not
conclusive, higher levels of vitamin D were suggested
to reduce the risk of bone fractures®. However, there
is no data regarding serum vitamin D levels in
newborn with CF. In our study comparing the data
presented in figure 2, it is evident that those
newborns who had CFs had lower serum vitamin D
levels. Hence, practitioners should include the
deficiency of vitamin D in the differential diagnosis
of bone fractures!. In contrast, Contreras et al. found
no relationship between vitamin D deficiency and the
risk of bone fracture in their study population's. But
this study included only the cases who were admitted
to the emergency department of a single center which
limits the ability to generalize the results!s. A
Mendelian  randomization study reported no
beneficial effect of vitamin D on fracture, but the
study was conducted in a population with lower
overall fracture risk and the data were not sufficiently
reliable!”. The diagnosis of CFs is generally made by
detecting tenderness around the clavicle region and
reduced arm movements. Most of our patients
(91.6%) were diagnosed on the first day. Only 2 of
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our patients were diagnosed on the 4th and 6th day
after discharge. The newborn with CF may have
minimal symptoms or signs, and the diagnosis can be
retrospective with palpation of the callus in the
second week of life®. Also, diagnosis of CF can be
delayed or overlooked in especially asymptomatic
newborns at birth!8. Given the physical examinations
of the infants with delayed diagnosis, were found to
be normal during the hospital stay, crepitation at the
affected site and skin discoloration led to the
diagnosis at physical examination as late findings of
the fracture following discharge. Therefore, we
suggest that cautious palpation of the clavicle region
should be performed and noted before the hospital
discharge. Whether clavicles cannot be palpated
easily and/or crepitus is felt over, the infant may have
a CF. Birth weight is reported as an important factor
for CF in newborns. For example, a birth weight of
more than 4,000 g was pointed as an independent risk
factor for clavicle fracture!®. Unlike previous studies,
the mean birth weight was higher in infants with CF
than in the control group, but the difference was not
statistically significant in this study. This can be
explained by the limited number of participants either
the ones with birth trauma were excluded. There are
studies showing that CF is associated with maternal
parity. However, the results of studies in the literature
vary. In the study of Brown et al., the risk of
developing neonatal CF in nulliparous patients was
found to be higher than in multiparas?’. Conversely,
other researchers found that multiparity is a
significant risk factor for CF?°. Similar to our study,
no difference was found between the CF and parity
status of the mother in the study of Mehta et al?!.
There was no association between the CF and parity
in this study. We suggest that this result of our study
is due to the low number of cases since we exclude
those with birth trauma. Vitamin D helps the body of
the newborn absotb sufficient calcium for the
ossification of bones such as the clavicle. Comparing
the calcium levels for the newborns with CF and the
control group, the former exhibits a lower calcium
absorption rate of about 8.6 at an average. On the
contrary, the control group indicates higher serum
calcium levels. However, this difference was not
found to be statistically significant. The serum level
of vitamin D in the newborn determines his/her
calcium absotption from bone and/or intestine.
Therefore, it is plausible that lower calcium levels
contribute to weakened bones which enhances the
risk of CF. However, since the serum calcium level in
the newborn in the first days of life is related to the
calcium of the mother, it would not be correct to
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make a clear comment on this issue. The serum
calcium level in the first days of life may not be an
accurate marker because of the calcium passed from
the mother to the fetus. An important condition in
which vitamin D insufficiency is more central to the
etiology of hypocalcemia are cases mostly reported in
newborns after the first week of life?>. Since the
calcium level was examined only once in our study,
all these variables should be considered when
evaluating the results. Since serum calcium levels are
measured after the fracture detected in cases, we do
not know exactly how dynamic changes affect their
serum calcium. In the literature, studies on adult
patients shown that serum calcium levels are elevated
after fractures. This can be explained by bone
resorption and decreased bone formation??*. The
results of studies showing the relationship between
phosphorus  level and bone fractures are
contradictory?>28, There are no studies on newborns.
In our study, no statistical difference was found
between the serum phosphorus levels between the
groups. Phosphorus is the main anion in the cell. In
cases of hemolysis, the serum phosphorus level is
measured high. Blood collection from newborns is
difficult and likely to be hemolyzed. Therefore, it
would not be accurate to assess serum phosphorus
levels alone.

Our study had several limitations to be noted. First,
the calcium level was measured only once at
admission, and this may not be representative of each
individual's baseline status. Second, ionized calcium
and parathyroid hormone measurements were not
available to determine the underlying mechanism of
lower calcium levels in our study. On the other hand,
the maternal serum vitamin D, calcium and
parathyroid hormone measurements were not
included. Particularly for the infants with delayed
diagnosis, breastfeeding status was not involved in
this study. Vitamin D sources in newborns depend
on transplacental stores and breast milk. Maternal
level of vitamin D is fundemental determinant for the
vitamin D supply either at birth and early infancy.
Therefore, maternal vitamin D deficiency during
pregnancy and lactation is proven to act in the
patogenesis of vitamin D deficiency in newborn
infants?%,

This study revealed that there is an association
between the CF and serum vitamin D level in new

born. Further studies are needed to elucidate the
cause-and-effect relationship of the serum vitamin D
levels and CF in newborn.
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