Neonatal and Pediatric Medicine
v émeasticrudarelirstl chidio gvap no Ssidia ciudes . ultiass ygreohio dpeigerteularly

Objective: We studied the characteristics and risk factors involved in neon
RI XOWUDVRXQG XV LQ FODYLFXODU LQMXU\ C

E)OBVaDHD 0 G4E8D IYHIW[X EDDYE!

Conclusions: The majority of clavicular fractures occur in normal n
AeEEled BEGHRW U DS & VU L8VGN UIID F UWHRVUHVQ VRW - @IRYZL F B

J A7

KeywordS:Newborn; Clavicular Fracture; Ultrasound [11]. Neonatal clavicle fractures generally heal uneventfully, can be
] treated non-operatively and have an overall excellent prognosis [4].
Introduction An apparent fracture of the clavicle at birth does not always indicate

Birth trauma is one of the main causes of neonatal morbidity anBirth trauma, since neonatal injury can also occur a er normal vaginal

mortality [1,2]. Fracture of the clavicle occurs in up to 4.5% of vagin4E!ivery or cesarean section in the absence of an obvious traumatic
births and accounts for approximately 90% of all obstetrical fractur&ielivery. It has been suggested that some clavicular fractures may b
with equivalent sex and side distribution [3-5]. e clavicle is easilythe result of preexisting fetal conditions rather than any unusual forces

fractured because of its subcutaneous, relatively anterior location aRjered at delivery [1,5,9,12]. Syndromes involving chromosomes 11,
frequent exposure to transmitted forces. Also, the lack of musculdfs @nd 22 have been reported with congenital defects of the clavicle

and ligamentous support makes it more vulnerable to injury [G]gnd congenital pseudarthrosis of the clavicle may be present at birth

e diagnosis is suspected by clinical examination and con rmed [13]. Many studies were performed to clarify the possible risk factors
by plain radiographs [7]. Although displaced clavicular fractures are
relatively easily diagnosed cIinigaIIy, r_lon-displaced fracture§ may b&o%mimmw@ym ) DWEKQ IS B G M L WA S DU WSAM Q WHRD -
apparent only a er callus formation or if all neonates are subjected to ]

radiography or ultrasonography, or multiple physical examinationdt®celved -XQH Accepted -X O\ P”ubr:'rihs‘igcted use. distributio
[8,9]. A fractured clavicle in a newborn can o en be di cult to diagnose original author and source ar
because it is 0 en asymptomatic and can also be confused with other

common diagnoses such as brachial plexus palsy, congenital pseudo-

arthrosis, and congenital muscular torticollis [10]. e most common

sign is lack of active, spontaneous movement of the a ected upper

extremity arm. Crepitus, a palpable bony abnormality, or discoloration

over the fracture site and asymmetric Moro re ex may be observed
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for birth fractures of the clavicle [4,5,12,14,15]. In recent years, US has  sex, measurements including birth weight, length and head
already been used to diagnose neonatal clavicle fractures [8]. Because circumference, presence of neonatal morbidity including Erb
US may show poorly ossi ed neonatal bones better than radiographs, palsy and birth trauma

displaying indirect signs of fracture, such as signs of hematoma or
detachment of the periosteum, evaluation of so tissue such as muscle
edema, tendon and joint functions, localizing the interposition of so  Conventional standard radiographs were done to all cases
tissues between fracture fragments preoperatively and because it lasltspected clinically to have clavicular fracture. Real-time ultrasound
ionizing radiation; this technique seems to be an excellent alternatiegamination was carried out in all suspected cases by radiology
to radiography [16]. e aim of the current study was to analyze theconsultant with a standard US machine (Samsung Medison SonoAce
incidence of fracture of clavicle in newborn infants following normalx8, Korea) equipped with a small 7.5 MHz linear array Transducer
delivery, the associated risk factors and the evaluation of the accuragyng longitudinal views aligned to the clavicle. Discontinuity, axial

Radiological assessment:

of ultrasonography (US) in diagnosing this fracture. deviation, periosteal lesions, hematomas and so -tissue changes were
. recorded. During the examination, the infant was laid on his or her
Patients and Methods back so that the operator was looking down on the shoulder. e

is observational prospective study was conducted in AL-Khai Mother held the arm. Both shoulders were examined, starting with

Joint Operation (KJO) Hospital, Kingdom Of Saudi Arabia during thdhe clinically una ected side. Callus, as a sign of bone healing, could
period from August 2013 to September 2016. During this period, theRe seen with time in all patients. e mean age of the infants at the
were no changes in the institutional policy regarding management §fme of ultrasound examination was two days and when a fracture was
delivery or the criteria for diagnosis of neonatal clavicular fracturedetected, the infant was re-examined clinically and by ultrasound at six
From 7560 deliveries during the period of the study (5120 vagin#{eeks of age by orthopedic physician.

deliveries and 2440 CS), 48 cases diagnosed clinically and radiologi ‘e .

with fracture clavicle of them 43cases were included in our study as%tlsucal Analysis
we excluded 2 cases delivered by cesarean section, one case witlData were presented as mean * standard deviation (X + SD) or
osteogenesis imperfect and 2 patients with multiple congenit@ercentage (%). e means of two groups were compared using
anomalies. student’s t test. e odds ratio (OR) and 95% con dence interval (95%
Cl) were calculated for clavicular fracture susceptibility in relation to

Inclusion criteria: Database of the Departments of Neonatolo ; . . . L
: . partm g%e studied risk factors. All data were analyzed using Epi Info statistical
and Obstetric was reviewed for all cases delivered by spontaneous

. . . o . i . SO ware, version 6.2 (WHO, Geneva, Switzerland) and Statistical
vaginal delivery in the occipito-anterior position and singleton-term

pregnancy. Exclusion criteria: Babies delivered by CS and those wﬁ (':Blf)age for Social Sciences, version 22.0 (IBM Corp., Armonk, NY,

multiple deformities

All variables were compared with a control group of an equal P value <0.05 was considered statistically signi cant.

number of healthy infants born immediately before or aer eachRegylts

a ected infant and delivered by the same obstetrical team.
Our study enrolled 43 cases delivered vaginally (0.84 % of all

All newborns included in the study undergo routine physicalaginal deliveries) with con rmed clavicular fracture clinically and
examination twice during the rst 24 h of birth and later before ggiologically. Twenty- ve patients had fracture in the right side while
discharge from the hospital. In the postnatal period, the infants wergg ere on the le side with the medial third fracuture a ected in all
followed up at the neonatology outpatient clinic for various problemsatients. Of these patients 20 were females (46.5%) and 23 were male
including monitoring for jaundice and feeding problems. (53.5 %). e control group were age, sex, and ethnicity-matched to

Diagnostic criteria for neonatal clavicular fracture includePatients (P>0.05).

inspection for asymmetry of the clavicular bones, absence of the ¢ peripartum characteristics of the studied groups are shown in
supraclavicular notch and local edema or hemator‘na; by palpation f§fple 1. ere were no statistically signi cance di erence between cases
crepitus and local tenderness re ected by the baby’s cry. and controls groups regarding maternal age (30.9 + 7.4 versus 31.2 4

All the clinically suspected cases of clavicular fracture wer® Years), parity (2.2 £ 1.4 versus 2.1 + 1.8 deliveries) and materna
con rmed diagnosis by plain-X ray. Blind ultrasonography (US) wadveight (66.7 £ 9.2 versus 68.3 + 8.5 kg). On the other hand, signi cant

done to all con rmed cases to evaluate its accuracy in diagnosing tiflserences were found between the 2 groups regarding maternal
fracture height, the duration of second stage of labor, peripartum sonographic

o ) fetal weight estimation and neonatal birth length (P<0.05) (Table 1).
Data collected for analysis included the following: _
Table 2 demonstrates the prevalence of the risk factors for neonatal

1. Prenatal history: Maternal age, height, weight, parity, presenggavicular fracture in patients and controls. e risk of clavicular
of gestational diabetes and sonographic fetal weight estimatigfacture was signi cantly higher among patients with birth weight
and gestational age. greater than 4000 g (OR: 4.2; 95% ClI: 1.25 - 14.27; P=0.02), estimate
2. Perinatal history: Premature rupture of the membranesdestational age greater than 40_week_s (OR: 4.04; 95% CI: 1.026 - 15.
shoulder dystocia, induction of labor, duration of second stagd,=0-045), with shoulder dystocia delivery (OR: 7.05; 95% CI: 1.46 -
de ned as the time from full dilatation to delivery, the need for34-08; P=0.01), and those with history of prolonged second stage of
oxytocic augmentation of uterine contractions, use and type dfPor (OR: 5.4; 95% CI: 1.1 - 26.8; P=0.038). However, we did not

analgesia or anesthesia and performance of episiotomy. obs_erve any signi cant qssociation of nulliparity and instrgmental
delivery with fracture clavicle. Unfortunately, one baby was diagnosed

3. Postnatal examination: Apgar score at 1 and 5 minutes, infaifith Erb’s palsy that complicated clavicular fracture with partial
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Radiographs Sensitivity Specifcity PPV NPP Accuracy
True Fracture True Non Fracture (QS%CI) (95%C|) (QS%CI) (95%C|) (QS%CI)
86 Fracture WUXH YH [IDOVH YH
YH WHVW
Non fracture IDOVH| YH WUXH YH
YH WHVW

86 8OWUDVRXQG 339 3RVLWLYH 3UHGLFWLYH 9DOXH 133 1HJDWLYH 3UHGLFWLYH 9DOXH
Table4: SBHUIRUPDQFH RI 86 LQ WKH GHWHFWLRQ RI FODYLFXODU IUDFWXUHV FRPSDUHG ZL

Figure 1: 6KRZLQJ D IUHVK IUDFWXUH ZLWK LQWHUUXSARYWwRZT) 6KIRWIKMI BRIQHD U WE XBWKWKUH ZLWK FDOOXV IRU
DUURZV baby after 3 weeks.

Although the fracture clavicle generally heals well withoutveight with increasing the risk of neonatal clavicular fracture. Our
long-term sequelae, our study revealed one baby out of 43 casesesiilts were going with the study of Poggi et al. who did not show an
clavicular fracture (2.3%) with Erb’s palsy. In a 5-year retrospectiviedependent association between maternal obesity and neonatal birth
study involving 5847 live births, one of the 60 (1.7%) newborns witinjury [26]. However, Cedergren et al. found an association between
clavicular fracture had Erb’s palsy [21]. In another retrospective reviemorbidly obese mothers and increased risk of shoulder dystocia and
of 21,632 live births, clavicular fracture was found in 58 newbornbijrth injury [27]. Also a study by Ahn et al. concluded that major risk
three (5.2%) of whom had concurrent Erb palsy with good recoveffactor of clavicle fracture was vacuum delivery, mother with advanced
[22]. In a survey of 11,636 neonates admitted to the neonatal nurseage and high birth weight [28]. In the present study, we found that
2.29% had clavicular fracture, and 0.44% had Erb’s palsy Bijb'’As macrosomia, birth weight greater than 4000 g, and birth length of more
palsy is not our concern in this study, and this incidence may not than 52 cm were signi cantly associated with higher risk of neonatal
true for Erb’s palsy because of small sample size. clavicular fracture. Ozdener et al. showed that birth weight of over 3500
gtgéld to a greater extent over 4000 g, were found to be an independen
important factor associated with clavicle fracture [29]. Similar nding
there is positive correlation between the duration of second stage Vg?s reported by Lai et al. who shO\_Nec_i macrosomic babies with birth

weight of 4000 g to 4999 g has signi cant risk factor to developed

Ia_bor and the incidence of cIawcu_Iar fra}cture. ese ndings were 9919 vicle fractures [30]. In our study, we found that the incidence of the
with the study of Kaplan et al. in which clavicular fracture rate was

1.65% [5], and they found that several variables including duration glf.eonatal clavicular f_racture during labor was S|gn|_cantl)_/ increased
second stage of labor, peripartum sonographic fetal weight estimati th shoulder c.iys.toma._Mehta et_ al. [23] conclu_ded n _thelr sFudy that
and neonatal birth length were positively correlated with neonatd['2ternal obesity in their population was associated with an increased
clavicular fracture Regarding maternal height, our study revealed thdsk ©f neonatal injury a er shoulder dystocia. During 5-year period,
short stature of the mother is another risk factor for clavicular fracturdhey recorded 206 cases of shoulder dystocia out of 25995 deliveries
which can be explained by that low maternal height, is associated witf these, there were 19 cases of Erb's palsy and 6 cases of clavicul
contracted pelvis and obstructed labor with increased incidence 8@cture. On the other hand, Beall and Ross [12] in their study was
birth trauma and clavicular fracture. In a study done by GudmundssoHnable to demonstrate an association between clavicular fracture and
et al. [24] they found a highly signi cant relationship between newborghoulder dystocia., and reported in their study that neonatal clavicle
birth weight and maternal height and the frequency of complicationdracture is associated with infant birth weight greater than 4 kg, but
e criterion for maternal short stature should be de nitely based on not with the occurrence of objectively de ned shoulder dystocia. Also,
ethnic groups and must be categorized according to height percentlieall et al. [31] found no correlation between clavicular fracture and
range rather than absolute height may allow comparison betweehoulder dystocia and they reported that the association with shoulder
di erent populations on the e ect on labor outcome [25]. In the dystocia may be false or intentional because of an increased tendency t
present study, no association was found between maternal ages agplort a shoulder dystocia in a delivery in which a birth injury has been

A second stage of labor of more than 20 minutes has been associ
with shoulder dystocia and possibly birth injuries [23]. In our study
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identi ed. In the present study, we found that increasing gestational agecuracy, minimal pain during examination, and lack of ionizing

is also positively correlated with clavicular fracture. However, it loses itadiation. Bedside clavicular sonography, when performed by trained
signi cance as risk factor when comparing with shoulder dystocia andadiologists, is an excellent method for con rming a suspected fracture
birth weight. is result is going with results of Roberts et al. who found of the clavicle in the neonate when compared to radiography and thus
that gestational age is a risk factor for clavicular fracture at 40 and WS could be recommended for routine use in NICU in selected cases
weeks; and at 42 weeks or greater in strati ed analysis considering otdyavoid radiation exposure. Additional randomized clinical studies
gestational age [1]. In this study, we could not con rm that neonatatomparing US to radiography will be of great interest to consolidate
clavicular fracture was associated with instrumental deliveries (forcepbnical practice.

or vacuum extraction). However, A study done by Lam et al. in WhiCEeferences

they reported 151 of 9540 (1.6%) clavicle fractures occur in their series

and it was associated with increased incidence of instrumental delivéry SREHUWV 6: +HUQDQGH] & ODEEHU\ 0& $GDPV 0' /H
and shoulder dystocia [32]. Oppenheim also demonstrated that forceps VWHWULF FODYLFXODU IUDFWXUH WKH HQLJPD R
deliveries and shoulder dystocia have a higher risk to develop clavicle

fract_ure and brachial plexus irjjury [22]. In our serigs, we observed, fo ﬁg D"'\(DLV\Q;(VCD) SUO ? U gg@;’( ﬁ E v+ OL Q&)ét:'vsz_g U&(;V 7L vv7rf HR S\L/JVFfIﬂ
relation between maternal parity and neonatal clavicular fracture. Same g x ¢ 3

results Were_found in H_aSS|b etal. ;tudy who found_ an equal numbergc_;f OF%ULGH 07 +HQQULNXY :/ ORORJOH 76 LHZER
fracture clavicle cases in both multiparous and nulliparous [33]. Onthé , ;\WwkRrRSHGLEV

other hand, Brown found that nulliparous has a higher risk compareg

; ; . . HOHJ ' +DVQLQ - 6KDOHY DFWXUHG FODYLF
to multiparous in developing neonatal clavicle fractured. 3HOH QLQ - 6KDO ( )Y uHG Fo

WR ELUWK WUDXPD $P - 2EVWHW *\QHFRO

Recent studies have focused on the reliability and interest of US psopQ % 5DELQHUVRQ ' $YHUFK 20 &DUPL 1 6WHL
for the diagnosis of clavicular fractures in children [34]. One of the RI WKH FODYLFOH LQ WKH QHZERUQ IROORZLQJ QRU

rst studies of the use of ultrasound for the diagnosis of fractures in "'QHFRO
the neonate was published by Katz et al, who studied Forty-one casesSHFFL 0 .UHKHU -% &ODYLFOH IUDFWXUHV $P )
of clavicle fracture in newborn babies [35]. e babies were examined %ODQNHQVWHLQ $ *DQHO $ 6DODL 0 YUDFWXUH

by both radiographic and ultrasonic methods and they concluded that GHWHFWLRQ DQG IROORZ XS E\ VRQRJUDSK\ $NW 7U
no substantial di erence has been found between these two modalities. D\WWHU 5 ODKOIHOG +H\GH & *UDVVKRII + 80V
ey suggested that ultrasound should be the procedure of choice inthe r| |[UDFWXUHV RI WKH FODYLFOH LQ QHZERUQ LQIDQV
dlagno_3|s qf cIawf:Ie fracture. In our s_,tudy, we exam_lned the accuracy .. .ok 35 sRVH QIHOG 2ODYLEXODU 1UDFWXU
of US in diagnosing a neonatal clavicular fracture in comparison to gk oc
X-ray. Overal!, sensitivity, speci city, PPV, and NPV of on-site US $QGHUVRQ . (YDOXDWLRQ DQG WUHDWPHQW RI
were, respectively, for the presence (or absence) of fractures: 95.35%¢srRuUwVv OHG

0, 0, 0, iti
97.5, 97.62% and 9_5.12/0. us accuracy was 96.39%. One false pOfll_tl\éeo] HQ * 'XTXH 5HLQD ' BUKDKQ 5 6ROEDFK *
and two false-negative US examinations were found. e three cases {[pp L QDWLRQ RI LOMXULHV LQ FKLOGUHQ FOLQLF
of disagreement (false-positives and false-negatives) needed second QGLFDWLRQV 'WVFK OHG :RFKHQVFKU

review of the ndings but we did not provide a second reviewer of o,HpoO 0+ 5RVV 0* &ODYLFOH I[UDFWXUH LQ ODE
our primary ultrasound. Our ndings are consistent with the results PRUELGLWLHV - 3HULQDWRO
of the study done by balb et al. in which Forty-nine infants withz ¢, Hpov 5. eDxVvHU ' 1RQWUDXPDWLF GLVRUGHU

clavicular fractures were examined radiologically and sonographically OUWKRS 6XUJ

by indepgndent exa.miners.; and reporteq thgt pS Qiagnosig of cla\(i(ilg_ 0DO\ $ %UHQQHU 6+ <DURQ < /XVN\ $ 3H\VHU 05
fractures in older children in an orthopedic clinic with high diagnostic RI LOQFLGHQFH DQG SUHGLVSRVLQJ IDFWRUV IRU FOD
accuracy 96% for US versus 91% for radiographs [36]. Also, Keith et2EVWHW *\QHFRO 6FDQG

al. in their study concluded that bedside ultrasound in the pediatrigs, sk HO * +DGGDG 6 )LVFKHU 2 /HYLW $ &ODYLEXC
ED can accurately diagnose clavicle fractures when compared to plain&DQ LW EH SUHGLFWHG EHIRUH ELUWK" $P - 3HULQD\
radiographs [37]. However, radiography is still indicated in cases of &KHQ / .LP < ORRUH &/ 'LDJQRVLV DQG JXLGHC

neurological injury and related palsy and for congenital pseudarthrosis |UDFWXUHV LQ FKLOGUHQ XVLQJ EHGVLGH XOWUDVRXQ

OfthedaVICle[ll]' /HYLQH 0* +ROUR\GH - :RRGV -5 6LGGLTL 7$ 6FRW

Conclusion and Recommendation LQFLGHQFH DQG SUHGLVSRVLQJ IDFWRUV 2EVWHW *

o ] 7XUQSHQQ\ 3' 1LPPR $ JUDFWXUHG FODYLFOF
Our study has several limitations. First, our protocol was based sRsSXODWLRQ ZLWK D KLJK SUHYDOHQFH RI JUDQ

on conventional radiography and not US as the gold standard for FRQVHFXWLYH FDVHV %U - 2EVWHW *\QDHFRO
diagnosis qf neonatal clavicular fra_cture_s. Seco_nd, all exams were.p 5o 7 6RUUL $+ 2EVWHWULF VKRXOGHU LO\
done by trained musculoskeletal radiologists and it could be valuable SUHGLFWLRQ DQG SURJQRVLV $FWD 2EVWHW *\QHFR
to have a dedicated US course to evaluate the learning curve of junior

9 ! 3HUORZ -+ :LJWRQ 7 +DUW - 6WUDVVQHU +7 1DJHR

radiologists. Finally, a larger patient population would probably have ¢ ¢YH \HDU UHYLHZ RI LOFLGHQFH DQG DVVRFLDWHG
increased the statistical power of our results.

In conclusion, shoulder dystocia and large birth weight remains thel. *LOEHUW :0 7FKDER -* JUDFWXUHG FODYLFOH
main risk factors for obstetric clavicular fracture, although most birth
clavicular fracture are unavoidable and unpredictable and the majorigp. 2SSHQKHLP :/ 'DYLV $ *URZGRQ :$ 'RUH\ )- 'DYOLQ
occur in uncomplicated normal vaginal deliveries. Given its diagnostic TUDFWXUHV LQ WKH QHZERUQ &OLQ 2UWKRS
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23. OHKWD 6+ %ODFNZHOO 6& %XMROG ( 6RNRO 5- :KDW IDFWRUV DUH DVVRFLDWHG
ZLWK QHRQDWDO LQMXU\ IROORZLQJ VKRXOGHU G\WWRFLD" - 3HULQDWRO
24. *XGPXQGVVRQ 6 +HQQLQJVVRQ $& /LQGTYLVW 3 &RUUHODWLRQ RI ELUWK LQMXU\

25.

ZLWK PDWHUQDO KHLJKW DQG ELUWK ZHLJKW %U - 2EVWHW *\QDHFRO

.DUD ) <HVLOGDJODU 1 8\JXU ' ODWHUQDO KHLJKW DV D ULVN IDFWRU IRU
&DHVDUHDQ VHFWLRQ $UFK *\QHFRO 2EVWHW

3RJJL 6+ 6WDOOLQJV 63 *KLGLQL $ 6SRQJ &< 'HHULQJ 6+ ,QWUDSDUWXP
ULVN IDFWRUV IRU SHUPDQHQW EUDFKLDO SOH[XV LQMXU\ $P - 2ZEVWHW *\QHFRO

&HGHUJUHQ O, ODWHUQDO PRUELG REHVLW\ DQG WKH ULVN RI DGYHUVH RXWFRPH
2EVWHW *\QHFRO

$KQ (6 -RQJ 06 /HH <. .R 6< 6KLQ 60 HW DO 1IHRQDWDO FOYLFXODU
IUDFWXUH S5HFHQW \HDU VWXG\ 3DHGLDWULFV ,QWHUQDWLRQDO

2]GHQHU 7 (QJLQ 8VWXQ < $NWXOD\ $ 7XUNFDSDU ) 2JX] 6 UWap€a’
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