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ABSTRACT
Importance: There are a variety of musculoskeletal malformations and
injuries that can occur in newborns. These can be a significant cause of peri-
natal death or a reason for miscarriage and can lead to long-term functional
issues if not managed appropriately. There is no systematic and well-
established screening program for neonatal musculoskeletal malformations
and injuries in China now.
Objective: To report the incidence and types of congenital musculoskeletal
malformations in two hospitals in Shenzhen City, to explore and discuss
the details of the screening procedure and improve future prevention and
treatment.
Methods: From October 2013 to May 2014, 2564 one-day-old newborns
were screened by a pediatric orthopedic physical examination, in combina-
tion with ultrasonography when required, and the incidence and variety of
diseases were recorded statistically.
Results: Among 2564 screened newborns, the following musculoskeletal
conditions were identified: congenital muscular torticollis (CMT) (seven
cases, 0.27%), hip subluxation (four cases, 0.16%), hip dysplasia (47 cases,
1.83%), congenital talipes equinovarus (CTEV) (two cases, 0.08%), con-
genital talipes calcaneovalgus (15 cases, 0.58%), polydactyly (nine cases,
0.35%), syndactyly (one case, 0.04%), and spinal hemivertebra (one case,
0.04%). Additionally, there were five (0.19%) neonates with birth injuries.
Interpretation: It is feasible to carry out neonatal screening and identifi-
cation of musculoskeletal malformations and birth injuries in China. This
is helpful as timely detection and early intervention for many of these
conditions can avoid permanent functional impairment in these children.
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INTRODUCTION

Newborn screening for musculoskeletal malformations
refers to health care screening in the newborn popula-
tion for a number of conditions that jeopardize growth
and development and cause disability. There are a wide
variety of malformations of the musculoskeletal system in
newborns, and some can be a significant cause of mis-
carriage, neonatal death, and infant death and functional
impairment. The incidence of common musculoskeletal
malformations in newborns varies according to different
countries or ethnic factors, and it has been documented in
recent years that the prevalence of musculoskeletal malfor-
mations is increasing year by year, about 3.8‰–9.69‰.1–3

Prompt and effective intervention and treatment for many
of these conditions will improve or normalize the child’s
limb function and avoid irreversible damage. At present,
there is no systematic screening in our country for neonatal
musculoskeletal system malformations and no international
consensus regarding timing, methods, and criteria.

This study aims to report the incidence and types of mal-
formations of the musculoskeletal system of newborns in
two pediatric centers of Shenzhen City, to present details of
the screening assessment in order to provide assistance for
future efforts, so that more children can be treated promptly
and early, to reduce disability and to improve the quality of
life of the population.

METHODS

Ethical approval

This study was approved by the Ethics Committee of
Shenzhen Children’s Hospital, Peking University Shenzhen
Hospital, and Shenzhen Maternity and Child Healthcare
Hospital. The parents of each screened newborn gave
informed consent allowing implementation of screening
and disclosure of screening result information.

Participants

From October 2013 to May 2014, after excluding new-
borns with other severe diseases at birth, family refusal
to undergo testing, and postnatal death, a single pedi-
atric orthopedic surgeon performed clinical screening for
musculoskeletal conditions in 2564 full-term newborns
(gestational age above 37 weeks) born at Peking Univer-
sity Shenzhen Hospital and Shenzhen Maternity and Child
Healthcare Hospital.

Diagnostic criteria

The diagnostic criteria were based on “Pediatric Surgery
(4th edition),”4 “Pediatric Clinical Surgery (5th edition),”5

and “Tachdjian’s Pediatric Orthopaedics (5th edition).”6

Data collection

The newborns who required screening for congenital mus-
culoskeletal malformations were identified daily based on
the 24-h delivery record of the obstetric department. The
mother’s name, admission number, gravidity, parity, length
of gestation, method of delivery, volume of amniotic fluid,
length of labor, and the neonate’s name, gender, birth
weight, and Apgar score were recorded. Physicians taught
parents easy self-inspection practices while examining the
newborns and recorded the physical findings. Families of
newborns with negative results on initial examination were
recommended to have regular health care physical exam-
ination for children, and those with clinical examination
suggestive of congenital muscular torticollis (CMT) and/or
developmental dysplasia of hip (DDH) were recommended
to have neck and/or hip ultrasonography according to the
Graf method. Newborns with abnormal ultrasound findings
required prompt intervention and regular outpatient follow-
up, those with normal ultrasound findings were advised to
have regular routine health care physical examinations.

Physical examination methods

Each neonate was examined in the supine position in a room
temperature maintained at 25◦C.

The examiner is positioned at the head of the baby, placing
the newborn in the supine position flat on the examination
table with the head and neck draped and the neck mildly
retroverted, allowing the neck to be exposed clearly. The
examiner gently moves the child’s head for passive rotatory
range of motion and compares rotation bilaterally, assess-
ing whether and to what extent neck rotation is limited.
Bilateral neck symmetry, masses, erythema, or ecchymoses
can also be observed. Palpation compares the sternocleido-
mastoid (SCM) muscles bilaterally for symmetry, with or
without thickening, masses, and cords. A suspicious posi-
tive sign is indicated by limited rotational movement of the
neck, thickening of SCM or palpation of suspicious masses,
and cords (Figure 1).

The examiner moves to the feet of the baby, and first checks
the neonatal face for asymmetry, checks the hands and feet
for deformities, and examines the active and passive move-
ment of the extremities in a quiet state. Next, removing
the coat and pants to fully expose trunk and limbs, these
are checked for deformities. Afterwards, the examiner can
check passive and active upper and lower limb movements
for movement disorders. Duplication of one or more digits
in whole or part is diagnostic of polydactyly. Diagnosis of
syndactyly malformation is confirmed by pathologic fusion
of soft tissue or (and) skeletal structures of adjacent dig-
its. Congenital talipes equinovarus (CTEV), also termed
clubfoot, is diagnosed if there was forefoot adduction,
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FIGURE 1 Physical examination methods for neck.

FIGURE 2 Examination of abnormal motion and malformation of limbs.

internal rotation, medial displacement of the midfoot, and
high arched deformity, and the hindfoot was varus with tib-
ial internal rotation, and external force could not correct
those deformities (Figure 2).

The infant is dressed carefully to keep the upper body warm
while fully exposing both lower extremities. The examiner
checks for deformities of both legs on visual inspection,
including asymmetry of skin folds of the thighs or buttocks,
and limb discrepancy. The examiner places the infant’s hips
and knees in flexion with the feet held together, and exam-
ines the heights of both knees. If unequal knee heights were
present, this is a positive Galeazzi/Allis sign. The examiner
flexes the infant’s hip and knee at 90◦ and allows gradual
abduction of the hips to check for limitation of abduction.
Abduction test is positive if the hip motion is less than 80◦–
90◦. It is important to note that during gradual abduction
of the hip, the Ortolani test is positive if there is a joint
click/clunk and then the thigh could reach the examina-
tion table. Finally, with the infant’s knees both in flexion,

if the hip can be moved externally by thumb pressure
and automatically relocates when the pressure is released,
that is a positive Barlow test, which suggests hip insta-
bility (Figure 3). Finally, the examiner fully dressed the
newborn.

Ultrasonography

Neonates with limited neck rotational movement, thick-
ened or palpable SCM muscles with suspicious masses,
and cords were evaluated by neck ultrasound for bilateral
SCM muscle thickness, muscle morphology, and surround-
ing echogenicity. It is also necessary to observe whether a
mass was present and to visualize muscle flow with color
Doppler. If an infant younger than 6 months presents one
sign of asymmetrical lower extremity skin folds, positive
Allis sign, limited hip abduction, or positive Ortolani or
Barlow test, the development and position of the femoral
head and acetabulum were visualized and evaluated by Graf
ultrasonography (α and β angle).
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Pediatr Investig 2022 Sep; 6(3): 156–162 159

FIGURE 3 Physical examination methods for the hip.

Radiographic inspection

Newborns with limb swelling deformity, local tenderness,
and limited mobility were evaluated with corresponding
radiographs for bone pathology.

Statistical methods

Screening data were recorded and reviewed. Microsoft
Excel was used to record and analyze the data.

RESULTS

A total of 2647 newborns were included during the
screening period. Musculoskeletal system screening was
performed in 2564 newborns who met the inclusion
criteria. The following musculoskeletal conditions were
identified: CMT (seven cases, 0.27%), hip subluxation
(four cases, 0.16%), DDH (47 cases, 1.83%), CTEV (two
cases, 0.08%), congenital talipes calcaneovalgus (15 cases,
0.58%), polydactyly (nine cases, 0.35%), syndactyly (one
case, 0.03%), and spinal hemivertebra (one case, 0.03%).

In addition, there were five (0.19%) cases of birth trauma,
including three cases of clavicle fractures, one case of
femur fracture, and one case of brachial plexus injury
(Figure 4).

Of 2564 newborns examined on the first postnatal day, only
one had limited cervical rotation. Neck ultrasound of 44
newborns with asymmetric facial and bilateral SCM muscle
palpation showed that 36 had abnormal thickness of SCM
bilaterally. Follow up of 2564 newborns revealed CMT in
seven cases, of which only one presented at birth with facial
asymmetry and bilateral asymmetry of SCM palpation in
the neck.

A total of 90 suspected hip dysplasia cases were found
by initial clinical examination, 27 (30%) were boys, 63
(70%) were girls, which showed twice as many girls as boys
(Table 1). Those patients were separated by Graf classifi-
cation subsequently, which showed that only 47 newborns
were confirmed with type II DDH eventually, including 10
boys and 37 girls. There were two cases each of types III
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FIGURE 4 The screening results of musculoskeletal
system malformations in 2564 newborns.

TABLE 1 Sex and Graf classification in newborns with

suspected hip dysplasia by clinical examination

Graf classification

Gender, n

Male Female

I 17 22

II 10 37

II 0 2

IV 0 2

and IV, all of whom were girls. Of the 10 boys with type II
DDH, three were right, three were left, and four were bilat-
eral. Of the 37 girls with Graf II, six were right, nine were
left, and 22 were bilateral.

Physical examination of the hip joints revealed 121
neonates with asymmetric skin folds of the lower extremi-
ties, including 33 boys and 88 girls, 49 cesarean deliveries,
and 72 vaginal deliveries. Ultrasound examination revealed
Graf type I in 27 patients, type II in 32 patients, type III
in two patients, and type IV in two patients. Of the three
children with associated lower extremity disproportion, one
was boy and two were girls, two were delivered by cesarean
section, and one was delivered vaginally. Two were Graf
type III and one was type IV. The abduction test was posi-
tive in 63 cases including 28 boys and 35 girls, 27 cesarean
sections and 36 delivered vaginally. There were 12 ultra-
sonographically suggestive of Graf type I, 15 type II, 2 type
III, and 2 type IV. Two cases had a positive Ortolani test and
two had a positive Barlow test, all of whom were girls born

by cesarean section, and the ultrasound found Graf type III
in two and type IV in two (Table 2).

DISCUSSION

Routine newborn screening programs must be simple,
noninvasive, effective, easy to implement, and less costly.
Examiners can perform general physical examinations, but
the key is to establish a standardized approach that can
be implemented. A successful screening program should
also include effective health education for parents, with
brochures and pictures produced to preach all parents and
increase their awareness. In addition, because some mus-
culoskeletal malformations are developmentally dynamic,
it is essential to refine a timely and effective follow-up pro-
cedure. Early diagnosis can not be established by physical
examination alone. Positive signs in physical examination
sometimes are not clinically significant, no conclusion can
be drawn from the physical examination findings alone.
The ultrasonography should also be combined. High-risk
newborns need to be followed up and to ensure that they
are diagnosed and treated early.

In this study, CMT was diagnosed in seven infants postna-
tally, accounting for 0.27% of the total newborn screening,
lower than the incidence reported by other research (0.3%–
2%).7–10 In addition, there were 47 (1.83%) infants with
DDH; four (0.16%) with hip subluxation and dislocation.
The most common physical examination findings associ-
ated with ultrasonographic evidence of hip dysplasia were
asymmetric skin folds and positive abduction test. Subluxa-
tion and dislocation of the hip can present with asymmetric

https://wileyonlinelibrary.com/journal/ped4
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TABLE 2 Physical examination and ultrasound results of hip joints

Variable
Asymmetric

skin folds
Lower limb
discrepancy

Positive
abduction test

Positive
Ortolani test

Positive
Balow test

Sex

Male 33 1 28 0 0

Female 88 2 35 2 2

Delivery

Cesarean section 49 2 27 2 2

Vaginal delivery 72 1 36 0 0

Graf classification

I 27 0 12 0 0

II 32 0 15 0 0

III 2 2 2 2 0

IV 2 1 2 0 2

skin folds of the lower extremities, lower limb discrep-
ancy, positive abduction test, positive Ortolani test, and
Barlow test. In addition, we identified two (0.08%) cases
of clubfoot, which has an incidence ranging from 0.1% to
0.3%.11–13 As the population screened in the current study
was newborns born in two hospitals in Shenzhen City over
a short period of time, the incidence rates may not represent
the overall incidence in the entire region.

It is obvious from this study that neonatal musculoskele-
tal system malformations can occur and can be detected
early by a standardized physical examination. However,
the special characteristics of hip development, as well as
the limitations of the examiner’s technical level, make
our newborn screening for certain musculoskeletal system
malformations difficult. DDH is a spectrum of disorders
affecting the developing hip, ranging from slight loosening
of the ligaments to complete dislocation.14,15 The prognosis
is unpredictable, and several studies are on how to screen
for hip dysplasia early and which signs are more clini-
cally meaningful.14,16–21 Although skin fold asymmetry is
not considered clinically significant by many physicians,15

this sign has been described as one of the important sug-
gestive findings of DDH.16,17 Many reports recommend
referral to a specialist hospital if the physical examina-
tion reveals positive signs such as skinfold asymmetry, leg
length discrepancy, and hip click, but clinicians may not
be well-trained to master these methods.16,19,20,22–24 It has
been documented that the presence of skinfold asymme-
try is the most common reason for referral,22 because it is
relatively objective and convenient for general practition-
ers, pediatricians, and even parents. Ortolani and Barlow
maneuvers require some training and experience, take time
for pediatricians to learn, and may not be suitable for large-
scale screening. From our study, the detection rate of DDH
was significantly higher when positive signs were detected
by physical examination, which are easier to perform in pri-

mary hospitals by pediatricians, and consideration of the
combination of risk factors, including gender, family his-
tory, and breech presentation for DDH, form part of the
initial evaluation in order to reduce missed cases.

As part of a child’s orthopedic check-up, neonatal screening
for musculoskeletal malformations is safe, effective, less
costly than later assessment, and can be widely accepted.
With appropriate configuration of medical resources,
almost all maternity hospitals can perform a routine
physical examination of newborns by obstetricians or
neonatologists within 24 h after birth. This screening is
based on established maternal and child health procedures,
suitable newborn screening methods and should include an
assessment of musculoskeletal malformations. We believe
that every doctor or nurse who is specifically trained new-
born examination methods, can perform an early evaluation
of newborns for musculoskeletal system malformations,
identify high-risk factors, and facilitate treatment and refer
to a special hospital. Hence, this protocol plays an impor-
tant role in early detection of the congenital disease. Also,
through the newborn screening, we can detect birth injury
timely, improving birth injury care and infant comfort,
which can not only benefit the children but improve the
doctor–patient relationship.

This study has provided viable evidence for the develop-
ment of newborn screening and identification of muscu-
loskeletal system malformations in China. First, a large
proportion of parents support newborn screening and agree
to participate in screening. Second, neonatal screening for
musculoskeletal system malformations is technically feasi-
ble and the results are objective, simple, and rapid, which
suitable for large-scale census. A well-established follow-
up system will minimize false positives and false negatives
at initial and subsequent test and will also enable early
detection, timely treatment, and burden reduction of the
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disease. Finally, health management can promote preven-
tion and early detection and can improve health literacy
of the population. Parents can be made aware of muscu-
loskeletal discorders that can be prevented or require early
treatment by providing information brochures in a range of
healthcare setting, including prenatal units, obstetric clinic,
antenatal diagnosis clinic, birth certificate issuing depart-
ment, newborn parents’ school, and pregnant women’s
school.

CONFLICT OF INTEREST

The authors have no conflicts of interest.

REFERENCES

1. Vanassi BM, Parma GC, Magalhaes VS, Santos ACCD,
Iser BPM. Congenital anomalies in Santa Catarina: case
distribution and trends in 2010–2018. Rev Paul Pedi-
atr. 2021;40:e2020331. DOI: 10.1590/1984-0462/2022/40/
2020331

2. Agrawal D, Mohanty BB, Sarangi R, Kumar S, Mahapatra
SK, Chinara PK. Study of incidence and prevalence of mus-
culoskeletal anomalies in a tertiary care hospital of eastern
India. J Clin Diagn Res. 2014;8:AC04-AC06. DOI: 10.7860/
JCDR/2014/7882.4380

3. Chotigavanichaya C, Leurmsumran P, Eamsobhana P,
Sanpakit S, Kaewpornsawan K. The incidence of common
orthopaedic problems in newborn at Siriraj Hospital. J Med
Assoc Thai. 2012;95:S54-S61.

4. Shi C, Jin X, Li Z. Pediatric Surgery. 4rd ed. People’s
Medical Publishing; 2009.

5. Zhang J, Chen JJ. Pediatric Outpatient Surgery. 3rd ed.
People’s Medical Publishing; 2008.

6. Herring JA. Tachdjian’s Pediatric Orthopedics. 5th ed.
Saunders; 2014.

7. Ohman A, Nilsson S, Beckung E. Stretching treatment for
infants with congenital muscular torticollis: physiotherapist
or parents? A randomized pilot study. PM R. 2010;2:1073-
1079. DOI: 10.1016/j.pmrj.2010.08.008

8. Cheng JC, Wong MW, Tang SP, Chen TM, Shum SL, Wong
EM. Clinical determinants of the outcome of manual stretch-
ing in the treatment of congenital muscular torticollis in
infants. A prospective study of eight hundred and twenty-
one cases. J Bone Joint Surg Am. 2001;83:679-687. DOI: 10.
2106/00004623-200105000-00006

9. Amaral DM, Cadilha R, Rocha J, Silva A, Parada F. Congen-
ital muscular torticollis: where are we today? A retrospective
analysis at a tertiary hospital. Porto Biomed J. 2019;4:e36.
DOI: 10.1097/j.pbj.0000000000000036

10. Xiong Z, Zeng S, Chen H, Qiu X, Tang G, Tang Y, et al.
Unique finding in congenital muscular torticollis: clinic
screening on the neck of one day old neonate and ultrasono-
graphic imaging from birth through 3 years of follow-up.
Medicine (Baltimore). 2019;98:e14794. DOI: 10.1097/MD.
0000000000014794

11. Lanna M, Casati D, Torre C, Monforte S, Andreacchio A,
Faiola S, et al. Congenital isolated clubfoot: correlation

between prenatal assessment and postnatal degree of sever-
ity. Prenat Diagn. 2020;40:1547-1552. DOI: 10.1002/pd.
5808

12. Cady R, Hennessey TA, Schwend RM. Diagnosis and treat-
ment of idiopathic congenital clubfoot. Pediatrics. 2022;149.
DOI: 10.1542/peds.2021-055555

13. Knitlova J, Doubkova M, Eckhardt A, Ostadal M, Musilkova
J, Bacakova L, et al. Increased collagen crosslinking in stiff
clubfoot tissue: implications for the improvement of ther-
apeutic strategies. Int J Mol Sci. 2021;22. DOI: 10.3390/
ijms222111903

14. Weinstein SL, Mubarak SJ, Wenger DR. Fundamental con-
cepts of developmental dysplasia of the hip. Instr Course
Lect. 2014;63:299-305.

15. Ortolani M. Congenital hip dysplasia in the light of early and
very early diagnosis. Clin Orthop Relat Res. 1976;119:6-10.

16. American Academy of Pediatrics, Committee on Quality
Improvement, Subcommittee on Developmental Dyspla-
sia of the Hip. Clinical practice guideline: early detec-
tion of developmental dysplasia of the hip. Pediatrics.
2000;105:896-905. DOI: 10.1542/peds.105.4.896

17. Roposch A, Protopapa E, Cortina-Borja M. Weighted diag-
nostic criteria for developmental dysplasia of the hip.
J Pediatr. 2014;165:1236-1240.e1. DOI: 10.1016/j.jpeds.
2014.08.023

18. Weinstein SL, Mubarak SJ, Wenger DR. Developmental
hip dysplasia and dislocation: part II. Instr Course Lect.
2004;53:531-542.

19. Clarke NM. Developmental dysplasia of the hip: diag-
nosis and management to 18 months. Instr Course Lect.
2014;63:307-311.

20. Patel H. Preventive health care, 2001 update: screening
and management of developmental dysplasia of the hip in
newborns. CMAJ. 2001;164:1669–1677.

21. Shipman SA, Helfand M, Moyer VA, Yawn BP. Screening
for developmental dysplasia of the hip: a systematic literature
review for the US Preventive Services Task Force. Pediatrics.
2006;117:e557-576. DOI: 10.1542/peds.2005-1597

22. Kang MS, Han GW, Kam M, Park SS. Clinical signifi-
cance of asymmetric skin folds in the medial thigh for the
infantile screening of developmental dysplasia of the hip.
Pediatr Neonatol. 2019;60:570-576. DOI: 10.1016/j.pedneo.
2019.02.004

23. Schwend RM, Schoenecker P, Richards BS, Flynn JM,
Vitale M. Screening the newborn for developmental dys-
plasia of the hip: now what do we do. J Pediatr Orthop.
2007;27:607-610. DOI: 10.1097/BPO.0b013e318142551e

24. Roposch A, Liu LQ, Hefti F, Clarke NM, Wedge JH.
Standardized diagnostic criteria for developmental dyspla-
sia of the hip in early infancy. Clin Orthop Relat Res.
2011;469:3451-3461. DOI: 10.1007/s11999-011-2066-9

How to cite this article: Xiong Z, Zhao Z, Deng H, Qiu X, Li
W, Chen X, et al. Screening for musculoskeletal system malfor-
mations and birth injuries in newborns: Results of a screening
program in two hospitals in Shenzen, China. Pediatr Investig.
2022;6:156–162. https://doi.org/10.1002/ped4.12334

https://wileyonlinelibrary.com/journal/ped4
https://doi.org/10.1590/1984-0462/2022/40/2020331
https://doi.org/10.1590/1984-0462/2022/40/2020331
https://doi.org/10.7860/JCDR/2014/7882.4380
https://doi.org/10.7860/JCDR/2014/7882.4380
https://doi.org/10.1016/j.pmrj.2010.08.008
https://doi.org/10.2106/00004623-200105000-00006
https://doi.org/10.2106/00004623-200105000-00006
https://doi.org/10.1097/j.pbj.0000000000000036
https://doi.org/10.1097/MD.0000000000014794
https://doi.org/10.1097/MD.0000000000014794
https://doi.org/10.1002/pd.5808
https://doi.org/10.1002/pd.5808
https://doi.org/10.1542/peds.2021-055555
https://doi.org/10.3390/ijms222111903
https://doi.org/10.3390/ijms222111903
https://doi.org/10.1542/peds.105.4.896
https://doi.org/10.1016/j.jpeds.2014.08.023
https://doi.org/10.1016/j.jpeds.2014.08.023
https://doi.org/10.1542/peds.2005-1597
https://doi.org/10.1016/j.pedneo.2019.02.004
https://doi.org/10.1016/j.pedneo.2019.02.004
https://doi.org/10.1097/BPO.0b013e318142551e
https://doi.org/10.1007/s11999-011-2066-9
https://doi.org/10.1002/ped4.12334

	Screening for musculoskeletal system malformations and birth injuries in newborns: Results of a screening program in two hospitals in Shenzen, China
	ABSTRACT
	INTRODUCTION
	METHODS
	Ethical approval
	Participants
	Diagnostic criteria
	Data collection
	Physical examination methods
	Ultrasonography
	Radiographic inspection
	Statistical methods

	RESULTS
	DISCUSSION
	CONFLICT OF INTEREST
	REFERENCES


