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KNUHUYKN UCTPAXYBAHA

Abstract

Developmental dysplasia of the hip (DDH) is one of the most common diseases of the
musculoskeletal system. Hip dysplasia occurs in 1:100, which means that it is 10 times more
common than hip dislocation. The position of flexion and abduction in newborns and infants is
the most common recommendation to improve hip development. The aim of this research is to
evaluate the effects of wide swaddling, i.e., to determine whether wide swaddling influences hip
maturation in the first months after birth and whether it has an effect on increasing the alpha
angle of the hip during ultrasound examination. Materials and methods:

A prospective, clinical, stratified study was conducted on male and female newborns and
infants with type Ia, Ib and Ila hip according to the Graf method. The subjects were divided
into two groups. The first group included 20 newborns and infants using wide swaddling (40
hips monitored). The second group consisted of 23 newborns and infants who were not swaddled
(46 hips monitored). The wide swaddling method involved using an additional cloth diaper and
one wide swaddle diaper. Subjects underwent hip ultrasound according to the Graf method
during the first hip examination at 4-8 weeks of age, and again two months after the initial
assessment. Results: a simple procedure such as wide swaddling influences an increase in the
alpha angle of the hip. There is an effect on hip development with faster transition from type
ITa to type I according to the Graf method. After two months, the progression of hip maturation
in the swaddling group was evident, while hips in the non-swaddling group remained type I and
I, indicating that there is also a normal maturation in the other group. Further research is
necessary to evaluate the long-term effects of wide swaddling on hip development.
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VisBamox

PasBojHara aucriasuja Ha Konkot (PJIK) e efiHo ofi HajuecTuTe 3a00/yBarba Ha MyCKY/I0-CKeJleT-
HUOT cucTeM. [lncrnasujata Ha KoKoT ce jaByBa Ha 1:100 wTo 3Haum exa e 10 maTu mouecra of
JUCTIoKalMjaTa Ha KoMKOT. DU3KMOJIOMKMOT Pa3Boj Ha KOJIKOT 3@ BpeMe Ha pacToT e jleTepMUHU-
PaH o7 lieHTpaHaTa MOCTaBeHOCT Ha (heMOpATHATA T7IaBa BO alleTabynyMOT. 3a7pKyBambeTo Ha
KOJIKOBHUTE Kaj HOBOPOJIEHUMIbaTa BO 1071004 Ha (riekcuja 1 abiyKIlija e HajuecTaTa npenopaka
3a Moflo0pyBarbe Ha PasBojOT HA KOJKOT. [len Ha oBa ucTpaxkyBame e fla ce YTBPAAT edeKTute
0J1 KOPUCTEETO Ha MUPOKUOT TI0BOj, OJIHOCHO JIa Ce OfIpefiu J1ajiu HMPOKKOT T0BOj MMa eheKT
BP3 3To/ieMyBambe Ha anda aroyoT Ha KOJKOT Kaj HOBOPOJIeHUMIbaTa W JI0eHUMIbaTa BO MPBUTE
MeCeIlM 0j] ParameTo 1 Jia ce YTBP/M [N Biujae BP3 nobp3 pas3Boj Ha KonkoT. Matepujanu u
metozu: CripoBe/ieHa e MPOCHeKTUBHA KIMHIUKA CTPATU(UIMPaHa CTy/Ija BO KOja HCIIUTAHUIIH
ce MallIK1 1 KeHCKN HOBOPOZIeHUMIba U JloeHunba co T 1a, 16 1 1la konk criopes Metoziot 'pad.
Vcrranunute Gea mofenenu Bo e rpymu. [IpBata rpyma oy 20 HOBOpOieHUMbA U IOEHUHEbA
KopHCTellle IMPOKo ToBuBambe (cnefieru 40 Konkosu). Bropara rpyma og 23 HOBOPOjIeHUMIbA 1
NI0eHUKIbA He KOPUCTea MUPOKO MoBUBatbe (cefieu 46 konkosu). [InpokKoT MoBoj ce cocroetie
07} [IOTIOJIHUTEIIHA TeTpa 1 IIBeJICKa MejleHa 3a IMPOKO MoBUBawe. Vcnuranuuure ce crefea
exocoHorpadcku Mo Metoziata Ha ['pad Ha MPBUOT Mperies] Koj ce HAMpaBu Ha Bo3pacr of 4-8 He-
Jle/ ¥ BTOPUOT Tpersief; 1o JBa Mecel. [IpomenuTe Bo anda aroyor Ha iBeTe IPYIM ce ciiefiea
1 ce HAMpaBy criopefida. PesynraTiTe MOKaKyBaaT feka eHOCTABEH TPeTMaH KaKo KOpHCTerbe
IIMPOK MOBOj MMa eeKT BP3 3rojieMyBarbe Ha ajda arojoT Ha KomkoT. [IMpoKuoT moBoj nma
edexT Bp3 pa3BojoT Ha KOJMKOT fla npemute o Tin [la ko T | o metozor Ha ['pad. Ilo iBa
Mecell Moke J1a ce BUJM MPOrpecija Bo CO3PeBameTO Ha KOJIKOBUTE BO IpyraTa Koja KOpUCTH
IMMPOK TOBOj, HO ¥ KOJIKOBUTE O]] TPyIaTa Koja He KOPUCTU MUPOK MoBoj cé yiurre ce tur [ u I1
criopej; MeToz1oT Ha I'pad 1ITo 3HAUM IeKa MMa HOPMAJTHO CO3PeBarbe Ha KOJIKOT 1 BO Taa Tpyra.
[ToTpebHO e IOMOMHUTENHO TIPOYUYBatbe U CTeflethe Ha ONTOPOUHITe eheKTH 0ff KOPUCTEHETO
Ha UPOKKOT [10BOj.



Introduction

Developmental dysplasia of the hip
(DDH) is one of the most common dis-
eases of the musculoskeletal system.
Hip dysplasia occurs at 1:100, which
means that it is 10 times more com-
mon than hip dislocation. The femo-
ral head and the acetabulum interact
with each other in growth and evo-
lution from the prenatal period on-
ward. Physiological development of
the hip during growth is determined
by the central placement of the femo-
ral head in the acetabulum.

Keeping the hips in flexion and ab-
duction in newborns and infants is
the most common recommendation
to improve hip development.!

Swaddling in adduction and exten-
sion leads to tightness of the iliopsoas
muscle, hamstrings, and abductor
muscles, which leads to an increased
hip dislocation. With 100 degrees of
hip flexion, pressure in the acetabu-
lum is reduced, and the dislocation
force of the hamstrings is reduced.?

In African countries, where newborns
and infants are held in a position of
flexion and abduction, they do not de-
velop hip dysplasia. This in contrast
to some Asian countries, where, due
to cultural differences, newborns are
saddled with their legs in a position
of extension and adduction, and this
increases the risk of various degrees
of hip dysplasia.’”’

In 1959, Judet and Gielis, for DDH pre-
vention, placed all newborns in the
position of flexion and abduction up
to 4 months of age using an abduc-
tion orthosis. In the study by Klisic et
al., the benefit of wide swaddling was
especially confirmed by reducing the
prevalence over the four years of the
study period.??

In newborns, there is a certain degree
of hip laxity after birth, and therefore
swaddling in the abduction and ex-
tension position should not be used.4

It has been confirmed in a study of
traditional Mongolian swaddling by
Munkhtulga Ulziibat et al. that pro-
longed swaddling of infants with the
legs in a position of extension and
adduction leads to improper matura-
tion and formation of the hip joint,
and is a major contributing factor to
developmental disorders of the hip.>

According to a study by Harcke et al.
conducted on 30 newborns with sus-
pected and documented DDH, it was
shown that the subjects who used
swaddling in the position of adduc-
tion and extension led to instability
or hip dislocation, while in the sub-
jects who used a safe swaddling posi-
tion, i.e., a wide swaddle, there was
no change in hip stability.!°

The effectiveness of wide swaddling
has never been verified.!

When dysplasia of the hip is diag-
nosed on an ultrasound examination,
subsequent treatment is abduction
and flexion of the hips with orthosis
so that the femoral head is centered
and acts as a stimulating factor for
the acetabulum for its development.
With hip flexion of 100 degrees, the
pressure on the acetabulum is re-
duced and the dislocation force of the
hamstrings is reduced.”

Attention must be paid to the so-
called Ramsey’s safe zone, which
means that the abduction of the hip
should not be greater than 70 degrees
in order to avoid decreasing blood
supply to the femoral head, which
may increase the risk of avascular
necrosis (AVN) of the hip.



Wide swaddling allows free move-
ment of the lower limbs, while still
improving the position of flexion and
abduction, which is necessary for bet-
ter development and maturation of
the hip.

It is very important that it does not ex-
ceed abduction beyond 90 degrees, as
this could impair femoral head circu-
lation and increase the risk of AVN."?

In North Macedonia, general screen-
ing of hip development exists, and or-
thopedic examination and hip ultra-
sound are mandatory in the first 6-8
weeks. We are an endemic region for
DDH, and recommendations for wide
swaddling have been given, but its ef-
fectiveness is not proven.

Besides general screening, many
newborns and infants were late for
examination and hip ultrasound, and
that’s why they receive recommenda-
tions for wide swaddling in the new-
born wards.

In the past, wide swaddling was more
commonly practiced, but nowadays,
many mothers are reluctant to use it.

One of the reasons is the lack of evi-
dence for its effect on hip matura-
tion, and doctor’s recommendations
differ from person to person.

The aim of this research is to verify
the effects of wide swaddling, i.e., to
determine whether wide swaddling
influences hip maturation in the first
months after birth, and whether the
use of wide swaddling has an effect
on increasing the alpha angle of the
hip in ultrasound examination.

Materials and methods

A prospective clinical stratified study
was conducted, in which subjects
were newborns and infants with Type

Ia, Ib, and Ila hips according to the
Graf method. The subjects were di-
vided into two groups. In the group
that used wide swaddling, 20 subjects
(5 male and 15 female) were moni-
tored. In the group that did not use
wide swaddling, 23 subjects (10 male
and 13 female) were monitored. The
progression of the alpha angle from
the first to the second examination in
both groups was assessed.

Types la and Ib hips were included
to evaluate whether there would be
greater progression of the alpha an-
gle (exceeding 60 degrees) over time
in the wide swaddling group com-
pared to the non-swaddling group.

Type Ila represents a physiologically
immature hip in infants younger than
three months, characterized by an al-
pha angle below 59 degrees. Type Ila
hips were included to assess whether
wide swaddling would lead to faster
hip maturation.

The two groups were compared to de-
termine whether there was a statis-
tically significant difference in alpha
angle progression between the wide
swaddling group and the non-swad-
dling group.

The wide swaddling consists of one
extra cloth diaper and wide diaper
for which parents have been in-
structed on how to use it properly.
The Clinical history of all subjects
was analyzed, including fetal position
during regnancy, postural anomalies,
birth weight, and vitamin D3 prophy-
laxis.

The swaddling group that met the in-
clusion criteria used wide swaddling
for 24 hours. The wide swaddling was
removed only to change the sanitary
diaper and bathe the newborn and
the infant.



The non-swaddling group used only a
standard hygienic diaper.

Any subject older than 3 months of
age that turns into IIb hip according
to Graf’s method is excluded from the
research and treated according to the
protocols.

Inclusion criteria were:

Newborns and infants with hip Type
Ia, Ib and Ila according to Graf.

Singleton  pregnancy, cephal-
ic placement of the fetus, term
newborns. New borns and in-
fants vyounger than 3 months.
Normal birth weight (2500- 4000 g)
Negative family history of develop-
mental hip dysplasia.

Negative clinical findings for hip in-
stability, no adductor contractures,
negative Ortolani and Palmén tests.
Vitamin D3 prophylaxis on regular
base.

Exclusion criteria were:

Newborns and infants that on hip sono-
graphic examination are type IIb; Ilc,
I1d, type Il and IV hip according to Graf.

Twin pregnancy or pelvic position-
ing of the fetus, prematurely born.

Newborns and infants old-
er than 3 months. Low
birth weight (under 2500 g).

Positive family history of develop-
mental hip dysplasia.

Positive  clinical findings  for
hip instability, adductor con-
tractures, positive tests for in-

stability Ortolani and Palmén.
Newborns and infants that don’t have
vit D3 prophylaxis on regular basis.

Clinical examinations were per-
formed: assessment of hip position,
presence of adductor contractures,
and tests for hip instability including

Ortolani and Palmén maneuvers.

Measurement of hip range of motion
was performed using a goniometer.
Ultrasound hip measurement, follow-
ing Graf’s method, was performed us-
ing a Sonoscape A6 ultrasound device
equipped with a linear probe of 7.0-8.0
MHz. Hip sonographic examination fol-
lowing Graf’s method was performed
within the first 4-8 weeks after birth.

Newborns and infants were then
monitored again after 2 months to
assess whether the hips transitioned
to Type Ia or Ib according to Graf’s
classification, or remained physiolog-
ically immature in both groups.

This follow-up also aimed to evalu-
ate the progression of alpha angles in
both hip types, particularly in Type 1.

Three measurements form both hips
were taken for each subject, and the
mean value of the measured angles
was taken, as well as measurement
of the hip maturation time interval
(from Ila to type I hip according to
Graf’s method).

According to Graf’s method, the hip
ultrasound examination is based on
three points, and the classification
is based on a combination of mor-
phological and morphometric cri-
teria as well as the age of the child.
To acquire a correct measurement of
the angles, we need to obtain three
important morphological points: the
bone part of the acetabulum, the iliac
bone and the labrum.

Three basic lines are drawn: the basic
bone line, the line of the bony part of
the acetabulum and the line of incli-
nation (the cartilaginous part of the
roof of the acetabulum).

The alpha and beta angles are formed
betweenthesethreelines, thattogeth-



er with the age of the child are mor-
phometric criteria for classification.
Hips that have an alpha angle greater
than 60 degrees are considered type I
hip according to the Graf method, i.e.
a mature hip. An infant with an alpha
angle between 50 - 59 degrees and age
under 3 months is considered type Ila
hip according to the Graf method.
Type Ila hips are considered physi-
ologically immature hips and require
follow-up and regular sonographic
examinations until they spontane-
ously transition to a mature hip.>

Results

Measurements of the alpha angle
were conducted in 20 newborns and

infants (40 hips) who used wide swad-
dling for a period of 2 months. The al-
pha angles from the first examination
were compared with the angle from
the second examination of 40 hips.
Measurements were made in 23 new-
borns and infants (46 hips) who did
not use a wide swaddle and alpha an-
gles from the first examination were
compared with the angle from the
second examination of 46 hips.

The first and second exams of both
hips in the wide saddling group and
non-swaddling group are presented in
pairs on their first and second exams of
both hips. The average value of all hips
was taken and are presented in pairs
for both hips in both groups. (Table 1)

Table 1: Comparison of the alpha angle in subjects using wide swaddling on the first and
second examination and comparison of the alpha angle in subjects not using wide swaddling
on first and second examination

Mean N Std. Deviation
Pair1 With Swaddling -right first exam 63,80 20 3,10
With Swaddling -right second exam 65,90 20 3,49
Pair 2 With Swaddling -left first exam 63,70 20 3,02
With Swaddling -left second exam 65,80 20 2,52
Pair 3 Non-Swaddling-right first exam 66,08 23 3,02
Non -Swaddling-right second exam 66,08 23 2,59
Pair 4 Non-Swadling-left first exam 65,65 23 2,40
Non-Swaddling-left second exam 65,34 23 5,02

The average value of alpha angle in the
group with wide swaddling for both
hips on the first exam and after two

months was compared. A progression
in alpha angles for both hips of 2.1 de-
grees was registered. (Table 2)

Table 2: The average value from the first exam was compared with the second exam after
two months of using wide swaddling.

Average value Average value
Alpha angle first exam right 63,8 Alpha angle first exam left 63.7
Alpha angle second exam right 65,9 Alpha angle second exam left 65
Difference in degrees 21 Difference in degrees 21
P value 0,0002 P value 0,006




The average value of alpha angle in
non-swaddling group for both hips on
the first exam and after two months

was also compared. There was no
progression in alpha angles. (Table 3)

Table 3: Comparison of the alpha angle in subjects in non-swaddling group

Average value Average value
Alpha angle first exam right 66,08 Alpha angle first exam left 65,65
Alpha angle second exam right 66,08 Alpha angle second exam left 65,34
Difference in degrees 0 Difference in degrees 0,31
P value 1,000 P value 0,770

Using paired sample test on right
and left hips of wide swaddling group
showed that there is significant dif-
ference between first and second
exam after 8 weeks. (for swaddling
group right hip t = 3,566, p < 0,05; left
hip t =3, 070, p < 0,05).

The results showed that there is no
significant difference in non-swad-
dling group between the first and
second exam after 8 weeks. (for non-
swaddling group right hip t = 0, 000,
p>0,05; left hip 0, 295, p>0,05).

Discussion

According to the study of Lee C.W.
et al., double diapering resulted in a
greater increase in the alpha angle,
and more babies recovered to hav-
ing bilateral Graf type I hips within 1
month compared to the natural mat-
uration of newborn hips.

In this study, newborns with Graf
type Ila hips were selected as sub-
jects, as they are commonly observed
to undergo maturation of the acetab-
ular roof.!

A Graf type II hip is a physiologically
immature hip that should be followed

sonographically until transitioning
to a type I hip. °

6

Swaddling into extension and adduc-
tion of the lower extremities increas-
es the rate of hip instability.>”

Measurement of hip abduction and
flexion angles is important because a
certain degree of hip flexion and ab-
duction has a stimulating effect on
hip development.’

By placing the wide swaddle, great-
er hip flexion and abduction are
achieved, which places the femoral
head in a better position in the ac-
etabulum and has a stimulating ef-
fect on its development. In the study
by Rosendahl K., it was proven that
patients who were treated with an
abduction orthosis at the time of di-
agnosis of dysplasia had better and
faster maturation of the hips than
the group that was only monitored.?

Klisic, in his study “Effects on Triple
Prevention for CDH,” shows that be-
fore the introduction of baby pack-
ages (which contain materials for
wide diapering and are given to every
new mother) in the period between
1975-1977, 202-208 new cases of DDH
were registered each year (mean 221).
After the introduction of baby pack-
ages, in the period between 1981-1985,
there were only 69-90 new cases per
year (mean 77), a reduction of 65%



was recorded.?

The results the study by Bing Liu et al.
showed that during the first 3 months
of life in newborns and infants, the
alpha angle exhibits a monthly in-
crease.”

The incidence of type Ila hips ranges
from 5% - 12% according to the time
of the ultrasound examination.

It has been reported that most cases
with IIa hips spontaneously resolve
when they get older. However, it is dif-
ficult to ascertain that all infants with
Graf type Ila hips should be observed
and evaluated for the natural course
of type Ila hips using Graf perspective
of physiological immaturity.!®

Evidence that post-natal positioning
may be responsible for DDH comes
in the form of a higher incidence of
DDH seen in populations which prac-
tice restrictive immobilization of the
lower limbs of their infants (swad-
dling in adduction and extension).

Czeizel et al. reported that out of
18,219 live births in Bekes County,
Hungary, between 1970 and 1972, 523
infants came for treatment of DDH.
Apart from genetic factors, the au-
thors attributed this unusually high
incidence of 28.7 per 1000 live births
to unhealthy restrictive swaddling
practices then prevalent in the stud-
ied population.™

Ulziibat M et al. conducted a study
with two groups, one that used tra-
ditional Mongolian swaddling (with
legs in adduction and extension) and
one no swaddling group.

The follow up lasted one month (it
was not allowed to continue the
swaddling more than 1 month for the
study purpose because of the Ethical
Review Committee’s recommenda-

tions).

In both groups type I and II a+, II a-
hips were included.

The study provides evidence that tra-
ditional swaddling is a significant con-
tributing factor for delayed maturation
of the physiologically immature Type
2a hips and development of DDH. >

In the previous studies, swaddling
groups (in adduction and extension)
were compared with non-swaddling
groups.

There are few studies that compared
safe- wide swaddling (with lower ex-
tremities in abduction and flexion)
with no swaddling group.

In our study, newborns and infants
with type I and type Ila hips accord-
ing to Graf’s method were selected.
A comparison was made between
40 hips in the group that used wide
swaddling and 46 hips in the group
that did not, with a follow-up period
of 2 months.

It was determined that in the group
that used wide swaddling, there was
a significant increase in the alpha
angle of the hip during the first two
months of use.

The increase in the alpha angle from
the first to the second examination was
about 2.1 degrees for both hips, while in
the subjects who did not use wide swad-
dling, there was no significant increase
in the alpha angle after two months
from the first examination.

After the comparison of the group
that used wide swaddling between the
first and second examination, there is
a statistically significant difference (p
< 0.05) compared to the group that
did not use wide swaddling where
there was no statistically significant
difference in the alpha angle between

7



the first and second examinations (p
> 0.05).

After the comparison of the group
that used wide swaddling compared
to the group that does not use it, it
was determined that there is a signif-
icant difference in the increase of the
alpha angle of the hip in patients that
used a wide swaddling.

Compared to the Study from Lee and
al. we have similar progression of
alpha angle in the swaddling group.
From the first examination at birth,
they have mean progression after 1
month of +7, 9 in double diapering
group. In the non-swaddling group
from birth after one month they have
progression of + 5, 2 degrees.!

The study by Raba A.A. and colleagues
discusses and has a special focus on
type Ila hips, where it’s not possible
to determine which hips will deterio-
rate or have a spontaneous evolution
and that this should be investigated
further, but as an independent warn-
ing factor it emphasizes that if the al-
pha angle at the first examination is
less than 55 degrees then that hip has
a negative predictive factor. 1

In the study by Riad P. J and col-
leagues, subjects aged 6 to 12 weeks
were followed and the progressions
of alpha and beta angles as well as
FHC were monitored and measured.

It was concluded that FHC alpha and
beta angles change significantly over
time, but it is important to take the
age of the child into account when in-
terpreting hip ultrasound findings."”

We need more follow up of this, be-
cause we need to distinct if there is
an effect from wide swaddling on hip
maturation and progression of alpha
angle.

Some studies conclude that the hip
in the first months of life had expo-
nential growth and maturation with
plateau in the 4-6 months of life.”

In our country, among the pediatric
orthopedic surgeons, there is an ongo-
ing lively discussion whether double
diapering should be used or not. Most
of the older orthopedic surgeons ad-
here strictly to the double diapering
principle that roots from the Klisic
conclusions, and their use is justified.
Most of the younger orthopedic sur-
geonsthatareinvolvedin the neonatal
hip ultrasound screening, do not rec-
ommend wide diapering in type 2a+
or 1a/1b hips according Graf method.
The positive effect from double dia-
pering is concluded in this and many
previous studies. It is also recom-
mended in most neonatal wards in
our country.

There is no consensus among the
ones recommending wide diaper-
ing, and the recommendations dif-
fer from two hygienic diapers placed
one above the other, one or two cloth
diapers above the hygienic diaper,
secured by a wide swaddle diaper or
commercially available “wide dia-
pering underpants”. Also, there is
no consensus on the duration of the
wide diapering, some of us discontin-
ue the use of the double diapering at
the first ultrasound screening exami-
nation, that should be done by three
months of the infant, or the second
ultrasound examination screening,
that is done at 6 months of age. Also,
there are some studies that conclude
that the diapering delays infant’s
milestones as sitting, crawling and
walking.!®



Conclusion

The results show that a simple treat-
ment, such as wide swaddling, con-
tributes to an increase in the alpha
angle of the hip. The results also show
that there is an effect on the develop-
ment of the hip to go from type Ila to
type I according to Graf’s method.

After two months we can see the pro-
gression of hip maturation within the
swaddling group, but the hips within
the non-swaddling group are still
type I and II according to Graf meth-
od that means we also have a normal
maturation in the other group.

Regarding this fact we need further
studies and monitoring of the long-
term effects of using wide swaddling
to determine whether it has effect on
hip maturation and progression of al-
pha angle or it is spontaneous matu-
ration with rapid progress in some
hips.
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