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Preface to ”Bone Development and Disease in

Infants”

Children’s bone growth is continuous, and remodelling is always extensive. Growth proceeds

from a vulnerable part of the bone, the growth plate. In remodelling, old bone tissue is gradually

replaced by new tissue. Many bone disorders arise from the changes that occur in a growing child’s

musculoskeletal system, and these disorders can positively or negatively impact bone development.

Other bone disorders may be inherited or occur in childhood for unknown reasons.

Bone disorders in children can result from factors that affect people of all ages, including injury,

infection (osteomyelitis), cancer, and metabolic diseases. Causes of bone disorders can involve the

gradual misalignment of bones and stress on growth plates during growth. Congenital deformities

such as clubfoot or developmental dysplasia of the hip can lead to important alterations of bone

development, causing severe dysfunction. Certain rare connective tissue disorders can also affect the

bones, such as Marfan syndrome, osteogenesis imperfecta, and osteochondrodysplasias.

Many specialists are involved in the management of bone development disorders in children and

adolescents, such as neurosurgeons, plastic surgeons, general surgeons, ORL surgeons, maxillofacial

surgeons, orthopaedics, radiologists, and pediatric intensive care physicians.

The aim of this Special Issue is to present the latest research on the etiology, physiopathology,

diagnosis and screening, management, and rehabilitation related to bone development and disease

in infants, focusing on congenital, developmental, post-traumatic, and post-infective disorders.

Vito Pavone

Editor
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Editorial

Bone Development and Disease in Infants

Vito Pavone

Department of General Surgery and Medical Surgical Specialties, Section of Orthopaedics and Traumatology,
A.O.U. Policlinico Rodolico—San Marco, University of Catania, 95123 Catania, Italy; vitopavone@hotmail.com

The aim of this Editorial is to introduce the content of the present Special Issue,
entitled “Bone Development and Disease in Infants”. Over the years, the orthopedic
management of children affected by bone diseases has seen numerous changes, thanks to
the continuous scientific confrontation and advances. It is therefore fundamental to keep
on researching and exchanging ideas and results, aiming to give the best chances possible
to our little patients. For this reason, this Special Issue represents a wonderful occasion
since it provides a picture of today’s knowledge and creates a collective discussion on the
hot topics of pediatric orthopedics. From trauma to congenital and developmental disease,
to the analysis of normal bone development, this Special Issue presents a selection of eleven
outstanding articles, chosen carefully for our readers from numerous valid manuscripts.
These articles are very interesting and constitute valid ground for everyone in the field.

The collection starts with the latest research works on a timeless topic: clubfoot. In
the first communication, the analysis of the reliability of Pirani and Dimeglio scores in
different medical figures (from residents to orthopedic surgeons) provides a picture of two
solid evaluation methods that can be used widely by the medical community, especially for
congenital talipes equinovarus [1]. Then, another selected manuscript regarding clubfoot
analyzes sport ability during walking age following the Ponseti method: once again, it
proves to be a valid therapeutic tool for these little patients [2].

Moving to another congenital orthopedic disease, developmental dysplasia of the hip,
a group of colleagues underline the ineffectiveness of double diapering in its treatment [3].
In addition, it was decided to include a systematic review on this topic, in order to clarify
DDH treatment options. This review analyzes dynamic and static splint differences, ex-
plaining the correct indication for the use of one or the other [4]. These first four articles
question old standardized methods of diagnosis and treatment, confirming that the most
used methods still represent the first choice.

In terms of more general topics, Moca et al. conducted an interesting retrospective
comparative study on chronological age in different bone development stages by using
lateral cephalometric radiographs and the cervical vertebral maturation method, adding
useful information about bone growth and its stages [5]. Another classification was ques-
tioned in the article by Oh et al., where the duration of the Waldenström stage was used
to evaluate early-onset Legg–Calvè–Perthes disease and its correlation with conservative
treatment outcomes [6].

Moreover, two other reviews are included in this Special Issue. One is an analysis
of sports and children with hemophilia that exhaustively assesses the actual trends in
these patients’ care and everyday life [7], and the other review investigates the literature
concerning the treatment of complex regional pain syndrome in children and adolescents,
offering tools on how to handle these cases [8].

Between the different articles, a case report was selected for this collection, which
is always useful to readers who can find ideas and stimuli for their own difficult cases.
Zoccali et al. display a case of a brilliant proximal femur reconstruction after bone tumor
resection in an infant patient [9].

It was only right to present a piece on pediatric trauma: one article studied the
correlation between the dominant hand and supracondylar humerus fracture, suggesting

1
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that children probably tend to fall on their non-dominant hand to protect the dominant
one [10].

The current pandemic could not go without discussion in this Special Issue, since our
field has also been widely shaken by the ongoing SARS-CoV-2 pandemic that continues
to affect our lives and those of our patients. Dibello et al. report differences in trauma in
children during this unprecedented time, pointing out very interesting findings [11].

To conclude, I would like to thank the prestigious colleagues that helped me develop
this Special Issue, analyzing a plethora of valid articles, and offering their best opinions. I
hope this is going to be a pleasant read that can be helpful by adding useful information,
widening readers’ knowledge, and fueling the collective discussion on these selected topics.

Funding: This Editorial received no external funding.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Purpose: The national lockdown established by the Italian government began on the 11th
of March 2020 as a means to control the spread of SARS-CoV-2 infections. The purpose of this brief
report is to evaluate the effect of the national lockdown on the occurrence and characteristics of
trauma in children during lockdown. Methods: All children admitted to our paediatric orthopaedic
unit with a diagnosis of fracture or trauma, including sprains and contusions, between 11 March 2020
and 11 April 2020, were retrospectively reviewed. Their demographic data, type of injury, anatomical
location and need for hospitalisation were compared with the equivalent data of children admitted
for trauma in the same period of 2018 and 2019. Results: Sixty-nine patients with trauma were
admitted in 2020, with a significant decrease in comparison with 2019 (n = 261) and 2018 (n = 289)
(p < 0.01). The patients were significantly younger, and the rate of fractures significantly increased in
2020 (p < 0.01). Conclusions: Home confinement decreased admissions to the emergency department
for trauma by shutting down outdoor activities, schools and sports activities. However, the rate
of fractures increased in comparison with minor trauma, involved younger children and had a
worse prognosis.

Keywords: trauma; children; lockdown; pandemic; SARS-Co-V-2

1. Introduction

The vast majority of paediatric injuries in emergency rooms are fractures, which are
common during childhood [1,2] and are mostly caused by trauma while practising sports
or playing [2]. Such injuries have a great impact on the child’s and family’s daily life and
carry significant social and economic consequences, both in the short- and long term [1].

In an attempt to counteract the fast spread of the infection caused by SARS-CoV-2, the
Italian government declared a national lockdown on the 9 March 2020 with consequent
closure of schools, gymnasiums and all commercial and industrial activities, except for
those deemed essential [3,4].

This is a brief report outlining the effects of the national lockdown on the occurrence
and characteristics of trauma seen in children, comparing first aid access in our hospital
from 11 March to 11 April in 2018, 2019 and 2020 (the hardest restriction period). Data in
the same period for 2016 and 2017 were actually under investigation. Our main hypothesis
was that the lockdown drastically reduced the total number of fractures in children and
that only major traumas were brought to our attention at our second-level paediatric
trauma centre.
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2. Methods

After approval was received from the Institutional Research Committee, all children
who came to our paediatric orthopaedic unit with a diagnosis of fracture or trauma, in-
cluding sprains and contusions, between 11 March and 11 April 2020, were retrospectively
reviewed. Demographic data, type of injury, anatomical location and the need for hos-
pitalisation were recorded. Patients with polytrauma or with associated neurological
impairment were excluded. Children admitted for fracture or trauma in the same interval
of time in 2018 and 2019 were used as controls. The diagnosis was confirmed in all cases
by physical examination and plain radiograph, without the need to perform a CT scan or
MRI. The results were expressed as percentages or as means ± SD, and both groups were
compared by nonparametric Mann–Whitney, chi-squared or Fisher tests, as appropriate,
with a threshold of significance at p < 0.05. The analyses were performed using R software
(version 3.5.2).

3. Results

Sixty-nine children (30 female and 39 male) presented during the study period in 2020
with a trauma involving the upper limb in 68%(n = 47), the lower limb in 28% (n = 19)
and the spine in 4% (n = 3) of the cases. In the correspondent period in 2019, 260 children
(100 female and 160 male) were treated for trauma of the upper limb in 55% (n = 143) of the
cases, the lower limb in 36% (n = 94) and the spine in 9% (n = 23). In 2018, 289 children
(112 female and 177 male) were treated for trauma of the upper limb in 57% (n = 165) of the
cases, the lower limb in 35% (n = 101) and the spine in 8% (n = 23). The mean age of the
patients treated in the emergency department in 2020 (6.83 ± 4.06) was significantly lower
when compared with 2019 (10.84 ± 4.23) and 2018 (9.95 ± 4.42; p < 0.001). In all cases, the
number of patients admitted to our emergency room in 2020 was significantly lower than
in 2019 and 2018 (p < 0.001).

In 2020, the number of fractures (29) was significantly higher in percentage in com-
parison with 2019 (67) and 2018 (68) when contusions and sprains were the most common
lesions (p < 0.01) (Figure 1). On the other hand, although the need to admit the patient
to the ward was similar across all years, the prognosis (as estimated by the orthopaedic
surgeon who treated the patient in the emergency room) for the trauma was significantly
worse in 2020 (p < 0.05) (Figure 2). While pain or functional diseases not related to trauma
decreased in our paediatric orthopaedic unit, major trauma with complicated wounds,
tendon involvement and other injuries that required a multidisciplinary evaluation in-
creased (“other” in Figure 1). Nevertheless, the total number of trauma and injuries in 2020
decreased compared to 2019 and 2018.

Figure 1. Comparison between 2018, 2019 and 2020 in terms of type of injury and need for hospital-
ization (in percentages).
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Figure 2. Comparison between 2018, 2019 and 2020 in terms of prognosis of the trauma.

In 2020, the trauma occurred mostly at home (83.6% n = 58) and sport-related injuries
were significantly lower (16.4% n = 11) in comparison with 2019 (28.7% n = 75) and 2018
(29.8% n = 87). In 2019 and 2018, the trauma more frequently happened away from home
and was not sport-related (42.7% n = 111 and 42.9% n = 124, respectively) but due to
play-related activities. Of the remaining cases for 2019 and 2018, half occurred at home
(28.7% n = 75 and 29.7% n = 86, respectively) and the other half (28.6% n = 74 and 27.3%
n = 79, respectively) were sport-related (Figure 3). However, no significant differences were
found when comparing 2018 and 2019 in terms of the type of injury, prognosis and location
of the trauma.

Figure 3. Comparison between 2018, 2019 and 2020 in terms of place in which trauma occurred (in
percentages).

4. Discussion

Twelve percent of the admissions per year to the paediatric emergency department
are due to musculoskeletal injuries [2,5]. The vast majority of these injuries are skeletal
fractures, which cause significant morbidity to children and are an expensive public health

5
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issue. The overall rate of fractures is increasing despite the implementation of guidelines
to prevent injuries and the campaign to raise parents’ awareness of the subject [2,6,7].

The Italian national lockdown from the 11 March 2020 meant children spent most of
their time indoors and were not allowed to practice outdoor sports or activities. The first
outcome of the stay-at-home order was a significant decrease in admissions (76% less in
comparison with 2019, and 77% in comparison with 2018) to the emergency department
for trauma. Moreover, trauma usually happening at school or practising sports almost
disappeared during the lockdown. Most of the trauma in 2020 occurred at home, while in
2019 and 2018, they mostly happened outdoor while playing. This result highlights how
significantly sports and play impact the incidence of fractures in children.

The patients treated in 2020 were significantly younger than the ones seen in 2019 and
2018. One explanation is that the lockdown eliminated all the trauma occurring during
school time or related to sports. During this time, older children, now staying at home,
spent more time playing videogames, watching TV or following lessons online, whereas
preschool-aged children did not change their activities at home, such as running or jumping
up and down from couches and beds. This could explain why the percentage of the age of
trauma is inversed in 2020 in comparison to 2019 and 2018.

The rate of fractures increased in percentage in 2020 and the prognosis using days of
hospitalisation worsened. This data could be explained by the fact that parents preferred
to treat minor traumas at home without visiting a hospital for diagnosis and treatment.
The distribution of the site of fractures was not modified by the lockdown, and upper
limb fractures continued to be the most usual ones at both endpoints. Forearm fractures
are the most common ones in children, accounting for 40–50% of all fractures during
childhood [1,8–10]. The distal third of the forearm, including the radius and/or ulna,
is involved in 75% of the cases [11,12] because of the increased body mass during their
growth and development together with decreased bone mineral content [5,6,9,11].

Our results were consistent with the finding of other groups [13–22], although only
a few of them analysed a paediatric population. Our study, in fact, demonstrates how a
lockdown could differently affect children according to the age group.

These data lead to several considerations: as previously said, during the lockdown,
a lot of minor traumas were likely treated at home without reaching a hospital or calling
for medical care. In this scenario, a hypothesis is that many children were treated with
only analgesics and rest at home. In the future, to limit the access to a second-level trauma
care hub, children with minor trauma (e.g., the frequent torus fractures of the distal radius)
could be treated in a first-level emergency spot where alternatives to a plaster cast treatment
could be used (especially if an orthopaedic specialist is not available). In this way, we are
conducting a study about the efficacy of treating children with torus distal radius fractures
with an easy-to-use 3D-printed splint in place of the classic plaster cast usually moulded
by an orthopaedic specialist and a dedicated nurse. Results collected to date showed
faster treatment in the emergency room, improved childhood activities during recovery
and high satisfaction for parents and children without any complication or delay in the
healing process as seen for splints in previous studies [23,24]. As we can easily expect new
epidemic waves in the near future, changing medical care modalities for minor trauma in
children (at the moment, the least vaccinated population) could improve our attempts to
limit the spread of the virus.

Another consideration that could be extrapolated from these data is related to our
experience in orthopaedic fast-tracking: in our hospital, in fact, after the nursing triage
in the emergency room, children with uncomplicated monosegmental trauma are sent
directly to our unit. Next, an orthopaedic surgeon evaluates the case, visits the child,
requires radiographs and eventually CT scans and then decides for immobilisation or
hospitalisation. In the first case, the patient is discharged directly home. This consolidated
pathway, already described in the literature [25], demonstrates a shorter stay in the hospital,
virtually no waiting time in an emergency room (where otherwise healthy children could
be exposed to those with fevers, coughs or colds) and higher satisfaction for parents and
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children. In these months of worldwide strategies for containment efficiency and spread
control for the COVID-19 pandemic, in our opinion, every attempt to reduce the risk of
contagion should be pursued.

Notably, these considerations have limitations. First, we do not have data about a
delay in treatment of fractures that do not reach a hospital soon after the trauma accident,
and we did not collect data from other hospitals in our region that usually treat children
from 12 to 18 years old, probably losing much of the data about fractures and treatments in
this age range. We also did not consider weather patterns (March and April are usually
lower-fracture-rate months compared to July or August), nor did we collect data about
rainfalls and sunny days in 2018, 2019 and 2020. Lastly, we only considered rates of
accidental trauma, which did not include any form of abuse, during the lockdown period.

5. Conclusions

In conclusion, home confinement decreased admissions to the emergency department
for trauma by shutting down outdoor activities, schools and sports activities. The volume of
paediatric patients seen for trauma during the lockdown decreased by about 75% from two
years prior. Moreover, the patients who were seen during the lockdown were significantly
younger children, probably because only children with major trauma were brought to the
hospital by their parents to avoid exposure to the virus, whereas children with contusions
and sprains were treated conservatively at home. This study finally demonstrates how a
lockdown could differently affect children according to the age group.
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Abstract: Hemophilia is a sex-linked recessive disorder characterized by a lack of blood factors
necessary for clotting. This review aims to investigate the benefits of sports activities in children with
hemophilia in terms of both physical and psychological wellness. Sports activity is necessary for
children with hemophilia to preserve joints’ range of motion, reduce joint bleeding, improve muscle
mass and strength, enhance proprioception and prevent secondary chronic diseases. In the past,
high-impact sports were usually forbidden in children with hemophilia because of their high bleeding
risk. Recent studies, however, have shown that prophylaxis therapy can allow a hemophilic child
to take part in vigorous activities or high-impact sports. The benefits of sports activity in children
with hemophilia are expressed by a better muscular trophism and an improved bone mineral density.
Moreover, physical activity has a positive impact on children’s psychosocial well-being. Due to
prophylaxis therapy, the quality of life of children with hemophilia is similar to their peers, and this
has allowed an improvement in sports participation, including team sports.

Keywords: hemophilia; children; sport; prophylaxis; high-impact sports; physical activity; psycho-
logical wellness

1. Introduction

Hemophilia is a sex-linked recessive disorder characterized by a lack of blood factors
necessary for clotting [1].

This disease mainly occurs in males and the deficit may be in factor VIII (hemophilia
type A or classic type) or factor IX (type B) [2]. Patients with severe plasma protein
deficit can have recurrent muscular and especially joint bleeding episodes, which may
lead to musculoskeletal pain and physical and functional ability reduction, thus finally
compromising their quality of life [3].

Consequently, it is reported that hemophilic children tend to be more sedentary
compared with non-hemophilic peers because of the difficulties they may experience
during physical activity [4].

This review aims to investigate the benefits of sports activities in children with
hemophilia in terms of both physical and psychological wellness.

2. Materials and Methods

The first step consisted of a scoping literature search performed by three reviewers,
CB, TL and FA, supervised by DB, using the PubMed database to select an initial pool of
potentially relevant papers, originally designed to investigate the feasibility of physical
activity in children with hemophilia.

The search strategy included the following terms: ((hemophilia [MeSH Terms] OR
“hemophilic patient” [All Fields]) OR (hemophilic child [MeSH Terms] OR “children
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with hemophilia“ [All Fields])) AND (“sport” [MeSH Terms] OR (sport [All Fields]) OR
“physical activity”).

The second step consisted of revising the literature review to identify papers dealing
with physical activity in children with hemophilia.

Inclusion criteria were: human studies in which the authors considered the role of
sports activity in children affected by hemophilia; English language; studies about children
with hemophilia.

A total of 42 articles [1,3–43] were finally included in the present review.

3. Hemophilia and Sports Participation

Sports activity is necessary for children with hemophilia to preserve joints’ range of
motion, reduce joint bleeding, improve muscle mass and strength, enhance proprioception
and prevent secondary chronic diseases (i.e., cardiovascular disease, diabetes, cancer) [44].
To prevent joint and muscle bleeding, parents put their children with hemophilia through
various exercise programs [5]. Muscle atrophy, instability and restriction of motion are
the first visible signs of sedentarism [6], whereas early subclinical symptoms such as
tender ligaments are found even in clinically healthy young people [1]. This leads to
a lack of physical activity and exercise that results in a poor physical condition with
diminished muscle strength, aerobic/anaerobic power, proprioception and flexibility [7].
Furthermore, sports activity can improve bone mineral density, which is lower in children
with hemophilia than in healthy peers [8]. In the past, because of bleeding risk, sports
activity was discouraged in children with chronic disease [9]. However, nowadays, due to
new improvements in medical treatment, the participation of children with hemophilia in
sport has improved [44].

However, even if an increase in participation in sports has been observed in children
with hemophilia, aerobic activity is less practiced. This phenomenon may be explained
considering that children with chronic diseases (such as cystic fibrosis or hemophilia) might
have a decline in pulmonary function, which finally leads to less exercise tolerance [10].
Sports and exercise help to develop fundamental abilities, such as coordination, strength,
endurance and flexibility. The muscle-to-fat ratio is improved, and, in the long term, joints
are protected and bleeding episodes avoided [11].

Prophylaxis is effective to maintain a minimum level of clotting factor activity and to
permit regular sports participation in children with hemophilia [12]. However, prophylaxis
alone is insufficient to protect from bleeding and joint damage [13]. In fact, in children
with hemophilia, it is important to maintain weight within a healthy range to prevent an
overload of the joints, especially the knees and ankle [14]. Furthermore, sports exercise
increases factor VIII levels and could modify coagulation parameters in mild/moderate
hemophilia [15]. It is therefore reported that an increased plasmatic lactate concentration,
secondary to anaerobic exercises, for instance, may affect FVIII clearance, thus improving
the patient’s coagulation [1].

In the past, high-impact sports were usually prohibited in children with hemophilia
due to the high risk of bleeding injuries [16]. In the 1970s, it was a common practice to
discourage any type of sports because of the risk of bleeding episodes, but today, the
participation in sports activities by hemophilic patients has improved, and physical activity
is considered healthy for this type of patient [17] even if high-impact sports are still not
recommended. Nowadays, on the other hand, different guidelines are available to regulate
hemophilic patients’ sports participation; hemophilia type and severity play a key role in
the correct sports activity choice [18,19]. According to some hemophilia centers, the choice
of activities should reflect individual basis such as: preference/interest, ability, physical
condition and resources [7]. Participation in non-contact sports (swimming, running and
walking) should always be promoted, but high-impact sports (rugby, boxing, football
and basketball) or sports such as motocross (endowed with a higher injury risk) are often
discouraged even on good prophylactic therapy [7,11].
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In the United States, the National Hemophilia Foundation (NHF) proposes the stratifi-
cation of activities into safe, safe-to-moderate, moderate, moderate-to-dangerous and dan-
gerous risk groups. The safe through moderate categories can be routinely recommended
with the proper preparation [20]. Another stratification in high-impact and low-impact
sport was proposed by Ross and Goldenberg in 2009: high-impact sports include soccer,
basketball, baseball, bowling, gymnastics, field hockey, running, skiing, snowboarding,
soccer, softball, tennis and track and field, while low-impact activities include weight
training, cycling, Frisbee, golf, swimming and walking/hiking [21].

However, is it right to forbid children with hemophilia to participate in high-impact
sports even if they are on prophylactic treatment?

According to some authors, prophylactic therapy can allow a hemophilic child to
engage in vigorous activities or high-impact sports [44]. An article by Ross et al. [21] showed
that children with hemophilia on prophylaxis could participate without any increased risk
of joint bleedings.

The American Academy of Pediatrics (AAP) Committee on Sports Medicine and
Fitness has divided childhood activities according to risks and formulated guidelines for
sports participation [22]. The AAP has recommended that children should engage in
trampoline activities only in professionally supervised settings due to the high risk of
fractures, hospitalization and risk of bruises and other injuries [23]. For the same reason, no
children should participate in boxing because this activity encourages injuries especially to
the head and neck [24]. Additionally, the dangers of concussion related to US football and
soccer have recently received attention, with recommendations for carefully monitoring
children after an event [25]. Nonetheless, the AAP recommends participation in sports
activities for children with bleeding disorders [21].

In 2017, the National Hemophilia Foundation (NHF) proposed some guidelines for
athletic participation by patients with a bleeding disorder [20]. Therefore, a minimum of
60 min of exercise per day, with appropriate supervision, is recommended for children
after receiving prophylaxis.

4. Treatment of Sports Injuries in Children with Hemophilia

Significant bleeding episodes in hemophilic patients are typically treated with the
administration of missing clotting factors (factor VIII or IX), whereas they could be man-
aged by bypassing agents or antifibrinolytic medication [1]. Missing factors should be
administrated to permit regular sports activities in children with hemophilia with a severe
deficiency (when the factors activity is lower than 10–20%) [27]. The high adherence in
young children is related to the benefits of sports activity also without parents’ supervi-
sion [26,45–49]. Non-adherence to prophylaxis could be responsible for an increase in joint
bleeding, reduced quality of life and absence from school. Children should receive regular
infusions to reduce the risk of bleeding to preserve joint wellness [28]. An alternative
treatment, in the case of minor bleeding episodes, is the use of desmopressin (intravenously
or intranasally) [1]. A study published in 1980 showed that desmopressin also increases
factor VII plasma concentrations through the release of VWF (Von Willebrand Factor) [29].
The main complication after treatment with clotting factor concentrates is the development
of inhibiting antibodies directed against some parts of factor VIII/IX, and these are the
cause of a reduction in its coagulant activity [30]. Usually, inhibitors are produced in
children within the first 50 days of treatment and they are the cause of an increase in the
risk of bleeding episodes [31]. In the past, the usage of plasma, containing clotting factors,
from unscreened donors made the transmission of blood viruses easier (HBV, HCV and
HIV). Nowadays, donors are tested before blood donation [1].

5. Bleeding Prevention in Hemophilic Children

In children with lower (5% or less) factor levels, a higher bleeding risk has been
observed during sports activity. It is reported that an increase of 1% in the factor level
with treatment before sport correlates with a decreased bleeding risk by 2% [32,38–43].
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Assessments of joint and muscle function before sport selection in children with hemophilia
are required [33]. In addition, they require a complete evaluation, which should in-
clude: an analysis of balance and coordination, aerobic capacity and body fat content [23].
Although the risk of injury cannot be eliminated, protective measures can be taken to
reduce the risk of injury: the use of helmets, facemasks, shin guards, kneepads, wrist and
forearm guards according to the type of sports activity [34]. The risk of serious bleeding
and the number of hemorrhages can be radically decreased with the use of prophylaxis
with factor VIII and IX concentrates [21].

A higher factor level at the time of injury is a predictive factor of bleeding events.
These observations offer the opportunity to minimize bleeding risks during participation
in sports [35,50–53]. A way to reduce the risk of bleeding is to divide the dose of the
prophylactic factor by the number of days per week and concerning sports participation [23].
In such a way, the factor level at the time of collision may be increased, reducing the risk of
bleeding episodes [12,25,54–56].

Newer longer-acting clotting factors may improve the maintenance of a factor level
enough to prevent bleeding. In addition, strengthening and warming up before sports
participation may reduce the rate of sports injuries. The risk of participation in collision
sports is only moderately increased in hemophilic boys in prophylactic therapy, so the risk
of sports injuries in hemophilia becomes similar to that of their healthy peers [36,37].

6. Psychosocial Well-Being and Sports Activity

The positive impact of sports activity on psychosocial well-being is well known, and
some studies have recently investigated the relationship between physical activity and the
psychosocial dimension in hemophilic patients.

Von Macksen et al. [57], in a multicenter, cross-sectional study, have recently described
the impact of sport on health-related quality of life (HRQoL), physical performance and
clinical outcomes in adult patients affected by hemophilia. The authors recruited fifty
hemophilic patients with mild (n = 12), moderate (n = 10) or severe (n = 28) hemophilia A
(70%) or B (30%). Among the recruited patients, 36% of participants reported not partic-
ipating in any sport, mainly because of their physical condition, whereas the remaining
64% of participants reported undertaking sporting activity, including high-impact sports.
The authors showed that patients participating in more sport reported significantly better
HRQoL than those participating in less sport (p < 0.005).

Similar findings were reported by Sondermann et al. [47] in hemophilic children.
These authors showed that the increase in physical activity did not correlate with an
increase in bleeding events in the recruited children. Moreover, a positive impact on the
children’s quality of life and participation in social/school activities was observed.

7. Conclusions

The benefits of sports activity in children with hemophilia are expressed by a better
muscular trophism and an improved bone mineral density. Moreover, physical activity has
a positive impact on children’s psychosocial well-being.

Due to prophylaxis therapy, the quality of life of children with hemophilia is similar
to their peers and this has allowed an improvement in sports participation, including team
sports. While in the past, due to the high risk of injuries, participation especially in team
sports had been discouraged, nowadays sports activity has been promoted to achieve
better physical and social wellness.
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Abstract: Background: Dimeglio (DimS) and Pirani (PirS) scores are the most common scores used in
congenital talipes equinovarus (CTEV) clinical practice. The aim of this study was to evaluate the
interobserver reliability of these scores and how clinical practice can influence the clinical outcome
of clubfoot through the DimS and Pirs. Methods: Fifty-four feet were assessed by six trained
independent observers through the DimS and PirS: three consultants (OS), and three residents (RS)
divided into three pediatric orthopaedic surgeons (PeO) and three non-pediatric orthopaedic surgeons
(NPeO). Results: The PirS and DimS Scores were strongly correlated. In the same way, OS and RS,
PirS, and DimS scores were strongly correlated, and the interobserver reliability ranked “good”
in the comparison between PeO and NPeO. In fully trained paediatric orthopaedic surgeons, an
“excellent” interobserver reliability was found but was only “good” in the NPeO cohort. Conclusions:
In conclusion, after careful preparation, at least six months of observation of children with CTEV,
PirS and DimS proved to be valid in terms of clinical evaluation. However, more experience with
CTEV leads to a better clinical evaluation.

Keywords: clubfoot; Pirani score; Dimeglio score; interobserver reliability; congenital talipes equinovarus

1. Introduction

Congenital talipes equinovarus (CTEV) is one of the most common congenital pediatric
orthopaedic deformities, characterised by dorsal hyperflexion of the foot, varus hindfoot,
adduction of the hindfoot compared to the forefoot, and increased plantar arch [1]. Clinical
manifestations might depend on aetiology [1], severity, and clinical course [2,3].

To achieve uniform clinical assessments and to provide the number of casts prediction
or the tenotomy need, several authors have proposed different evaluation scores. In
the early 1980s, Ponseti and Smoley [4] described a clinical manifestation-based tool
aimed to assess the CTEVs and provide prognosis information. Their classification system
was based on ankle dorsiflexion, heel varus, forefoot supination, and tibial torsion [2].
In 1983, Harrold and Walker [5] designated a deformity correction-based classification.
Subsequently, Catterall et al. described a new score [6]; the questionnaire considered
four patterns depending on the evolution of the deformity. Goldner et al. [7] reported a
detailed score system that grades feet from 1 to 100. The authors provided a valid tool
in the recurrent deformity prediction despite the significant variation in learning curve
and reliability. Moreover, 18 out of 100 points are determined radiographically. In 1995,
Dimeglio et al. [8] (DimS) designed a questionnaire with the purpose of analysing the
severity to obtain reference points, assess the efficacy of orthopaedic treatment, and analyse
the operative results objectively. In a retrospective classification systems comparison,
Wainwright et al. [2] individuated DimS as a complex and effective score with the best
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agreement. In the same year, Pirani et al. (PirS) [9] included most of the elements of
Catterall’s method, but it is simpler to use for statistical comparisons [10].

At present, the most used evaluation scores are DimS and PirS [11–13], and these play
a preponderant role in the clubfoot diagnosis and the treatment with the Ponseti.

The aim of our study is to evaluate the interobserver reliability of PirS and DimS
scores and to evaluate how clinical practice can influence the proper severity of CTEV
assessment. It was hypothesised that PirS and DimS are valid tools in clubfoot assess-
ment with good interobserver reliability. Moreover, more skilled surgeons could report a
superior observers’ agreement.

2. Materials and Methods

2.1. General Information

Between 1st September 2019 and 26th April 2020, a review of all infants younger than
6 months of age at the first cast who underwent the Ponseti method for idiopathic CTEV
at our institution was carried out. All patients were admitted through the pediatric or-
thopaedic ambulatory with the following demographic and clinical data captured: gender,
age at treatment, the involved side, and presence or absence of associated syndromes or
deformities. In addition, numbers of casts and age at the surgery were collected from the
medical records. The inclusion criteria were as follows: (1) confirmed diagnosis of CTEV;
(2) bilateral CTEV; (3) chronological age under six months; (4) treatment with Ponseti
method; and (5) complete adherence to casting program.

The exclusion criteria were neurologic and syndromic clubfeet and postural de-
formities; patients older than six months of age; initial treatment or previous surgery
in other institutions; follow-up less than six months; and incomplete adherence to the
casting program.

All cases were treated by the same paediatric orthopaedic team with experience in
clubfoot treatment using the Ponseti method.

2.2. Clinical Severity Assessments

2.2.1. Dimeglio Score (DimS)

Four clinical signs (varus, equinus, midfoot adduction, and derotation) of the calcaneo-
forefoot block are evaluated in DimS. A points system based on reducibility on the relative
plane, from zero to four, can be assigned to each item. Additional points were added for
pre-operative deep posterior crease (1 point), deep medial crease (1 point), cavus (1 point),
and muscle abnormalities (1 point). The final score can range from zero to 20 points, where
a higher score indicates a more severe deformity. The severity of the deformity is then
graded I–IV based on this scoring [8].

2.2.2. Pirani Score (PirS)

PirS assesses six clinical signs characterising clubfoot, three items for the midfoot,
and three for the hindfoot: medial crease (MC-Pir), lateral part of the head of the talus,
the curvature of the lateral border, posterior crease, empty heel, and rigid equinus. Each
of the six items are scored on a three-point scale (0 = none, 0.5 = moderate, 1 = severe
abnormality). The total score ranges from 0 to 6 based on the severity of the deformity of
the examined foot [10].

2.2.3. Evaluation Contributors

All CTEV children included in the study were independently examined and assessed
by three different orthopaedic surgeons (OS) and three resident doctors (RD) involved in
pediatric orthopaedic care. All evaluators had previous experience of at least six months
with these scoring systems. Three assessors, two OS and an RD, had a complete, full-trained
program in pediatric orthopaedics (PeO) and treated more than 20 CTEV patients in the
previous two years. An OS had a complete, full-trained program in foot and ankle diseases,
while two RDs had at least one year of experience in the clubfoot treatment (NPeO). All

18



Children 2021, 8, 618

the observers underwent 1 h of theoretical CTEV clinical manifestation and scoring system
training before the CTEVs assessment.

2.3. Primary Outcome Measurement

To assess the interobserver reliability of PirS and DimS at different severities of the
deformity, the intra-class correlation coefficients (ICC) statistic test was performed.

2.4. Secondary Outcome Measurement

To assess the importance of the experience, two cohort comparisons were performed.
In the first, we compared the OS and RS; in the second, we compared the PeO and
NPeO results.

2.5. Statistical Analysis

Continuous data are presented as means and standard deviations, as appropriate. The
ICC (two-way random effects model, single-measure reliability) was performed to evaluate
the observers’ agreement. According to the Koo and Li [14] guideline, agreement below
0.50 was considered as “poor”; between 0.50 and 0.74 as “moderate”; between 0.75 and
0.89 as “good”; and above 0.90 as “excellent”. The Pearson correlation coefficient (PCC)
was utilised to assess the correlation between the scores. The PCC between 0.0 and 0.09
was considered “negligible”; between 0.1 and 0.39 as “weak”; between 0.40 and 0.69 as
“moderate”; between 0.7 and 0.89 as “strong”, and between 0.9 and 1.0 as “very strong” [15].
A Bland and Altman plot was produced to analyse the differences between the cohorts
measurements. The limits of agreement (LOA) were calculated as the mean difference ±

1.96 standard deviations (SD) [16].

3. Results

Twenty-seven (18 females and 9 males) patients were considered eligible and included
in the study. A total of 54 feet were assessed by six independent observers. The mean age
at the first cast was 22 ± 11 days. The mean PirS at the first cast was 4.9 ± 1.0, while the
mean DimS was 3.2 ± 0.9. The median of cast numbers was 6 ± 2. In all cases, the Achilles
tenotomy was performed.

3.1. PirS and DimS Interobserver Reliability

According to the Koo and Li guideline [14], the PirS ICC between the six observers was
0.80 (95% confidence interval 0.69–0.86), classified as “good”. The DimS ICC observed was
0.81 (95% confidence interval 0.74–0.87) and considered as “good”. A “strong” correlation
between the scores was found according to Schober et al. classification (PCC = 0.89
(p < 0.001)).

3.2. OS and RS Scores’ Interobserver Reliability

The PirS ICC between the OS cohort was 0.80 (95% confidence interval 0.70–0.86),
while RS PirS ICC was 0.82 (95% confidence interval 0.74–0.89), and both were considered
“good” (Figure 1).
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Figure 1. Bland Altman plots according to OS and RS Pirani score.

The DimS ICC observed was classified as “good” for both the cohorts (OS ICC = 0.78
(95% confidence interval 0.68–0.86); RS ICC = 0.80 (95% confidence interval 0.70–0.87))
(Figure 2).

Figure 2. Bland Altman plots according to OS and RS Dimeglio score.

A strong correlation was observed according the PirS PCC (0.87 (p < 0.001)) and DimS
PCC was 0.85 (p < 0.001) and classified as “strong”.

3.3. PeO and NPeO Scores’ Interobserver Reliability

The PirS ICC between the PeO cohort was 0.95 (95% confidence interval, 0.92–0.97) and
considered “excellent”, while NPeO PirS ICC was 0.76 (95% confidence interval, 0.66–0.84)
and classified as “good” (Figure 3).
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Figure 3. Bland Atman plots according to OS and RS Pirani score.

The DimS ICC observed was classified as “excellent” for PeO group (ICC = 0.91 (95%
confidence interval 0.87–0.95), while NPeO DimS ICC was 0.80 (95% confidence interval
0.70–0.87) and considered “good” (Figure 4).

Figure 4. Bland Altman plots according to OS and RS Dimeglio score.

Considering the PCC, strong correlations were found (PirS PCC = 0.76 (p < 0.001);
DimS PCC = 0.75 (p < 0.001)).

4. Discussion

Based on our data, PirS and DimS are valid scores in the assessment of CTEV clini-
cal manifestation. Both scores were strongly correlated and showed good interobserver
reliability. Moreover, our findings highlighted that measurement training could play a
crucial role in clinical evaluation. In pediatric orthopaedic disorders assessed by expe-
rienced observers, greater concordance in the assessment was found. Few studies have
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attempted to evaluate PirS and DimS score reliability assessments [2,8,10–12,17–23], and
the comparison between the studies is challenging due to the different statistical evaluation
methods used to calculate the agreement degree among the observers. Vasu et al. [24]
analysed the prognostic efficacy of both scores and reported a high validity in terms of
clinical and prognostic evaluation but not the superiority of a score. Mulker et al. [25]
and Mejaby [13] confirmed the high prognostic validity of DimS and Pirs, respectively.
Several authors [17,19,26] have verified the high reliability of the scores. According to
previous findings, our data demonstrated a strong correlation between the scores and good
interobserver reliability. Interestingly, in two studies [17], the authors investigated the
inter-rater reliability of the total score and of the sub-parameters. Although both trials
reported a high correlation of the total score of both questionnaires, a few sub-parameters
were found with a low reliability degree. In particular, according to the kappa values
(acceptable if >0.60), every sub-parameter highlighted poor reliability values except for the
equinus and the curvature of the lateral border in PirS, 0.74 for the muscle abnormality in
DimS [26].

Other authors [20,23] have investigated the role of experience in CTEV assessment
but evaluated only a single questionnaire, the PirS. Shaheen et al. [20] analysed the inter-
observer reliability of PirS between a pediatric orthopaedic surgeon and a physiotherapy
assistant and observed a moderate to substantial concordance [20]. Sharma et al. [23]
enrolled orthopaedic surgeons, a resident doctor, and a nonmedical counsellor. The authors
highlighted discreet-to-remarkable interobserver reliability of all the subcomponents. In
our study, three orthopaedic surgeons and three orthopaedic residents were compared. In
both cohorts, the interobserver reliability was “good”. Moreover, a strong correlation was
observed according to the PirS and DimS among the groups.

To our knowledge, this is the first study comparing pediatric orthopaedics trained sur-
geons and general orthopaedic surgeons. Despite good reliability and a strong correlation
in the NPeO group, a remarkable degree of agreement was observed when comparing a
full pediatric orthopaedic training and when more than 20 clubfeet were treated. It can be
assumed the routine practice in clubfoot treatment can provide a more unbiased assessment
than the simple training lessons.

The main limit of the study was the lack of individual sub-parameters evaluation. The
study presents several strengths, including the number of observers.

5. Conclusions

In conclusion, PirS and DimS are valid scores for the clinical and prognostic evaluation
of CTEV and have shown high interobserver reliability. After sufficient training, both scores
are easily utilised in the CTEV clinical evaluation even in the less expert subject. On the
other hand, orthopaedics with more practice in the treatment of clubfoot evidenced a
superior concordance.
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Abstract: For patients too young to be fitted with an expandable prosthesis, limb salvage surgery
requires other strategies. The main problems are related to the impossibility of implanting an
expandable prosthesis to the residual bone growth that is much too big in relation to the bone size,
with the precocious implant loosening and/or the residual absence of bone growth, as well as the
problem of limb length and shape difference. In this paper, we report a possible reconstruction
solution using a composite prosthesis for an Ewing’s sarcoma of the proximal femur in an infant
patient. After resection, a femoral stem was cemented into the distal third of a homoplastic humerus;
a carbon fiber plate was used to stabilize the bone/homograft interface. At the one-year follow-up,
the patient was free of disease and able to walk with only a slight limp. This case report describes a
possible solution for very small patients. An adult humerus is of the right size to replace a child’s
lower limb segments, and the distal humerus can be shaped, maintaining a cortex stiff enough
to support a prosthesis. Very young patients might obtain a faster osteointegration of the graft
than adults, due to their higher biological activity and, in this case, the diapasonal shape of the
allograft might also have contributed to accelerated fusion. Moreover, the use of a graft to fit the
prosthesis avoids loosening issues due to canal widening, hypothetically providing more growing
time before system failure and revision surgery. However, although this technique is promising,
further studies are necessary to confirm our findings and to verify if this procedure allows easier
future prosthesis implantation.

Keywords: bone tumors; Ewing’s sarcoma; infants; children; composite prosthesis

1. Background

Osteosarcoma and Ewing’s sarcoma represent the most frequent malignant primary
bone tumors occurring in skeletally immature patients. While osteosarcoma is more
common in the second decade of life, predominantly affecting the knee, Ewing’s sarcoma is
also frequent in the first decade of life [1]. Treatments are multidisciplinary, and based on a
combination of chemotherapy, radiotherapy and surgery [2]. Previously, amputation was
considered the principal surgical treatment assuring a radical margin; however, improved
chemotherapy schedules permit sparing the limb and increased survival [3,4].
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Today, limb salvage surgery is considered the standard treatment for malignant
tumors [5]. After bone tumor resection, the use of a megaprosthesis is considered the most
common method of reconstruction [6]. This is true for adults and for fully grown patients;
for growing patients, expandable prostheses can be a solution as long as the size of the
bone segment permits the insertion of such a voluminous device [7,8].

In very small patients, in whom a prosthesis cannot be used, other strategies must be
applied, and bone reconstruction becomes a challenging problem. Indeed, children have a
different anatomy, so both resection and reconstruction are more difficult than in adults;
moreover, modular prostheses are not commercially available in the required small sizes.

In fact, the main problems are related to bone growth, which could cause a precocious
implant to mobilize due to the increasing bone diameter [9] and, obviously, the leg length
discrepancy [10].

Possible solutions are as follows.

(1) Expandable prosthesis: this can be used only in older children where the residual
bone is sufficiently long for a prosthesis with an elongation system to be inserted.
Expandable prostheses are potentially able to compensate for the bone shortening
after tumor resection, but results are poor due to loosening and breakage [9].

(2) Custom-made prosthesis: this is considered the most common treatment when modu-
lar prostheses are not available. Their use is very common in children. Custom-made
prostheses can provoke aseptic loosening, and cause loss of bone stock, making
revision surgery difficult and obtaining low functional results [11].

(3) Vascularized fibular flap: this technique was proposed by Manfrini et al., who replaced
the femur by modeling the autogenous fibula, reproducing the femoral shape. The
fibular epiphysis was used to imitate the femoral head [12]. The advantage of this
technique is the potential growth of the fibula and its remodeling; nevertheless, it is a
very difficult technique, and the success rate is quite low. Indeed, there are no case
series in the literature.

(4) Extracorporeal irradiated autograft: this technique consists of reimplantation of the
resected specimen after irradiation and soft tissue removal. It has the advantage
of a perfect anatomical correspondence, although non-union is common [13]; more-
over, it does not furnish complete information about histology and tumor necrosis
after neoadjuvant chemotherapy. Although the hypothetical risk of local recurrence
is present, it seems similar to that of other techniques which do not include the
reimplantation of the specimen [14].

(5) Osteoarticular homograft: this is rarely used in isolation for the inferior limb, princi-
pally because it collapses under body weight and cannot articulate with the acetab-
ulum, undergoing precocious resorption [15]. Moreover, these are not available for
children, due to the absence of donors.

(6) Composite prosthesis (association of a joint prosthesis and a cemented homograft):
this has the advantage of increasing the bone stock [16]; the prosthetic component
should also guarantee a good articular motion. The corresponding homograft segment
would be the best solution, but unfortunately, it is impossible to have child donors,
so homografts from adult donors have to be adapted for young patients [10]. The
homograft medullary canal is completely filled with cement in order to obtain higher
resistance in weight-bearing.

In this paper we report a possible solution for reconstruction of the proximal femur in
infant patients using a composite prosthesis; an exemplificative case is reported.

2. Case Report

A girl aged 2 years and 8 months presented with the presence of a mass, indicative of
malignancy, in her right proximal femur, and complained of continuous pain and limping.
An X-ray (Figure 1A), MRI, scintigraphy and a CT scan were performed, and showed
an osteolytic lesion in the proximal and middle femur. The bone cortex was extensively
disrupted, but the proximal and distal femur growth cartilage was free from disease.
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The soft tissues mainly involved were the thigh anterior side muscles and, to a lesser
extent, tissues in the posteromedial area, with the bone section globally embedded in the
neoplasm; no metastases were detected, so a CT-trocar biopsy was performed. Histology
revealed an Ewing’s sarcoma, and the patient was administered neoadjuvant chemotherapy
with vincristine, cyclophosphamide, and doxorubicin. The subsequent CT scan and MRI,
performed for surgical planning, showed multiple osteolytic areas beginning 8 mm from
the growth plate and extending for 80 mm from the femoral neck base (Figure 1B,C). The
distal edge of the sarcoma was 63 mm from the distal physis.
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Figure 1. (A) an X-ray showing an osteolytic and apparently well-defined lesion of the proximal and
middle third of the right femur; the segment is bent with onion-skin periosteal reaction; (B) STIR-
weighted coronal-MRI reconstruction, evidencing permeative behavior and an intense edema. (C) CT
scan showing the geographic osteolysis.

Surgery was performed in a specialized research hospital by a surgical team trained in
musculoskeletal oncology, with more than 15 years’ experience of exclusively performing
musculoskeletal tumor operations, and an experienced pediatric orthopedic surgeon. With
the patient in a left lateral position, a direct lateral approach was performed; the proximal
and middle femur was isolated, maintaining a layer of muscles to guarantee a wide margin.
A femoral osteotomy was performed at 14 cm from the greater trochanter, and the proximal
femur was removed after capsulotomy and sectioning of the rounded ligament. A distal
section of a homoplastic humerus was then used for reconstruction. The allograft was
obtained from “Regione Lazio Muscular Skeletal Tissue Bank”. It was stored frozen at
−80 ◦C and not irradiated; bacteriologic and viral analyses were performed (with negative
results), and before surgery, it was soaked in a Rifampicin antibiotic solution. The humeral
medial epicondyle was removed; the olecranon fossa was drilled to access the medullary
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canal, and an adequate site for the implant was obtained using broaches (Figure 2A); then,
a femoral stem prosthesis was cemented (Exeter DDH—Stryker, Kalamazoo, MI, USA)
(Figure 2B). To increase the fusion, a diapason-shaped osteotomy was done in the distal
extremity of the homograft and a cortical strut was placed and cemented inside to maintain
the axis (Figure 2C).
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Figure 2. (A) The distal humerus after cutting of the medial epicondyle; the broaches were used
to create a housing for the prosthesis; (B) the prosthesis cemented inside the canal; (C) the distal
allograft was cut to a diapason shape to fit together with the patient’s residual femur; a cortical strut
was cemented in the allograft medullary canal to increase the primary stability when inserted in the
residual distal femur; (D) a ceramic head of 28 mm was applied; (E) the carbon fiber plate and screws
used to stabilize the contact area between the allograft and the patient’s femur.

A 28 mm ceramic femoral head was applied, the construct was connected to the
residual distal femur (Figure 2D) and distally stabilized with a carbon fiber plate and
screws (CarboFix Orthopedics Ltd., carbon fiber plate, Herzeliya, Israel) (Figure 2E). A
capsuloplasty was done to decrease the risk of dislocation, and the gluteus muscles were
stitched to the residual epicondyle, mimicking the great trochanter to the residual soft
tissue. A transfusion of 300 mL of erythrocytes was administered during surgery, due to
intra-operative blood loss.

A single hip spica was applied for 40 days and was then replaced by a thigh–foot half-
cast in order to begin hip movement while still protecting the graft-to-host junction. After
30 days, the cast was removed. The knee extension was complete, but the maximum flexion
was limited to 30◦. Physical therapy started, focusing on range of movement recovery of
the knee, but still maintaining no weight-bearing for another 30 days. The postoperative
histology evidenced the presence of a macroscopic viable tumor (necrosis inferior to 70%),
grade I responder according to Picci et al. [17]; the surgical margin was wide, so adjuvant
radiotherapy was not indicated. In the meantime, adjuvant chemotherapy with vincristine,
cyclophosphamide and doxorubicin was administered.
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At the one-year follow-up, the patient is apparently free of disease, and the allograft is
completely osteointegrated (Figure 3). The young patient is able to walk with only a slight
limp, as shown in Video S1 (link in Supplementary Materials). The right femur has been
lengthened by 10 mm during surgery in order to reduce the leg length difference that will
develop, and a 1-cm right shoe lift has been prescribed to obtain a temporary correction.
Compared to the X-ray taken immediately after surgery, at the last follow-up, the distal
femur had already grown 12 mm.
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Figure 3. X-ray showing a stable fusion between the allograft and the femur.

The active hip range of motion (ROM) was flexion 80◦, extension 10◦, abduction 20◦.
The active knee joint ROM was: flexion 110◦ and extension 0◦.

This study was conducted in accordance with the World Medical Association Declara-
tion of Helsinki of 1975, as revised in 1983, and the patient’s parents signed an informed
consent form to allow the use of clinical data for research purposes and for publication.
The local Ethics Committee approved the study (protocol number: 418/2021).

3. Discussion

Limb salvage surgery must be the goal to pursue when a wide resection of a tumor
can be achieved. Thanks to sarcoma treatment improvement, the necessity for amputation
has been reduced, but it maintains a fundamental role in certain cases [18]. At the same
time, rotationplasty remains a viable option when limb-salvage is contraindicated [19], or
if the distal femoral growth plate has to be sacrificed with consequent major limb length
discrepancy [20]. The distal femoral growth plate of the patient was free from disease, and
it was planned to spare it during surgery. As is known, distal femoral growth provides
70% of the bone length [21], thus, the use of the presented composite solution will allow
the femur to grow to a near-normal length and width during the child’s growing up.
Moreover, preoperative examinations of our patient showed no involvement of the main
vessels or nerves, no metastases, and adequate soft tissue coverage after surgery was
expected. Taking these points into account, and clearly explaining to the patient’s parents
the expected necessity of further surgery and possible complications that could lead to
amputation, the authors decided to pursue a limb-salvage solution.

The choice of a composite solution depended on different evaluations. A modular
prosthesis of such a small size was not available. Moreover, there were concerns about two
possible complications: first of all, the intramedullary stem perforation could compromise
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the distal femoral physis [22]. At the same time, due to the rapid growth of very young
children, a rapid widening of the femoral canal was expected, with consequent loosening
of the prosthesis.

The patient’s fibula at the time of surgery had a 5 mm diameter. It is the authors’
experience, also confirmed by Muscolo et al. [22], that younger children usually have good
osteointegration, mostly when there is a good contact surface between the graft and the
host bone. The possibility of a vascularized fibula graft was considered, but was rejected as
the first choice because of the high failure rate.

The size of an adult femur is not suitable for reconstructing a child’s femur, the
diameter of the diaphysis and the femoral head being too wide. A skeletally mature
humerus, however, has a size that is suitable for replacing segments of a child’s femur
or tibia.

The proximal humerus can also be used to reconstruct a child’s proximal femur;
indeed, it can support a small stem prosthesis and the residual capsule can be helpful for
reattaching the gluteal muscles. However, the proximal epiphysis is quite big and may be
much too bulky for very small patients, as in the presented case.

Furthermore, the anatomy of the distal humerus is more like that of the femur; the
distal epiphysis can be shaped to reproduce the femur better than the proximal epiphysis.
The cortex is stiff enough to support a prosthesis implant, and, if lateral ligaments are also
available, they can be used to reattach the gluteal muscles.

After gaining access to the olecranon fossa and then to the medullary canal, the
broaches can be easily manipulated to obtain a good fit to the distal humerus; a small endo-
prosthesis can be cemented in the allograft, obtaining good primary stability (Figure 2B).

In the presented case, no collateral ligament was present, so trans-bone stitches were
used with a satisfactory result; this ensured quite normal walking. A good fusion was also
reached; this could be due to the higher biological activity and remodeling in young bone
but also to the diapasonal shape of the distal allograft, which increases the bone-to-bone
contact area. In addition, the cortical strut, cemented in the allograft medullary canal
and fitted in the patient’s residual femoral canal, contributed to the primary stability and
underwent remodeling.

Moreover, the carbon fiber plate may facilitate osteointegration because it stabilizes
the segments in a more elastic manner than a titanium plate does; its radiolucency makes it
possible to monitor graft fusion, and should ensure safer postoperative radiotherapy, due to
the lower level of artifacts, if this is necessary [23,24]. The aim of overlapping the proximal
plate edge and femoral stem is to prevent stress fractures of the graft by improving the
load distribution.

Unfortunately, this surgery must be considered as just a temporary solution. With
the growth of the patient, the increase in diameter of the acetabulum, and the onset of
bone shortening, future operations will be unavoidable. When the dimension of the
segments allows, a custom-made expandable prosthesis could be considered to decrease
any difference in leg length.

Fortunately, the distal epiphyseal plate was spared, maintaining its growth potential.
This could allow for a residual medullary canal large enough to house the prosthesis stem,
and spare the epiphyseal plate as well; moreover, considering the good level of remodeling
present at one year after surgery, it would be desirable that part of the homograft could be
used to host the prosthesis stem, obviously after cement and cortical strut removal.

Furthermore, the greatest lengthening allowed by tight soft tissues (1 cm) was pro-
vided during surgery in order to delay successive elongation. Moreover, the use of a graft
to fit the prosthesis avoided the problem of loosening due to canal widening, as may occur
when a prosthesis is inserted in a growing bone. The use of the graft also allowed the
preservation of bone stock.

Unfortunately, the proximal growth cartilage was too close to the tumor to be spared,
but the choice of an endoprosthetic replacement allows the acetabular triradiate cartilage to
continue to grow, also receiving the correct mechanical stress from a spherical femoral head.
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Obviously, this technique also presents possible disadvantages related to the use
of a homograft; indeed, its osteointegration is quite limited to the contact area (a few
centimeters) so there is a resorption risk. Moreover, a frequent complication is a fracture
that can barely heal. This is the most frequent cause of revision.

Reconstruction surgery in very young patients presents another important challenge
to bear in mind: their post-operative and rehabilitation care. In the presented case, the
hip had to be protected against possible dislocation as well as the graft-to-host junction,
to allow graft fusion. It was therefore necessary to prevent the infant’s movement and
weight-bearing by using a cast.

The choice of postoperative rehabilitation steps could greatly influence the func-
tional result; indeed, precocious mobilization and weight-bearing could increase the risk
of dislocation, but prolonged immobilization could cause excessive muscular fibrosis
and weakness.

Obviously, the correct equilibrium must be found, also taking into consideration the
young patient’s cooperability.

The present paper presents several limitations, particularly because it is a case report.
However, our findings need to be confirmed in several further cases before they can be consid-
ered valid. In addition, more studies with long-term follow-up will be necessary to determine
how to resolve problems related to patients’ growth and future prosthesis implants.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/children8060442/s1: Video S1: A new proximal femur reconstruction technique after bone
tumor resection in a very small patient: an exemplificative case.
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Abstract: Background: The Ponseti method (PM) of manipulative treatment for congenital talipes
equinovarus (CTEV) or clubfoot became widely adopted by pediatric orthopedic surgeons at the
beginning of the mid-1990s with reports of long-term successful outcomes. Sports are crucial for
children’s development and for learning good behavior. This study aimed to evaluate the sports
activity levels in children treated with PM and to assess the different outcomes, according to gender
and bilaterality. Methods: A total of 25 patients (44 feet) with CTEV treated by the PM were included
in the study. The patients were clinically evaluated according to the Clubfoot Assessment Protocol,
American Orthopedic Foot and Ankle Society, Ankle–Hindfoot score, the Foot and Ankle Disability
Index (CAP, AOFAS, and FADI, respectively), and FADI Sport scores. Results: The overall mean
CAP, AOFAS, FADI, and FADI Sport scores were 97.5 ± 6.4 (range 68.75–100), 97.5 ± 5.8 (range
73.00–100), 99.9 ± 0.6 (range 97.1–100), and 100, respectively. Gender and bilaterality did not affect
outcome (p > 0.05). Conclusions: The data confirmed good-to-excellent outcomes in children with
CTEV managed by PM. No limitations in sport performance or activity could be observed. In
particular, male and female patients and patients with unilateral or bilateral involvement performed
equally well.

Keywords: clubfoot; CTEV; sport; sport practice; sport activity level; young athletes; ponseti method

1. Introduction

Congenital talipes equinovarus (CTEV) is one of the most common congenital pediatric
orthopedic deformities and is characterized by dorsal hyperflexion of the foot, varus of the
hindfoot, forefoot adduction and increased plantar arch [1]. Clinical manifestations may
depend on etiology [1], severity, and clinical course [2,3], and different treatment options
are available to treat patients with CTEV [4–8].

The Ponseti method (PM) of manipulative treatment for CTEV became widely adopted
by pediatric orthopedic surgeons beginning in the mid-1990s, with reports of long-term
successful outcomes [9,10]. PM consists of a series of specific manipulations and cast
applications to concurrently correct the forefoot, midfoot, and subtalar components of
the deformity; a percutaneous Achilles tenotomy is often needed to correct the equinus
component. Correction is then maintained for the first few years using a foot abduction
orthosis at night and during naps. The aim of the procedure is to achieve a pain-free supple
plantigrade foot with a minimal amount of surgery as practicably possible as long-term
studies on the outcomes of surgical releases have reported high rates of painful and stiff
feet with poor post-surgical functional outcomes [6–10].
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Sport activities are crucial for children’s development and for learning good behav-
ior [11–15]. During childhood, sports may prevent future pathologies, and these activities
are essential for the social inclusion and psychological well-being of the child [16–18].
Moreover, it has been shown that young sport practitioners have improved quality of
life [11], brain cortical excitability [12], long-term neural adaptation mechanisms, and
visuo-spatial capacities [14].

Compared to other techniques, the PM has been shown to preserve motor activities and
to allow almost normal motor gross function development of children with CTEV [19,20].
In particular, Debra et al. [21] have shown a minimal delay (1.5 months) in gross motor
milestone achievement, and Lohle-Akkersdijk et al. [22] reported a slight decrease in
the walking speed of children with CTEV. Additionally, some authors have found that
children with bilateral CTEV have worse balance and body coordination than patients
with a unilateral deformity [20,23]. A few studies have assessed the sports abilities in
CTEV-affected patients treated with different procedures, and PM was noted as the most
effective in preserving good sports performances [10,23].

The main objective of this study was to evaluate the sports activity levels in children
with CTEV managed by PM. The secondary aim was to evaluate whether any differences
in sport activity performance exist between male and female patients with unilateral or
bilateral CTEV; it was hypothesized that children with CTEV treated by PM have good
functional outcomes and good sports activity performances regardless of gender and
bilaterality.

2. Materials and Methods

2.1. Sample Eligibility Criteria

Between 2010 and 2020, 79 children with CTEV were treated with PM at the Section of
Orthopaedics and Traumatology, University Hospital Policlinico “Rodolico-San Marco”,
University of Catania, Catania.

Inclusion criteria consisted of several requirements: (1) confirmed diagnosis of idio-
pathic CTEV (Forefoot adductus, midfoot cavus, hindfoot varus, hindfoot equinus); (2)
initial treatment according to the PM; (3) patients > 3 years of age; (4) sports activities at a
recreational or occasional level; and (5) > 2 years of follow-up.

Exclusion criteria consisted of several parameters: (1) non-idiopathic CTEV; (2) pa-
tients with underlying neurological or neuromuscular condition; (3) patients < 3 years of
age; (4) no participation in sports activities; and (5) follow-up < 2 years.

According to inclusion and exclusion criteria, 36 patients were considered eligible for
the study, while 11 patients were lost to follow-up and were excluded from the analysis
(30.6%). A total of 44 CTEV in 25 patients were retrospectively reviewed and included in
the present study.

All patients provided an informed consent to participate in the present investigation.
This study was carried out according to the guidelines for Good Clinical Practice and the
Declaration of Helsinki.

2.2. Ponseti Method Treatment Protocol

PM [7] consists of weekly sessions of manipulations and long-leg plaster casts with
the knee at 90◦ of flexion. The methods onset has been described since the first weeks
of life [4]. The manipulations should abduct the forefoot around the talus after the latter
has been stabilized as well as mobilize the feet gently in all planes and should regularly
stimulate lateral peroneal muscles in order to prevent internal rotation [4]. The first step of
the cast treatment is to correct the cavus by supinating the forefoot to restore the correct
arch of the foot. Subsequently, the foot is progressively abducted around the talus. Last,
the equinus is corrected by dorsiflexing the foot. If the dorsiflexion of the ankle remains
below 10◦, percutaneous Achilles’ tenotomy is performed in the operating room under
general anesthesia. Following Achilles’ tenotomy, a long leg cast is applied for 3 weeks,
with feet externally rotated and knee flexed at 90◦; after cast removal, feet are placed in

34



Children 2021, 8, 181

splints with 60◦ to 70◦ of external rotation. The splints are worn 23 hours a day during the
3 month period, after which time they are only worn during naps and at night until age
five years. Clinical follow-up is performed every six months until six years of age.

2.3. Clinical Assessment

Clinical and functional outcome were evaluated in patients with at least 2 years of
follow-up by using the Clubfoot Assessment Protocol [24], the American Orthopedic Foot
and Ankle Society Ankle–Hindfoot score [25], the Foot & Ankle Disability Index (CAP,
AOFAS, and FADI, respectively) and FADI Sport scores [26].

The CAP contains 22 items divided into four sub-groups: (1) mobility (eight items),
(2) muscle function (three items), (3) morphology (four items), and (5) motion quality I and
II (seven items). The scoring is divided systematically in proportion to what is regarded as
normal variation and its supposed impact on perceived physical function ranging from
0 (severe reduction/no capacity) to 4 (normal). Score grading can vary between three
and five levels, and it can be used with sufficient reliability during the first seven years of
childhood (it is age-independent) by examiners with good clinical experience [24].

The AOFAS Ankle-Hindfoot score consists of nine items under three different cate-
gories: (1) pain (40 points), (2) functional aspect (50 points), and (3) alignment (10 points),
totaling 100 points. Items on pain and functional limitation are answered by the patient,
while the alignment items are answered by an examiner [25].

The FADI is a region-specific self-reporting scale of function that includes 34 items
divided into two subscales: (1) the first (FADI) consists of 26 items about activities of daily
living (ADL) and pain and (2) the second (FADI Sport) consists of eight items about sports
activities. Higher scores represent higher levels of function for each subscale. The ADL
and sports subscales are scored separately [26].

Clinical assessment data were collected and analyzed by two authors.

2.4. Statistical Analysis

Continuous data are presented as means and standard deviations as appropriate. The
Student’s t-test was used to evaluate the mean and standard deviation between subgroups.
Chi-square tests were used to verify the homogeneity of the group. Pearson’s correlation
coefficient was used to assess the correlation between the clinical scores and CTEV severity
according to Pirani Score or the cast number.

The selected threshold for statistical significance was p < 0.05. All statistical analyses
were performed using the 2016 GraphPad Software (GraphPad Inc., San Diego, CA, USA).

3. Results

3.1. Sample

The cohort of 25 patients (44 feet) consisted of 19 male (76%) and six female (24%)
patients, and the mean age at time of evaluation was 6.4 ± 2.5 years (range 3–12). Eighteen
patients had a bilateral (75%), and six unilateral CTEV (three left and three right).

The mean age at start of treatment was 17.2 ± 10.7 days (range 14–48). All patients had
clinical follow-up for at least two years (mean: 4.6 ± 2.4 years; range 2.9–11.8). The mean
number of casts per patient was 6.7 ± 1.9 (range 5–10) and 36 out of 44 feet underwent
percutaneous Achilles tenotomy under general anesthesia (82%). The mean activities
of daily living (ADL) Pirani’s score at the beginning of treatment was 4.9 ± 1.0 (range
3–6) for included patients. If orthopedic treatment was ineffective, and feet showed no
improvement, further surgery was performed. Overall, tibialis anterior transfer was
performed in 1/44 feet (2.3%); no cases of posterior or medial release were recorded.
Sports in which children participated included fitness (14 cases; 56.0%), soccer (four; 16%),
swimming (four; 16.0%), and other activities (three; 12%), as shown in Table 1.
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Table 1. Group demographics.

Group Patients
Gender

Mean Age
(Years)

M F

Sample 25 19 6 6.4 ± 2.5
Unilateral 6 4 2 6.5 ± 2.3
Bilateral 19 15 4 6.4 ± 2.6

M = male; F = female.

3.2. Clinical Assessment

According to the CAP questionnaire, the mean recorded score was 97.5 ± 6.4 (range
68.75–100). Similarly, the average AOFAS was 97.5 ± 5.8 (range 73.00–100), and the average
FADI score was 99.9 ± 0.6 (range 97.1–100). The average FADI Sport score for the whole
cohort of patients was 100 (Table 2).

Table 2. Clinical assessment. Results reported in mean and standard deviation.

Group Patients CAP AOFAS FADI
FADI
Sport

Sample 25 97.5 ± 6.4 97.5 ± 5.8 99.9 ± 0.6 100 ± 0.0

Unilateral 6 99.6 ± 0.6 100 ± 0.0 100 ± 0.0 100 ± 0.0
Bilateral 19 97.2 ± 6.9 97.1 ± 6.2 99.8 ± 0.7 100 ± 0.0

p Uni vs Bil 0.41 0.27 0.50 1.00

Male 19 97.2 ± 6.9 97.1 ± 6.5 99.8 ± 0.7 100 ± 0.0
Female 6 99.2 ± 1.6 99.2 ± 1.9 100 ± 0.0 100 ± 0.0

p Male vs Fem 0.49 0.45 0.50 1.00

Uni = Unilateral; Bil = Bilateral; CAP = Clubfoot Assessment Protocol; AOFAS = American Orthopedic Foot and

Ankle Society (AOFAS) Ankle-Hindfoot score; FADI = Foot & Ankle Disability Index.

3.3. Clinical Assessment: Gender Comparison

Male and female patients had mean CAP scores of 97.2 ± 6.9 and 99.2 ± 1.6, respec-
tively (p = 0.49). Similarly, no statistically significant differences could be recorded with
the AOFAS score), with mean values of 97.1 ± 6.5 and 99.2 ± 1.9 for males and females,
respectively (p = 0.45). The mean FADI score was 99.8 ± 0.7 and 100 in males and females,
respectively (p = 0.5). The mean FADI Sport score of the whole cohort was 100 (p = 1), as
shown in Table 2.

3.4. Clinical Assessment: Side Comparison

No statistically significant differences could be identified in the mean CAP score of
unilateral clubfoot (99.6 ± 0.6) versus bilateral (97.2 ± 6.9) CTEV (p = 0.41). According to
the AOFAS score, the mean was 100 and 97.1 ± 6.2 for unilateral and bilateral involvement,
respectively (p = 0.27). The average FADI score was 100 ± 0.0 and 99.8 ± 0.7 in unilateral
and bilateral cases, respectively (p = 0.5). Both groups reported a mean FADI Sport score of
100 (p = 1), as shown in Table 2.

3.5. Clinical Assessment and Correlations

No statistical correlation between the scores and CTEV severity according to the
initial Pirani Score (p > 0.05) was found. Between the scores and applied cast numbers, no
statistical correlation (p > 0.05) was recorded. The correlations data are reported in Table 3.
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Table 3. Clinical assessment and correlations.

Correlation
PCC (95% CI)

CAP AOFAS FADI FADI Sport

Clinical scores and
Pirani Score

−0.07
(−0.27; 0.14)

−0.05
(−0.26; 0.16)

−0.10
(−0.30; 0.11)

0.00
(−0.27; 0.27)

Clinical scores and
Casts Number

−0.07
(−0.14; 0.27)

0.05
(−0.16; 0.26)

−0.02
(−0.38; 0.02)

0.00
(−0.27; 0.27)

PCC = Pearson Correlation Coefficient; CI = confidence interval; Uni = Unilateral; Bil = Bilateral; CAP = Clubfoot

Assessment Protocol; AOFAS = American Orthopedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot score;

FADI = Foot & Ankle Disability Index.

4. Discussion

Patients with CTEV treated with the PM have shown excellent functional outcome
at mid- and long-term evaluation periods. At the same time, good-to-excellent sports
performances were found among the included patients. In particular, no differences in
functional outcome or sports activity performances could be identified when comparing
male and female subjects or patients with unilateral and bilateral CTEV. Several articles
have reported good outcome in patients with CTEV managed by the PM [6,27–30]. How-
ever, the literature is lacking in studies investigating the sports activity levels in children
with CTEV during walking age.

Recent data highlight that patients with CTEV managed by the PM had better sports
performances when compared with patients managed by other techniques [10,23]. In 2017,
a clinical trial compared the sports performances of children treated by Bösch method,
the Cincinnati procedure, and PM. The authors found that children managed by the
PM experienced less difficulty and less pain when participating in sports compared to
patients treated with other methods [10]. In addition, according to three-dimensional (3D)
gait analysis, patients treated by PM had better running speed/agility (p = 0.019), body
coordination (p = 0.038), and strength (p = 0.007) compared to patients treated with the
French Functional Physical Therapy method [23].

Two studies compared the athletic abilities of children with CTEV, and compared
them with the general population [31,32]. Kenmoku et al. [31] assessed 30 children with
CTEV treated with PM at a mean age of 9.2 ± 1.9 years (range 7–12); all patients had an
excellent Ponseti functional score and any difference between individuals with CTEV and
the general population could be identified for the 50 meter run, standing long jump, 20-m
shuttle meter run, repetition side steps, and sit-ups. The mere inconsistency highlighted
by the authors is a different podalic pattern of the center of pressure during the walk
and the running. Mir et al. [32] prospectively evaluated 48 children with CTEV using the
Roye Disease Specific Index and the Physical Activity Questionnaire-Elementary School
(PAC-ES) adjusted to the Irish population. Almost all included patients (97%) were able
to participate in school-based physical education activities. Furthermore, all patients
participated in extra-curricular sporting activities; 80% participated with a frequency of 4
to 7 days per week compared to 17% of the general population. The authors concluded that
sporting participation of patients with idiopathic CTEV managed by the PM was excellent,
especially for extracurricular activities.

Our study examined 25 patients with a mean age of 6.4 ± 2.5 years (range 3–12) at the
time of the evaluation; the whole sample presented excellent results according to specific
CTEV evaluation and sport activities in addition to specific foot and ankle assessments. The
cohort highlights a good correction of the foot, and only one patient required additional
surgery (tibialis anterior transfer; 2.3%) although sport participation was not negatively
affected. To evaluate the sports abilities and performances of the children, the FADI Sport,
a specific questionnaire consisting of eight items about sports activities, was chosen. The
score assesses running, landing, lateral movements, ability to perform activities with
normal technique, jumping, squatting and stopping quickly, low-impact activities, and
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ability to participate in desired sports with no limitations. In each of these items, the
maximum rating was observed.

Mir et al. [32] reported outcomes of 16 and 19 patients with bilateral and unilateral
CTEV, respectively, but did not compare these two subgroups. To the best of our knowledge,
our study is the first one to investigate possible athletic ability differences according to
gender and bilaterality. No differences were found in the comparison between the different
subgroups. Males and females had excellent functional outcomes and could perform the
preferred activity without any limitations. Similarly, patients with unilateral and bilateral
CTEV have similar sport performances despite the reduced size of the affected calf [33].
Moreover, no correlations were found between the clinical scores and CTEV severity
according to Pirani Score or the cast number.

Debra et al. [21] showed a minimal delay (1.5 months) in gross motor milestone
achievement, and Lohle-Akkersdijk et al. [22] reported a slight decrease in walking speed
of children with CTEV. Additionally, some authors found that children with bilateral CTEV
have worse balance and body coordination than patients with unilateral deformities [20,23].
It could be hypothesized that these findings are related to the use of braces/splints during
the early years of life. During the growing age, the progressive reduction of brace/splint
time per day and the progressive involvement of children in different school, social, and
sports activities may contribute to improved functional and athletic performance.

Several limitations in the analysis of our results can be described. First, this study
was a single-center retrospective study, the number of patients was relatively small, and
no control group was used. However, we are able to offer some evidence on outcomes of
sport performance of children with CTEV treated by the PM. Moreover, patients were not
followed until skeletal maturity; thus, some feet issues could potentially recur, and some
patients may become symptomatic with a subsequent decrease in sports performances.
Therefore, it is possible that a longer multicenter follow-up study might be necessary to
predict the long-term outcome of this specific treatment option.

5. Conclusions

In conclusion, the data confirmed good-to-excellent outcomes in children with CTEV
managed by PM. No limitations in sports performances or activities could be observed. In
particular, male and female patients, and patients with unilateral or bilateral involvement,
perform equally well.
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Abstract: Hip flexion and abduction is fundamental for developmental dysplasia of the hip (DDH)
treatment. At present, double diaper treatment has been inappropriately adopted when DDH is
suspected. The aim of this study was to verify whether double diapers influence a newborn’s hip
position. Here, we studied 50 children (23 female; 27 male; average age 62.33 ± 20.50 days; average
birth weight 3230 ± 447 g) with type I hips according to Graf. At the same time of the ultrasound (US)
examination, the following hip positions were measured using a manual protractor: (1) spontaneous
position, supine on the outpatient bed without a diaper; (2) spontaneous position, with a double
diaper; and (3) squatting position on the caretakers’ side. Statistical analysis was performed with a
t-test to compare between (1) the spontaneous position without a diaper and with double diapers;
(2) the spontaneous position with double diapers as well as the squatting position on the caretakers’
side with a diaper. The comparison between the hip position without diaper and with double diapers
was statistically not significant for all measurements, i.e., right hip flexion (p < 0.33), left hip flexion
(p < 0.34), and right and left hip abduction (p < 0.87). The comparison between the hip position with
double diapers and on the caretakers’ side was statistically significant for all measurements, i.e., right
hip flexion (p < 0.001), left hip flexion (p < 0.001) and right and left hip abduction (p < 0.001). We
found that the use of double diapers did not affect hip position, while the position formed on the
caretaker’s side shows favorable influence.

Keywords: douple diapering; neonatal hip; DDH prevention; hip positioning; hip extension; hip
adduction

1. Introduction

The femoral head and the acetabulum mutually influence one another’s growth and
evolution starting from the prenatal period. The natural fetal position, also known as the
“human position” according to Salter, refers to very flexed and moderately abducted hips.
The physiological development of the hip during growth is determined by the centering
of the femoral head in the acetabulum, and this is guaranteed by adequate degrees of
flexion and abduction of the hips. It is known that the African populations, who culturally
keep newborns in this position [1], do not observe hip dysplasia as a newborn and adult
disease. On the other hand, it is well known that in countries with a cold climate, such
as in Lapland, Northern China, Canada, and Japan, where for climatic reasons infants
are swaddled with their lower limbs straight (and therefore with hips in extension and
adduction), the risk of hip dysplasia is increased [1,2]. After a public awareness campaign
was developed to eliminate these traditions, the incidence of hip dysplasia in infants
dropped dramatically [2]. All treatments, past [3] and present [2,4–7], for both hip dysplasia
prevention and management, point out the central concept of positioning the hips flexed
and abducted to avoid opposite positions such extension and adduction.
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Some health care providers identify the use of double diapers as a simple system
to obtain the desired position for the correct development of the hips. In fact, although
the technique is not scientifically based, double diapers are often recommended by pe-
diatricians as a first therapeutic step during the waiting period before the instrumental
procedure, which currently is the ultrasound (US) examination. It is also recommended
as a treatment in cases of limited hip abduction, regardless of the US findings, or as a
therapeutic alternative to other more invasive abduction splinting devices. This therapeutic
indication is widespread and still suggested. Teanby reported that up to 19.3% of the
population in some European countries has been treated with double diapers [8,9].

The introduction of US examination as a screening technique of developmental dys-
plasia of the hip (DDH) has further refined the diagnosis of dysplasia, allowing the iden-
tification of even modest alterations of the acetabulum and introducing the concept of
spontaneous correction. In these hips, the double diaper treatment has been widely used
as well.

In literature, double or triple diaper treatment for the management and prevention of
DDH has always been mentioned, despite the demonstrated doubtful utility [10,11]. The
aim of this study is therefore to evaluate whether the double diaper treatment is able to
modify the spontaneous position of the newborn’s hips and avoid adduction and extension.

2. Materials and Methods

Data were collected of 50 children (23 females and 27 males), who were consecutively
referred to our DDH dedicated outpatient clinic for a clinical ultrasound evaluation of
the hips. The clinical history of all newborns was evaluated, with regards to the fetus
position during pregnancy and uterus postural anomalies, as well as the fetal anomalies
diagnosed using the US examination during pregnancy, twin pregnancy, and weight at
birth. The clinical examination included the evaluation of the hips regarding spontaneous
posture, limitation of abduction, and the presence of clinical signs of dysplasia (Ortolani
and Barlow). All newborns then underwent an US examination of the hips according to
Graf [12] performed by the same operator who is certified for this method.

Inclusion criteria were as follows:

(i) single pregnancy with cephalic presentation and physiological postnatal development
(ii) no functional limitations of the hips at clinical examination, particularly those of

abduction
(iii) normal range weight
(iv) infants younger than 3 months
(v) infants with type I hips at the US examination according to Graf classification

(Figure 1)

 

ting position on the caretakers’ side, wearing a single diaper.

the squatting position on the caretakers’ side with 

Figure 1. Normal newborn hip. Ultrasound (US) and diagram showing a type I according to Graf.
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Exclusion criteria were:

(i) twins or non-cephalic presentation in pregnancy (breech, transverse) and abnormal
postnatal development

(ii) infants who presented with clinical signs of dysplasia or functional limitations of the
hips, particularly abduction

(iii) premature or non-normal weight newborns
(iv) infants older than 3 months
(v) infants with non-Type I hips at US examination according to Graf classification

Average age was 62.33 days (SD ± 20.50 days) and average birth weight was 3230 g
(SD ± 447 g). The newborns were measured in the spontaneous position of the hips with
a manual protractor [13]. The measurements were all achieved after the US examination
in 3 steps: (1) supine, in spontaneous position on the outpatient bed without a diaper;
(2) supine, in spontaneous position on the outpatient bed with double diapers; (3) in a
squatting position on the caretakers’ side, wearing a single diaper.

A statistical analysis was performed with a t-test in order to compare between (1) the
spontaneous position without a diaper and with double diapers, and (2) the spontaneous
position with double diapers as well as the squatting position on the caretakers’ side with
a diaper (Figures 2 and 3).

ting position on the caretakers’ side, wearing a single diaper.

the squatting position on the caretakers’ side with 

 

Figure 2. Hip position in a 2-month old infant: (A) evaluation of hip flexion without diaper; (B) with
double diapers. Measurements with a of hip flexion angle with protractor: (C) evaluation of hip
abduction without diaper; (D) with double diapers; (E) measurement of abduction with protractor.

 
month old infant when held on the caretakers’ side. Flexion is ap-

and in the squatting position on the caretakers’ side with a diaper, are shown in 

squatting position on the caretakers’ side with a diaper were statistically significant (

position of the hips of infants held on the caretakers’ side compared to infants with double 
diapers. These do not affect the position of the hips, while the position on the caretakers’ 

 .4°)

: Student’s 

ard deviation (SD) with double diapers and on the caretakers’ side.

ers Caretakers’ Side

: Student’s 

Figure 3. Hip position in a 2-month old infant when held on the caretakers’ side. Flexion is approxi-
mately 100◦ and abduction 60◦.
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3. Results

Flexion and abduction measurements data of both the hips (average values and
standard deviation, SD) in the spontaneous supine position of the infant on the outpatient
bed without diaper, in the spontaneous position of the infant after application of double
diapers, and in the squatting position on the caretakers’ side with a diaper, are shown in
Tables 1 and 2. The data of the statistical analysis conducted by a t-test for the comparison
between the spontaneous position of the hips without a diaper and the spontaneous
position with double diapers were statistically not significant for all measurements, i.e.,
right hip flexion (p < 0.33), left hip flexion (p < 0.33), right and left hip abduction (p < 0.87).
The comparison between the spontaneous position of the hips with double diapers and
the squatting position on the caretakers’ side with a diaper were statistically significant
(p < 0.001) for all measurements taken, namely for flexion and for abduction of both the
right hip and the left hip (Tables 1 and 2).

Table 1. Flexion and abduction degrees measurement of the right (R) and left (L) hips with standard
deviation (SD) without diaper and with double diapers.

Hips Position Without Diaper Double Diapers p *

R Flexion Average (SD) 25.25◦ (18.46◦) 27.5◦ (21.4◦) 0.33

L Flexion Average (SD) 25◦ (18.57◦) 28.64◦ (22.99◦) 0.34

R Abduction Average (SD) 24◦ (8.83◦) 35.06◦ (26.85◦) 0.87

L Abduction Average (SD) 23.5◦ (8.75◦) 34.39◦ (25.12◦) 0.87

* p: Student’s t-test

Table 2. Flexion and abduction degrees measurement of the right (R) and left (L) hip with standard
deviation (SD) with double diapers and on the caretakers’ side.

Hips Position Double Diapers Caretakers’ Side p *

R Flexion Average (SD) 27.5◦ (21.4◦) 90.74◦ (9.97◦) < 0.001

L Flexion Average (SD) 28.64◦ (22.99◦) 90◦ (10.38◦) < 0.001

R Abduction Average (SD) 35.06◦ (26.85◦) 54.44◦ (10.13◦) < 0.001

L Abduction Average (SD) 34.39◦ (25.12◦) 54.26◦ (9.87◦) < 0.001

* p: Student’s t-test

No statistically significant difference has been reported in the hips position with
double diapers and without diapers, while there is a statistically significant difference in
the position of the hips of infants held on the caretakers’ side compared to infants with
double diapers. These do not affect the position of the hips, while the position on the
caretakers’ side does.

4. Discussion

At the present date, once DDH is diagnosed with an US examination, its treatment
requires a specific hip position in flexion and abduction [4,5]. Flexion is known to be
effective when approximately 100◦ is reached, given that in this position, the pressure on
the acetabular region decreases and the dislocating strength of the hamstring muscles is
reduced (Figure 4). The abduction favorably centers the femoral head in the acetabulum,
but the concept of a “safe zone”, already expressed in 1976 by Ramsey, must be observed,
as it takes in consideration the danger of maximum abduction (“frog” position) on the
femoral head vascular supply. Therefore, abduction must not exceed 50–60◦ [14]. In all
the prevention strategies, the concepts expressed above regarding hip position are always
considered; adduction and extension must be avoided. In 1959, Judet and Gielis specifically
proposed placing the legs in abduction for DDH as a prevention measure for all newborns
until 4 months of age. In the past, also in Scandinavian countries, if a clinical suspect
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of DDH was present, infants’ hips were flexed and abducted with the Frejka splint [7].
In Italy, the studies of the pediatrician Marino Ortolani are well known. Ortolani, after
identifying the worldwide clinical sign, in an epidemiologically endemic region for DDH,
recommended hip flexion and abduction even where the “clunk” was absent. After this
experience, the attitude of aiding the development of the hips by regular wide diapering
with hips in abduction of all presumably healthy hips (essentially all children) has spread
not only in Italy but also elsewhere. The abduction and flexion were obtained by means of
a starched abduction towel in order to direct possible cases of dysplasia towards normal
development. In particular, Klisic et al. [2,6] have precisely described the use of a suitably
folded baby package, which correctly protects the hips (helping to prevent DDH) by
maintaining them in mild flexion and mild abduction during the neonatal period. The
study reported a significant decrease in the prevalence of congenital dislocation of the hip
(from 1.3% to 0.7%) 4 years after the introduction of the Klisic method [6].

“ ”
“ ”

–

suspect of DDH was present, infants’ hips were flexed and abducted with the Frejka splint 

“ ”

 

force vector’s direction (arrow) and the head’s pressure on the acetabulum (small arrows); (

Figure 4. (a) Spontaneous hip position with extended and adducted hips; (b) diagram to note the
force vector’s direction (arrow) and the head’s pressure on the acetabulum (small arrows); (c) 2-
month-old infant treated with harness for developmental dysplasia of the hip (DDH), with hip flexed
and abducted; (d) diagram to note the modified direction of the force vector.

The introduction of soft industrial diapers has considerably changed the effectiveness
of the Klisic baby packages. However, the concept was maintained historically. As a matter
of fact, this is the basis from which the advice of wearing double diapers as a preventive
measure for DDH derives. The use of double diapers is not recommended by the American
Academy of Pediatrics, which defined this therapeutic intervention as an inappropriate
one and as a cause of delay in treatment (use of adequate devices) if positioned in hip
dislocations [15]. The Canadian Task Force on Preventive Health Care also stated the
absence of clear evidence to support the use of double or triple diapers [16]. A further
study by Stephen K. Storer and David L. Skaggs confirmed no evidence of improvement of
hip dysplasia when compared with non-intervention [17]. Moreover, double diapers are
sometimes inappropriately seen as an alternative solution to the various abduction splints,
mostly because it is considered psychologically more acceptable (Figure 4). However, no
study has yet been performed where the hip position of a newborn with double diapering
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is objectively evaluated and in which clearly states its non-recommendation for therapeutic
uses. When a DDH is diagnosed, the same problems already reported by other authors
mentioned above [15–17] are also present.

The approach to this disease has dramatically changed since the introduction of US
examination of the hips, used initially as a diagnostic tool and subsequently as a gold
standard screening method for DDH [18]. In the past, only hip dislocations were detected
and the reported incidence was 0.13%; since the introduction of US as a precise diagnostic
tool that is able to show even minimal alterations of the acetabulum, the reported incidence
has increased to 1.6% among the general population [19]. The US examination introduced
with type IIa hips (Figure 5) the concept of physiological immaturity of the hip, which is not
an expression of pathology; the hips with lower bony coverage than normal at birth (alpha
angle ≥ 50◦ and < 60◦) show in 98% of cases a spontaneous evolution towards normal bone
coverage [20]. In addition, in these cases, the opinion of recommending double diapers is
widespread in some European countries.

 

newborn’s hip position; 

the position on the caretakers’ side or in baby carriers and baby wrap carriers

–
–

–

–

–
by distribution of “baby packages”. 

–

–

–

Figure 5. US image and diagram of a physiologically immature hip of a 6-week old infant. Type IIa
hip according to Graf.

Thus, regarding both treatment and prevention of DDH, the real effectiveness of
double diapers must still be verified, with particular attention to the real modification it can
determine with respect to the position of the hip, particularly in avoiding hip adduction and
extension. It is known that infants have an average hip flexion contracture of 28◦ at birth.
The hip flexion contracture decreases to 19◦ at 6 weeks and to 7◦ at 3 months of age [21].
The measurements observed in our data without a diaper and with a double diaper do
not differ significantly from these degrees of flexion. In other words, the measurement
of the hips with double diapers has shown that this procedure is neither able to change
the position of the hips nor guarantee the degrees of flexion and abduction necessary to
achieve the correct acetabular maturation and also to avoid adduction. Our data were
collected in healthy infants without functional limitations with symmetrical hip range. The
ineffectiveness of double diapers is further validated in hips that already have a functional
limitation, as no improvement is highlighted. Instead, the position on the caretakers’ side
with flexed and abducted hips is able to help in avoiding adduction and extension of the
lower limbs. Obviously the requirement is that this position must be maintained constantly,
which is difficult to achieve in daily life. However, the simple advice to hold infants on the
side is the main idea of this study. In this regard, the current transport trends for newborns
such as baby carriers and baby wrap carriers, which perhaps unknowingly respect the
position of the hips described above, may be helpful and recommended for the prevention
of DDH. Indeed, some recent swaddling devices must not be recommended as they imply
an unfavorable hip position.
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5. Conclusions

We can conclude that double diapering does not influence a newborn’s hip position;
the study particularly demonstrated its ineffectiveness in preventing hip adduction and
extension, and it was shown to be an unfavorable position for hip development. Instead,
the position on the caretakers’ side or in baby carriers and baby wrap carriers, which places
the hips in flexion and abduction, will favorably influence hip development.
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Abstract: The assessment of an individual’s development by investigating the skeletal maturity
is of much use in various medical fields. Skeletal maturity can be estimated by evaluating the
morphology of the cervical vertebrae. The aim of this study was to conduct comparisons of the
chronological age in different bone development stages. The retrospective study was conducted
based on lateral cephalometric radiographs belonging to patients with ages between 6 and 15.9 years,
from Romania. For the assessment of skeletal maturity, the Cervical Vertebral Maturation (CVM)
method was used. In total, 356 radiographs were selected, but after applying the exclusion criteria,
252 radiographs remained in the study (178 girls and 74 boys). Different mean chronological age
values were obtained for the general sample, as well as for the two genders. The chronological age
started to be significantly different at the CS4 stage. Patients with CS4, CS5, and CS6 stages had a
significantly higher chronological age compared to patients with CS1, CS2, and CS3 stages. It was
noted that patients with CS1 and CS2 stages were more frequently boys, while patients with the CS5
stage were more frequently girls.

Keywords: chronological age; skeletal maturity; Cervical Vertebral Maturation

1. Introduction

In medicine, age is essential for assessing the overall development of a patient.
The chronological age, although easiest to determine if the child´s date of birth is known,
often does not accurately reflect a patient´s development [1]. Various methods have been
used to more precisely reproduce different developmental stages. These methods are based
on determining the dental age [2] and skeletal age [3].

The assessment of skeletal maturity is useful in many fields, such as pediatrics,
endocrinology [4], pediatric dentistry, and orthodontics [5]. In orthodontics, the degree
of skeletal maturity influences the treatment planning and the optimal choice of treat-
ment [6]. Hand-wrist radiographs have traditionally been used to estimate bone matu-
rity [7], but skeletal age determination techniques based on the inspection of other bone
structures have been suggested [8].

The radiological aspect of the cervical vertebrae can be used to estimate the degree
of bone development. The method based on the investigation of cervical vertebrae has
undergone several changes over time [9,10] and is currently known as the Cervical Ver-
tebral Maturation (CVM) method. It involves the examination of cervical vertebrae 2, 3,
and 4 on a lateral cephalometric radiograph [11]. Lateral cephalometric radiographs are

49



Children 2021, 8, 142

necessary for establishing the diagnosis and treatment plan in orthodontics. Therefore,
the assessment of skeletal maturity is possible, without any need for additional irradia-
tion [12]. Further studies need to be conducted in order to find associations between age
and CVM developmental stages.

The purpose of this study was to conduct comparisons of mean values of the chronolog-
ical age in different skeletal developmental stages, for boys and girls, using the CVM method.

2. Materials and Methods

2.1. Sample Selection

This study is a retrospective and comparative radiographic study, performed on lateral
cephalometric radiographs belonging to children form North-Western Romania. The lateral
cephalometric radiographs were collected from three different dental private practices
from the city of Oradea, Romania. The radiographs were previously used for diagnosis
and treatment planning.

We included radiographs of children with ages between 6 and 15.9 years, radiographs
of children for whom a signed consent form was obtained, radiographs available in a
digital format, radiographs of patients with a known date of birth and known date of the
radiograph, and radiographs of patients with a known gender.

Radiographs excluded from the study belonged to patients from other countries,
patients with systemic diseases or genetic disorders that could impact the skeletal matu-
ration, and patients that followed or were following an orthodontic treatment at the date
when the radiographs were taken.

The selected lateral cephalometric radiographs were divided according to the gender
of the patients. A total of 356 radiographs were initially selected, but after applying the
exclusion criteria, only 252 were left in the study sample. The final sample consisted of
178 radiographs belonging to girls (70.6%) and 74 radiographs belonging to boys (29.4%).

2.2. Skeletal Maturity Assessment

For the assessment of skeletal maturity, the CVM method was used, as described by
Baccetti et al. (2005). The CVM method consists of six different maturation stages (from
CS1 to CS6), according to different morphological features of cervical vertebrae 2, 3, and 4.
The inferior border of the three cervical vertebrae must be investigated, as well as the shape
of the third and fourth cervical vertebrae [11].

The CVM method was applied on lateral cephalometric radiographs, available in
a digital format, by examining the morphological changes of the cervical vertebrae and
comparing them with the different developmental stages (Figure 1). In order to avoid
inter-operator bias, the examination was performed by a single investigator (M.A.E.).

2.3. Statistical Analysis

The statistical analysis was performed by using IBM SPSS software, version 20 (IBM,
Chicago, IL, USA). Quantitative variables were tested for a normal distribution by us-
ing the Shapiro–Wilk test and were expressed as the means with standard deviations,
while categorical variables were expressed as counts or percentages.

The independent quantitative variables with a non-parametric distribution were tested
by using a Mann–Whitney U test or Kruskal–Wallis H test. The independent quantitative
variables with a parametric distribution were tested by using the One-Way ANOVA test.
Categorical variables were tested by using Fisher´s Exact test, and Z tests with Bonferroni
correction were performed in order to further detail the results. A post-hoc Tukey HSD
test and Dunn–Bonferroni test were performed in order to detail the results obtained after
testing the quantitative variables.
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Figure 1. Lateral cephalometric radiograph with the 2, 3, and 4 cervical vertebrae highlighted.

2.4. Ethical Considerations

The study was approved by the Research Ethics Committee of the University of
Oradea (No.7/15.10.2020) and was conducted in accordance with the 1964 Declaration of
Helsinki and its later amendments. All radiographs belonged to patients for whom an
informed consent form was previously signed by the parents.

3. Results

The mean chronological age of the patients was 11.52 ± 2.23 years, with a median
(interquartile range, IQR) value of 11.65 years. The minimum age was 6.2 years and
the maximum age was 15.9 years. The data in Table 1 represent the comparison of the
chronological age related to the gender, with the age distribution being non-parametric in
both groups, according to the Shapiro–Wilk test. The Mann–Whitney U test shows that the
differences between the groups were not significant.

Table 1. Chronological age according to the gender.

Gender Mean Age (Years) ± SD Median (IQR) Medium Rank p *

Girls (p = 0.035 **) 11.535 ± 2.22 11.65 (10–13.025) 127.09 0.841Boys (p = 0.029 **) 11.5 ± 2.29 11.65 (9.575–13.7) 125.07
SD, standard deviation; IQR, interquartile range; * Mann–Whitney U Test; ** Shapiro–Wilk Test.

Most of the patients were distributed in the CS4 and CS5 developmental stages and
the fewest were distributed in the CS2 developmental stage (Table 2). The distribution
of patients according to their gender and the CVM stage revealed significant differences
between the investigated groups, and –Z test with Bonferroni correction showed that the
patients with CS1 and CS2 developmental stages were more frequently boys, while patients
with the CS5 developmental stage were more frequently girls (Table 3).
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Table 2. Distribution of the patients according to the Cervical Vertebral Maturation (CVM) stage.

CVM Stage No. Percentage

CS1 38 15.1%
CS2 27 10.7%
CS3 35 13.9%
CS4 64 25.4%
CS5 55 21.8%
CS6 33 13.1%

Table 3. Distribution of the patients according to their gender and CVM stage.

Gender/CVM Stage
Girls Boys

p *
No. Percentage No. Percentage

CS1 21 11.80% 17 23%

0.001

CS2 14 7.90% 13 17.60%
CS3 27 15.20% 8 10.80%
CS4 41 23% 23 31.10%
CS5 49 27.50% 6 8.10%
CS6 26 14.60% 7 9.50%

* Fisher´s Exact Test.

The data in Tables 4 and 5 represent the comparison of the chronological age related
to the CVM stages. The age distribution was non-parametric for patients with CS1 and CS2
stages, according to the Shapiro–Wilk test (p < 0.05). According to the Kruskal–Wallis H test,
the differences were significant (p < 0.001), and the post-hoc tests showed the slow increase
of the chronological age in relation to the increase of the CVM stage. The chronological age
started to be significantly different at the CS4 stage. In the studied sample, the chronological
age was not significantly different (p > 0.05) between patients with CS1, CS2, and CS3
stages. Patients with CS4, CS5, and CS6 stages had a significantly higher chronological
age compared to patients with CS1, CS2, and CS3 stages, according to the post-hoc test
(p < 0.01). Among patients with CS4, CS5, and CS6 stages, the chronological age was only
significantly different between patients with CS4 and CS6 stages, and patients with CS6
stages had a significantly higher chronological age (p = 0.002).

Table 4. Comparison of the chronological age in different CVM stages.

CVM Stage Mean Age (Years) ± SD Median (IQR) Medium Rank p *

CS1 (p = 0.752 **) 9.055 ± 1.51 8.9 (7.87–10.15) 48.62

<0.001

CS2 (p = 0.173 **) 10.11 ± 1.59 10.1 (8.8–11.6) 77.8
CS3 (p = 0.700 **) 10.35 ± 1.75 10.2 (9–11.4) 84.99
CS4 (p = 0.568 **) 12.05 ± 1.73 12.05 (11–12.9) 142.62
CS5 (p = 0.048 **) 12.7 ± 1.72 12.9 (11.6–13.9) 166.39
CS6 (p = 0.002 **) 13.76 ± 1.35 14.1 (13.2–14.65) 202.30

SD, standard deviation; IQR, interquartile range; * Kruskal–Wallis H Test; ** Shapiro–Wilk Test.

Table 5. Post-hoc comparison of the chronological age in different CVM stages.

CVM Stage * CS1 CS2 CS3 CS4 CS5 CS6

CS1 - 1.000 0.498 <0.001 <0.001 <0.001
CS2 1.000 - 1.000 0.002 <0.001 <0.001
CS3 0.498 1.000 - 0.003 <0.001 <0.001
CS4 <0.001 0.002 0.003 - 1.000 0.002
CS5 <0.001 <0.001 <0.001 1.000 - 0.378
CS6 <0.001 <0.001 <0.001 0.001 0.378 -

* Dunn–Bonferroni Post-Hoc Test.

The data in Tables 6 and 7 represent the comparison of the chronological age related
to the CVM stages for the girls sample, with results similar to the general sample, while the
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data in Tables 8 and 9 represent the comparison of the chronological age related to the
CVM stages for the boys sample, which showed that the age distribution was parametric,
according to the Shapiro–Wilk test (p > 0.05). According to the One-Way ANOVA test,
the differences were significant (p < 0.001).

Table 6. Comparison of the chronological age in different CVM stages for girls.

CVM Stage Mean Age (Years) ± SD Median (IQR) Medium Rank p *

CS1 (p = 0.908 **) 8.79 ± 1.56 8.7 (7.8–10) 29.38

<0.001

CS2 (p = 0.506 **) 9.49 ± 1.59 9.6 (8.25–11.1) 41.36
CS3 (p = 0.489 **) 10.16 ± 1.69 10.1 (9–11.3) 54.59
CS4 (p = 0.553 **) 11.99 ± 1.42 12 (10.95–12.75) 98.00
CS5 (p = 0.076 **) 12.57 ± 1.74 12.9 (11.5–13.7) 114.53
CS6 (p = 0.007 **) 13.58 ± 1.41 14 (13.07–14.6) 139.69

SD, standard deviation; IQR, interquartile range; * Kruskal–Wallis H Test; ** Shapiro–Wilk Test.

Table 7. Post-hoc comparison of the chronological age in different CVM stages for girls.

CVM Stage * CS1 CS2 CS3 CS4 CS5 CS6

CS1 - 1.000 1.000 <0.001 <0.001 <0.001
CS2 1.000 - 1.000 0.006 <0.001 <0.001
CS3 1.000 1.000 - 0.010 <0.001 <0.001
CS4 <0.001 0.006 0.010 - 1.000 0.019
CS5 <0.001 <0.001 <0.001 1.000 - 0.662
CS6 <0.001 <0.001 <0.001 0.019 0.662 -

* Dunn–Bonferroni Post-Hoc Test.

Table 8. Comparison of the chronological age in different CVM stages for boys.

CVM Stage Mean Age (Years) ± SD Median (IQR) p * (p = 0.080 ***)

CS1 (p = 0.215 **) 9.38 ± 1.435 9.2 (7.85–10.75)

<0.001

CS2 (p = 0.162 **) 10.77 ± 1.354 11.5 (9.55–11.7)
CS3 (p = 0.494 **) 11.01 ± 1.9 11.5 (8.9–12.3)
CS4 (p = 0.398 **) 12.15 ± 2.215 12.4 (11–14)
CS5 (p = 0.092 **) 13.76 ± 1.134 14 (13.17–14.57)
CS6 (p = 0.792 **) 14.42 ± 0.838 14.6 (13.7–15)

SD, standard deviation; IQR, interquartile range; * One-Way ANOVA Test; ** Shapiro–Wilk Test; *** Levene´s Test
for homogeneity of variances.

Table 9. Post-hoc comparison of the chronological age in different CVM stages for boys.

CVM Stage * CS1 CS2 CS3 CS4 CS5 CS6

CS1 - 0.246 0.241 <0.001 <0.001 <0.001
CS2 0.246 - 1.000 0.199 0.009 <0.001
CS3 0.241 1.000 - 0.582 0.044 0.003
CS4 <0.001 0.199 0.582 - 0.324 0.034
CS5 <0.001 0.009 0.044 0.324 - 0.982
CS6 <0.001 <0.001 0.003 0.034 0.982 -

* Tukey HSD Post-Hoc Test.

4. Discussion

The usefulness of the CVM method for determining the skeletal age has been sug-
gested by many authors. Gandini et al. (2006) highlighted not only the practicality of the
method, but also the low radiation dose required by lateral cephalometric radiography [13].
The CVM method seems to be able to replace the hand and wrist radiography for the
estimation of bone development and can be used with confidence for this purpose [14,15].
Moreover, lateral cephalometric radiographs can be used to establish various orthodontic
diagnoses [12,16], as well as to assess the morphology of other bone structures in the
craniofacial region [17]. Mandibular growth can also be safely and correctly assessed on
lateral cephalometric radiographs [18]. They can even be used for an evaluation of the
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upper airways [19]. However, when vertebral anomalies are suspected, such as osseous
torticollis, examinations such as 3D-CT may be required [20].

In this study, the CVM assessment was performed manually, by direct examination
of the lateral cephalometric radiographs, but computerized methods for identifying CVM
stages have been developed. Vaida et al. (2019) identified the CVM stages using OnyxCeph,
which is computerized software, and correlated the skeletal age of the patients with the
chronological age and dental age [21]. Certain smartphone applications that allow skeletal
maturity assessment based on the vertebral morphology have also been developed [22].

Most authors have found correlations between CVM stages and the chronological age.
In our study, we aimed to compare the chronological age in different CVM stages and no
other correlations were explored. We wanted to discover whether important differences
existed between the chronological ages of various CVM stages. However, mean values of
the chronological age were obtained for each CVM stage. The comparisons were conducted
for the entire sample, but also, separately, for girls and boys. It was observed that the
chronological age started to be significantly different starting with the CS4 stage, for the
general sample, as well as for boys and girls. In other populations, correlations have been
found between the skeletal age and chronological age [23]. Safavi et al. (2015) reported a
positive correlation between the chronological age and all of the CVM stages in a group
of Iranian girls, highlighting a moderate correlation during the circumpubertal phase.
The mean chronological ages obtained for the CS4 and CS5 stages in the Iranian sample are
similar to those obtained for the girls in our study. The mean chronological age in CS4 and
CS5 for the Iranian sample was 11.93 and 12.66 years, respectively, while for the girls in
our study, the mean chronological age in CS4 and CS5 was 12 and 12.9 years, respectively
(median values) [23]. Other authors have suggested that prepubertal skeletal development
may be predicted in patients with an early stage of dentition [24,25].

Some authors suggest that the chronological age is not a reliable indicator for the
assessment of skeletal maturity [26].

Skeletal development can also be compared or correlated with the dental age. Różyło-
Kalinowska et al. (2011) found a moderate correlation between the stages of dental de-
velopment and the stages of development of the cervical vertebrae, identifying faster
skeletal development for the group of female patients [27]. Faster skeletal development
in female patients was also observed in our sample. The mean chronological age of the
girls was generally lower than the mean chronological age of the boys for each of the
CVM stages. The girls in the CS3 stage, for example, had a mean chronological age of
10.16 years, while the boys had a mean chronological age of 11.01 years. The situation is
consistent for all of the CVM stages. Other authors have identified a faster development
of different bone structures in female patients. Maspero et al. (2020) concluded that the
development of the maxillary sinuses in girls occurred earlier than in boys, but in both
genders, the development overlapped with the peak of growth [28].

Chronological age determination based on the development of the cervical vertebrae
can also be used when a child´s date of birth is unknown. Mishori R. (2019) described
the case of a 17-year-old boy fleeing from Honduras to the United States of America,
who was initially placed in an adult facility. He was later transferred to an age-appropriate
facility, after a dental exam which revealed that he was only 16–17 years old. However,
age determination based on imagistic methods can be inaccurate and should be adapted in
different populations [29].

5. Conclusions

The distribution of patients according to their gender and CVM stage showed signifi-
cant differences between the investigated groups. Patients with CS1 and CS2 developmen-
tal stages were more frequently boys, while patients with CS5 developmental stage were
more frequently girls.

In the studied sample, the chronological age was not significantly different between
patients with CS1, CS2, and CS3 stages. Patients with CS4, CS5, and CS6 stages had a
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significantly higher chronological age compared to patients with CS1, CS2, and CS3 stages.
The various mean chronological ages started to be significantly different at the CS4 stage,
but differences between stages were also identified.
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Abstract: The purpose of this study was to evaluate the outcomes of patients with Legg–Calvé

–Perthes disease (LCPD) with disease onset before 6 years of age who were treated with conservative
methods and to identify prognostic factors. Moreover, we evaluated the duration of the Waldenström
stage and its correlation with the disease outcome. Disease severity was assessed using the lateral
pillar classification, and the final outcome was evaluated using the Stulberg classification. We divided
patients with LCPD into two groups according to the age at onset: group 1 (<4 years) and group 2
(4–6 years). The final outcomes of the two groups were compared. We also assessed the duration
of each Waldenström stage. LCPD was noted in 49 hips of 49 patients. The lateral pillar class
was A in one patient, B in 29 patients, and B/C or C in 19 patients. The Stulberg class was I or
II (good) in 30 patients, III (fair) in 13 patients, and IV or V (poor) in six patients. The lateral
pillar class significantly correlated with the final outcome. Groups 1 and 2 comprised 25 and
24 patients, respectively. The prevalence of good outcomes did not significantly differ between the
groups (p = 0.162). The duration of the initial stage was 4.1 months in the good outcome group
and 6.2 months in the fair or poor outcome group. The duration of the fragmentation stage of the
femoral head was 5.9 months in the good outcome group and 11.9 months in the fair or poor outcome
group. The durations of initial and fragmentation stages significantly differed between good outcome
group and fair or poor outcome group (p = 0.009 and p < 0.001, respectively). The prognosis of
patients with disease onset before the age of 6 years was favorable. The disease severity and duration
of each Waldenström stage can be predictors of the outcome. Patients with prolonged initial and
fragmentation stages showed worse outcomes and often required more active treatment to shorten
the durations of the initial and fragmentation stages.

Keywords: Legg–Calvé–Perthes disease; Herring lateral pillar classification; Stulberg classification;
Waldenström stage; duration

1. Introduction

The prognosis of Legg–Calvé–Perthes disease (LCPD) varies with the patient’s age
at disease onset. LCPD occurring in children under 6 years of age is usually a benign,
self-limiting condition with a good outcome [1–3]. However, extensive femoral head
involvement in patients with early onset is associated with a potentially poor outcome. In
children under 6 years of age, the Catterall and lateral pillar classes of LCPD correlate with
the prognosis [4–7].

The Waldenström classification of LCPD is based on radiographic changes over time
as the disease progresses naturally. According to the classification, LCPD has four radio-
graphic stages: initial, fragmentation, reossification, and residual [8]. In a retrospective
study, the time from the first radiographic evidence of disease to the start of fragmentation
was a mean of 6 (range: 1–14) months, with fragmentation and reossification stages lasting
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8 (range: 2–35) and 51 (2–122) months, respectively. The disease severity positively cor-
related with the duration of each stage, particularly the healing stage [9]. However, few
studies have attempted to correlate the duration of each stage with the outcome in younger
patients [9–12].

The purpose of this study was to clarify the outcome of patients with LCPD with
disease onset before 6 years of age who were treated with conservative methods, and
to identify the prognostic factors, such as the age of disease onset and disease severity.
Moreover, we evaluated the duration of each Waldenström stage and correlated it with
the outcome.

2. Materials and Methods

Of a total of 230 hips of patients with LCPD diagnosed before 6 years of age, treated
at the Chonnam National University Hospital from 1980 to 2015, 66 with adequate ra-
diographs at presentation showed the initial stage and were followed-up until skeletal
maturity. We excluded patients who were treated surgically (n = 14) or considered to
have completely bypassed fragmentation stage (n = 3). Finally, we included 49 hips of
49 patients.

There were 47 boys and two girls. The patients’ mean age at diagnosis was 3.9
(range: 1.9–5.9) years, and the mean follow-up duration was 14.3 (range: 6.2–27.8) years
(Table 1). The medical records of all patients were reviewed to extract data on the sex, age
of onset, treatment method, and follow-up duration. Moreover, two orthopedic surgeons
(HSO and SK) reviewed the standard anteroposterior and frog-leg radiographs of the hips
throughout the treatment course (Figure 1). To evaluate disease severity, we applied the
lateral pillar classification when the disease showed maximal epiphyseal fragmentation in
the fragmentation stage [12,13].

Table 1. Patient demographics.

Sex Boy:Girl (Hips) 47:2

Location Right:Left (hips) 24:25
Age Average (Minimum~Maximum) 3.9 (1.9~5.9)

Follow-up duration Average (Minimum~Maximum) 14.3 (6.2~27.8)

–

B 

C D 

A 

Figure 1. Anteroposterior radiograph of patients at the age of 2 years. Initial (A), fragmentation (B),
reossification (C), and residual (D) stages.
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To determine the Waldenström class, the interval between the first radiograph show-
ing features of one stage and the first radiograph showing features of the next stage was
determined as the duration of the stage. We used the modified Waldenström classification
published by Joseph et al. [14] to determine the onset of initial, fragmentation, and reossifi-
cation stages. The onset of the initial stage was defined as the time when part or whole
of the epiphysis was sclerotic (Figure 1A). When one or two vertical fissures were present
in the anteroposterior or frog-leg lateral view, we marked the onset of the fragmentation
stage (Figure 1B). The onset of the reossification stage was defined as the time when early
new bone was visible lateral to the fragmented epiphysis (Figure 1C).

The final outcome was evaluated radiographically using the Stulberg classification.
The Stulberg class was determined from radiographs at the time of skeletal maturity, and
patients without skeletal maturity at the final follow-up were excluded (Figure 1D) [13].
Stulberg classes I and II were considered to be good, III to be fair, and IV and V to be poor.

To evaluate whether or not age is a factor determining the prognosis of patients with
LCPD before 6 years of age, we divided the patients into two groups according to the age
at disease onset: group 1, <4 years of age, comprising 25 hips; and group 2, 4–6 years of
age, comprising 24 hips. Both groups were compared using the Stulberg classification.

Outcomes were analyzed in terms of disease severity and age difference, with Fisher’s
exact probability test, using IBM SPSS statistics 21.0. Differences in the duration of each
stage between the good and fair or poor outcome groups were analyzed with independent
t-tests. A p-value < 0.05 was considered to be statistically significant. The kappa statistic
was computed to test the inter-rater reliability of the Waldenström, lateral pillar, and
Stulberg classifications. Cohen’s kappa values of 0.61–0.80 were interpreted as substantial
agreement, whereas values of 0.81–1.00 were interpreted as almost perfect agreement [14].

3. Results

Patients diagnosed with LCPD under the age of 6 years were classified using Herring’s
lateral pillar classification at the time of maximum fragmentation. Only one hip was
classified as lateral pillar A and showed a good outcome (Stulberg I or II). Of 29 hips
classified as lateral pillar B, 26 showed a good outcome, whereas three showed a fair
outcome (Stulberg III). Of 19 hips classified as lateral pillar C, three, 10, and six showed
good, fair, and poor outcomes, respectively (Stulberg IV or V; Table 2). The lateral pillar
class significantly correlated with the final outcome (p < 0.001). Regarding agreement using
Cohen’s kappa, almost perfect agreement was obtained for the Herring’s lateral pillar and
Stulberg classifications (Cohen’s kappa of 0.85 and 0.83, respectively).

Table 2. Outcome according to the lateral pillar class.

Lateral Pillar Class
Good

(Stulberg Class I or II)
Fair

(Stulberg Class III)
Poor

(Stulberg Class IV or V)

A 1 0 0
B 26 3 0

B/C, C 3 10 6

p-value < 0.001.

Of 25 hips in group 1, 14 showed a good outcome, whereas 11 showed a fair or poor
outcome. Of 24 hips in group 2, 18 showed a good outcome, whereas six showed a fair or
poor outcome. There were no significant differences between the age groups in terms of
the final outcome (p = 0.162; Table 3).

The duration of the initial stage was 4.1 months (0.7~9.8) in the good outcome group
and 6.2 months (2.6~13.5) in the fair or poor outcome group. The duration of the fragmenta-
tion stage was 5.9 months (1.0~16.0) in the good outcome group and 11.9 months (4.2~23.6)
in the fair or poor outcome group. The durations of both initial and fragmentation stages
significantly differed between the two groups (p = 0.009 and p < 0.001, respectively; Table 4).
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Regarding agreement using Cohen’s kappa, substantial agreement was obtained for the
Waldenström classification (Cohen’s kappa of 0.77).

Table 3. Outcome according to age.

Stulberg Class I or II Stulberg Class III, IV, or V p-Value

Group I
(age < 4 years)

14 11
0.162

Group II
(age ≥ 4 years)

18 6

Group I (n = 25), group II (n = 24).

Table 4. Durations of the initial and fragmentation stages in each outcome group.

Stulberg Class I or II Stulberg Class III, IV, or V p-Value

Initial 4.1 (0.7~9.8) 6.2 (2.6~13.5) 0.009
Fragmentation 5.9 (1.0~16.0) 11.9 (4.2~23.6) <0.001

Mean durations of the initial and fragmentation stages were 5.0 and 8.2 months, respectively. p-value of the
comparison between the durations of the initial and fragmentation stages <0.001.

4. Discussion

In recent studies, LCPD diagnosed in children less than 6 years of age has shown good
final outcomes. In studies by Rosenfeld et al. [6], Gent et al. [5], and Nakamura et al. [7], 80%
(131/164), 65% (45/69), and 63% (72/114) of hips showed a good final outcome (Table 5),
respectively. Moreover, all these studies revealed a significant correlation between the
lateral pillar class and the final outcome. Although we only included patients with skeletal
maturity at the final follow-up, excluding those with complete bypass surgery, the results
of our study (61.2%, 30/49 hips) were consistent with those of other studies and showed a
significant correlation between the lateral pillar class and the final outcome (Table 2). These
data support the idea that the overall outcome of patients diagnosed with LCPD under
6 years of age is favorable.

Table 5. Comparison of the disease severity with the final outcome in previously reported studies.

Lateral Pillar Stulberg

A or B B/C or C I or II III IV or V

Rosenfeld et al. [6] 115 (61.2) 73 (38.8) 152 (80.9) 17 (9.0) 19 (10.1)
Gent et al. [5] 39 (56.5) 30 (43.5) 45 (65) 14 (20) 10 (15)

Nakamura et al. [7] 39 (34.2) 75 (65.8) 72 (63.1) 28 (25.6) 14 (12.3)
This study 30 (61) 19 (29) 30 (61) 13 (27) 6 (12)

Many studies have suggested that the final outcome of LCPD is significantly affected
by patient age at the time of disease onset. The younger the patient at onset, the milder the
disease severity [1,15–17]. Presumably, this is related to one or more of the following factors:
a smaller volume of infracted bone, a more abundant circulation to the proximal femoral
epiphysis, and an increased ability of bone to remodel in very young children [18]. A few
studies have evaluated the correlation between age and the prognosis of patients diagnosed
with LCPD under 6 years of age. Rosenfeld et al. reported [6] that the combination of
young age (0 to 3 years 11 months) with lateral pillar class A or B significantly correlated
with a better outcome in patients diagnosed with LCPD under 6 years of age. However,
Nakamura et al. reported [7] that a good outcome did not significantly differ between
younger (0 to 3 years 11 months) and older groups (4 years to 5 years 11 months). In our
study, in patients diagnosed with LCPD under 6 years of age treated with conservative
methods, the final outcome did not significantly differ between groups 1 and 2 (Table 4).
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Waldenström classified LCPD based on radiographic changes into the initial, fragmen-
tation, reossification, and residual stages [8], and the duration of each stage varied across
patients. Benjamin Joseph et al. [10] reviewed 610 patients with LCPD and divided the
disease progression into seven stages (Ia, Ib, IIa, IIb, IIa, IIIb, and IV) using the modified
Elizabethtown classification, which subdivides Waldenström stages. The median dura-
tions of the initial (Ia and Ib), fragmentation (IIa and IIb), and reossification (IIIa and IIIb)
stages were approximately 7, 8, and 18 months, respectively. However, the duration of
any disease stage did not differ significantly among the Catterall groups in their study.
Herring et al. [9] also reported that the duration of the fragmentation stage of the disease
was approximately 9 months. Catterall et al. [11] suggested that the disease duration varies
with the final outcome, with the disease duration being 8 months shorter in children with
good results compared to those with poor results. In our study, despite only including
patients with LCPD onset at less than 6 years of age, the median durations of the initial and
fragmentation stages were approximately 5 and 8 months, respectively, showing a shorter
duration of the initial stage and similar duration of the fragmentation stage compared
to other studies. The duration of the initial stage positively correlates with that of the
fragmentation stage. Moreover, prolonged initial and fragmentation stages are associated
with a worse prognosis. Several events occur during the fragmentation period, including
subluxation of the femoral epiphysis and collapse of the lateral pillar, that increase the
risk for permanent femoral head deformity [10,13]. Accordingly, the duration of the initial
stage positively correlates with that of the fragmentation stage, and in such cases, even if
patients with LCPD are under 6 years of age, they may require active treatment such as
surgical treatment.

This study has several limitations. First, we used several subjective staging systems.
Although two orthopedic surgeons reviewed the radiographs to reduce bias, the subjectivity
of the staging systems could have caused a bias. Second, features that characterized each
stage may have preceded the date of each radiograph, resulting in overestimation of the
stage duration. Third, the number of patients included in this study was too small for an
optimal statistical analysis.

5. Conclusions

In conclusion, the prognosis of patients with LCPD onset before the age of 6 years
treated with conservative methods is favorable. The durations of initial and fragmentation
stages can predict the outcome; in particular, prolongation of the fragmentation stage can
adversely affect the prognosis. Patients with a prolonged initial stage may require active
treatment to shorten the durations of the initial and fragmentation stages.
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Abstract: Background: Developmental dysplasia of the hip (DDH) is one of the most common
pediatric conditions. The current gold-standard treatment for children under six months of age with
a reducible hip is bracing, but the orthopedic literature features several splint options, and each one
has many advantages and disadvantages. The aim of this review is to analyze the available literature
to document the up-to-date evidence on DDH conservative treatment. Methods: A systematic review
of PubMed and Science Direct databases was performed by two independent authors (C.d.C. and
A.V.) using the keywords “developmental dysplasia hip”, “brace”, “harness”, “splint”, “abduction
brace” to evaluate studies of any level of evidence that reported clinical or preclinical results and
dealt with conservative DDH treatment. The result of every stage was reviewed and approved by the
senior investigators (V.P. and G.T.). Results: A total of 1411 articles were found. After the exclusion
of duplicates, 367 articles were selected. At the end of the first screening, following the previously
described selection criteria, we selected 29 articles eligible for full text reading. The included articles
mainly focus on the Pavlik harness, Frejka, and Tubingen among the dynamic splint applications as
well as the rhino-style brace, Ilfeld and generic abduction brace among the static splint applications.
The main findings of the included articles were summarized. Conclusions: Dynamic splinting for
DDH represents a valid therapeutic option in cases of instability and dislocation, especially if applied
within 4–5 months of life. Dynamic splinting has a low contraindication. Static bracing is an effective
option too, but only for stable hips or residual acetabular dysplasia.

Keywords: developmental dysplasia of the hip; DDH; treatment; conservative; bracing; dynamic
splint; static splint

1. Introduction

Developmental dysplasia of the hip (DDH) is a common pediatric condition that has
a variable incidence due to the genetic predisposition and cultural practices of different
ethnicities [1]. DDH consists of a spectrum of abnormalities that range from delayed physi-
ological development of the hip, mild capsular laxity, to acetabular deficiency, subluxation,
and dislocation of the hip.

The etiology of DDH is multifactorial, involving both genetic and intrauterine factors.
The gold standard for imaging infant hips is ultrasonography (US). The Graf classification
system is the most adopted system for classifying infant hips basing on US images [2,3].
Radiographs may be useful starting at 4–6 months of age, but it is more suitable after
femoral head ossification, which occurs by six months of age in 80% of infants [4].

The treatment of DDH has undergone significant evolution in the last few decades,
depending on the patient’s age and the severity of the condition. Due to abduction and
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flexing of the hips while they are worn, splints and braces are applicated in different
diseases [5], and are actually considered the gold standard for DDH-affected children
under 6 months of age with a reducible hip. The dynamic splint promotes a “dynamic
reduction”: the child can move his/her legs within the range permitted by the splint,
maintaining the hips in flexion and abduction while restricting extension and adduction.
The Pavlik harness is the most popular dynamic splint. Other dynamic splints used for
treating DDH are the Tubingen splint, Frejka pillow, Von Rosen splint, Aberdeen splint,
Coxaflex and Teufel brace [6–12]. The static splints promote a “rigid reduction”. They
consist of a metallic or hard plastic support that keeps the legs of the child in a fixed
position of abduction and flexion, without the possibility of hip motion. They seem to have
a higher rate of complications compared with avascular necrosis (AVN); therefore, they are
less commonly used [13]. The most common static harnesses are the rhino brace, Denis
Browne bar, Milgram brace and the Ilfeld harness. Generally, a dynamic splint is indicated
for a reducible hip in patients that are not yet able to stand. The most accepted indication
is an unstable hip that can be centered without the need for a spica cast [14]. On the other
hand, static splints are an effective alternative to the dynamic splints for children more
than 6–9 months of age who require continued abduction positioning because of acetabular
dysplasia and/or subluxation [15].

All of the treatments with splints have risks of avascular necrosis (AVN) and femoral
nerve palsy [16,17]. Higher rates of AVN are reported after unsuccessful hip reduction, pre-
sentation beyond 3 months of age, fixed dislocation and bilateral hip involvement [18–21].
The “Pavlik harness disease” is a complication following an inappropriate continuation
of the harness with a dislocated hip. Femoral nerve palsy occurs on the involved side
in 2.5% of patients treated with a dynamic splint, usually in the first week of treatment,
and resolves within two weeks. This complication was shown to be strongly predictive of
treatment failure [16].

There are few data in the literature regarding the differences between dynamic and
static splints and the different varieties of each type. The aim of this study is to clarify the
differences between the success, failure and complications rates of several braces available
for the treatment of DDH.

2. Materials and Methods

2.1. Study Selection

According to the guidelines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [22], a systematic review of PubMed and Science Direct
databases was performed by two independent authors (C.d.C. and A.V.) using the key-
words “developmental dysplasia hip”, “brace”, “harness”, “splint”, and “abduction brace”.
Previous keywords or MeSH terms were combined in order to achieve the maximum
research efficacy.

From each included article, a standard data entry form was utilized to extract the
number of patients, number of hips treated, affected side, sex, age of patient at start of
treatment, type of DDH, duration of splinting, number of successes and failures, success
and failure according to the grade of DDH, complication rate and complication type,
follow-up and period of the study.

The risk of bias assessment was performed by two independent reviewers (C.d.C.
and A.V.) using the Dutch checklist form for prognosis recommended by the Cochrane
Collaboration. The checklist was applied with modifications to the items that were relevant
to the current study’s objectives [22]. Conflicts were resolved by consultation with a senior
surgeon (V.P.). Table 1 represents the risk of bias summary including the checklist items.
Items could be scored as ‘low risk’ (+), ‘high risk’ (−), or ‘unclear’ (?). The forms were then
compared and discussed to achieve a final consensus (Table 1).
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Table 1. Risk of bias of the included studies.

Ref Author

No
Participant
Selection

Took Place

Groups Are
Comparable

Regarding Age

Validated
Measuring

System Used

Independent
(Blind)

Determination
of Outcomes

Clear
Description
of Groups
Available

[23] Atalar H. et al. (2014) + + + ? +
[24] Atan D et al. (1993) + ? − ? +
[12] Azzoni et al. (2011) + ? + + −

[25] Cashman et al. (2002) + ? + ? +
[26] Czubak et al. (2004) ? + + ? −

[27] Eberle et al. 2003 + ? − ? +
[28] Grill et al. (1988) − + + ? +
[29] Hedequist et al. (2003) + − + ? +
[11] Hilderaker et al. (1992) + + + ? +
[30] Ibrahim et al. (2013) + ? + ? +
[9] Kubo et al. (2018) + + − ? +

[18] Kitoh et al. (2009) + ? + + +
[31] Novais et al. (2016) + ? + ? +
[32] Pavone et al. (2015) + ? + ? +
[33] Sankar et al. (2015) + + + ? +
[34] Tegnander et al. (2001) + ? − ? +
[35] Wahlen et al. (2015) + + + ? +
[36] Wilkinson et al. (2002) − ? + ? +
[37] Williams et al. (1999) + ? + ? +

+: low risk; −: high risk; ?: unclear.

2.2. Inclusion and Exclusion Criteria

Eligible studies for the present systematic review included DDH treatment and splin-
tage. The initial titles and abstracts screening was performed using the following inclusion
criteria: treatment consisted of hip bracing without operative treatment or cast application
in children aged under one-year, with a minimum average of four-months follow-up.
The exclusion criteria were groups of patients with secondary hip dysplasia, including
syndromic and teratogenic DDH, hip surgery treatment and casting. We also excluded all
remaining duplicates, articles dealing with other topics, those with poor scientific method-
ology or those without an accessible abstract. Reference lists were also hand-searched for
further relevant studies. Abstracts, case reports, conference presentations, editorials and
expert opinions were excluded.

Two classification systems were considered: the Graf system based on US and a clinical
classification according to hip stability, identifying a hip as stable, dislocatable (Barlow
positive), reducible (femoral head dislocated but reducible by the Ortolani maneuver) and
irreducible. For those studies that did not differentiate the subtypes of Type II into groups
A, B, C and D, we considered all type II hips as type IIB in order to standardize the sample.
Similar to what Grill did for his study [28], for evaluation reasons, we merged hips of grade
Tönnis 1 with the type Graf IIb, grade Tönnis 2 with type Graf III, and Tönnis 3 and 4 with
type Graf IV. This correlation made it possible to evaluate the material in one block. For
the articles where the total number of hips was not specified, we considered the number of
children to represent the number of hips.

2.3. Definition of Outcomes

We considered success to be treatment resulting in the regression of the dysplasia with
recovery of the hip. In the case of hips that were irreducible, unstable at rest or on stress
exam, not improved at follow-up, or when the infants underwent splinting or bracing
change, spica cast application or surgical management, the treatment was assessed as
“unsuccessful”. On the other hand, progression of dysplasia within the first 4–8 weeks and
the need for further and more invasive treatments, including casting in general anesthesia,
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were considered as failure. We considered only major complications that included AVN
and femoral nerve palsy or other nerve palsies.

2.4. Statistical Analysis

Review Manager 5.4.1 (Review Manager (RevMan), The Cochrane Collaboration, 2020)
was used to perform the meta-analysis of the selected articles that applied comparable
records descriptions and had similar study cohorts. Odd ratios were combined, using the
generic inverse variance. The fixed-effects model was used for all meta-analysis.

3. Results

A total of n = 1411 articles were found, including three articles added after the reference
list analysis. After the exclusion of duplicates, n = 367 articles were selected. At the end
of the first screening, following the previously described selection criteria, we selected
n = 29 articles for full-text reading. Ultimately, after reading the full texts and checking
the reference lists, we selected n = 19 articles following the previously written criteria. In
Table 2 the main findings are reported according to principal author and brace/splint.

A PRISMA [21] flowchart of the method of selection and screening is provided
(Figure 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flowchart
of the systematic literature review.

In these 19 studies, a total of 5100 patients and 6755 hips were identified. Overall, a
success with splintage was observed in 6272 hips with a total success rate of 93%. Fourteen
studies concerned dynamic splints (74%) (dynamic splint group), and five studies were
about static braces (26%) (static brace group).
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Table 2. Main findings of the included studies (No. = number; f = female; m = male; ? = unknown; AVN = avascular necrosis).

Ref Author Brace
No. of Patients

(Females, Males)

No.
of

Hips

Mean Age
of the

Brace at
Treatment

Onset
(Weeks)

Follow Up
(Months)

Success
Event

(%)

Complications
Event (%)

AVN

[23] Atalar et al.
(2014) Tubingen splint 49 (45 f, 4 m) 60 18 24 56 (93.3) 0 (0) 0 (0)

[24] Atan et al. (1993) Frejka pillow 70 (54 f, 16 m) 84 0.7 ? 76 (90.5) 6 (7) 6 (7)
[24] Atan et al. (1993) Pavlik harness 40 (29 f, 11 m) 48 1.4 ? 42 (87.5) 3 (6) 3 (6)

[12] Azzoni et al.
(2011) Teuffel ? 59 6.1 ? 59 (100) 0 (0) 0 (0)

[12] Azzoni et al.
(2011) Coxaflex ? 59 6.1 ? 58 (98.3) 0 (0) 0 (0)

[25] Cashman et al.
(2002) Pavlik harness 332 (275 f, 57 m) 546 ? ? 528 (96.7) 4 (1) 4 (1)

[26] Czubak et al.
(2004) Pavlik harness 95 (84 f; 11 m) ? 11.5 ? 90 (95) 7 (7) 7 (7)

[26] Czubak et al.
(2004) Frejka splint 143 (129 f; 14 m) ? 11.5 ? 127 (89) 17 (12) 17 (12)

[27] Eberle et al.
(2003)

Abduction
brace 113 139 ? 40 137 (99) 0 (0) 0 (0)

[28] Grill et al. (1988) Pavlik harness 2636 (2343 f; 293 m) 3611 5 53.5 3324
(92.1) 75 (2) 75 (2)

[29] Hedequist et al.
(2003)

Abduction
brace ? 14 3.7 12 11 (79) 2 (14) 1 (7)

[11] Hilderaker et al.
(1992) Frejka pillow 101 ? ? ? 97 (96) 0 (0) 0 (0)

[11] Hilderaker et al.
(1992) Von Rosen 307 ? ? ? 307 (100) 0 (0) 0 (0)

[30] Ibrahim et al.
(2013)

Abduction
brace 7 (7 f; 0 m) 7 10.9 33.6 6 (86) 1 (14) 1 (14)

[9] Kubo et al. (2018) Tubingen splint 79 (74 f; 5 m) 109 3.1 24 104 (95.4) 0 (0) 0 (0)
[18] Kitoh et al. (2009) Pavlik harness 210(190 f; 20 m) 221 15.6 12 181 (81.9) 16 (7) 16 (7)

[31] Novais et al.
(2016) Pavlik harness 135 (107 f; 28 f) 215 4.3 4 185 (86.0) 4 (2) 0 (0)

[32] Pavone et al.
(2015) Tubingen splint 351 (248 f, 103) 544 9.7 76.8 535 (98.3) 3 (0.6) 3 (0.6)

[33] Sankar et al.
(2015) Ilfeld 19 28 4.6 12 23 (82.1) 0 (0) 0 (0)

[34] Tegnander et al.
(2001) Frejka pillow 108 ? 16 ? 105 (97.2) 1 (0.9) 1 (0.9)

[35] Wahlen et al.
(2015)

Lausanne brace
(rhino-style) 33 40 11 40 35 (87.5) 0 (0) 0 (0)

[36] Wilkinson et al.
(2002) Craig 22 28 5.3 ? 24 (85.7) 0 (0) 0 (0)

[36] Wilkinson et al.
(2002) Pavlik harness 30 43 7 ? 30 (69.3) 0 (0) 0 (0)

[36] Wilkinson et al.
(2002) Von Rosen 16 26 3.7 ? 26 (100) 0 (0) 0 (0)

[37] Williams et al.
(1999)

Aberdeen
Splint 86 120 ? 108 118 (98.3) 2 (2) 2 (2)

The included articles [9–37] mainly focus on Pavlik harness, Frejka, and Tubingen
among the dynamic splints, while the rhino-style brace, Ilfeld and generic abduction brace
were considered among the static splints. The main findings of the included articles are
summarized in Tables 3 and 4.
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Table 3. Number of samples collected for each type of dynamic splint.

Type of Dynamic Splint Number of Hips Proportion within Dynamic Group

Pavlik 4779 73.2%
Tubingen 713 14.9%

Frejka pillow 436 9.1%
Von Rosen 333 5.1%
Aberdeen 120 1.8%
Coxaflex 59 0.9%

Teufel 59 0.9%
Craig 28 0.4%

TOTAL 6527

Table 4. Number of sample collected for each type of static brace.

Type of Static Brace Number of Hips Proportion within Static Group

Abduction brace 160 70.2%
Rhino 40 17.5%
Ilfeld 28 12.3%

TOTAL 228

Overall, a success with splintage was observed in 5515 hips with a total success rate
of 93%. Considering only the dynamic splint group, treatment success was reached in
5287 hips with a rate of 91.3%, while a failure occurred in 427 hips with a failure rate of
8.7% (Table 4). The static brace group had a success rate of 93.0% with 212 hips healed,
and a failure rate of 7.0% with 16 hips failed (Figure 2). According to the success rate, no
statistically significant difference was noted between dynamic and static splinting/bracing
(p = 0.63).

 

Figure 2. Forest plot of comparison: dynamic vs. static bracing/splinting. M-H = Mantel-Haenszel method; CI = confidence
interval; arrow = overall effect, square = point estimate and confidence intervals of study; diamond = point estimate and
confidence intervals for type of brace/splint.
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Overall, the average follow-up of the studies was 36.4 months (range 2–168). The
average age of patients at the start of the treatment was 6.8 weeks for the dynamic splint
group (range 0.1–40) and 7.5 weeks for the patients treated with the static brace (range
1–19 weeks). The average full-time duration of splinting was 16.4 weeks (range 5–25.2)
for dynamic splinting and 8.9 weeks (range 0.5–32) for the static group. Only four studies
(21%) reported part-time wearing of the brace (only night-time wearing) for a mean of
10.4 weeks (range 6–16.4). Globally, a major complication occurred in 141 of the 6755 hips
treated, with a rate of 2%. 136 were AVN (2%), four femoral nerve palsy (0.05%) and
one growth arrest line (0.01%) over the whole sample. Among the dynamic splint group,
the rate of complication was 2.1% with a total of 138 cases. The AVN rate was 2% with
134 cases. Regarding the static brace group, a complication was observed in three cases
(1.3%), and two of them were AVN (AVN rate 0.8%) (Table 5).

Table 5. Complications and AVN.

Dynamic Splint Group Static Brace Group Total

Complication (No. of hips) 138 3 141
Complication rate 2.1% 1.3% 2%
AVN (No. of hips) 134 2 136

AVN rate 2% 0.8% 2%
No. = number; AVN = avascular necrosis.

3.1. Abduction Brace

160 hips treated with an abduction brace were described in three different studies:
Eberle et al. [27] reported that 137 of 139 hips were successfully treated, Hedequist et al. [29]
found 14% (two cases) with complications including one AVN and Ibrahim et al. [30]
reported only one AVN case.

3.2. Aberdeen Splint

Only one study reported DDH treatment with an Aberdeen splint [37]: Williams et al.
in 1999 reported a 120-patient sample with a 98.3% success rate and a 2% rate of complica-
tions.

3.3. Coxaflex splint

Azzoni et al. (2011) [12], in a comparison study, reported 58 out of 59 successfully
treated hips (98.3%), and no complications were observed in the sample.

3.4. Craig Splint

Wilkinson et al. in 2002 [36] reported the only Craig splint study that was included in
the systematic review. They investigated 22 patients (28 DDH hips) and reported a 85.7%
success rate with no complications.

3.5. Frejka pillow

A success rate between 89% [26] and 97.2% [34] and a complication rate between 0.9%
and 12%, AVN in every case, were reported in four studies [11,24,26,34] investigating DDH
patient treatment with the Frejka pillow.

3.6. Ilfeld Splint

Sankar et al. (2015) [33] evaluated 28 hips, reporting 82.1% successful treatments and
no complications.

3.7. Pavlik harness

The Pavlik harness is the most represented splint with seven studies [18,24–26,28,31,36]
included. These comprised a sample of 4779 hips with a success rate of 91.6%, a complica-
tion rate of 2.3% and a total of 105 AVN cases. Grill et al. [28] in 1988 described 3611 hips
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treated with the Pavlik harness and reported only a 7.9% rate of failure. Novais et al. [31] is
the only selected study that reported four femoral nerve paralysis cases.

3.8. Rhino-Style Splint

Wahlen et al. [35], the only rhino-style splint study included in the systematic review,
investigated 40 hips (33 patients) and reported a success rate of 87.5% and no complications.

3.9. Teuffel Splint

Azzoni et al. [12], in a comparison study, reported that all 59 hip treatments were
successful and that no complications were observed in the sample.

3.10. Tubingen Splint

Three studies [9,23,32] investigated DDH patients treated with Tubigen splint, the
largest sample after Pavlik brace (713 hips), and reported a success rate of 97.5% and a
complication rate of 0.4%.

3.11. Von Rosen Splint

A 100% success rate is described for Von Rosen in 333 patients. Both Hilderaker et al. [11]
and Wilkinson et al. [36] did not report complications.

4. Discussion

This analysis of DDH 6755 cases from the literature is one of the first systematic reviews
to compare the outcomes and complication rates of dynamic and static hip splints. A
variation of treatment timing, modalities and splints were described among the orthopedics.
Dynamic splints are currently the preferred choice. According to a recent study, the type of
brace that is most widely used is the Pavlik harness, accounting for 70–90% of Pediatric
Orthopaedic Society of North America (POSNA) and European Paediatric Orthopaedic
Society (EPOS) members, while rigid braces are chosen only in 20%, the Frejka pillow in
13% and the Von Rosen splint in less than 10% [6].

The success rate of the Pavlik harness was found to be 91.1%. Few studies have
reported the efficacy of different splints: some compared the use of the Frejka pillow
with the Von Rosen splint, and others described the Craig and the Von Rosen splints to
be slightly superior to the Pavlik harness [27,38,39]. Surely, the Pavlik harness remains
the most preferred treatment for the majority of children younger than 6 months, as it is
the most thoroughly described and analyzed and found to be safe and highly effective
with large samples [10,23]. The most satisfying outcomes were described with the use of
Tubingen (97.5%), Von Rosen (100%), Aberdeen (98.3%%), Coxaflex (98.3%%) and Teufel
(100%) splints, but the small sample of the latter three braces does not aid comparison.
An increase in successful outcomes of the static braces was observed over the last few
years, but only five studies for a total of 228 hips were included in the study. This may be
attributable to improvements in the achievement of custom-made braces over time and
to more numerous cases of low- and mid-grade of dysplasia being encountered. A good
advantage is that the design avoids any maladjustment for the user, unlike Pavlik’s harness,
so that the brace is easily applied without any risk of improper positioning; moreover,
static braces should be also used in children older than 6 months [35].

We found a success rate of the static brace group of 93.0% and a failure rate of 7.0%.
Even if the number of total cases included is only 212 hips, the static brace seems to be
effective. Several authors reported series of patients in whom static bracing successfully
stabilized persistent posterior dislocations following Pavlik harness failure [27,29,33,40],
and in three of these studies [27,29,30], the static brace was applied after Pavlik treatment
failure, causing a decrease in the percentage of success. In fact, there were a total of 49 hips
with a success rate of 69.3%, but with a much higher rate of failure concerning irreducible
and dislocatable but reducible hips.
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Static bracing has been previously described as a viable option for treating DDH after
a Pavlik failure and has the obvious advantages of avoiding both general anesthesia and a
spica cast, which expose the child to several risks [41]. Eighty-two percent of hips that fail
using the Pavlik harness respond successfully to rigid hip abduction bracing, but if rigid
bracing cannot reduce the hip at the beginning of treatment, it should be avoided [27,31].
On the other hand, Ibrahim et al. [30] demonstrated opposite results, with a 100% of failure
over seven hips, finding no advantage of static splinting but only an unnecessary delay
of the time to closed reduction. However, it should be noticed that three patients had
irreducible hips. Observing these series, even after an initial failure of dynamic splint
treatment, an attempt of treatment with a static brace should be done for 3–4 weeks,
but in our opinion, the condition is that the hip must be well located in the acetabulum.
However, this switch is generally preferred by American surgeons and poorly performed
by European physicians [6,29]. The mechanism by which a static splint may succeed where
the Pavlik harness failed is unclear. The most probable reason may be related to inferior
dislocation aggravated by flexion. A rigid or semirigid brace generally holds hips in less
flexion than a standard Pavlik harness fitting and may be useful for certain dislocations
that are predominantly inferior. The rigidity of the device may provide more structure for
certain hips that remain excessively lax even within a Pavlik harness. It may also be that
rigid orthoses make it easier to apply for certain families [29,42].

Even though dynamic splints observe the safe position suggested by Ramsey [43],
spontaneous AVN remans the main complication in dysplastic hip treatment and must be
considered as iatrogenic secondary to splintage [44]. Several studies report the AVN rate
as negligible when the splints straps are properly adjusted [18,43,45]. The complication
rate of the Pavlik harness in these series is 2.3% with an AVN rate of 2.2%. The Frejka
pillow has the highest AVN rate, with 5.6% of 436 hips, due to the extreme abduction of
this splint. Even if this review reports high rates of success and few complications for
the Von Rosen splint, one should be considerate of the small sample. Also, the degrees of
abduction seem to be too extreme for a safe treatment. Even if several studies found an
increased risk of AVN with more rigid braces, we found an AVN rate of 0.8%, and if we do
not consider the irreducible hips, the value decrease further. Static splints should be used
only if the epiphysis is well positioned in the acetabular base, because this type of brace can
often fail to center the hip in the acetabulum, and especially because a not-well-centered
epiphysis will be strongly stressed against the superior roof of the acetabulum by a rigid
splint, damaging the cartilaginous component and delaying healing, with the possibility
of worsening the dislocation [13]. We did not find a correlation between AVN rate and
duration of treatment. The treatment of residual acetabular dysplasia in children older
than six months remains challenging. Spontaneous resolution of this residual dysplasia
without intervention is unlikely in children over six months of age [46]. Some studies
support the use of static splints to treat residual acetabular dysplasia in older infants when
they have outgrown the Pavlik harness, improving the acetabular index, but the data are
still limited [39,47,48]. However, a part-time rigid abduction brace is often used at many
centers to produce some improvement in the acetabular index without a major impact on
the child’s activity, but the optimal duration of the brace is still unclear [39].

An important limit is the improper positioning of the brace, which is often an iatro-
genic cause of damage. Insufficient hip flexion is one of the most common pitfalls that can
lead to an insufficient reduction. In dynamic braces/splints, another risk is that the distal
components can be positioned too distally at the level of the knee. The incorrect position of
the distal part of brace could cause a limited hip reductive effect in the acetabulum due
to a lever mechanism [13]. A cause of failure is also parents’ low cooperation with the
use of the brace. Parents play a key role in the effective use of the splint, and they must
be educated about the proper use of the harness to increase the chance of success [14].
Regarding the approach of application of the splint, the recent survey of EPOS and POSNA
members found that around 20% of surgeons allowed their patients to always wear clothes
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underneath their brace, 15% never allowed clothes, 20% only allowed clothes once the hip
was clinically stable, and about 22% only allowed underwear [6].

This study has several limitations, including the sample heterogeneity for number,
age of population and grade of dysplasia and the bias risk related to no common definition
of successful outcome. Larger samples, comparative studies and defined quality standards
are needed, especially for the static braces. The classification system of the grade of DDH
is not homogeneous in all the articles included; therefore, there exists bias in the analysis.
Several studies have short-term follow-ups that cannot accurately verify the success of the
treatment and the presence of a delayed AVN.

5. Conclusions

Dynamic splinting for DDH represents a valid therapeutic option in cases of instability
and dislocation, especially if applied within 4–5 months of life. Dynamic splinting has
a low contraindication and is very well tolerated. The Pavlik harness is still the most
used brace, but the Tubingen splint showed better outcomes with major tolerance and
compliance. The limits concern the accurate indications and timing of initiation. The static
brace is an effective option too, but only for stable hips: it is imperative that the femoral
head be well centered in the acetabular base for a safe treatment. Static braces can be also
useful in cases of residual acetabular dysplasia.
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Abstract: It is known that during a fall, a child would rather protect their dominant hand by using
the non-dominant one, although the role of handedness in upper limb fractures has not been studied
in-depth. We carried out a retrospective, cross-sectional cohort study, including pediatric patients
who presented to the emergency room with a supracondylar humerus fracture following an injury
by falling from the same height. In total, 245 patients were selected and grouped according to age.
In the 1–3 years group, no statistical significance was found between hand dominance and the side
of fracture (p = 0.7315). During preschool years (4–6 years old), the non-dominant hand is more
often involved (p = 0.03, odds ratio: 3.5). In the 7–14 years group this trend was maintained and
actually increased (p = 0.052, odds ratio: 3.8). We might conclude that children tend to protect their
dominant hand by falling on their non-dominant one. The main objective of this study is to highlight
a link between handedness and the side of the body where the hand fracture will be identified in the
pediatric population, regarding supracondylar humerus fracture.

Keywords: supracondylar humerus fracture; pediatric; humerus fracture; upper limb fracture;
fracture laterality; handedness; pediatric orthopedics

1. Introduction

Supracondylar humerus fracture is a common type of elbow fracture in the pediatric
population [1,2]. The peak incidence occurs between five and eight years, with a medium
age of six years [3]. The literature findings reveal that two thirds of elbow fractures
admitted to the hospital are supracondylar humerus fractures [1,4].

Supracondylar humerus fractures can result from traumatic events that interest the
upper limb during both flexion and extension of the elbow, although hyperextension
mechanism is more often incriminated [5]. They usually occur during sport and leisure
activities as a result of falling from the same height or from under 3 m [6].

Complications of supracondylar humerus fracture include neurovascular injuries,
compartment syndrome, delay of consolidation or myositis ossificans [7].

Handedness is known to be a factor involved in orthopedic pathologies besides the
one being addressed by our study. In a record review of 169 patients with carpal tunnel
syndrome, Reinstein found that it occurs significantly more often in the dominant hand
than in the non-dominant one [8]. Goldberg et al. studied a group of 245 girls with
idiopathic scoliosis with a minimum age of eight years and concluded that the lower
thoracic curvature develops with the convexity towards the dominant side in 82% of
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the cases, with the correlation between scoliosis configuration and handedness being
statistically significant [9]. Borton et al. found on a group of 426 children with unilateral
fractures of the distal forearm that the overall risk of a fracture to occur on the non-dominant
side was 57% [10]. The non-dominant side may be injury-prone simply because of the
dominant hand that is involved in an ongoing activity or it is used to cling to an object in
an attempt to prevent the fall [11].

Although there are many studies that address the management of such fractures and
the efficacy of different treatments, only a few of them analyze the link between a child’s
handedness and the side they are more likely to sustain a fracture [10–12].

Our study aims to highlight a link between the dominant hand and the side of
a supracondylar humerus fracture in the pediatric population. The hypothesis is that
children tend to guard their dominant hand in the event of a fall, thus exposing their
non-dominant one to trauma because the dominant one might be involved in an activity.

2. Materials and Methods

The study took place in the Pediatric Orthopedics Department at “Grigore Alexan-
drescu” Children’s Emergency Hospital, Bucharest, Romania, located in an urban area,
between May 2019 and November 2019. The ethics committee of “Grigore Alexandrescu”
Children’s Emergency Clinical Hospital of Bucharest approved this study on 16 April 2019.
The identification number of the study is 24/16 April 2019. An informed consent was
obtained from the parents of all the participants.

We performed a retrospective, cross-sectional cohort study that began on 30 May 2019
and ended on 12 November 2019.

Our inclusion criteria comprised: positive diagnosis (clinical examination along with
elbow x-rays from both frontal and lateral views), trauma history (falling from the same
height during recreational activities), age, sex and hand dominance. We excluded patients
that had a history of falling from a different plane, high energy trauma, road accidents,
incomplete patient data and lack of informed consent. Falling from the same height was
defined as falling from a standing point as a result of slipping on a surface or tripping on
objects no higher than knee-level, below 1.5 m.

The following data was acquired and analyzed: age, sex, side of fracture and dominant
hand. The patients were classified by age in three groups: 1–3 years old (toddlers), 4–6 years
old (preschoolers), 7–14 years old (schoolers). All of the patients included in the study
group sustained a supracondylar humerus fracture with the elbow in extension. The
Gartland classification and information about the therapeutic conduct were available but
we considered it being irrelevant to the hypothesis of the study.

For the age group of 1–3 years old, handedness was established by asking the parents
which hand does the child most often put in his mouth, and which hand is used to reach
for objects whether they are given to him by someone else or not. In the 4–6 years old
group, they were asked which hand is most often used to eat, play or draw. In the group
of schoolers 7–14 years old, we asked which hand the child used for writing or brushing
their hair.

Statistical analysis of data was performed through the GraphPad prism 6.1 and Med-
calc 14 programs, where we calculated the odds ratio and statistical significance using
Fisher’s exact test. A confidence interval of 95% was used and a p < 0.05 was considered
statistically significant.

3. Results

A total of 403 patients presented to the emergency room in the selected time frame
and were diagnosed with supracondylar humerus fracture. In total, 245 of the patients met
the inclusion criteria. The remaining 158 patients were excluded due to incomplete data
(49), lack of consent (35) or history of high energy trauma or road accidents (74).

Among the selected patients, 112 (45.7%) were girls, with a mean age of 5.25 years,
and 133 (54.3%) were boys, with a mean age of 6 years.
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The interrater reliability test that uses the dominant member as a decisional criterion
and the laterality of fracture as the variability criterion demonstrates the lack of any
direct, linear (k = −0.109) connection, thus refuting the test hypothesis of the occurrence
of fractures in the dominant member. Practically, the test suggests the possibility that the
fractures may appear in the non-dominant member, a hypothesis that we will test in the
following research.

Following the main objective of this study, we performed a Fisher analysis that
compared the frequency of fracture distribution by handedness. Thus, it can be seen in
the graphical representation (Figure 1A) that patients tend to have non-dominant limb
fractures (p = 0.01). Odds ratio analysis (OR = 2.41) can be interpreted as an independent
risk factor for right-handed patients to undergo fractures on the left humerus, and for
left-handed patients to undergo fractures on the right humerus.

−

Figure 1. Results of Fischer’s exact test for the entire study group (A) and age group 1–3 (B), 4–6 (C)
and 7–14 (D).

There were 136 (55.5%) supracondylar fractures of the left humerus and 109 (44.5%)
supracondylar fractures of the right humerus.

Fractures of the dominant hand occurred in 99 (40.4%) patients, while the rest of
them sustained a fracture on the non-dominant side. Pertaining to right-handed patients,
121 (59%) of them sustained a fracture on the left side, while 84 (41%) of them had the
right humerus fractured. Pertaining to left-handed patients, 15 (37.5%) of them sustained a
fracture on the left side, while 25 (62.5%) of them had the right humerus fractured.

The average age of the entire study group was 5.7 years and the median was 6 years,
as seen in Figure 2. Using the D’Agostino and Pearson omnibus normality test, Wilcoxon
Signed Rank Test and one sample t test it was found that the highest incidence of fractures
was around the age of 6 (p < 0.0001).
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Figure 2. Age distribution stratified by gender.

In the age group of 1–3 years, there were 59 (24.1%) patients, 31 (52.5%) boys and
28 (47.5%) girls. In this group, 49 (83.1%) were right-handed children, 29 (59.2%) suffered a
fracture on the right side and 20 (40.8%) on the left side. The remaining 10 (16.9%) patients
were left-handed, five of them (50%) suffering a fracture on the right side and five of them
(50%) on the left side. There was no statistical difference in fracture distribution among
toddlers (p = 0.7315) pertaining to Fisher’s exact test (Figure 1B).

In the age group of 4–6 years, there were 95 (38.8%) patients, 42 (44.2%) boys and
53 (55.8%) girls. In this group, 77 (81.1%) were right-handed, 28 (36.4%) underwent
supracondylar humerus fracture on the right side and 49 (63.6%) suffered a fracture on
the left humerus. The remaining 18 (18.9%) were left-handed, 12 (66.7%) of them being
diagnosed with supracondylar fracture of the right humerus and six (33.3%) of them
having the left side involved (Figure 1C). Non-dominant upper limb fractures were best
represented in this group with the correlation being statistically significant (p = 0.03) as a
result of the Fisher’s exact test. The risk of non-dominant limb fracture, as calculated using
the odds ratio, was 3.5 times higher than the risk of dominant hand fracture (OR = 3.5).

In the age group of 7–14 years, there were 91 (37.1%) patients, 60 (65.9%) boys and
31 (34.1%) girls, as shown in Figure 1D. There were 79 right-handed (86.8%) children,
27 (34.2%) of whom suffered a supracondylar fracture of the right humerus, the rest of the
52 patients (65.8%) having the left upper limb injured. There were 12 left-handed people
(13.2%), 8 (66.7%) of whom sustained a right upper limb injury, the remaining four (33.3%)
suffering a fracture of the left elbow. In this age group there is a clear tendency of fractures
to occur in the non-dominant limb, but analyzing the frequency distribution using Fisher’s
exact test, it was not statistically significant (p = 0.052). The risk of non-dominant limb
fracture was 3.8 higher than the risk of dominant limb fracture (OR = 3.852) in schoolers.

In order to determine an age cut-off where non-dominant limb fractures begins to
predominate, we performed a ROC analysis that uses the non-dominant limb fracture as a
criterion for variability and age as a variable. Thus, the ROC analysis detected a three-year
cut-off point, with a sensitivity of 82.9% and a specificity of 34.3% from which patients
tend to sustain non-dominant supracondylar humerus fractures. Area under the ROC
curve was close to 0.5 (AUC = 0.58), but due to the large number of patients in this study
it was statistically significant (p = 0.03). Based on this analysis the establishment of the
handedness below three years of age is irrelevant to the laterality of fracture.

4. Discussion

In order to correctly assess a supracondylar humerus fracture, clinical examination and
conventional x-rays are needed [13]. Thus, the confusion between a supracondylar humerus
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fracture and a nursemaid’s elbow, another common elbow trauma in children under six,
can be ruled out [14]. The treatment varies accordingly to the Gartland classification,
ranging from closed reduction and casting to closed or open reduction and pinning using
K wires [15]. In most severe cases, Computed Tomography followed by 3D reconstruction
and 3D printing can help the orthopedic surgeon plan the safest surgery [16].

Vaquero-Picado et al. observed that this type of fracture occurs 1.5 times more often
on the non-dominant limb than on the dominant one in male patients [3]. Calculating the
same risk rate in our study population, we obtained a value of 2.41.

Given the relationship between the mean age of 5.7 years and the group’s median age
of six years, we can surely say that the peak incidence of supracondylar humerus fractures
occurs at six years old. This is consistent with Vaquero-Picado et al. who found the peak
incidence of supracondylar humerus fractures to occur between five and eight years old,
with the mean age being six years [3].

Studying data from the age group of 1–3 years shows no statistical significance be-
tween hand dominance and the laterality of fracture. We can say that in this case, a
supracondylar humerus fracture may occur randomly and this is why we cannot continue
to discuss possible risks at this age.

Data obtained from older age groups sustains the hypothesis that a supracondylar
humerus fracture occurs more frequently on the non-dominant hand. Preschoolers are
3.5 times more likely to fracture their non-dominant hand. In this group, the correlation
is statistically significant (p = 0.03). Preschoolers also tend to suffer non-dominant limb
fractures, although the p-value was not statistically significant (p = 0.052). Mortensson et al.
noticed that the dominant hand might be involved in an activity during a fall and that is
why the traumatic event affects mainly the non-dominant hand [12].

One of the limitations we encountered in this study relates to the group of toddlers, as
hand dominance could not be firmly established by the parents in some cases. Another
drawback was the lack of ambidextrous children in this study as none presented to the
pediatric orthopedic emergency room during our data collection. Fracture classification
and preferred treatment were not taken into account.

Our objectives were met and the hypothesis that the non-dominant hand is more
frequently injured in the event of elbow trauma was confirmed. The findings of our study
were consistent with those of other researchers as Hassan [11] and Borton et al. [10].

5. Conclusions

The relationship between handedness and laterality of supracondylar humerus frac-
tures is relevant only among children older than three years of age, because hand domi-
nance starts to be relevant after this cut-off. Before the age of three, this type of fracture
occurs as a random event as no statistical correlation was found.

Considering the above, we recommend the establishment of fracture prevention
techniques during a fall accident so that the forces may be evenly distributed on both limbs
whenever possible, avoiding the instinctive maneuver to fall on the non-dominant limb.
These could be introduced in sport-related activities, both individual and collective.

Further studies can be conducted to evaluate this correlation according to the chil-
dren’s activity preceding the traumatic event, as well as to monitor ambidextrous children.
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Abstract: Background: Complex regional pain syndrome (CRPS) is characterized by chronic,
spontaneous and provoked pain of the distal extremities whose severity is disproportionate to the
triggering event. Diagnosis and treatment are still debated and multidisciplinary. The purpose of
this systematic review is to analyze the available literature to provide an update on the latest
evidence related to the treatment of CRPS in growing age. Methods: Data extraction was performed
independently by three reviewers based on predefined criteria and the methodologic quality of
included studies was quantified by the Newcastle–Ottawa Quality Assessment Scale Cohort Studies.
Results: At the end of the first screening, following the previously described selection criteria,
we selected n = 103 articles eligible for full-text reading. Ultimately, after full-text reading and a
reference list check, we selected n = 6. The articles focused on physical (PT), associated with
cognitive behavioral (CBT) and pharmacological (PhT) treatments. The combination of PT + CBT
shows the most efficacy as suggested, but a commonly accepted protocol has not been developed.
Conclusions: Physical therapy in association with occupational and cognitive behavioral treatment is
the recommended option in the management of pediatric CPRS. Pharmacological therapy should be
reserved for refractory and selected patients. The design and development of a standard protocol are
strongly suggested.

Keywords: pediatric; growing age; complex regional pain syndrome; reflex sympathetic dystrophy;
multidisciplinary; physical therapy; cognitive behavioral therapy; drugs; pharmacological treatment;
occupational therapy

1. Introduction

First described in the 17th century as “causalgia” [1], complex regional pain syndrome (CRPS) is
characterized by chronic, spontaneous and provoked pain of the distal extremities whose severity is
disproportionate to the triggering event [2]. Three different CRPS subtypes have been distinguished:

• Type 1, previously known as reflex sympathetic dystrophy (RSD), whose cause is not always known.
• Type 2, which results from nerve damage.
• Type 3, or not otherwise specified CRPS, which partly shares clinical and diagnostic aspects with

the previous types [2].

CRPS type 1 affects children and adolescents aged 5 to 17 years, with a peak incidence around
the 13th year of age, and it is more frequently found in women (70% of cases) [3,4]. The pathogenic
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mechanism is still unclear, although several hypotheses have been proposed. Genetic factors,
altered microcirculation and traumas, such as sprains, fractures and surgical procedures, contribute to
pain symptoms. Anxiety, somatization and familial and school problems could also play a role.
Chronic pain, generally unilateral and limb localized, autonomic and motor dysfunction and trophic
disorders are the main symptoms of CRPS type 1. There are two presentations of the syndrome:
the “warm” one, with red, warm, swollen skin that usually occurs in the acute phase, and the “cold” one,
with blue/purple, cold, sweaty skin, which is usually associated with the chronic phase [3–6]. The diagnosis
of CRPS type 1 is clinical and based on the Budapest diagnostic criteria [4]. However, diagnosis remains
challenging due to the lack of validated diagnostic tests and the difficulty of differential diagnosis.
Laboratory and imaging tests can be helpful in the event of diagnostic doubt [1]. Treatment is
multidisciplinary, and it is mostly based on physical and psychological therapy and medications;
only in selected subjects is treatment invasive [7]. The purpose of this systematic review was to analyze
the available literature to provide an update on the latest evidence related to the treatment of CRPS
type 1 in children and adolescents, highlighting the multidisciplinary approach.

2. Materials and Methods

2.1. Literature Search Strategy

A systematic review of the current literature was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [8]. On 20th September
2019, three independent authors (SM, VF and DiMF) performed a systematic review of two different
medical electronic databases (PubMed and Web of Science). To achieve the maximum sensitivity of
the search strategy, a search string was used (“(complex regional pain syndrome OR reflex sympathetic
dystrophy OR Sudeck’s atrophy) AND (pediatric OR adolescent OR children OR childhood) AND
(treatment OR management)”).

2.2. Selection Criteria

The reference lists of all retrieved articles were reviewed for further identification of potentially
relevant studies, and the articles were assessed using the inclusion and exclusion criteria. The following
inclusion criteria were used when screening titles and abstracts: (a) studies of any level of evidence;
(b) studies written in the English language; (c) studies reporting clinical or preclinical results;
(d) published studies in peer review journals on the treatment of complex regional pain syndrome type
1. The exclusion criteria were as follows: (a) review articles, (b) case reports, (c) articles written in other
languages, (d) diagnosis or differential diagnosis of complex regional pain syndrome type 1. We also
excluded all the remaining duplicates, articles dealing with other topics and those with poor scientific
methodology or without an accessible abstract. Reference lists were also hand-searched for further
relevant studies.

2.3. Data Extraction and Criteria Appraisal

All data were extracted from article texts, tables and figures. Three investigators (SM, VF and DMF)
independently reviewed each article. Discrepancies between the three reviewers were resolved by
discussion and consensus. The final results and any remaining controversy on the reviewed article
were reviewed and discussed with the senior investigators (VA and CA), who served as independent
reviewers and assessed study quality. Conflicts about data were resolved by the senior surgeon (PV).
Reference lists from the selected papers were also screened. The PRISMA flowchart for the selection
and screening method is provided in Figure 1.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flowchart of
the systematic literature review.

2.4. Risk of Bias Assessment

A risk of bias assessment of all selected full-text articles was performed according to the
Newcastle–Ottawa Quality Assessment Scale Cohort Studies (NOS) [9]. The NOS contains eight
items, categorized into three dimensions including selection, comparability and—depending on the
study type—outcome (cohort studies) or exposure (case-control studies). For each item, a series of
response options is provided. A star system is used to perform a semi-quantitative assessment of
study quality, such that the highest quality studies are awarded a maximum of one star for each item,
except for the item related to comparability, which allows the assignment of two stars. The NOS
ranges between zero and nine stars. The assessments were performed by two authors (VA and CA)
independently. Any discrepancy was discussed with the senior investigator for the final decision.
All the raters agreed on the final result of every stage of the assessment (Appendix A). In the systematic
review, studies classified with more than six stars were included.

3. Results

3.1. Study Selection

From the search of PubMed and Web of Science, 264 articles were included in the review,
and 24 studies were selected after duplicate exclusion. Following the inclusion and exclusion criteria,
the first screening was performed. A total of 103 papers were considered eligible. Finally, after the
full-text reading, reference list check and risk of bias assessment, six studies were included.
A PRISMA [8] flowchart of the method of selection and screening is provided (Figure 1).

The main focus of the included studies was related to physical (PT), cognitive behavioral (CBT)
and pharmacological (PhT) treatments. A summary of the results is provided in Table 1.
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Table 1. Results of selected studies.

Author Subjects Dignosis Criteria Assessment Treatment Results Limits

Brown et al.,
2016

Amitriptyine
Group: n = 14;

Garbapentin Group:
n = 15.

Modified International Association
for the Study of Pain (IASP) clinical

and research criteria.

Coloured Analogue Scale (CAS) Pain
6-weeks post-trial start;

Sleep disability as measured on an
internally developed 5-point Likert

scale;
Adverse events.

Amitriptylin 10 mg (at bedtime).
Gabapentin at 900 mg/d (300 mg

three times per day.

CAS p = 0.77.
Sleep p = 0.26.

Adverse events p = 0.75.

Small sample size. No
randomization. No placebo group.

No medium- and long-term
follow-up.

Petje et al., 2003 n = 7

Skin examination; burning,
dysesthesia, paresthesia and

hypalgesia to cold. Skin cyanosis,
mottling, hyperhidrosis, edema and

coldness of
the extremity and muscles, joint

affliction duo to muscle hypotrophy
or atrophy and range of motion

(ROM) of the joints in the involved
extremity. Bonica classification.

Visual analog scale VAS (0–10
points).

Intermittent intravenous infusion of
Iloprost at 2 ng/kg/minute for

approximately 6 h per day on 3
consecutive days + physiotherapy

and psychologic.

VAS = p < 0.05. All patients had
headache at the first day of infusion.
3 patients had flushing. 2 patients
had vomiting. 86% of the sample
had a decrease in systolic blood

pressure with an average of 7 mm
Hg (5–15 mm Hg) in the first 30 min

after administration of Iloprost.

No control group Retrospective
series.

Small number
of cases.

Donado et al.,
2017

n = 102
Modified International Association
for the Study of Pain (IASP) clinical

and research criteria.

Preadmission, discharge and
4-month follow-up

Pain Score (PS),
Pain-Related Functional Disability
(PFD) and sleep disturbances (SD)

Continuous regional anesthesia
(epidural or peripheral catheter).

PS preadmission median = 7.0; IQR,
5.8–8.2. PS discharge = 3.1; IQR,
1.5–5.4; (p < 0.0001). PS 4-month

follow-up = 4.3; IQR, 2.0–6.0;
(p < 0.0001). PFD at admission had a
moderate positive correlation with
PDF at discharge (r, 0.5; p < 0.0001)

SD = Yes 48.04%.

Retrospective design.
Completed a full course of cognitive

behavioral therapy

Logan et al.,
2012

n = 56
Modified IASP clinical and research

criteria.

At admission and at discharge.
Numeric rating Scale (NRS).

Functional Disability Inventory
(FDI). Lower extremity functional

scale: (LEFS). Canadian
Occupational Performance Measure:
(COPM). Multidimensional Anxiety

Scale for Children (MASC).
Children’s Depression Inventory

(CDI). Bruininks-Oseretsky Test of
Motor Proficiency, 2nd edition

(BOT-2).

Patients participated in daily
physical therapy, occupational

therapy and psychological treatment
and received nursing and medical

care as necessary.

NRS = p < 0.001 FDI = p < 0.001
LEFS = p< 0.001 COPM = < 0.001

MASC = p< 0.001 CDI p = 0.003 All
BOT-2 domains = p < 0.001. Patients

underwent any procedures (e.g.,
nerve blocks) during or immediately

prior to participation in the
rehabilitation program.

No randomization. No control
group. No isolated treatment effects.
Uncontrolled prior treatment history

in analyses.
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Table 1. Cont.

Author Subjects Dignosis Criteria Assessment Treatment Results Limits

Sherry et al.,
1999

n = 103 IASP clinical and research criteria.
Visual analog scale (VAS) and Brief

Symptom Inventory (BSI) at
admission and remission.

An intensive exercise program (most
received a daily program of 4 h of

aerobic, functionally directed
exercises, 1–2 h of hydrotherapy and
desensitization). No medications or

modalities were used. All had a
screening psychological evaluation.

VAS = p = 0.021. BSI depression
p = 0.037. BSI paranoid ideation

p = 0.048. 1 child (2%) was
dysfunctional with CRPS pain, and 5
(10%) had persistent mild pain but
were fully functional. Median time

between remission of the first
episode of CRPS and the start of the

second episode = 2 months
(range = 2 weeks to 4 years).

Predictors of recurrent episodes:
previous suicide attempts

(p = 0.026,), history of an eating
disorder (p = 0.028).

No long-term follow-up.
No control group.

Lee et al.,
2002

n = 28.
Group A = PT once

per week for 6
weeks

Group B = PT 3
times per week for 6

weeks.

Wilder et al. criteria.

Pretreatment, at completion of the
treatment program and (3) long-term
follow-up at 6 to 12 months. Visual
analog scale (VAS), Standardized

gait impairment score (SGIS), Child
Health Questionnaire (CHQ-CF87),
Child Depression Inventory (CDI),

Revised Children’s Manifest Anxiety
Scale (CMAS), Compliance.

Individualized physical therapy.
Individualized 6 weekly sessions

cognitive behavioral therapy.
Standard educational program.

At the short-term follow-up, both
groups showed improvement in all
five outcome measures related to

pain and physical functioning
(p < 0.001 for all measures with a
change in median values). There

were no between-group differences
in any of these measures at baseline

or at either follow-up assessment.
79% compliance good.

Small sample. Not standardized
after the 6-week protocol.
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3.2. Physical Therapy and Cognitive Behavioral Treatment

Three included studies contained a combination of physical therapy and cognitive treatment.
Sherry et al. [10] reported the complete resolution of pain symptoms in 74.7% of the sample.
Seven subjects did not have remission. One child was dysfunctional with CRPS pain, and five
had persistent mild pain but were fully functional. The authors highlighted suicide attempts (p = 0.026),
an eating disorder (p = 0.028), reporting less pain initially (p = 0.021) and scoring higher on the Brief
Symptom Inventory subsets for depression and paranoid ideation (p 0.037 and 0.048, respectively)
as predictors of recurrence. Lee et al. [11] divided patients into two different groups: PT + CBT for
3 weeks vs. PT + CBT for 6 weeks. Both the cohorts showed improvement in all pain and physical
functioning outcome measures with short- and long-term follow-up, without differences in pain scores,
recurrent episodes of CRPS or participation in school or activities. Logan et al. [12] assessed 56 patients
aged 8–18 years at admission and at discharge, and every parameter evaluated had statistically
significant improvements. Thirty-two percent of patients required an assistive device at admission,
while none required one at discharge.

3.3. Pharmacological Treatment

Petje et al. [13] assessed functional outcome in patients treated with an intravenous infusion of
iloprost, a prostacyclin analogue. The drug was administered 6 h per day on 3 consecutive days.
Among the side effects noted were headache on the first day of infusion in all patients and flushing
and vomiting on the second day in three patients. A decrease in systolic blood pressure of an average
of 7 mm Hg (5–15 mm Hg) in the first 30 min after administration was detected in almost the entire
cohort. Improvement of the visual analogue scale (VAS) score was found (p < 0.05). Relapse of CPRS
was experienced by two patients, the first after 3 months. Brown et al. [14] analyzed the outcome
of 29 patients refractory to PT + CBT. Fourteen subjects underwent amitriptyline administration,
and 15 underwent gabapentin administration. After the 6-week trial, both cohorts showed improvement
in pain symptoms, sleep disturbances and functionality. No statistically significant differences were
found (p = 0.77) between the drugs. Similar adverse events were recorded (p = 0.77). Donado and
colleagues [15] investigated the use of continuous regional anesthesia (epidural or peripheral catheter)
in subjects refractory to PT + CBT. Their data showed significant changes between admission and
discharge for pain (p < 0.0001), without significant changes throughout the 4-month period after
admission (p > 0.05).

4. Discussion

According to our data, the physical therapy combined with cognitive behavioral treatment should
be considered as the most appropriate first-line approach in CRPS-affected children and adolescents.
The pharmacological therapy was found to be efficient in the PT + CBT failure case; the use
of drugs is useful only in selected patients subjected to adjuvant physical and cognitive protocol.
Nowadays, the lack of comparison treatment studies and specified outcome measurements does not
allow for more detailed analysis or the development of a standard treatment.

CRPS is a common but not completely understood disorder, with no available data about the
incidence of pediatric CRPS [5] because the diagnosis is uncertain and underestimated. Early diagnosis
is as important as treatment; in fact, a longer disease course and sequelae [2] are associated with
late identification. Unfortunately, no specific diagnostic tools have been developed for children
and adolescents, so the adult criteria are used [5]. Orthopedists have a key role in the recognition
of the disease due to very little evidence, no common consensus among the physicians and a lack
of guidelines [6]. As reported by Berde and Lebel [16], often, the choice of treatment may vary
according to the experience and resources of the clinician. Several treatments have been described [2],
including acupuncture, transcranial magnetic stimulation and invasive procedures, but the efficacy has
been proven for the combination of physical and cognitive behavioral therapy and only pharmacological
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treatments. The most established treatment is a program of physical rehabilitation and cognitive
behavioral therapy [15]. The goal is to restore normal function, increase the joint motion range and
load tolerance and strength and concurrently assist the child in accepting and managing the pain [2].

Different protocols were illustrated in selected studies, highlighting the absence of a standard
treatment protocol. Sherry and colleagues [10] suggested aerobic training and progressive resistive
exercises, in addition to hydrotherapy, desensitization with towel rubbing, hand massage,
textured fabric rubs and contrast baths (2 and 38 ◦C). During the patient’s hospitalization, 5–6 h of daily
exercise therapy and 45 min to 3 h of home exercise program (HEPs) were performed. In the Logan et al.
trial [12], the patients underwent open-chain and closed-chain activities and an individualized
HEP, and each child’s functional goals, such as playing a specific sport, were incorporated into the
physical schedule. In addition, this multidisciplinary rehabilitation approach addresses the entire pain
experience, incorporating desensitization, exposure to feared activities, skills for coping with pain
and changes to social responses to pain. Lee et al. [11] designed a protocol including transcutaneous
electrical nerve stimulation, progressive weight bearing, tactile desensitization, massage, contrast baths
and an HEP. Six weekly sessions of individual CBT incorporating pain management strategies,
including relaxation training, deep breathing exercises, biofeedback and guided imagery, were also
included. Patient compliance, nurse care and parent treatment programs [17] are crucial to promote
successful remission from pain and restoration of functional ability. Despite a rigorous rehabilitation
program, Sherry et al. described their patients as a motivated and eager to please sample [10].
Lee et al. [11] recorded compliance varying between 78% and 82%. No adverse events were recorded
in the three studies, but the remission rate varied between 79% and 100% [10–12]. Several authors
have investigated the role of PT + CBT in pediatric CRPS type 1, especially the brain and neurological
changes and treatment action on the central nervous system. Frot et al. found evidence of emotional
integration of pain in CRPS patients [18]. Lebel et al. [19] concluded that some changes in the
brain persist, especially in the amygdala and basal ganglia, even after symptomatic recovery [20].
Diers et al. [21] demonstrated that behavioral extinction training reduces the emotional involvement in
processing painful stimuli and induces a shift to a more sensory-discriminative way of pain processing
post-treatment. Kregel et al. [22] emphasize that conservative treatments for patients with chronic
musculoskeletal pain may induce both functional and morphological changes in predominantly
prefrontal brain regions. For these reasons, non-invasive treatments are often recommended, even in
recurrent forms [2,4].

On the other hand, the literature presents evidence of good outcomes after intravenous infusion of
drugs and regional nerve blockades. Three pharmacological trials were selected in the study, and different
molecules were investigated. Petje et al. [13] assessed the outcome of iloprost intravenous infusion,
an analogue of prostacyclin, which induces transitory complete sympathicolysis and avoids the anxiety
associated with a lumbar sympathetic blockade. Despite the good rate of response, relevant adverse
reactions such as headache, flushing, vomiting and a decrease in systolic blood pressure were recorded
in all cohorts; consequently, the same authors do not suggest iloprost as primary therapy. Other drugs
proposed for treating neuropathic pain were gabapentin and amitriptyline. The first avoids the release
of neurotransmitters acting on voltage-gated calcium channels [23], and the latter neuropathically
reinforces the serotonin transporter [24]. Brown et al. compared the two molecules in a refractory
PT + CBT schedule. The series revealed that both drugs are effective in reducing pain scores and
improving sleep, without significant differences. However, ventricular conduction abnormalities were
noted in the gabapentin group, while amitriptyline was linked to QT prolongation, torsade de pointes
and sudden cardiac death. For these reasons, the use of both drugs in selected patients and with proper
monitoring may be considered. Several invasive options have been proposed, including the use of
continuous regional anesthesia with epidural or peripheral catheters, which demonstrate a reduction
in pain score and improvement in function score at short- and long-term follow-up. On the other hand,
in the Donado et al. series [15], 39% of the sample did not experience clinical improvements in pain
symptoms, and 43% had no functional advantages.
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Nevertheless, the authors suggested the treatment in addition to an active PT + CBT protocol.
All the studies included in the systematic review emphasized the utility of PT + CBT, even when
additional approaches were undertaken. The comparison of management with versus without
rehabilitation was considered ethically unacceptable [2]; however, the outcome may not be related
to a single treatment, and the results have been influenced by conservative treatment even in
pharmacologic protocol studies. Future research directions should focus on the identification of disease
onset mechanisms and the development of more defined, proper and easy-to-use diagnostic tools.

The design of high-quality, prospective, large-cohort, long-term follow-up studies is strongly
encouraged, as is the design of a specific assessment score.

Limits of the study are several and included the heterogeneity of the scores utilized in the objective
clinical assessment of the patients. VAS score is an unspecific tool which aims to evaluate the pain,
a limited feature of CPRS. At the same time, some authors used more specific scores, such as FDI
and PFD, which were not initially developed for CRPS. In addition, due to the challenging diagnosis
and long, individual and expensive treatments, studies by Brown et al. [14], Petje et al. [13] and
Lee et al. [11] included small size samples, but the described protocols were evaluated with great
interest for future prospective use. Moreover, the literature contains limited high-quality studies:
despite major randomized prospective studies being included in the review, no control group article or
direct comparisons between treatments have been published. The results of drug-related trials could
be influenced by different factors, such as longer follow-up after the first or second PT + CBT treatment.
The absence of standard protocols and the lack of randomized, blinded prospective trials are the main
limits in the comparison of study results.

5. Conclusions

Complex regional pain syndrome in children and adolescents remains a challenge for the
physician. The definition is not clear or commonly accepted, and this results in several undiagnosed
cases. Despite several diagnostic standards being proposed in adults, no specific diagnostic criteria in
growing age patients have been developed and proper treatment is often dependent on the physician’s
experience and the treatment opportunities. A multidisciplinary approach is mandatory for a good
outcome. Main findings of this review are represented by the consideration of physical, occupational and
cognitive behavioral therapy as the first-line recommended options in the management of pediatric
CPRS; pharmacological therapy can be utilized in failure cases. Unfortunately, the lack of a standard,
less stressful and expensive protocol remains the main limit of the methodology. PhT often demands
patient hospitalization and is reserved for selected subjects; the adverse events are common but
considered as minor complications. Moreover, drugs or other treatments are not considered an
alternative to the PT + CBT. To define proper diagnostic criteria, expert multidisciplinary committees as
well as standard and commonly accepted guidelines and treatment protocol are essential and strongly
encouraged. At the same time, the development of pilot studies for multicenter prospective trials
could play a key role in the identification of more satisfactory treatments.
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Appendix A

Table A1. Risk of bias assessment.

Title Authors
Year

of Publication

New Castle-Ottawa Criteria

Selection Comparability Outcome Final Evaluation

Complex Regional Pain Syndrome in Children: a
Multidisciplinary Approach and Invasive Techniques for the

Management of Nonresponders
Manuel J. Rodriguez-Lopez et al. 2015

  

 

Poor quality

A randomized controlled trial of amitriptyline versus
gabapentin for complex regional pain syndrome type I and

neuropathic pain in children
S.C. Brown et al. 2016

 

 

 

Good quality

Continuous Regional Anesthesia and Inpatient Rehabilitation
for Pediatric Complex Regional Pain Syndrome

C. Donado et al. 2017

 

 

 

 

Good quality

Continuous Peripheral Nerve Blocks at Home for Treatment of
Recurrent Complex Regional Pain Syndrome I in Children

C. Dadure et al. 2005

 

 

 

 

 

Fair quality

A Day-Hospital Approach to Treatment of Pediatric Complex
Regional Pain Syndrome: Initial Functional Outcomes

D. E. Logan et al. 2012

 

 

 

Good quality

Short- and Long-term Outcomes. of Children with Complex
Regional Pain Syndrome Type I Treated with Exercise Therapy

D. D. Sherry et al. 1999

 

 

 

 

Good quality

Spinal cord stimulation in adolescents with complex regional
pain syndrome type I (CRPS-I)

G. L. Olsson et al. 2008

 

 

 

 

 

Fair quality

Treatment of Reflex Sympathetic Dystrophy in Children Using
a Prostacyclin Analog

G. Petje et al. 2005

 

 

 

 

Fair quality

Treatment of Reflex Dystrophy in Children Using a
Prostacyclin Analog

G. Petje et al 2003

 

 

 

 

Good quality

Short- and long- term results of an inpatient programme to
manage complex regional pain Syndrome in children and

adolescents
G. Cucchiaro et al 2017

 

 

 

 

Fair quality

Subanesthetic Ketamina infusions for the treatment of children
and adolescents with chronic pain: a longitudinal study

Kathy A. Sheehy et al 2015

 

 

 

 

 

Fair quality

Complex regional pain syndrome in children and adolescents Kachko et al. 2008

 

 

 

 

Fair quality

Pediatric complex regional pain syndrome Low et al. 2007

 

 

 

 

Fair quality

Physical therapy and cognitive behavioural treatment Lee et al. 2002

 

 

 

Good quality

Reflex sympathetic dystrophy in children: treatment with
trans-cutaneous electric nerve stimulation

Kesler et al. 1988

 

 

 

 

 

Fair quality
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