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Abstract

Introduction. Supracondylar fracture is the most common fracture in paediatrics. The present study aimed to detect the effec-
tiveness of low-intensity pulsed ultrasound (LIPUS) on bone healing in supracondylar humeral fracture in children.

Methods. A randomized controlled study was performed. It involved 30 children suffering from supracondylar fracture, aged
5-8 years, fulfilling inclusion criteria. They were randomly allocated in 2 groups: the control group received medical treatment
only and the study group underwent similar medical treatment plus LIPUS (Osteotron Il ITO device), program 4, at the frequency
of 3 MHz by 160 mW/cm2 with 20% duty cycle, at the fracture site for 20 minutes daily. Standard anteroposterior and lateral
radiographs of the elbow, usually sufficient to characterize the fracture, were repeated each week until complete healing was
achieved.

Results. There was a significant difference between the groups as revealed by the unpaired t-test. The mean value for the
onset of callus was 15.86 + 0.74 days in the control group and 8.4 + 1.35 days in the study group, with t = 18.74 and p = 0.0001.
The mean value of complete healing time was 34.33 + 1.39 days for the control group and 21.2 + 3.09 days for the study group,
with t = 14.96 and p = 0.0001.

Conclusions. It can be concluded that LIPUS can be used effectively in promoting the healing process in patients with supra-

condylar fractures.
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Introduction

Plastic deformation means that a child’s bone has more
elasticity than that of an adult. There are two notions that are
very important: plasticity and elasticity. Bones in children are
characterized by deformation characteristics before break-
age so that the bone may bend but not break down [1]. The
most common injury in children is supracondylar humerus
fracture, responsible for approximately 1/3 of fractures en-
countered in children and constituting the most frequent frac-
ture involving the elbow [2]. The clinical picture of a child
with supracondylar fracture involves unprompted, unceasing
pain and pain worsened by palpation. There are practical
restrictions in flexion and the forearm remains in semi-pro-
nation mainly. In addition to swelling that covers the upper
arm and the forearm, purplish bruising is present in the an-
teromedial area of the elbow [3].

There are two types of supracondylar fractures: exten-
sion and flexion type, determined by the direction of distal
fragment displacement. The extension type, which accounts
for approximately 97-99% of supracondylar humerus frac-
tures, is usually caused by a falling onto an outstretched hand
with the elbow in full extension position [4]. The radiographic
study of the hurt limb would contain firstly an anteroposterior
(AP) and then a side view of the elbow and any other places
of deformity, discomfort, or tenderness [5].

Low-intensity pulsed ultrasound (LIPUS) is considered
a category of ultrasound utilized for fracture treatment. It has
been used to augment the healing of fracture by encouraging
bone growth cells (osteogenesis) at the breakage location

in order to reduce the time of improvement and accelerate
the return of function [6].

LIPUS effectiveness has been observed in cases of frac-
tures in acute stage, mal-union or fractures which delayed,
stress fractures, and in children suffering from fractures that
were treated by conservative methods (immobilized in a cast)
or stabilized with internal or external fixation by using nails,
screws, and/or plates. The impact of LIPUS as presented in
the literature is intermingled and depends on the site of frac-
ture, plan of treatment, means of measurement, and patient
type [7]. Overall, LIPUS is considered the most important
device, with negligible adverse events. It is labelled a gor-
geous method for improving bone healing [8].

Subjects and methods
Design

The presented randomized controlled trial was conducted
in an outpatient clinic of Orthopaedic Department, Faculty of
Medicine, Tanta University. There were two groups of patients,
randomly assigned in accordance with their referral number
in the Orthopaedic Department. Patients who had an odd
number were selected as the study group and those with
even numbers constituted the control group. The control
group received medical treatment only and the study group
underwent similar medical treatment plus LIPUS (Osteo-
tron Il device), program 4, applied typically for 20 minutes
per day at 3 MHz, 160 mW/cm?, 20% duty cycle at the frac-
ture site. Radiological assessment was performed before
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intervention and after each week until the occurrence of com-
plete healing.

Sampling

A total of 30 children with an extension type of supra-
condylar fracture of humerus (Gartland type Il and type Ill)
were treated by closed manipulative reduction under general
anaesthesia and percutaneous pinning. Their age ranged
5-8 years, they represented both sexes. The children took
part in a randomized controlled study, and they were en-
rolled from the Tanta University hospitals, referred from Or-
thopaedic Department on the second post-operative day.
The inclusion criteria were supracondylar fracture and treat-
ment by closed reduction with pinning. Children who had
pathological fractures, osteomalacia, osteoporosis, osteo-
penia, any musculoskeletal disorders such as mal-union, un-
union, or delayed union which altered bone healing, diabetes
mellitus or any vascular insufficiency disease which delayed
the healing of fractures were excluded.

Procedures

Before the study, the parents of the children were explained
the study purpose, details of the applied techniques, as well
as the probable benefits and dangers of the study. The par-
ticipants were randomly allocated into 2 groups: the control
group consisted of 15 children who received medical treat-
ment (anti-inflammatory drugs, antibiotics, and analgesia),
whereas the study group consisted of 15 children who re-
ceived the same medical treatment in addition to LIPUS in-
tervention. The patients were numbered in accordance with
their referral from the Orthopaedic Department; those who
had an odd number were included in the study group and
those with even numbers constituted the control group. All
patients were subjected to the same medical treatment, and
standard AP and lateral radiographs of the elbow were done
before intervention and after each week until a complete
union of the fracture. The lateral view should evaluate the
anterior humeral line (AHL) [9], which continues the anterior
cortex of the humerus. In a normal elbow, it should traverse
the capitellum in its middle third (Figure 1). In a displaced
fracture in extension, the AHL will pass anteriorly or may not

Figure 1.

(a) The anterior humeral line should traverse

the middle third of the capitellum nucleus

in normal anatomy and type | fractures;

(b, c) in extension type fractures, the line crosses
anteriorly

Figure 2. (a) Baumann’s angle
(b) ulnohumeral angle
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even cross the capitellum. In the case of a flexion type frac-
ture, the AHL passes posteriorly to the capitellum [10]. The AP
radiograph allows to evaluate the direction of displacement,
the presence of varus or valgus alignment, and the extent
of the fracture.

Baumann’s angle is the angle formed in the AP view by
the diaphyseal axis of the humerus and the physeal line of the
capitellum, used to assess varus or valgus alignment of the
distal humerus [11] (Figure 2).

Intervention

In the emergency department, immobilizing the elbow
with a long-arm splint at 30—40° of flexion is sufficient until
surgery performed, in order to control pain, avoid neurovas-
cular injuries, and minimize the risk of compartment syn-
drome [12]; the fracture is first reduced in the coronal plane
with the elbow in extension while gentle traction is applied.
When skin puckering is present because the proximal frag-
ment is transecting the brachialis muscle [13], finally, the
elbow is flexed while pushing the olecranon and maintaining
the elbow in maximum flexion to stabilize the fracture until
fixation with percutaneous pinning is performed [14]. It is im-
portant to note that stability is mainly provided by the pins.
Fixation should be stable enough to allow immobilization of
the elbow in a splint or cast in no more than about 70-80° of
flexion in order to avoid neurovascular complications or com-
partment syndrome [15]. All children received the same medi-
cal treatment (antibiotics, anti-inflammatory drugs, analgesia),
but the study group started the LIPUS intervention from the
2n post-operative day in addition to medical treatment.

There were some general precautions that had to be ob-
served. The child remained in a relaxed, comfortable position
during the treatment. Using parts or accessories from other
devices as replacements had to be avoided, and the ultra-
sound probe had to be handled carefully. Moreover, the fol-
lowing instructions were to be followed when setting up the
device. The opening in cast around the fracture site, called
a window, was adjusted to the LIPUS probe and made the
fracture site clear. The site was cleaned carefully and gently.
Gel was put on the skin of the fracture site or on sterile gauze.
Then the probe was placed at the fracture site or above.
LIPUS is non-invasive and can be used with pinning [16].
A portable model of ultrasound device was utilized (Osteo-
tron ), program 4 pulsed mode, with putting gel and apply-
ing the head of the device at the fracture site directly at 3 MHz,
20% duty cycle for 20 minutes daily. The participants were
instructed not to move and to keep the limb stable. After
turning off the device, the area was cleaned carefully and cov-
ered. At the follow-up examination, the patients were clinically
assessed for vascular status and any signs of cyanosis. X-ray
imaging was performed every week to follow up the healing
process. All subjects were re-evaluated after the treatment
protocol; the treatment continued until complete healing
occurred.

Outcome measures

These included the onset of callus formation and com-
plete callus formation time.

Power analysis
The preliminary statistical power analysis suggested that

the sample sizes of 15 participants in each group were re-
quired to achieve 80% power.

Statistical analysis

Data were first analysed by using the Kolmogorov-
Smirnov test to recognize the normal distribution. The differ-
ences between the groups were analysed with unpaired
t-test. The level of significance for all tests was set at 0.05.
The IBM SPSS version 21 software served to perform the
statistical tests.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies, has
followed the tenets of the Declaration of Helsinki, and has
been approved by the Ethical Committee of the Faculty of
Physical Therapy, Cairo University, Egypt (No. P.T.REC/012/
001635).

Informed consent
Informed consent has been obtained from the legal guard-
ians of all individuals included in this study.

Results

There was a significant difference between the groups
as revealed by the unpaired t-test. The mean value for the
onset of callus was 15.86 + 0.74 days in the control group and
8.4 + 1.35 days in the study group (t = 18.74, p = 0.0001).
The mean value of complete healing time was 34.33 + 1.39
days for the control group and 21.2 + 3.09 days for the study
group (t = 14.96, p = 0.0001) (Table 1).

Table 1. Mean + SD, t and p values of unpaired t-test
in the control and study groups for onset of callus
and complete healing time

Parameter Control group | Study group t P

Onset of callus 15.86 + 0.74 8.4+1.35 | 18.74 | 0.0001*

Complete callus | 34.33+1.39 | 21.2+3.09 | 14.96 | 0.0001*

* significant values

Discussion

Harrison et al. [16] reported that there were many meth-
ods found to enhance bone healing, such as LIPUS and other
non-invasive treatment options, including extracorporeal
shockwave therapy, electrical and pulsed electromagnetic
fields. Therefore, this study was conducted to determine the
effect of using LIPUS as a non-invasive method to promote
fracture healing. In 1952, Corradi and Cozzolino first stated
that a continuous ultrasound wave could stimulate callus
bone formation in a rabbit circular fracture model. In 1983,
Duarte first applied LIPUS to stimulate bone healing in osteo-
tomized rabbit fibulae [17]. Concurrently, Busse et al. [18] ef-
fectively used LIPUS to initiate healing of human fractures.

The purpose of the current study was to assess the im-
provement of healing in children with supracondylar fracture
after applying LIPUS. The findings showed that LIPUS had
a valuable effect on supracondylar fracture healing, which
is consistent with the observations by Chaudhry et al. [19].
LIPUS enhanced bone repair processes through many mech-
anisms, including stimulating calcification and increasing the
activity of osteoclasts with enhanced endochondral ossifi-
cation. LIPUS also increased key growth factors involved in
the process of angiogenesis at the fracture site, e.g. vascular
endothelial growth factor A levels in osteoblasts. The produc-
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tion of fibroblast growth factor and interleukin-8 in osteoblasts
was also increased. All LIPUS systems use a transducer to
deliver LIPUS over the fracture site for 20 minutes [20].

The results revealed statistically significant differences
between the groups with reference to the mean value of
onset of callus and complete callus formation time. This re-
mains in line with the study by Bayat et al. [21], who stated
that low-level laser therapy and LIPUS treatments played
a major role in the acceleration and stimulation of fracture
healing and callus maturation. LIPUS is considered the most
effective and these findings are very important in the evalu-
ation of treatment with LIPUS.

These results were supported by Lee et al. [22], who re-
vealed that there was increasing evidence that LIPUS signifi-
cantly stimulated and promoted bone healing, especially in
the tibia, humerus, radius, scaphoid, and other non-unions.
Bayat et al. [21] performed a meta-analysis of 6 randomized
controlled trials: LIPUS was found to shorten the healing
time by 64 days for fractures treated conservatively as com-
pared with the untreated control. Comparable positive effects
were observed in tibial and distal radius fractures, complex
tibial fractures, and scaphoid fractures [23].

Our findings also corroborated studies by Mansjur et al.
[24] and Heckman et al. [25], who reported two laborious,
double-blind, randomized, prospective, placebo-controlled
clinical trials and assessed the rate of fracture healing. The
effects of the treatment revealed that the particular ultra-
sound could accelerate the healing of fractures and de-
crease the loss of reduction during fracture healing; no se-
rious complications were found associated with the use of
ultrasound. Afterward, the effect of LIPUS on bone healing
was clinically established for fresh fractures in the 1990s to-
gether with non-union cases, and LIPUS was approved by
the Food and Drug Administration for the treatment of fresh
fractures in 1994 and for established non-unions in 2000.

The facilitation of the healing process may be due to
LIPUS promoting osteoporotic fracture healing via activating
callus formation, angiogenesis and callus remodelling, involv-
ing up-regulation of Col-1, bone morphogenetic protein-2,
vascular endothelial growth factor, and osteoprotegerin [26].

LIPUS waves cause nano-motion at the fracture site.
The mechanical signal is converted to a biochemical signal
inside the cells and is ultimately transmitted through signal-
ling molecules to drive cyclooxygenase 2 (COX2) production
in the cell. This cascade involves integrins and the formation
of focal adhesions. Prostaglandin E2 production increases
COX2 stimulation, which then results in the expression of
osteogenic genes [27].

LIPUS has a major role in the healing of not only normal
fractures but also osteoporotic fractures. This is consistent
with the observations by Cheung et al. [28], who found that
LIPUS showed greater results in callus width, stiffness mea-
surement, and the response of endochondral ossification in
the osteoporotic group than in the normal group in closed
femoral fractures in rats.

Our study confirms the results of previous research in
animal fractures [29], which proved that LIPUS accelerated
bone fracture recovery and promoted the expression of os-
teogenic genes in rats, including bone morphogenetic pro-
tein 4, osteocalcin, and Runx2, especially at the late stage of
bone repair.

Our results demonstrated acceleration and stimulation
of fracture healing and callus maturation, which remains in
line with the observations by Shakouri et al. [30], who found
that LIPUS significantly increased callus mineral density, with
an insignificant promotion in the fractured bone strength.

There were studies referring to long bones, such as femur
[31], reporting that LIPUS shortened the femur fracture
healing period and endochondral ossification in the process
of bone healing, involving endothelial cell migration and neo-
vascularization near fracture areas.

Limitations

The limitations of the study include the small sample size.
Moreover, data difference between the sexes was not con-
sidered.

Conclusions

The findings of this study showed that LIPUS had a valu-
able effect on the acceleration of supracondylar fracture
healing in children treated with closed and open reduction
with pinning.
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