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Purpose: The present study aimed to treat fractures of the distal end of the radius in children with Robert
Jones (RJ) bandage. The objective was to compare this treatment modality with the cast regarding the
frequency of the complication occurrence, child comfortability, and family satisfaction.
Methods: The study was a randomized controlled non-inferiority clinical trial including children with
recent (less than 5 days) fractures at the distal end of the radius OTA/AO 23-A2, which is usually treated
conservatively. Those with open fractures, pathological fracture, severely displaced fracture that needs
reduction or multiple injuries were excluded. The participants were divided randomly into 2 groups
according to the treatment modalities. Group 1 was treated by plaster of Paris cast (the control group),
and Group 2 by modified RJ bandage (the trial group). The difference between the 2 groups was found by
the Chi-squared test. The difference was considered statistically significant when the p value was less
than 0.05.
Results: There were 150 children (aged 2 e 12 years, any gender) included in the study, 75 in each group.
The complications occured in 5 (3.3%) cases only, pressure sores of 3 cases in Group 1 and fracture
displacement of 2 cases in Group 2. There was no statistically significant difference in the rate of
complication occurrence between both modalities of treatment (p ¼ 0.649). Children treated by RJ
bandages were more comfortable than those treated by the cast (97.3% vs. 73.3%, p < 0.001) with a
statistically significant difference between them. Contrary to that, the families were more satisfied with
the cast than RJ bandage (88.0% vs. 81.3%), but without a statistically significant difference (p ¼ 0.257).
Conclusion: RJ bandage is a non-inferior alternative to the cast for the treatment of fractures at the distal
end of the radius that can be treated conservatively in children.

© 2023 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Fractures of the distal forearm (especially the radius fractures)
are most commonly reported in children and a frequent reason for
visiting the emergency unit and orthopedic clinic in hospitals.1

Because of patient's age and fracture site proximity to the joint,
these fractures especially types of OTA/AO 23-A2 heal well and
have a good ability to remodel the bone even with mild displace-
ment.2,3 Therefore, most of these fractures are treated conserva-
tively by a short arm cast and needed a frequent visit to the
orthopedic clinic within 4 e 6 weeks with no significant
cal Association.

roduction and hosting by Elsevie
complications.3e6 Several studies report successful treatment of
these fractures by removable splints as a substitute for the cast.
They have proved to be more comfortable for the patients, efficient
in maintaining fracture stability with an acceptable alignment, safe,
and relatively cost-effective in managing these common minor
injuries in children.7e16

Robert Jones (RJ) bandage modified by Brodell et al.17 is a thick
well-padded dressing often used after trauma and elective ortho-
pedic operations, especially around the knee. It provides a firm
compression with evenly distributed pressure and is commonly
used for knee disorders.17 It is easy to be applied, provides firm
compression, and is light and cheap. The objective of this study was
to compare RJ bandagewith the cast, regarding the frequency of the
complication occurrence, child comfortability, and family
satisfaction.
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Fig. 1. A patient was treated by a cast.
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Methods

Study type and approvals

The study was a randomized controlled non-inferiority clinical
trial of patients based on a parallel-group type with an allocation
ratio of 1:1. The approval for this study was obtained from the
Medical Research Ethics Committee, General Directorate of Health,
Government of Duhok, Kurdistan Region, Iraq (Reference number:
10112021-11-10R1). The trial was registered at the Clinical Trial.gov
PRS website (registration number NCT05521464).

Study design

The study was done in the emergency reception unit and the
orthopedic unit of Duhok Emergency Teaching Hospital (single-
center study), Duhok city, Iraq during the period extending from
October 2021 to August 2022.

A team from the hospital composed of a consultant orthopedic
surgeon (person 1), a permanent resident orthopedic doctor (per-
son 2), and a radiologist (person 3) conducted this study. Person 1
generated the random allocation sequence, assessed the outcomes
clinically, analyzed the results, and drafted the article. Person 2
enrolled the participants in the study, assigned the interventions,
applied the treatment modalities to the participants, and drafted
the article. Person 3 assessed the radiological outcome. Themedical
staffs in both the emergency reception unit and orthopedic
outpatient room were requested to inform the study team daily
about all the childrenwho attained the hospital with a recent wrist
trauma.

Inclusion and exclusion criteria

The study included children who attained the hospital with a
history of recent wrist trauma. The inclusion criteria were: (1) pa-
tients aged 2 e 12 years; (2) containing both male and female; (3)
fracture less than 5 days; (4) fracture at the distal end of radius type
OTA/AO 23-A2 proofed by a radiograph film in 2 views (poster-
oanterior and lateral). OTA/AO 23-A2 fractures are usually treated
conservatively without intervention, such as torus (buckle) meta-
physeal fracture, greenstick fracture, undisplaced distal radial
physis fracture (Salter-Harris classification type 1 and 2 only), or
undisplaced or minimal displaced metaphyseal fracture with no
need of reduction. Theminimally displaced fracturewas considered
when the fracture fragments have a tilt of fewer than 15� and shift
to fewer than 5 mm at the fracture site in both views. Patients with
open fractures, pathological fractures, displaced fractures that need
reduction, associated fractures of the ulnar bone, polytrauma or
having delayed presentation beyond 5 days were excluded. An
informed consent signed by one of the parents or the guardian of
the child was obtained from the cases eligible for this study.

Hypothesis

The null hypothesis: there is no difference between both
treatment modalities (the use of the RJ bandage is as safe as the use
of the cast). The alternative hypothesis: there is a difference be-
tween both treatment modalities (the use of RJ bandage is associ-
ated with a more complication rate than the use of the cast).

Interventions

The participants included received one of the treatments plan-
ned for this study. The first treatment was to apply a short arm cast
from below the elbow to the finger knuckles. The cast was made
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from a 2-inch plaster of Paris bandage immersed in water and
wrapped over a cotton pad until it sets (Fig.1). The participants who
received this treatment with the cast were considered Group 1 (the
control group). The second treatment was to use RJ bandage (firmly
use with 2 layers of bulky cotton cloth and 2 layers of elastic
bandage alternately in the following order: cotton e bandage e

cottone bandage) (Fig. 2).17 It was applied from below the elbow to
the finger knuckles (Fig. 3). The participants who received RJ
bandage treatment were considered Group 2 (the trial group). Both
interventions were applied by the same person, who was a per-
manent resident orthopedic doctor (person 2 from the team of this
study).

The participants and their companions were instructed to keep
the dressing clean and dry. Follow-ups (at the end of the 2nd, 4th,
6th, and 12th week) of both groups were conducted. At each visit of
follow-up, the participant was checked for possible complications.
The final assessment was done at the end of the 26th week by the
consultant orthopedic doctor in collaboration with the radiologist.

Outcomes

The primary outcome of the study was the occurrence of com-
plications reported during the follow-up period or at the last
assessment. The clinical outcome was assessed by persons 1 and 2,
and radiological outcome by person 3. The complications were
considered to be present if one of the following was noticed: (1)
skin problems like pressure soreness, skin irritation, itching, and
dermatitis; (2) bone deformity due to a displacement of the bone
fragments at the fracture site to an unacceptable degree (tilt more
than 15� and/or shift more than 50% of the bone width at the
fracture site) confirmed by the report of the radiologist, or due to
growth disturbance from growth plate damage; (3) joint stiffness
by limitation of wrist movements (limitation of more than 10� in
any direction); and (4) re-fracture within 12 weeks.

The secondary outcomes were the patients’ comfort and family
(parents/guardians) satisfaction of the treatment. These outcomes
were assessed by taking the opinion of the patient and their family
in a special form by persons 1 and 2 from the team of the study. The
opinions were recorded in form of yes or no. If the answer was yes,
then the cause of discomfort or dissatisfaction was requested. No
standardized questionnaires were used to assess these secondary
outcomes.
Sample size calculation

The assumed sample size was calculated by using the G*Power
3.1.9.7 computer software program. Aminimum of 148 participants
(74 for each group) was required to have an 80% chance of detecting
the difference between the groups, and a two-sided 95% confidence
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Fig. 2. Items used for Robert Jones bandage.

Fig. 3. A patient was treated by Robert Jones bandage.

Fig. 4. Radiographic film of a patient with a buckle fracture at the distal metaphysis of
the radial bone.
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level (0.05 level of significance) to avoid the type 1-alpha error,
with a probable hypothetical effect size of about 0.3 and a degree of
freedom of 1 in the contiguity table.

Randomization

The allocation of the participants into the modalities of the
treatment was done by a simple randomization method with an
allocation ratio of 1:1. It was generated by using the website pro-
gram www.randomization.com. The first generator of the program
was used to randomize 148 subjects into both modalities of treat-
ment blocks (74 by casts and 74 by RJ bandages). The random
allocation sequence was generated by person 1 from the team in
the study. It was concealed from the rest of the study team. Person 2
enrolled the participants in the study (assessed the eligibility of the
cases, obtained informed consent) and assigned the interventions.

Blinding

The team of the study (apart from person 3 e the radiologist)
was not blinded to the modality of treatment that they provided to
the patients. The radiologist who assessed the radiological outcome
of the cases was blinded to the modalities of treatment. The par-
ticipants were blinded to the result of the treatment of the other
patients included in this study.

Data collection

The data was collected in a special paper for each patient
separately. The data included 2 parts: one is the basic demographic
data of the patient and injury like name, age, gender, place of living,
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date of a wrist injury, type of wrist injury (proved by the radio-
graphic film), type of treatment (group), the time interval between
the injury and beginning of treatment, duration of treatment, and
dates of each follow-up; another is the outcomes during each
follow-up visit and at the final assessment like complications of
treatment, patient comfortability, and family satisfaction.

Statistical analysis

The data analysis was performed by SPSS 23.0. The statistical
analysis included the standard descriptive statistics used to
describe the basic descriptive data of the patients and injuries. The
means and standard deviations (SD) or medians and interquartile
ranges were used for the continuous variables, while frequencies
and percentages were used for the categorical variables. The com-
parison between the outcomes of the treatment modalities in both
groups was done by finding the difference between the summary
statistics in the Chi-squared test. The difference was considered
statistically significant when the p value was less than 0.05.

Results

The total number of 162 patients with fractures at the distal end
of the radius treated conservatively in the Duhok Emergency
Teaching hospital from October 2021 to August 2022 was enrolled
in this study. However, 12 of them were lost to the follow-up and
their data were not completed. Finally, 150 patients were included
in the statistical analysis (75 in each group, more than the assumed
sample size). They were 93 (62.0%) males and 57 (38.0%) females.
The mean of age was (7.5 ± 2.4) years (range 2 e 12 years). There
were 85 (56.7%) buckle fractures (Fig. 4), 38 (25.3%) metaphyseal
fractures (Fig. 5), and 27 (18.0%) physeal fractures (Fig. 6, Table 1).
No case of greenstick fracture was found in the current study. All
included fractures were of OTA/AO 23-A2 type. The average dura-
tion of the treatment was 4.35 (SD 0.7) weeks.

The complications occur only in 5 cases (3.3%) (Table 2). Three
patients developed pressure sores of the skin in those treated by
the cast. Two of the patients in Group 2 developed fracture
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Fig. 5. Radiographic film of a patient with a metaphyseal fracture at the distal end of
the radius.

Fig. 6. Radiographic film of a patient with a fracture at the distal physis (Salter-Harris
type 1) of the radial bone.

Table 1
Type of wrist injury and the treatment modality, n (%).

Type of wrist injury Treatment modality

Cast RJ bandage

Buckle fracture 46 (54.1) 39 (45.9)
Metaphyseal fracture 14 (36.8) 24 (63.2)
Physeal fracture 15 (55.6) 12 (44.4)
Total 75 (50.0) 75 (50.0)

RJ: Robert Jones.

Table 2
The outcomes of complication, child comfortability, and family satisfaction between
the 2 groups, n (%).

Treatment modality Group 1 Group 2 p value

Complications 0.649
Pressure sore 3 (4.0) 2 (2.7)
Re-displacement 72 (96.0) 73 (97.3)

Child comfortability < 0.001
Comfortable 55 (73.3) 73 (97.3)
Not comfortable 20 (26.7) 2 (2.7)

Family satisfaction 0.257
Satisfied 66 (88.0) 61 (81.3)
Not satisfied 9 (12.0) 14 (18.7)
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displacement to unacceptable degrees. They had complete meta-
physeal fracture with a mild and acceptable degree of displacement
(angulation less than 10�), but worsening (more than 15�) after 2
weeks. The displacement was corrected by manipulation under
anesthesia. There was no statistically significant difference in the
rate of complication occurrence between both modalities of treat-
ment (p ¼ 0.649). No re-fracture was reported among the partici-
pants included in this study during the follow-up period.

Most of the children were comfortable with the received treat-
ment for their wrist problems (Table 2). However, those patients
treated with the modified RJ bandage were more comfortable than
those treated with the cast (97.3% vs. 73.3%) with a statistically
significant difference between them (p < 0.001). In Group 1, 17
cases reported non-comfortability due to its relatively heavy
weight and 3 due to pressure sore. In Group 2, 2 children were not
comfortable because of tight bandages with slight hand and finger
swelling, but without neurovascular abnormality. After a few days
of hand elevation and use of anti-inflammatory drug, their com-
plaints were improved.

On the contrary, family satisfactionwith the treatment modality
showed controversy with the preference of the cast over RJ
bandage (88.0% vs. 81.3%), but the difference was not statistically
significant (p ¼ 0.257) (Table 2). In Group 1, 6 families were not
satisfied with the results due to the heavy weight of the cast, and 3
dues to the development of a pressure sore. In Group 2, the causes
of families' non-satisfaction were loosening of the bandage (5
cases), the child trying to open the bandage (5 cases), tight bandage
(2 cases), and fracture displacement (2 cases).
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Discussion

Interpretation of the results

Treatment of the undisplaced or minimally displaced fractures in
the distal end of the radius of type OTA/AO 23-A2 with the cast is
relatively safe and has a low rate of complications. Therefore, it can
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be considered the gold modality of treatment of such injuries.
However, some patients may complain of its relatively heavy weight
(like some of the patients in the present study). Therefore, different
previous studies tried to use different types of splints to overcome
this issue and minimize the cost of the treatment.4,13e15,18,19

RJ bandage (and its modification) offers the advantages of being
light in weight and cheap with its relative safety (low rate of
complications as reported in the results of this study). The types of
complicationwere different between the 2 groups of the study. The
complication of patients treated with RJ bandage was displacement
of the fracture after a few days, which required correction by
manipulation under anesthesia. It did not occur neither in those
with torus (buckle) fractures nor in those with physeal fractures.
Loss of reduction may occur even in those treated by a cast.
Although this issue was not reported in the current study, other
studies did with different percentages.3,9,10,18,20,21

Other weak point in RJ bandage modality of treatment was the
loosening of the bandage and the child's trial to remove it (5 cases in
each group). These were the main causes of family non-satisfaction
with this treatment modality. However, they cannot be considered
complications of the treatment and they can be overcome by more
observation of the case, applying a layer of Tubigrip bandage, or
switching the modality of treatment to cast (authors' suggestion).
Other studies encouraged the use of soft cotton bandages with or
without Tubigrip mainly for torus (buckle fractures) in the distal end
of the radius in children and even for the non-displaced extra-
articular fractures in the distal radius in adults.22e25

In general, the rate of complications in this study was low (3.3%)
and there was statistically no significant difference between both
modalities of treatment. This made RJ bandages a non-inferior
modality to the golden treatment (cast) for fractures in children.
The null hypothesis was accepted. So, RJ bandage can be considered
relatively a safe method that can be used as a substitute for the cast
to treat these fractures in this age group.

Although there are lots of studies reporting successful results
from the use of different types of removable splints as a substitute
for the cast, they still were not been considered as the golden
standard method in managing these types of injuries in child-
ren.7e16 Therefore, the current study did not make a comparison of
its results with any of these removable splints. However, the au-
thors have the desire to conduct such a study. Theoretically, the RJ
bandage method is supposed to be a simpler and cheaper one.

Generalizability

This treatment requires limited materials (cotton and elastic
bandages only) and limited experience. The application technology
is much simple and easy and can be applied even by non-
professional medical personnel. The impact of the current study
on clinical practice will facilitate the treatment of minor injuries
commonly in these children. Therefore, it will be a helpful method
to treat these injuries in different communities especially those
with limited resources or living in unusual life conditions like
refugee camps.26

Limitations of the study

The random sequence allocation of the participants was not
concealed from person 2 of the study team who enrolled the par-
ticipants in the study and assigned their interventions. Neither the
team of the study (apart from person 3) nor the participants were
blinded by the modality of the treatment.

In conclusion, RJ bandage is a non-inferior alternative to the cast
for the treatment of fractures at the distal end of the radius type
OTA/AO 23-A2 that can be treated conservatively in children.
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