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Abstract

Background: The treatment of choice for paediatric distal forearm fractures has been a long-arm cast (LAC) following
closed reduction. An alternative treatment is to use a double sugar-tong splint (DSTS), found equally effective to provide
three-point fixation and comparable outcomes to cast.

Objectives: To compare the functional outcome between LAC and DSTS for the treatment of paediatric distal forearm
fractures.

Methods: A randomised controlled trial was done among 36 patients of 5-15 years with acute distal forearm fractures
without neurovascular deficit treated with LAC and DSTS recruited by convenience sampling at a tertiary care centre
after ethical approval. Acceptability of reduction, loss of reduction, union rates, cast comfort, range of motion and
complications were studied at follow-up upto 12 weeks and analysed using SPSS v.11.5.

Results: Among a total of 36 patients, 18 cases were treated by the LAC method and others by the DSTS method. Both
LAC and DSTS were comparable in the maintenance of reduction, the remanipulation rate was 8.3% (n = 3), not significant
(p-value = 0.967). All had a union at six weeks follow-up. No statistical difference in mean VAS score (p-value = 0.524),
mean loss of flexion (p-value = 0.397), and mean loss of pronation/supination (p-value = 0.814). No statistically significant
difference in activities of daily living was noted. No complications were encountered.

Conclusion: DSTS is safe and as effective as LAC in the treatment of distal forearm fractures in children, identical in terms
of functional outcome, maintenance of reduction, complications, and time to union.
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Functional outcome of long-arm cast versus double sugar-tong splint in acute paediatric distal forearm fractures ...

Although closed reduction and casting of displaced
fractures remain the mainstay of treatment for the
majority of patients, the optimal type of cast remains
debatable.t® Although well-molded casts may provide
the best potential to maintain fracture alignment,
theoretical risks of acute circumferential immobilisation
include neurovascular compromise and compartment
syndrome. Splinting is another option that avoids
the potential complications associated with casting.’
Hence, this study aimed to determine the effectiveness
of DSTS compared with LAC in terms of maintenance
of reduction, functional outcome, delayed union,
nonunion, and malunion.

METHODOLOGY

Present study was a randomised controlled trial
conducted at the department of Orthopaedics, B. P.
Koirala Institute of Health Sciences (BPKIHS), Dharan,
Sunsari, Nepal, a tertiary care hospital in Eastern Nepal,
over a period of 11 months between 2018 October to
2019 August with institutional ethical approval (Ref.
356/075/076-IRC; Code: IRC/1339/018). All children
between 5-15 years with isolated traumatic distal
third extraarticular forearm fractures without distal
neurovascular deficit presenting to the Emergency and
the outpatient departments were included in the study
by convenience sampling. Patients with re-fractures,
polytrauma, fracture dislocations, pathological fractures,
and compartment syndrome were excluded. The
participants were then randomly allocated in the LAC
or DSTS group (Figure 1). The null hypothesis was that
there is no significant difference in functional outcome
between the two procedures namely LAC and DSTS for
the treatment of distal forearm fractures in children.
The primary objective of the study was to compare the
functional outcome and efficacy of double sugar-tong
splint with that of a long arm cast for the treatment of
distal forearm fractures. The secondary objectives were
to determine the time required for fracture union and
cast related complications.

The sample size was calculated considering 95% Cl and
80% power of the study and with reference to the study
by Levy et al.? Radial apposition at injury time and post
reduction were reported as 46.9% and 93.2% in double
sugar-tong splint group and 68.8% and 94.1%in long arm
cast group respectively. The net reduction in two groups
were 46.3% and 25.3% respectively. The proportion of
reduction based on baseline were calculated as 98.72%in
double sugar-tong splint group and 36.77% in long arm
cast group. Considering P1 = 98.72% and P2 = 36.77%;
Z ,at 5% = 1.96 and Z, at 5% = 1.645. The sample size
was calculated using following formula:
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2Z,,+2)°PQ
o (P1-P2)
where P =(P1+P2)/2=(98.72 +36.77)/2 = 67.75%

Q=100-P=100-67.75=32.25%

2(1.96+1.645)? x 67.75 x 32.25
(98.72-36.77)?

=14.797 = 15 (in each group)

Adding 20% for non-response rate, the total final
sample size calculated was 36 with 18 in each
group. Randomisation was done by random number
allocation using Microsoft Excel's random number
generation technique. Ethical clearance was obtained
from the Institutional Review Committee (IRC) (Ref.
356/075/076). Prior informed and written consent
from the guardians and assent from the children was
taken after explaining the procedures, complications,
and possible outcomes, as per the National Ethical
Guidelines for Health Research in Nepal, 2019."° The
patients were administered analgesics and limb splinted.
A thorough general physical and systemic examination
was carried out to look out for underlying exclusion
criteria and record any distal neurovascular deficit. The
diagnosis was confirmed by X-ray of the forearm with
wrist and elbow on anteroposterior (AP) and lateral
views. Classification of the fracture was done according
to Arbeitsgemeinschaft fir Osteosynthesefragen (AO)
classification. Fractures were manipulated and reduced
by orthopaedic residents under supervision under
appropriate analgesia and/or sedation. Methods of
analgesia/anaesthesia included haematoma block or
conscious sedation performed in either the emergency
department, plaster room, or operating room. All initial
immobilisation utilised plaster of Paris for both the
DSTS and LAC groups. Radiographic measurements
were taken at the initial presentation, post-reduction,
and at each follow-up visit with assessments for cast
index, sagittal and coronal angulation, displacement,
and apposition. All radiographs were digital. Cast index
and three-point index measurements were calculated
to ensure that reduction will be maintained properly
within the cast or splint like that described in the work
by Alemdaroglu et al."' The patients were followed up at
one, two, three, four, and six weeks. The AP and lateral
radiographs were obtained at all scheduled follow-up
appointments. In patients 15 years of age or below,
loss of reduction (LOR) was defined as angulation >20
degrees in the distal thirds of the bone. Furthermore, any
change in angulation of >10 degrees from the immediate
post-reduction radiograph was deemed LOR. At the
follow-up visit, DSTS was overwrapped with casting
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material if necessary. Fractures with concern for the loss
of reduction outside the acceptable parameters were
considered for remanipulation new LAC was applied.
The option to convert to a short-arm cast was available
at the four- and six-week appointments based on clinical
and radiographic evidence of healing. All patients
were followed to the clinical and radiographic union,
typically at the six- or eight-week mark, when the casts
were to be removed. They were then asked to return at
least one more time between second and fourth weeks
after cast removal to ensure a return of full range of
motion and repeat radiographs. At the end of the final
follow-up, the functional outcome was assessed using
a questionnaire to evaluate difficulties in performing
seven daily activities during the period of cast adapted
from the Performance version of the Activities Scale for
Kids.”? The parents and children were evaluated for the
comfort of the cast using a visual analog scale (VAS) with
the highest score for maximal comfort.”® The range of
motion (wrist flexion-extension, forearm supination-
pronation, and elbow flexion-extension) was measured
in degrees by using a goniometer. Collected data were
entered in Microsoft Excel 2013 and converted into SPSS
Statistics for windows, version 11.5 (SPSS Inc., Chicago,
lll., USA) for statistical analysis. For descriptive analysis
proportion, percentage, mean and standard deviation
were calculated. Graphical and tabular presentations
were made. For inferential statistics, the Chi-square test
for categorical data, t-test, or Mann Whitney U test for

continuous data was applied to find out the significant
differences between the two groups (LAC group and
DSTS group) with study variables at 95% confidence
interval where p-value = 0.05. Fisher's Exact test was
used for the test of independence.

RESULTS

A total of 36 cases were treated over the study period
of which 19 were male and 17 were female children.
Most of them were in the 8-11 years age group (N = 36).
The mode of injury was similar between the groups.
All of these variables were not statistically significant
suggesting that randomisation was successful (Table
1). Regional anaesthesia was sufficient in most of the
patients (26, 72.22%). Most of the post-manipulation
and reduction radiographs were within acceptable
parameters. Only one patient in LAC group required
immediate remanipulation after initial reduction and
one patient in each LAC and DSTS group required
remanipulation after one week follow-up, which were re-
reduced to acceptable limits (Table 2). Signs of healing
were present in all cases at six weeks (Table 3, Figures
2, 3,4, and 5). Cast discomfort measured with VAS score
showed similar compliance in both groups: 5.67 + 0.77
versus 5.50 £ 0.79 in LAC and DSTS respectively (p-value
= 0.524). Functional parameters with respect to forearm
range of motion and activities of daily living were
comparable between the groups at the final follow-up
(Table 4).

Consort Flow Diagram
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Figure 1: CONSORT flow diagram of the study.
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T

Figure 4: Prereduction and post-reduction X-rays in DSTS group (AP and lateral views)
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Figure 5: X-rays (AP and lateral views) in DSTS group at one week, three weeks, and six weeks follow-up respectively

Table 1: Demographic profile of the patients
Group

P t -val
arameters LAC(N=18)  DSTS(N=18) AL
Mean age (Mean * SD) 10.06 + 2.90 9.56 +3.11 0.621
S Male 9 (50) 10 (55.6)
Gender distribution, n (%) 0.197
Female 9 (50) 8(44.4)
o Right 6 (46.2) 7 (53.8)
Side involved, n (%) 0.729
Left 12 (52.2) 11 (47.8)
Fall from height 11(73.3) 4(26.7)
o Fall on ground 7 (38.9) 11(61.1)
Mode of injury, n (%) . 0.067
Road traffic accidents - 2(100)
Others - 1(100)
<24 hours 14 (53.8) 12 (46.2)
Injury to hospital time, n (%) 24-48 hours 3(33.3) 6 (66.7) 0.341
>48 hours 1(100) -
SD = standard deviation.
Table 2: Distribution of different variables among two groups, n (%)
Group
Variabl -val
arables LAC(N=18) DSTS(N=18) P o€
. Regional 14 (53.8) 12 (46.2)
A h 457
naesthesia General 4 (40) 6 (60) 045
R ipulati ired 1(100 =
Remanipulation after initial reduction eman!pu é !on require . (100) 0.310
Remanipulation not required 17 (48.6) 18(51.4)
R ipulati ired 1(50 1(50
Remanipulation after one week follow-up eman!pu @ !on require . (50) (50) 0.967
Remanipulation not required 17 (48.5) 17 (51.5)
Table 3: Analysis of clinico-radiological union, n (%)
Variables Groups value
LAC DSTS i
I 7. .
Union (callus) at three weeks Callus present 3(37.5) > (53.6) 0.423
Callus not present 15 (62.5) 13 (46.4)
Union at six weeks 18 (100) 18 (100)
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Table 4: Functional outcomes after cast removal

Parameters

Loss of elbow flexion (degrees) (Mean + SD)

Loss of range of motion

Loss of forearm pronation (degrees) (Mean + SD)
Total loss of rotation (degrees) (Mean + SD)

Excellent
Grading of limitation of ~ Good
pronation/supination Fair

Poor

Activities of daily living:

i +
Days of school missed Missed school (days) (Mean + SD)

DISCUSSION

Paediatric forearm fractures are commonly seen and heal
reliably.™ Nonunion in children is essentially only seen
in the setting of a pathologic condition or disruption in
vascular supply; whereas loss of reduction and malunion
is the most important risk.! These fractures are known to
have a substantial capacity to remodel due to proximity
to the physis. Indeed, it has even been shown that a
gentle, non-anatomic reduction that only improves
alignment with subsequent placement in a short arm
cast will remodel and result in overall good outcomes.™
Consequently, guidelines have been set for allowable
post-reduction angulation and displacement that can
be corrected by remodelling. The principle of treatment,
then, is providing adequate immobilisation, which can
maintain the reduction within these parameters until
the child’s bone can heal and remodel.5"" Historically,
these injuries were treated with a LAC for the duration
of treatment or until enough healing had taken place
that the cast could be changed for a LAC. An alternative
treatment algorithm is to use a DSTS at the time of initial
reduction and overwrap the splint with fibreglass at the
time of the first follow-up.? In this study, mean age was
found to be 9.81 years, similar finding was noted that is
8.73 years and 8.94 years by Levy etal.,>and Acree et al.,'®
respectively. Fall on ground with outstretched hands
was found to be the most common mode of injury in
both group, similar finding was noted by McQuinn et
al.”» Most of the patients presented with injury to the
left forearm (23, 63.9%), the non-dominant side. The
left side was injured in 23 patients with 11 in DSTS and
12 in LAC group and the right side in the remaining 13
patients, seven in DSTS and six in LAC group. Similar
findings were noted by Levy et al.2 with 70.4% injury to
left forearm. Most of the fractures were reduced under
regional anaesthesia, which was true for both the groups.
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Groups
LAC DSTS p-value
9.44+922 1194825 0397
8.89 + 6.08 1150536  0.181
8.89 +7.58 1067 = 451 0.399
22.86+9.35 2217+7.098 0814
33.33 1.1
27.78 44.44
1617 27.78
22.22 1617
18501107  1572+1008 0436

Other studies have not observed the role of anaesthesia
between the two groups and so these observations
could not be compared. In current study, remanipulation
rate was 8.3% (n = 3). Of the total reduction attempted,
only one case was remanipulated once again. On first
follow-up one week later two cases, one each in LAC
group and DSTS group, presented with loss of reduction,
and they were also remanipulated. In study conducted
by Levy et al,? 15 (21.11%) cases were remanipulated,
10 out of 37 cases in LAC group and five out of 34 cases
in DSTS group. There were no week-to-week differences
between the two groups in regards to sagittal alignment,
coronal alignment, apposition, or displacement. Sagittal
alignment at immediate post-reduction and week two
showed that the DSTS was slightly better (average 2.0 vs.
5.0 degrees, respectively, p-value = 0.04). For the entire
treatment period there was an increased risk of loss of
reduction of >10 degrees in the LAC group versus the
DSTS group (seven patients vs. two patients, respectively,
p-value = 0.0001). Study by Acree et al.,'® showed
reduction was maintained with acceptable alignment
in most cases (94%). Although a sugar-tong splint
slightly maintained fracture alignment better, this was
not statistically significant. Study by Lee et al.* showed
that loss of reduction occurred in 16 cases in short arm
double splint group (34%) and 10 cases in sugar-tong
splint group (29.4%), which did not differ significantly
between the groups (p-value= 0.169). Murphy et al.,"”
concluded that at four weeks post-injury follow-up, there
were no statistically significant differences between use
of an SSTS or LAC when comparing post-immobilisation
sagittal alignment (LAC 10.3+7.2, SSTS 8.4+5.1°; p-value
= 0.46), coronal alignment (LAC 6.9+ 4.6, SSTS 7.6 +
9.3°% p-value = 0.46), or need for repeat manipulation or
surgery (LAC 4/50, SSTS 3/50; p-value = 0.70).
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Goldstein et al.,’® conducted a study in which 33 patients
were treated with closed reduction and immobilisation
in a sugar-tong splint, 10 patients were acutely casted,
and two patients were placed into a short arm volar
splint. Twenty-five patients who were initially splinted
were treated to completion without the need for
operative intervention. Eight of the patients treated
with sugar-tong splints (24%) required surgery. Eight
patients who were initially casted were treated to
completion closed. Two of the patients who were
initially casted (22%) required operative intervention
for loss of reduction. Both of the patients who were
initially immobilised using a volar splint were treated
to completion without operative intervention. There
was no statistically significant difference in the need for
operative intervention amongst these groups.

Sixty-four (38%) patients demonstrated radiographic
LOR with 90% of LORs occurring in the first two weeks.
LOR was significantly more common in distal radius
fractures [48/110 (44%)] than with either proximal [2/14
(14%), p-value = 0.04] or mid-shaft radius fractures
[7/41 (17%), p-value = 0.004]. There was no difference
in LOR by location for ulna fractures [proximal = 2/13
(15%), middle = 4/38 (11%), distal = 20/77 (26%),
p-value >0.08]. There was no difference in radial LOR in
patients with isolated radius fractures compared with
both bone forearm fracture (17/40 vs. 40/125, p-value
= 0.22), or ulnar LOR between isolated ulna and both
bone forearm fracture (0/3 vs. 26/125, p-value >0.99),
Dittmer et al. 2019.2 Initial complete displacement and
the degree of obliquity of the fracture were the most
important risk factors for redisplacement. Fractures
that were completely displaced initially were 11.7 times
more likely to redisplace than were angulated but
incompletely displaced fractures. A 20° oblique fracture
was 4.9 times more likely to redisplace and a 30° oblique
fracture was 10.9 times more likely to redisplace than a
0° true transverse fracture. The three-point index was
superior to the other radiographic indices for predicting
redisplacement, with a sensitivity of 94.7%, a specificity
of 95.2%, a negative predictive value of 98.4%, and a
positive predictive value of 85.7%. The gap index was
the next-best measure, but it had a sensitivity of 63.2%,
a specificity of 76.2%, a negative predictive value of
87.3%, and a positive predictive value of 44.4%."" There
was no significant difference in limitation of elbow
flexion in 2 groups with mean limitation of flexion
being 9.44 degrees + 9.22 in LAC and 11.94 degrees +
8.25 in DSTS group. In the previous study conducted by
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Colaris et al.,'® the limitation of flexion and extension of
the elbow was 1.2 + 4.4 degrees in long arm cast group.
The cause of limitation in current study could be the fact
this assessment was done at three months while in the
previous study final assessment was done at six months.

Using Daruwalla grading system for limitation of
pronation and supination, excellent result was seen in
33.3% cases, good in 27.78%, fair in 16.17% and poor
in 22.22% in the LAC group while in the DSTS group
excellent result was seen in 11.11%, good in 44.44%, fair
in 27.78% and poor result in 16.17% of cases.”® In the
previous study by Colaris et al.,” the results in the LAC-
alone group were excellent in 21%, good in 38%, fair in
26%, and poor in 15%.

There was no significant difference in the cast comfort
as evidenced by VAS score of 5.67 + 0.77 and 5.50 + 0.79
respectively in LAC and DSTS group. The findings match
with the previous study by Dittmer et al.>* Comparing the
functional result in recent literature is complicated by
different outcome measures and treatment techniques.
Activity score for children' was used as a measure
for functional outcome and no significant difference
(p-value= 0.436) was found between two groups
regarding total and sub group scores. Similar finding
was found by Colaris et al. (2013)," which reported that
there were no significant differences in activities of daily
living in the two groups. There were no cast related
complications encountered in the two groups. The
previous study by Levy et al.? shows no significance in
complications as well.

The limitations of the study are: this was a single centre
study with small sample size and short follow-up.

CONCLUSION

DSTS is safe and as effective as LAC for six weeks in
the treatment of closed fractures in distal forearm
in children. Both methods were identical in terms
functional outcome, maintenance of reduction and
other complications and time to union. As remodelling
process is faster in children management of nonunion/
delayed union could not be assessed and the recovery of
movement of forearm could not be evaluated properly.
So, alonger duration of study is recommended for better
evaluation and management of complications.
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