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Objectives: In a practice setting where casting is considered the standard of care, the
aim of this study was to assess the cost-effectiveness of wrist splints compared with
routine casting in children with acceptably angulated distal radius greenstick or transverse
fractures.

Methods: A cost-effectiveness analysis was conducted alongside a randomized
controlled trial (RCT). One hundred children with acceptably angulated distal radius
greenstick or transverse fractures received either a wrist splint or cast. Information on
health care provider and patient and family resource use as well as productivity cost was
collected. Resource use was costed using unit costs from local administrative data
sources and expense diaries. Effectiveness was assessed at 6 weeks using the
performance version of the Activities Scale for Kids (ASKp) questionnaire.
Cost-effectiveness analysis related differential costs to differential ASKp scores.

Results: Mean total cost was $877.58 in the splint group and $950.35 in the cast group,
with a mean difference of $—72.76 (standard error [SE] 45.88). Mean total healthcare cost
was $670.66 in the splint group and $768.22 in the cast group, with a mean difference of
$—-97.56 (SE 9.24). Mean (SE) ASKp was 92.8 in the splint group and 91.4 in the cast
group, with a mean difference of 1.439 (SE 1.585). Therefore, splint management was
more effective and cheaper. After accounting for uncertainty, the probability of splint being
cost-effective compared with cast was 94 percent for a willingness-to-pay threshold value
of $0 for one-unit gain in ASKp score and exceeded 82 percent for all threshold values.

Source of funding: The Hospital For Sick Children Foundation.
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Conclusions: In this RCT, splint management was cost-effective compared with casting
in children with acceptably angulated distal radius greenstick or transverse fractures. This
study challenges the existing standard of care for children with this type of fracture and
provides justification on clinical and economic grounds for a change in routine practice.

Keywords: Cost-effectiveness analysis, Pediatrics, Wrist, Fractures (bone), Casts

(surgical), Splints

Distal forearm fractures which involve the wrist-end of
the radius and ulna are the most common fractures of
childhood (3) and are estimated to occur in approximately
16 per 1000 children in the United Kingdom (1). Depend-
ing on the amount of force at the time of impact, injury
to the distal forearm results in either buckle, greenstick, or
complete fractures (8) and treatment depends on the type of
fracture and the degree of displacement. Treatment varies
on the degree of displacement, but treatment practices and
standards of care also vary by practice, hospital, and juris-
diction. The mainstay of treatment for minimally angulated
greenstick/complete distal radius fractures in many centers
has been with a short or long arm cast for 4 to 6 weeks and
several follow-up visits to an orthopedic surgeon (2). How-
ever, a cast complicates hygiene for a child, there may be
risks and complications (12;18), and a need for specialized
resources for application and removal of the cast. Any of
the latter issues results in costs especially if there are ex-
pensive materials used in casting (28) and added burden to
the health care settings that manage these children. Because
the overall rate of long-term complications from these child-
hood distal forearm fractures is exceptionally low (19;22), it
would be desirable to have a more convenient alternative than
casting that offers comparable immobilization and symptom
relief.

Recent studies have examined removable splints as an
alternative in comparable adult fractures and in stable pe-
diatric buckle fractures. Preliminary adult evidence suggests
that splint management may offer a safe alternative to casting,
with earlier resumption of usual activities (10;23). Studies
that included pediatric stable distal radius buckle fractures
(1;7;11;18;20) observed considerable advantages associated
with splinting over casting. For example, Firmin and Crouch
(11) found that splints were better than casts in terms of clin-
ical outcome, physical functioning, patient preference and
costs, while Davidson et al. (7) documented considerable
cost savings and reduced utilization of health care services in
the splint group. While this growing body of evidence sug-
gests that splinting could be a more convenient alternative to
casting by offering comparable immobilization and symptom
relief at reduced costs, this treatment modality needed to be
compared with the traditional casting management in the pe-
diatric population with acceptably angulated and potentially
unstable greenstick/complete distal radius fractures before it
could be recommended for clinical practice, To date, no study
has yet examined the cost-effectiveness of splint management

with traditional casting management in children with these
common fractures.

The present study provides an economic evaluation con-
ducted alongside a clinical trial that compared routine cast-
ing with commercially available wrist splints in children who
presented with acceptably angulated distal radius greenstick
or transverse factures. The main objective of the study was
to determine the cost-effectiveness of splint compared with
cast management where cast management is the standard of
care or considered routine care.

METHODS

Trial Design

The design, baseline characteristics and clinical results of the
trial have been published elsewhere (4). In brief, the trial was
a randomized controlled, noninferiority, single (evaluator)
blinded trial, conducted at the Hospital for Sick Children,
an urban tertiary care pediatric center. Patients were eligible
if they were skeletally immature, between 5 and 12 years
of age, and if they presented to an emergency department
with a minimally angulated greenstick/complete distal radius
fracture. The minimum required sample size was seventy-six
patients based on testing the null hypothesis that the splint
is less effective than a cast by at least seven points on the
Activities Scale for Kids-performance (ASKp) score at 6
weeks. A seven-point difference in effectiveness was chosen
because this represents the difference between patients with
normal ability and those considered to be mildly disabled
on the performance version of the ASKp (4). In addition,
the sample size was inflated by 20 percent to account for
dropouts, crossovers and patient lost to follow-up.
Enrollment took place from April 2007 to September
2009, resulting in 100 patients being randomized to either
splint or short arm cast. Four were excluded post randomiza-
tion due to diagnostic errors and four were lost to follow-up
of the primary outcome. The mean age for all patients was
9.3 years, and the qualifying event was an acceptably an-
gulated and minimally displaced acute distal metaphyseal
radius greenstick or complete fracture. Both groups were
immobilized for 4 weeks and advised to avoid activities that
may re-injure the wrist for a further 2 weeks. All patients
attended fracture clinic at the study institution at 1 and 4
weeks after the injury. At each visit, the children had clini-
cal assessments and parents completed clinical and expense
diaries. Six weeks after the injury, patients completed the
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Table 1. Unit Costs and Sources of the Key Resources Measured in the Study

Unit costs
(CANS)
Resources Unit yr 2009 Sources of unit costs
Emergency department (ED) visit ED visit $259.68 OCCI, (15)
OHIP Schedule of Benefits and Fees (17)
Wrist support devices
Cast (fiberglass) Per cast $75.00 Obtained from Hospital for Sick Children
Toronto
Splint (thermoplastic wrist support) Per splint $50.00 Manufacturer (Benik Corporation)
Outpatient visit Per outpatient visit $24.50 Obtained from Hospital member of OCCI (15)
Short arm routine Per routine $75.00 Assumed to be cost of new cast
X-ray Scan $58.45 Obtained from Hospital member of OCCI (15);
OHIP Schedule of Benefits and Fees (15)
Staff costs:
Orthopedic surgeon Consultation $71.30 OHIP Schedule of Benefits and Fees (15)
Repeat consultation $45.85
Family doctor Consultation $56.10 OHIP Schedule of Benefits and Fees (15)
Repeat consultation $42.35
Prescribed medication
Codeine $ /100 ml $1.96 Ontario Drug Benefit Formulary (6)
Hydrocortisone 1% cream $ /60 gram $2.80 Ontario Drug Benefit Formulary (6)
Privately purchased healthcare
items:
Tylenol/acetaminophen/Tempra 100 m1;160 mg/5 ml $7.36 Mean of 4 community pharmacies
Advil/Motrin/ibuprofen 100 ml;160 mg/5 ml $8.00 Mean of 4 community pharmacies
Sling Per sling $3.00 Actual costs as reported by patient’s parents
Gortex Cast Lining Per Gortex cast lining $60.00 Actual costs as reported by patient’s parents
Xerosox Per Xerosox $50.00 Actual costs as reported by patient’s parents
Other private expenses:
Gas Cents/liter $101.44 Statistics Canada (26)
Taxi Actual costs as reported by patient’s parents
Public transport Hour Actual costs as reported by patient’s parents
Parking Actual costs as reported by patient’s parents
Hired child care Hour $20.16 Statistics Canada (25)
Productivity cost (parental work $20.16 Statistics Canada (25)
loss)

ASKp questionnaire, strength and range of motion of the in-
jured wrist were measured, and parents completed the clinical
and expense diaries. We carried out the economic analysis
on data from ninety-two patients according to per protocol
analysis.

Resource Use Measurement

Resource utilization estimates were collected in week
1, 4, and 6 at protocol scheduled clinical assessments.
Supplementary Table 1, which can be viewed online at
www.journals.cambridge.org/thc2011006, shows resource
utilization identified in this study, their units of measurement
and respective sources. Parents completed an expense diary,
which included questions on health care utilization and pri-
vately paid resource use related to the wrist injury. Types
of resources recorded were as follows: healthcare visits,
tests/procedures/surgeries, medicines, time off work and/or
school, hours of paid child care, unpaid work, and trans-

portation. This information was supplemented by provincial
statistical reports and local administrative data sources.

Valuing Resource Use

The cost of managing each patient was estimated by apply-
ing relevant unit cost data to the resource profile compiled
for each patient in the study. Costs were calculated from
the societal perspective and included healthcare provider ex-
penses, patient and family resources, and productivity costs
incurred from initial treatment up to 6 weeks. Table 1 shows
unit costs of the key resources included in the study and their
sources. Unit costs were estimated from local administrative
data sources and expense diaries. The cost of prescribed med-
ication was calculated by adding a standard 10 percent (14)
pharmacy mark-up charge and the average Ontario dispens-
ing fee of CAN$9.50 (6) to the costs listed under the Ontario
Drug Benefit (ODB) Formulary (16). Costs were assessed for
the year 2009. Where 2009 costs were not available, values
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Table 2. Comparison of Costs by Key Resources Used by Treatment Group

(CANS) yr 2009

Splint Cast Difference
Resource Mean/pt (SE) Mean/pt (SE) Mean/pt (SE)
Healthcare provider costs:
Initial treatment in ED $368.13 (0.00) $393.13 (0.00) —$25.00 (0.0)
Scheduled follow-up visit at week 1 $154.25 (0.00) $229.25 (0.00) —$75.00 (0.00)
Scheduled follow-up visit at week 4 $128.80 (0.00) $128.80 (0.00) $0.00 (0.00)
Unscheduled resources used:
Consultations $6.76 (2.54) $7.06 (5.53) $0.30 (6.1)
Procedures $9.88 (4.10) $0.00 (0.00) $9.88 (0.00)
Prescribed medication $1.09 (0.53) $0.73 (0.40) $0.37 (0.66)
Wrist support devices $1.74 (1.74) $9.25 (3.62) —$7.50 (4.02)
Costs to society:
Privately purchased healthcare items $8.00 (2.08) $24.08 (5.22) —$16.08 (5.61)
Other private expenses $56.31 (5.27) $54.16 (1.49) $2.14 (5.48)

Productivity cost (parental work loss)

Summary costs:

$142.61 (51.70)

$103.88 (26.44) $38.73 (58.07)

Total healthcare costs $670.66 (6.30) $768.22 (6.76) —$97.56 (9.24)
Total societal costs $206.92 (28.95) $182.13 (23.87) $24.79 (37.52)
Total healthcare & societal costs $877.58 (32.21) $950.35 (32.66) —$72.76 (45.88)

pt, patient; SE, standard error; ED, emergency department.

for other years were inflated using the Canadian Consumer
Price Index for Health and Personal Care (24).

Health Outcomes (Effectiveness)

The effectiveness of the alternative forms of wrist support
devices were assessed in terms of physical function mea-
sured using the ASKp (30-33). The modified ASKp is a
self-reported measure of a child’s current physical function
based on activities performed during the week before com-
pleting the questionnaire. The questionnaire has thirty items
representing nine domains that reflect clinician and child
perspectives on pediatric daily activities (31) and eight ad-
ditional questions related more specifically to wrist activity.
Patients completed the ASKp at baseline to assess baseline
physical function in the week before the injury and at 6 weeks
after the injury.

Analysis

All statistics were performed using SAS Version 9.1 (Sta-
tistical Analysis Systems, Cary, NC). Given the time hori-
zon of 6 weeks, cost and effects remained undiscounted. A
gamma model was used to estimate means and standard er-
rors for the total costs given in Table 2. Mean ASKp scores
were estimated at week 6. To quantify the uncertainty due
to sampling and measurement error, a cost-effectiveness ac-
ceptability curve (CEAC) was plotted. The CEAC is a plot of
the probability that splint management is cost-effective (i.e.,
that the incremental net benefit is greater than zero) as a func-
tion of the threshold value society might be willing to pay
for a one-unit increase in the ASKp scale. A CEAC accounts
for the uncertainty in observed costs and effects in the study

and shows whether the relative cost-effectiveness attractive-
ness of treatments changes as society values the outcome of
interest more.

RESULTS

Fifty patients were randomized to each arm. Of these, four
were excluded due to diagnostic errors and four were lost to
follow-up of the primary outcome, leaving a total of ninety-
two patients on whom cost and effectiveness data were col-
lected.

Resource Use

Supplementary Table 2, which can be viewed online at
www.journals.cambridge.org/thc2011006, provides a com-
parison of the key resources used across each treatment arm
of the trial. For health care resource utilization, the main dif-
ferences between the splint and the cast groups related to the
number of unscheduled outpatient visits to see an orthopedic
surgeon and to have an X-ray (five visits in the splint group
versus zero in the cast group), the number of additional wrist
support devises used (three casts and five splints in the cast
group versus one cast in the splint group) and an additional
cast removal and replacement for assessment purposes at
week 1. For other societal resources used (patient and fam-
ily resources and productivity costs), the main differences
between the two groups related to the number of hours of
parental work loss (282.5 hr in the splint groups versus 235
hr in the cast group) and the number of hours of unpaid lost
productivity (42.50 in the splint group versus 98 hr in the
cast group).
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Costs

Table 2 shows the comparison of costs by key resources
used and treatment group. The mean total healthcare provider
costs for a patient in the splint group was $670.66, whereas
for a patient in the cast group, it was $768.22, estimating
that splint management cost the health care system $97.56
less per patient than traditional casting. The main difference
between the splint and cast groups related to the cost of re-
moving and replacing the cast as part of routine assessment
at week 1 (higher mean cost for cast patients of $75). Other
marked differences were the lower acquisition cost of a splint
versus a cast (mean difference $25), the greater number of un-
scheduled X-rays in the splint group (mean difference $9.88),
and the higher cost for additional wrist support devices used
in the cast group (mean difference $7.50). The mean total
costs for other societal resources used (patient and family re-
sources and productivity costs) was $206.92 for a patient in
the splint group and $182.13 for a patient in the cast group,
indicating that splint management cost society a mean of
$24.79 more per patient than traditional cast management.
The main difference between the two groups related to the
higher cost of parental work loss in the splint group (mean
difference of $38.73). Another marked difference was the
greater number of privately purchased healthcare items ac-
quired in the cast group (e.g., slings, Gortex cast linings, and
Xerosox) (mean difference, $16.08). Combining total health-
care provider costs and other societal costs yielded a mean
difference of $72.76 in favor of the splint compared with the
cast group.

Health Outcomes (Effectiveness)

Patients in the splint group had a mean ASKp at 6 weeks of
92.8 compared with 91.4 in the cast group (4), with a mean
difference favoring splint of 1.439 (SE 1.585). The study
was a noninferiority trial, and the null hypothesis that splint
is inferior by 7 percent or more was rejected at a level of
significance of p < .0001.

Cost-Effectiveness

Five parameter estimates were required for a cost-
effectiveness analysis. The estimated difference (splint —
cast) in mean effectiveness was 1.439, with a corresponding
estimated variance of 2.5135. The estimated difference in
mean cost was —72.76, with a corresponding estimated vari-
ance of 2105.2. The estimated covariance between the esti-
mated mean differences was 3.2094. Therefore, the estimated
incremental net benefit is b(A) = 1.439A + 72.76, where A is
the threshold value for a unit increase in ASKp, and where
the variance of h(}) is given by v(A) = 2.5135A% 4 2105.2
— 213.2094. The CEAC is simply a plot of ®(b(1)//v(R)),
where ®(-) is the cumulative probability distribution for a
standard normal random variable. The CEAC is given in
Supplementary Figure 1, which can be viewed online at
www.journals.cambridge.org/thc2011006, and illustrates the

Cost-effectiveness of cast versus splint in wrist fractures

probability that splint management is cost-effective, com-
pared with conventional casting, as a function of the thresh-
old value. The figure shows that the probability that splint
management is cost-effective when the threshold value is
zero is 94 percent. If the threshold value is CAN$20 per
unit gain in ASKp score, the probability that splint manage-
ment is cost-effective is 97 percent. Supplementary Figure
1 shows that even after accounting for uncertainty in costs
and effects observed across patients in the trial, that man-
agement with a splint is the most cost-effective treatment
for patients. Furthermore, as the relative value of the clinical
outcome (i.e., ASKp) increases, management with a splint
remains cost-effective for all willingness to pay thresholds.
The probability that splint management is dominant (i.e., less
costly and more effective) is 73.8 percent.

DISCUSSION

In this trial, splint management was observed to be less costly
and more effective. The reduction in cost was mainly due
to replacing the cast as part of routine assessment at week
1 and the lower acquisition cost of a splint versus a cast.
The societal perspective (including healthcare provider costs,
patient and family resources used, and productivity costs)
resulted in a small difference in costs between the splint and
cast groups. The probability that splint management is cost-
effective, compared with cast management, is greater than 82
percent for all threshold values and greater than 95 percent
for all plausible threshold values (i.e., less that $50 per unit
on the ASKp scale). Furthermore, the probability that splint
dominates cast is 73.8 percent.

To our knowledge, this is the first study to compare
the cost-effectiveness of casting versus splint management
in children with acceptably angulated distal radius fractures.
Studies for pediatric buckle fractures, have observed con-
siderable reductions in costs associated with splint manage-
ment over casting (7;27). However, none of the studies were
formal cost-effectiveness analyses, as differences in costs
were not compared with the difference in effects in an in-
cremental analysis. Davidson et al. (7) found that splint was
cheaper than cast management by US$51.23 (US$116.98
versus US$65.75 per patient [2001 prices]). According to
Davidson et al. (7), the main reason for the cost difference
was the need for specialized healthcare services in the cast
group. Patients in the cast group were initially placed in a
splint in the emergency department (ED) and had to go for
follow-up visits to the fracture clinic for cast placement and
removal.

Lower costs associated with splint use in buckle frac-
tures were further supported by Symons et al. (27), who
suggested that splint management could reduce the num-
ber of fracture clinic visits. Their study found that removal
of the splint by parents at home was as safe and effec-
tive as removal of the splint at the fracture clinic. In our
study, we did not study the impact of reduced fracture clinic
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visits because timelines for placement and removal of splint
and cast were standardized across groups and coincided with
scheduled clinic assessments. Notably, fewer visits to the
fracture clinic could result in cost savings in terms of health
care provider expenses, parents’ time off work, transport
costs, and the patients themselves would not have to miss
school.

Other studies have focused on the cost savings that could
be made by limiting the number of (unnecessary) follow-up
radiographs in the management of fractures. Farbman et al.
(9) found that multiple post cast radiographs of buckle frac-
tures are unnecessary and that relying on a single follow-up
radiograph study could translate into cost savings of over
US$10,000 for 70 patients. In a study by Michelson et al.
(13) of serial radiographs used in the management of sta-
ble, adult ankle fractures, an average of 4.5 radiographs per
patient were obtained, none of which showed any change
in fibular alignment. They calculated cost savings in the
United States of over $35 million annually by eliminating
with multiple routine follow-up radiographs. Due to the ab-
sence of serious complications observed in our patient group
in this, and other studies (2;8;29), a reduction in the number
of radiographs might also be appropriate. However, in our
analysis, radiographs were standardized across groups and
coincided with follow-up clinical assessments. Hence, defini-
tive recommendations regarding radiography rates cannot be
made.

LIMITATIONS

There are limitations to this study that warrant considera-
tion. Unit costs were obtained from provincial cost data of
Ontario, which might not be representative of costs at hospi-
tals outside this province. In addition, our cost-effectiveness
results cannot function as reference for funding decisions
across different health care programs. Because the ASKp is
a condition-specific non—preference-based health measure,
its capacity to assess relative efficiency of interventions is
limited. In the case of dominance, where one intervention
is less costly and more effective than its comparator, it is
straight-forward to assess relative efficiency because it is
simply a question of choosing the treatment with the better
effectiveness outcome and with the lower costs. However,
when incremental costs and effects are in the same direction
(common scenario is a new intervention being more effec-
tive and more costly), the implication for the efficient use of
resources is less clear and a judgment is needed regarding
whether a treatment is more or less efficient relative to some
reference such as a threshold. However, there is no informa-
tion on how much society (or healthcare decision makers)
would be willing to pay for a one-unit gain in the ASKp
score. Finally, non—preference-based health measures do not
satisfy several assumptions (notably the equal interval and
the representation of utility assumptions) necessary to be a
health economic outcomes measure that is commonly used in

economic evaluations (5) and can be applied across a variety
of health programs.

CONCLUSION

To our knowledge, this cost-effectiveness analysis provides
the best data available to date on the cost-effectiveness of
splints versus casting in acceptably angulated distal radius
fractures in children. As casting is the standard of care for
these injuries in most centers (2;21;28), this study has shown
that decision makers can be confident that splinting is a cost-
effective method compared with casting in the management
of pediatric greenstick and complete fractures with minimal
angulation (2). It is hoped that this study will help to change
clinical practice in this patient population for regions where
casting is the standard of care.

SUPPLEMENTARY MATERIAL

Supplementary Table 1

Supplementary Table 2

Supplementary Figure 1
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