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Background Closed and open grade I (low-energy)
tibial shaft fractures are a common and costly event,
and the optimal management for such injuries remains
uncertain.

Methods We explored costs associated with treat-
ment of low-energy tibial fractures with either casting,
casting with therapeutic ultrasound, or intramedullary
nailing (with and without reaming) by use of a decision
tree.

Results From a governmental perspective, the mean
associated costs were USD 3,400 for operative manage-
ment by reamed intramedullary nailing, USD 5,000 for
operative management by non-reamed intramedullary
nailing, USD 5,000 for casting, and USD 5,300 for cast-
ing with therapeutic ultrasound. With respect to the
financial burden to society, the mean associated costs
were USD 12,500 for reamed intramedullary nailing,
USD 13,300 for casting with therapeutic ultrasound,
USD 15,600 for operative management by non-reamed
intramedullary nailing, and USD 17,300 for casting
alone.

Interpretation Our analysis suggests that, from an
economic standpoint, reamed intramedullary nailing
is the treatment of choice for closed and open grade I
tibial shaft fractures. Considering financial burden to
society, there is preliminary evidence that treatment of
low-energy tibial fractures with therapeutic ultrasound
and casting may also be an economically sound inter-
vention.

Of tibial fractures, closed and grade I open frac-
tures, also known as low-energy fractures (Toivanen
et al. 2001), are the most common (Heckman and
Sarasohn-Khan 1997). Surgeons have had divided
opinions as to what management strategies might
best reduce fracture healing time and minimize
complications of closed and open grade I tibial
fractures, and also regarding their potential cost
implications (Littenberg et al. 1998, Coles and
Gross 2000).

While most of these fractures can be treated
with casting or functional braces, operative fixa-
tion with intramedullary nails has become increas-
ingly popular. Casting is typically perceived as less
costly and invasive, whereas operative care is per-
ceived as being more effective in reducing healing
time—but at the expense of greater cost and risk of
complications. In an effort to optimize nonopera-
tive management, adjunctive modalities have been
proposed, such as therapeutic ultrasound. There
is some evidence that the addition of therapeutic
ultrasound may reduce healing time and complica-
tion rates compared to casting alone (Cook et al.
1997, Busse et al. 2002); however, there are addi-
tional costs associated with its use.

Scarcity of resources is an accepted reality in
healthcare, and there is a need to consider both
clinical outcomes and economic factors when eval-
uating treatment options. There is, however, a pau-
city of data on the costs of many orthopedic pro-
cedures, including management of tibial fractures
(Maniadakis and Grey 2000, Bozic et al. 2003,
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Table 1. Resource unit costs

Resource Cost

Hospital resources

Emergency room consultation 36.2
Orthopedic consultation 441
Anesthetist consultation 79.9
Internist consultation 82.2
Radiographs 16.4/film
Routine blood work 2 4.87
Operating room resources
Orthopedic surgeon’s fee 257
Anesthetist’s fee 71
Surgical supplies 179
Nursing staff 144
Orthopedic ward fees 335/day
Medication
Ancef (1 g q8h) 18.7/day
Novo Cloxacillin (250 mg g6éh) 8.17/day
Coumadin (5 mg) 7.95/day
Demerol (75 mg IM/IV g6h) 8.19/day
Gravol (50 mg g6h) 8.57/day
Heparin (5,000 USK q12h) 8.63/day
Statex/Morphine (5 mg q6h) 8.20/day
Tylenol #3 (2 tablets q6h) 8.24/day
Novogesic (1 tablet q6éh) 7.85/day
Outpatient resources
Fracture clinic 24.9
Repeat internist consultation 58.0
Outpatient procedures
Suture or staple removal 14.3
Cast/splint removal 22.2
Ultrasound 17.6/image

Exogen SAFHS (therapeutic ultrasound) 785

2 Routine blood work includes complete blood count and
electrolytes.
g6h; q8h; and q12h: to be taken every 6, 8, and 12 hours.

Haentjens and Annemans 2003). In this study, we
present an economic analysis of current compet-
ing strategies for the management of patients with
closed and open grade I tibial shaft fractures.

Methods

We performed our economic analysis from the
standpoint of the local government (the Ontario
Ministry of Health and Long Term Care) and of
society. The governmental perspective included all
direct costs to healthcare (Table 1). Current guide-
lines recommend a comprehensive societal per-
spective including out-of-pocket expenses and lost
productivity for family members and other caregiv-
ers (Weinsten and Fineberg 1980). Such detailed

economic data are not readily available within the
existing literature on tibial fracture management.
As such, productivity losses were calculated as
proportional to time off work associated with each
treatment strategy, based on time to fracture heal-
ing. Studies of populations in the US and the UK
have found that the indirect costs of tibial fracture
management are at least twice that of the direct
healthcare costs, especially for those carrying out
physical labor (Downing et al. 1997, Heckman and
Sarasohn-Khan 1997, MacKenzie et al. 1998). Cur-
rent guidelines recommend a comprehensive soci-
etal perspective including out-of-pocket expenses
and lost productivity for family members and other
caregivers (Weinstein and Fineberg 1980). Such
detailed economic data are not readily available
in the existing literature on tibial fracture manage-
ment. As such, productivity losses were calculated
as being proportional to time off work associated
with each treatment strategy, based on time to frac-
ture healing. All costs are expressed in American
dollars (September 2004) unless otherwise speci-
fied.

Unit costs

Hospital costs and healthcare fees were obtained
from the Ontario Physician’s Schedule of Benefits
(Ontario Ministry of Health 2003). The costs of
prescribed drugs were obtained from city hospital
pharmacy records (Hamilton, Ontario). Fees asso-
ciated with hospitalization were calculated by esti-
mating the weighted average orthopedic ward fee
per day from a city hospital (Hamilton, Ontario)
(Table 1). The cost of therapeutic ultrasound units
(the Sonic Accelerated Fracture Healing System
(SAFHS 2A)) was obtained from Smith & Nephew
(Memphis, TN, USA). Resource utilization for
patients treated for tibial fractures was obtained
from a review of the relevant literature (Sprague
and Bhandari 2002), and by consultation with an
experienced trauma surgeon (Table 2).

‘We made the following assumptions: (1) 3 radio-
graphic examinations would be required for each
operative procedure (before, during, and after),
and 2 would be required for each conservative
procedure (before and after); (2) fracture clinic fre-
quency was assumed to be at 2 weeks, and then for
each subsequent month until radiographic healing
(for closed management strategies), as opposed to
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Table 2. Total estimated costs. Treatment costs are presented (in CAD), with

cost to productivity in brackets.

Casting alone Casting with  Non-reamed Reamed
ultrasound  intramedullary intramedullary
nailing nailing
Fracture healed, 4 023 4 757 4 445 3 440
no complications (10 338) (7 249) (9 387) (8 375)
Deep infection 5473 6 209 5882 4 877
(10 338) (7 249) (9 387) (8 375)
Compartment 5382 6118 5791 4786
syndrome (10 338) (7 249) (9 387) (8 375)
Delayed or 7 398 8183 7 849 6 844
nonunion (18712) (15 624) (17 761) (16 749)
Malunion and 7 398 8183 7 849 6 844
reoperation (18712) (15 624) (17 761) (16 749)
Malunion and no 4023 4757 4 445 3440
reoperation (10 338) (7 249) (9 387) (8 375)
Deep vein 5 668 6 404 6 077 6 071
thrombosis (10 338) (7 249) (9 387) (8 375)
Nail failure and N/A N/A 7 849 6 844
reoperation (17 761) (16 749)
Screw failure, N/A N/A 4 445 3 440
no reoperation (9 387) (8 375)

2 weeks and then every 3 months until radiographic
healing occurred (for operative management).

Productivity losses

Tibial fractures result in substantial loss of work
hours, particularly for those whose work involves
physical labor. The time to fracture union has been
found to be closely related to the duration of dis-
ability (Fourie and Bowerbank 1997, Tornetta and
Tiburzi 2000), and this assumption was used to
estimate productivity losses. According to Statis-
tics Canada, the average wage for individuals in
the Hamilton-Wentworth area (Ontario, Canada) in
2002 was USD 521/week, and the average unem-
ployment rate was 6%. This unemployment rate
was taken into account when determining produc-
tivity losses (Table 2).

Literature search strategy

Two of the authors (JWB, SS) independently iden-
tified relevant studies on treatment of low-energy
tibial fractures by conducting a systematic search
of MEDLINE (from 1966 to October 2003) with
the following terms: “fracture healing AND tibia
OR tibial shaft”. The results were limited to Eng-
lish-language studies involving human subjects.
We conducted an additional search on MEDLINE

using the term “tibial shaft”, limited to either
randomized clinical trials or meta-analyses. This
resulted in 902 original articles. The bibliogra-
phies of all retrieved publications were reviewed
for additional articles that might be relevant, and
the files of the authors were also searched, which
yielded an additional 6 articles.

JWB and SS independently assessed the titles of
electronic articles to determine whether the study
involved treatment of closed or grade I open tibial
fractures with either casting, casting and therapeu-
tic ultrasound, or intramedullary nailing (reamed
or unreamed). If the title suggested any possibility
that the study might be relevant, the abstract was
retrieved. We retrieved potentially eligible abstracts
for review in duplicate. Agreement between JWB
and SS on studies selected for retrieval was good
(kappa = 0.78; 95% confidence interval (CI) =
0.75-0.81).

Data abstraction

In order to reduce bias, we decided a priori to
abstract data only from original prospective stud-
ies; however, we had difficulty in determining from
a number of observational trials whether the data
had been collected prospectively or retrospectively.
Thus, we limited our sources of data to random-
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Table 3. Summary of eligible trials 2

Casting alone Casting with Non-reamed Reamed
ultrasound intramedullary  intramedullary
nailing nailing
Time to union 140 days 96 days 124 days 111 days
(n=143) (n=33) (n=130) (n =94)
Deep infection 1.3% - 1.3% 0.9% 0.7%
(n=154) (n =228) (n =135)
Delayed union 20% 6.4% 12.8% 3.7%
or nonunion (n=183) (n=31) (n = 149) (n=107)
Malunion 58% —  58% 5.1% 2.5%
or malposition (n=59) (n =196) (n = 158)
Duration of 9days — 9days 10 days 7 days
hospitalization (n=83) (n=73) (n =60)
Deep vein 12% - 12% 2.2% 1.4%
thrombosis (n=26) (n=90) (n=73)
Compartment 1.4% - 1.4% 5.3% 1.6%
syndrome (n=71) (n=113) (n=122)
Screw failure N/A N/A 28% 6.3%
(n=88) (n=158)
Nail failure N/A N/A 1.1% 1.0%
(n=88) (n =98)

2 All data are presented as weighted mean averages derived from relevant
trials, with the sample size in brackets. Arrows indicate where missing data for
outcomes following treatment with casting and therapeutic ultrasound were
acquired from trials reporting on management with casting alone.

ized clinical trials. JWB and SS independently
abstracted data from each eligible study. Data
abstracted included treatment groups, interventions,
duration of hospitalization, rates of complications
(deep infections, delayed union, nonunion, deep
vein thrombosis, compartment syndrome, implant
failure), and time to fracture healing (Table 3).

Economic analysis

We performed an economic analysis for four com-
peting treatment strategies of closed or grade I open
tibial fractures: (1) casting alone, (2) casting with
therapeutic ultrasound, (3) operative treatment with
non-reamed intramedullary nailing, and (4) opera-
tive treatment with reamed intramedullary nailing.
The time to fracture union (radiographically) was
used as the measure of effectiveness. Given the mul-
tiple clinical alternatives, each with the potential to
result in a number of outcomes, we used a deci-
sion tree to perform all cost analyses (Data 4.0.7;
TreeAge Software Inc., Williamstown, MA, USA).
We began our decision tree with a defined category
of patients (low-energy tibial fracture), which led
to four possible treatment paths termed “chance
nodes” (Table 3). We obtained probabilities for

the decision tree from randomized clinical trials.
Given the limited information available on the use
of ultrasound and casting to treat low-energy tibial
fractures, we acquired missing data from trials
reporting casting alone, as indicated in Table 3.
We believed this assumption to be conservative as
there is some evidence that the use of therapeutic
ultrasound as an adjunct to casting alone results in
improved outcomes (Cook et al. 1997, Busse et al.
2002, Frankel and Mizuho 2002).

We conducted sensitivity analyses through
Monte Carlo simulations run on models developed
for both the governmental and the societal perspec-
tive. Monte Carlo modeling is a form of probabilis-
tic sensitivity analysis in which theoretical patients
pass through a model, with transitions at each cycle
decided by a random number generator and the
probabilities associated with that transition. The
purpose of the simulation is to arrive at an estimate
of the precision of the outcome of interest (Drum-
mond et al. 1998). For each treatment arm, 10,000
patients were simulated. For sensitivity analyses of
these simulations, we calculated the standard devi-
ation surrounding all treatment and productivity
costs assuming 50% increases and 50% decreases.
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902 abstracts screened

159 full texts of potentially
relevant studies retrieved

Reasons for excllusion from review:
3 were systematic overviews

— 44 were basic science studies

99 were observational studies

v

13 randomized clinical
trials included in our
economical analysis

(n = 1096; of which
756 were eligible) 2

Figure 1. Stages of screening studies for inclusion in our
economic analysis. @ Subjects in trials who presented with
a tibial fracture that was not closed or grade | open, or
those who were managed with treatment other than cast-
ing, casting with therapeutic ultrasound, reamed or non-
reamed intramedullary nailing, were not eligible for inclu-
sion in our economic analysis.

Results
Literature search

Our search resulted in 159 articles being retrieved
in full text for review, of which 115 were poten-
tially eligible for data abstraction. There were three
systematic overviews, 13 randomized clinical trials
(van der Linden and Larsson 1979, Abdel-Salam et
al. 1991, Hooper et al. 1991, Heckman et al. 1994,
Chiu et al. 1996 a, b, Court-Brown et al. 1996,
Blachut et al. 1997, Cook et al. 1997, Keating et
al. 1997, Finkemeier et al. 2000, Karladani et al.
2000, Nassif et al. 2000) (Table 4), and 99 obser-
vational studies (Figure 1).

Perspective 1: governmental

Our economic analysis revealed that treatment of
closed or open grade I tibial shaft fractures with
reamed intramedullary nailing was the most eco-
nomical choice from a governmental point of
view. Monte Carlo simulation found that the mean
associated costs were USD 3,365 (SD 1,425) for
operative management by reamed intramedullary
nailing, USD 5,041 (SD 1,363) for operative man-
agement by non-reamed intramedullary nailing,

USD 5,017 (SD 1,370) for casting, and USD 5,312
(SD 1,474) for casting with therapeutic ultrasound.
Strategy selection frequency of Monte Carlo simu-
lations revealed that reamed intramedullary nail-
ing resulted in the optimal economic path in 57%
of simulations; other treatment options were each
selected at a frequency between 13% and 16%.

Perspective 2: societal

From the perspective of burden on society, our
economic analysis found that treatment of closed
or open grade I tibial shaft fractures with reamed
intramedullary nailing or casting and therapeutic
ultrasound were the most economical choices. Our
sensitivity analysis favored operative management
by reamed intramedullary nailing (USD 12,449;
SD 4,894) and suggested that casting with thera-
peutic ultrasound may hold promise (USD 13,266;
SD 3,692), with both these options being favored
over operative management by non-reamed intra-
medullary nailing (USD 15,571; SD 4,293) and
casting alone (USD 17,343; SD 4,784). Strategy
selection frequency revealed that reamed intra-
medullary nailing resulted in the optimal economic
path in 43% of simulations, whereas casting and
ultrasound was the optimal economic path in 31%
of simulations.

Discussion

Our analysis suggests that, from a governmental
standpoint, in which only direct healthcare costs
are considered, treatment of closed or open grade
I tibial shaft fractures with reamed intramedullary
nailing yields substantial economic benefits over
competing treatment strategies. From a societal
standpoint, when time lost at work is included,
treatment with either reamed intramedullary nail-
ing or ultrasound and casting appear to offer sub-
stantial benefit over non-reamed nailing or casting
alone.

Our study has some limitations. To build our
economic models, we abstracted outcome data
from small randomized clinical trials; however,
we limited our data to prospective trials only, and
our estimates of treatment and productivity costs
are similar to other economic analyses (Downing
et al. 1997, Heckman and Sarasohn-Khan 1997,
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Table 4. Characteristics of eligible trials

Source n

Target population

Intervention

Abdel-Salam et al. 1991 90

Blachut et al. 1997 136
Chiu et al. 1996a 107
Chiu et al. 1996b 116
Cook et al. 1997 60

Court-Brown et al. 1996 50
Finkemeier et al. 2000 94

Heckman et al. 1994 67
Hooper et al. 1991 62

Karladani et al. 2000 53

Keating et al. 1997 112
Nassif et al. 2000 49
van der Linden and 100

Closed tibial shaft fractures

Closed tibial shaft fractures

Unstable tibial shaft fractures;

Gustilo open Type Il excluded
Unstable closed tibial shaft fractures
Closed and grade | tibial shaft fractures
Tscherne C1 tibial diaphyseal fractures
Unstable closed and open tibial shaft
fractures; Gustilo grade 11IB and IlIC
were excluded

Closed and grade | tibial shaft fractures
Displaced tibial shaft fractures;

grade Il and Ill compound fractures
were excluded

Closed and grade | tibial shaft fractures
Closed and open tibial shaft fractures;
Gustilo grade IlIC were excluded
Displaced, closed tibial shaft fractures
Displaced tibial shaft fractures

Internal fixation vs. casting
Reamed IM nail vs. non-reamed IM nail
Non-reamed IM nail vs. Ender nail

Reamed IM nail vs. Ender nail

Casting and ultrasound vs. casting
Reamed IM nail vs. non-reamed IM nail
Reamed IM nail vs. non-reamed IM nail

Casting and ultrasound vs. casting
Non-reamed IM nail vs. casting

Non-reamed IM nail vs. casting
Reamed IM nail vs. non-reamed IM nail

Reamed IM nail vs. non-reamed IM nail
AO-plate fixation vs. casting

Larsson 1979

Toivanen et al. 2000, Sprague and Bhandari 2002).
Furthermore, only 2 randomized clinical trials
(which reported on a shared data set) were avail-
able to acquire probabilities for the use of casting
and therapeutic ultrasound, leaving many assump-
tions to be made. The determination of patient
productivity losses was limited by insufficient
information on time lost from leisure activities,
unpaid production time, and productivity losses
from family members or other caregivers. It was
also assumed that patients would not be replaced at
their jobs, and that they would return to work when
their fracture had healed. This may have resulted
in inaccurate estimates of productivity losses in
cases in which workers were replaced, or could
return to work to less physically demanding posi-
tions before their fracture had healed. Furthermore,
the impact of non-injury related variables has been
established in predicting return to work following
fractures (MacDermid et al. 2002), and these were
not considered in our model.

There have been some studies that are relevant
to our analysis; however, none were based on a
Canadian model of healthcare, which makes direct
comparisons difficult. In Finland, Toivanen and
colleagues (2000) retrospectively examined the
costs incurred from treatment of 26 low-energy
tibial fractures with casting versus 51 equivalent

fractures treated with reamed intramedullary nail-
ing. As in our analysis, these authors noted similar
direct costs (USD 4,733 (FIM 22,920) per patient
for casting versus USD 5,565 (FIM 26,952) per
patient for nailing), but found substantial economic
advantages associated with the use of reamed
intramedullary nailing when indirect costs were
included (USD 24,879 (FIM 120,486) per patient
for casting versus USD 16,979 (FIM 82,224) per
patient for nailing). In the UK, Downing and col-
leagues (1997) undertook a retrospective economic
analysis of 39 closed or grade I tibia fractures
treated with reamed intramedullary nailing (n =
21) or casting (n = 18). They noted a significant
advantage in favor of casting for direct costs (USD
4,019 (GBP 2,226) per patient for casting versus
USD 6,728 (GBP 3,727) per patient for nailing),
but the difference in treatment cost was not statis-
tically significant when indirect costs were also
considered (USD 12,294 (GBP 6,810) per patient
for casting versus USD 11,901 (GBP 6,592) per
patient for nailing).

Heckman and Sarasohn-Kahn (1997) presented
three economic models based on an American
system of healthcare, with 1,000 simulated patients
with tibial shaft fractures treated with either cast-
ing or intramedullary nailing. Their model, which
incorporated direct healthcare costs, outpatient
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costs and workers’ compensation costs, indicated
that when low-intensity ultrasound was used
adjunctively with casting there were cost savings
of approximately 15,000 (USD 1,997) per case.
Savings were attributed to reduced secondary pro-
cedures, and reduced workers’ compensation costs
due to increased healing time.

Our analysis indicates that, from an economic
standpoint and from both a governmental and soci-
etal point of view, reamed intramedullary nailing is
the treatment of choice for closed and open grade I
tibial shaft fractures. There is preliminary evidence
that from the aspect of burden on society, treatment
of low-energy tibial fractures with therapeutic
ultrasound and casting may also be an economi-
cally sound intervention. A large, prospective trial
is needed to further define the clinical effectiveness
of therapeutic ultrasound on healing of closed and
open grade [ tibial shaft fractures, and to ascertain
the true associated economic costs of this modal-

ity.
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