
Summary of Methods and Findings
Treatment pathways for five different bone stimulators – EXOGEN, Physio-Stim® Lite,
OL1000TM Bone Growth Stimulator, OrthoPak®, and EBI Bone Healing System® – were
modeled using a decision tree (TreeAge Data v3.0.13). Treatment failures were assumed
to require surgery. Probabilities of treatment success came from published literature,
manufacturers’ data and patient registry data. Cost data came from published literature
and Durable Medical Equipment Regional Carriers (DMERCs). 

For each stimulator, the expected cost of treating a non-union fracture was calculated.
The expected cost of a treatment is the average cost of all possible outcomes from that
treatment and is calculated in two steps: First, the cost of each outcome is weighted by
the probability that the outcome will occur. Second, the weighted costs are summed to
obtain a single cost estimate. For a payor faced with a product reimbursement decision,
the expected cost of treatment communicates more about the least costly alternative
than the overall cost of treatment. 

Products with high probabilities of success have smaller expected costs than products
with low probabilities of success, because fewer failures mean fewer surgeries. Fewer
surgeries mean lower costs. 

EXOGEN had the lowest expected cost ($6,610), followed by Physio-Stim Lite ($8,714).
Sensitivity analyses demonstrated expected costs were sensitive to the probability of
success: EXOGEN would have the lowest expected cost if its probability of success were
at least 0.745, while OL1000 would have the lowest expected cost if its probability of
success were at least 0.84. A Monte Carlo simulation showed that EXOGEN was the
optimal stimulator for 85% of patients, Physio-Stim Lite for 14%, and EBI Bone Healing
System for 1%.

EXOGEN was the least costly bone stimulator for conservatively treated non-union
fractures. Public insurers should consider the cost benefits of expanding coverage for
EXOGEN to include concomitant conservative treatment of stable non-union fractures.

EXOGEN™ Bone Healing System shown 
to be most cost-effective bone stimulator
Introduction
This study demonstrates that
EXOGEN Bone Healing System 
is the most cost-effective bone
stimulator – with an expected
cost of $6,610. While unit prices
for all stimulators are equal, the
higher probability of treatment
success with EXOGEN makes
follow-up surgery less likely,
cutting overall cost. A Monte
Carlo Simulation determined that
EXOGEN would be the optimal
bone treatment system for 85%
of patients. Combined, these
findings indicate that insurers
should consider the cost benefits
of expanding coverage for
EXOGEN to include concomitant
conservative treatment of stable
non-union fractures.



 

Bone Stimulator Average Expected Costs for Non-Unions – Figure 1
Greater Success Probability Decreases Surgeries and Lowers Costs

Assumptions & Features
The total, per patient cost of surgery to treat delayed union was
$24,892 ($20,575 [surgery and recovery] + $4,317 [outpatient
costs]).12 For purposes of this analysis, it was assumed that 
the same costs would apply to the treatment of non-union
fractures. For sensitivity analyses, the cost of surgery was
varied by ±50%, which was the range used in an economic
analysis of early versus delayed operative treatment in patients
with closed tibial shaft fractures.13 For consistency, the costs of
the stimulators were also varied by ±50%.

Length of follow-up did not affect treatment success.4

Success rates were global, i.e., representative of all fracture sites
rather than site-specific.

No complications from treatment were included in the model.

The cost of successfully treating a patient with a bone
stimulator is the cost of the product ( $2,950 for EXOGEN 
and electrical stimulators).

The cost of failing to treat a patient with a bone stimulator is
the cost of the product plus the cost of surgery.

Probabilities were selected from sources wherein the specific
product could be identified. Probabilities match closely with
general review data on bone stimulators.10,11 Probability ranges
were arbitrarily set at ±20% to conduct sensitivity analyses.

References are for point estimates of probabilities.

Verification Procedures
One-way sensitivity analyses were performed by varying all
probabilities by ±0.20 and all costs by ±50%. A Monte Carlo
simulation was conducted to determine the optimal bone
stimulator for a hypothetical cohort of 10,000 patients. The
analysis was undertaken from the perspective of United States
Centers for Medicare and Medicaid Services.

Sensitivity Analysis (one-way)
The ranking of products by expected cost generally does 
not change when the cost of successful treatment or the
cost of failed treatment is independently varied by ±50%.
The exception is in cases where a bone stimulator other
than EXOGEN was used to treat a non-union: if the treatment
failed and the cost of providing the failed treatment ranged
from $13,821.11 to $18,860.32, then Physio-Stim Lite would
have the lowest expected cost.

EXOGEN will have the lowest expected cost as long as its
success rate is greater than 76% (assuming the success rates
for all other products are held constant).

Physio-Stim Lite will have the lowest expected cost if its
success rate is greater than 89.3% and every patient uses the
product for 3+ hours per day (assuming the success rates for all
other products are held constant). Physio-StimLite will not have
the lowest expected cost if every patient uses the product for
<3 hours per day, even if the success rate reaches the upper
bound of the range in Table 1 (i.e., 43%). This assumes the
success rates for all other products are held constant.

OL1000 will have the lowest expected cost if its success rate is
greater than 84% (assuming the success rates for all other
products are held constant).

OrthoPak will have the lowest expected cost if its success rate
is greater than 84.5% (assuming the success rates for all other
products are held constant).

EBI Bone Healing System will not have the lowest expected
cost even if its success rate reaches the upper bound of the
range in Table 1 (77%). This assumes the success rates for all
other products are held constant.

Conclusion
Expected cost is sensitive to changes in product success rates.
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Numerical Breakdown of Hypothetical Subjects 
by Optimal Bone Stimulation Strategy – Figure 3

Assumptions for the bone stimulator simulation 
Cost of bone stimulation is normally distributed with a mean of
$2,378.56 (EXOGEN) or $2,750.22 (all other stimulators) and a
standard deviation of $1,189.28 (EXOGEN) or $1,375.11 (all other
stimulators). Cost of surgery is normally distributed with a
mean of $24,892 and a standard deviation of $12,446. 10,000
hypothetical subjects were run through the model. The optimal
treatment path was re-evaluated for each subject and a
predictable random sequence with key value 1,000 was
specified to allow the simulation to be replicated in the future.

Results
Based on the criterion of lowest expected cost, EXOGEN
would be the recommended stimulator for treating non-union
fractures. The Monte Carlo simulation showed that EXOGEN
would be the optimal (least costly) treatment for approximately
85% of the 10,000 hypothetical subjects in the cohort. 
Physio-Stim Lite would be the optimal treatment for 14% of the
subjects, and the EBI Bone Healing System would be the optimal
treatment for 1% of the subjects. The remaining stimulators
(OL1000, OrthoPak) would not be optimal for any subjects.

Optimal Bone Stimulation Strategy for 
Hypothetical Subjects – Figure 2
(Orthopak and OL1000 were not 
optimal for any patients)
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A Monte Carlo simulation is an analytical technique in which
probability distributions (e.g., normal, log-linear) are assigned to
outcomes in a model. The distributions reflect the uncertainty of
the outcomes. In Figure 1, the outcomes are average costs
based on treatment success and failure probabilities for each
bone stimulator. The uncertainty lies in the fact that costs vary
from person-to-person. In the Monte Carlo simulation in Figure
2, a hypothetical cohort of subjects was run through the model
to estimate treatment costs.

Monte Carlo simulations complement expected cost analyses.
An expected cost analysis is used to recommend a certain
outcome. A Monte Carlo simulation is used to estimate 
the percentage of the hypothetical cohort for whom the
recommended outcome would be optimal. Hypothetical
subjects in the simulation below were ‘guided’ to optimal
outcomes (i.e., least cost outcomes) on the basis of random
cost values that were drawn from the probability distributions
assigned to each outcome.

Schultz M, Oremus M, Whitman CS, Conway JD. 
“Cost-effectiveness of Bone Stimulators in the Conservative Treatment of Stable Non-union Fractures.”
International Society for Pharmacoeconomics and Outcomes Research, Seventh
Annual European Congress, Hamburg, Germany, October 24-26, 2004.
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