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Abstract

Keywords:

BACKGROUND CONTEXT: Many efforts have been made to determine what is the best treat-
ment strategy for neurologically intact patients with TL burst fractures: surgery or nonoperative
management. Studies comparing clinical outcomes have produced mixed and inconclusive results
creating lack of consensus in the expert community.

PURPOSE: Therefore, it is necessary to explore other important components of healthcare such as
economics to settle this controversial debate. The goal of the current study was to perform a cost-
utility analysis comparing surgical treatment to nonoperative treatment for neurologically intact
TL burst fractures (AOSpine classification types A3 and A4) from a societal perspective in a multi-
center and international setting.

STUDY DESIGN/SETTING: We performed a cost-utility analysis from a societal perspective
comparing the cost-utility of surgical treatment versus nonsurgical treatment of thoracolumbar
(TL) burst fractures in neurologically intact patients.

PATIENT SAMPLE: Patient demographics and all clinical and outcome data were taken from an
observational, prospective multicenter cohort study comparing surgical versus nonsurgical treat-
ment of TL burst fractures in neurological intact patients.

OUTCOME MEASURES: The ICER was calculated comparing surgical versus nonsurgical treat-
ment for the full analysis population with a 1-year time horizon, two-year time horizon as well as
the working-life time horizon. Costs were taken from the clinical study, patient diaries with produc-
tivity loss documented, current scientific literature in addition to national and international health-
care costing guidelines and databases.

METHODS: The mean difference in cost between the two treatment groups were calculated,
firstly by applying the central limit theorem, and secondly by using bootstrapping. To calculate the
average cost per patient in each treatment group, the Kaplan-Meier Sample Average (KMSA) esti-
mator was used in order to take account of the censored patients. To evaluate the derived models
and to explore uncertainty, sensitivity analysis was used.

RESULTS: Eleven sites from different regions (North America, Europe, Middle east, and Asia)
completed the recruitment and follow-up for 213 patients. One hundred and thirty patients were
treated surgically (61.0%) and eighty-three patients (39.0%) were treated nonsurgically. At 1-year,
the ICER for surgical treatment was $191,648.00 USD per QALY. Compared to a willingness to
pay threshold of $100,000, surgical treatment was not cost-effective within the 1-year timeframe.
At 2-years, the nonsurgical group had visited the surgeon or general practitioner more often
(0.31 vs 0.25). The nonsurgical group had visited physiotherapist and other allied health more often
(3.68 vs 1.68). The utilization of NSAIDs and opioids remained higher in the nonsurgical group
(2.66 vs 2.39) (1.52 vs 0.75). The average workdays lost remained higher in the nonsurgical group
(143.12 vs 114.78). The caregiver days taken off work remained higher in the nonsurgical group
(29.86 vs 2.39). At 2 years, surgical treatment showed to be a dominant strategy with a $28,978.50
savings per QALY. At lifetime horizon, surgical treatment remained the cost-effective strategy at
$25,530.18 savings per QALY.

CONCLUSION: Our cost-utility analysis showed surgical management to be cost-effective at
2 years compared to nonoperative management in neurologically intact TL burst fractures from a
societal perspective. This finding was maintained through the working-lifetime horizon. Surgical
treatment became cost-effective largely due to the greater productivity loss of patients and care-
givers within the nonsurgical group. This investigation highlights the viability for surgical man-
agement of TL burst fractures to provide societal benefit especially when productivity is
valued. © 2025 The Author(s). Published by Elsevier Inc. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Thoracolumbar; Burst; Fractures; Neurologically intact; Societal perspective; Cost-utility analysis

Introduction

Thoracolumbar (TL) burst fractures often occur under
traumatic axial load with failure of the anterior column [1].
According to the AO Spine TL Classification System, TL

burst fractures would classify as compression injuries with
failure of anterior structures with an intact tension band cor-

responding to type A [2]. TL burst fractures in neurologi-
cally intact patients account for approximately 45% of all
TL spine injuries [3—5]. Thoracolumbar trauma is a
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common pathology with a significant burden to patients and
society. In an epidemiological study by Hu et al in North
America, the incidence of spinal injuries is more than
160,000 every year, and in Canada it was 64/100,000 popu-
lation/year [6].

Many efforts have been made to determine what is the
best treatment strategy for TL burst fractures in neurologi-
cally intact patients: surgery or nonoperative management
[3,4,7—10]. Studies comparing clinical outcomes have pro-
duced mixed and inconclusive results creating lack of con-
sensus in the expert community. Additionally, the opinions
of surgeons worldwide are divided regarding the best man-
agement for this pathology. Different schools of thoughts
exist worldwide advocating either for surgical or nonsurgi-
cal treatment based on local expertise. With this lack of
consensus, a critical knowledge gap exists in the spinal sur-
gery community as well as in the current available litera-
ture. Therefore, it is primordial to explore all important
components of healthcare such as economics that may settle
this controversial and ongoing debate.

It has been reported that the costs per patient related to
vertebral column injuries is higher compared with other
types of injuries [11]. In North America, 2% to 23% of all
trauma admissions are related to acute spinal trauma [12].
Given this burden on the healthcare system, it is primordial
to explore economic data to determine which treatment
strategy is most cost-effective. This will allow better
resources allocation in a world where most healthcare sys-
tems are already under strain. This is particularly important
given that both alternatives, surgery and nonoperative man-
agement, have so far been proven to be equivalent from a
clinical point of view creating an ongoing controversy and
deliberation.

Studies analysing health economics have generally
shown that the cost of surgery and hospitalization are the
main cost drivers [5,13—15]. However, few studies have
approached the issue from a societal perspective and few
have taken into account indirect costs. Considering intangi-
ble costs related to pain and suffering is especially impor-
tant in this population as TL burst fractures occur in a
young and active population in their prime productive
working years. It is essential to conduct an economic analy-
sis from a societal perspective accounting for healthcare uti-
lization, productivity loss and its impact on patients and
society. It is possible that indirect costs associated with
nonoperative management balance or outweight the direct
costs associated with surgery. This has not been studied yet
and it a critical question that remains to be answered. Addi-
tionally, most available studies reporting cost have small
sample sizes, are single-center and lack global representa-
tion. To solve this global ongoing debate regarding best
treatment strategy for TL burst fractures, it is crucial to
encompass a wide representation of practices from vast
geographical regions. This would allow the results and rec-
ommendations to be generalizable worldwide and impact
health policy decision-making globally.

The goal of the current study was to perform a cost-
utility analysis comparing surgical treatment to nonoper-
ative treatment for neurologically intact TL burst frac-
tures (AOSpine classification types A3 and A4) from a
societal perspective. We aimed to perform this
analysis in a multicenter and international setting where
costing is completed in the same methods and reference
values.

Methods

Study design

We performed a cost-utility analysis from a societal per-
spective comparing the cost-utility of surgical treatment
versus nonsurgical treatment of thoracolumbar (TL) burst
fractures (A3 and A4) in neurologically intact patients. The
societal perspective counts for all benefits and costs for the
basis for fair decisions in the public interest with all resour-
ces to be identified, measured and valued [16].

Primarily, a cost-utility analysis was determined for a 1-
year time horizon, followed by 2-year and lifetime time
horizon. The lifetime time horizon was defined as the as a
working-life time horizon, ie, a time horizon of 24 years
based on the average age of the patients included in the
study, expecting a retirement by the age of 65. Lastly, a
cost-utility analysis was performed with a 1-year time hori-
zon in Europe and North America. Event rates and utilities
for Asia, India and the Middle East were considered in
Europe, but costing was only considered from the European
countries. Australia was considered for North America, but
costing was only considered from the North American
countries.

Patient demographics and all clinical and outcome data
were taken from the observational, prospective multicenter
cohort study comparing surgical versus nonsurgical treat-
ment of TL burst fractures in neurological intact patients
(An observational, multicenter cohort study comparing sur-
gical versus nonsurgical treatment, ClinicalTrials.gov:
NCT02827214). Each enrolling center obtained local
approval from their local institutional review board. The
full study details are available in the adjacent publication.
The inclusion and exclusion criteria for the economic analy-
sis mirrored that of the cohort study. In summary, adult
patients with acute closed thoracolumbar burst fractures
AO type A3 and A4 from T10 to L2 with or without sus-
pected PLC injury were included in this study. Patients
were excluded if there was any neurological deficits, patho-
logic processes or neoplasia, previous surgery or poly-
trauma.

All presented analyses were performed using the full
analysis population, ie, all patients who provided a signed
informed consent and commenced treatment within the
study. For the design, analysis, and publication of the study
no patient or public representatives were involved.
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Treatment

The surgical/nonsurgical procedure(s)/study procedure
(s) were per standard of care at each institution and at the
discretion of the treating surgeon. Nonsurgical treatment
was defined as pain management, early mobilization or bed
rest if deemed necessary by the treating surgeon with or
without following external immobilization. External immo-
bilization included thermoplastaic removable brace, Jewett
hyperextension brace, anterior hyperextension brace, Tay-
lor-Knight brace, TLSO and other braces for comfort. Sur-
gical Treatment included open or percutaneous
instrumentation with or without fusion with short (1 level
above or below the fracture) or long (2 or more levels above
or below) instrumentation. Surgical treatment included
anterior reconstruction or posterior only fixation.

Resource utilization and costing

Costs were obtained from study sites and current scien-
tific literature. The average wage of participating countries
was obtained from the scientific literature and national data-
bases. This data was used to determine cost due to loss of
productivity and caregiver care. Costs were obtained for
each region that participated in the cohort study, but analy-
sis were presented in US dollars (USD). Cost per patient
was calculated using resource utilization costs and unit
costs for resources.

Each participant use of in-hospital, as well as 1- and 2-
year health care resource utilization (direct costs) data were
taken from the clinical study, including the information
about the surgical and nonsurgical treatment, length of hos-
pital, emergency room and physician visits, diagnostic tests,
physical therapy, pain medication and antibiotics and care
giver days. Pain medications were recorded as the number
of prescriptions filled. The dose or quantity was not avail-
able.

For the indirect costs, patients were asked to fill in a
patient diary, containing the Indirect Cost Questionnaire, in
which any productivity loss was documented (Appendix 1).
The following data was collected: whether back pain
stopped return to work (yes/no), time to return to work,
return to same job/occupation, the level of physicality of
the current employment, unplanned medical treatments and
its frequency, oral medications, need for help from a care-
giver, caregiver time off work, and patient gross salary per
year. The patient diary was completed by the patients start-
ing at week 2 or at discharge (whatever came first) and was
then completed every second week until 6-month follow-
up. Afterwards, the patients were asked to fill in the patient
diary every 2 month until the 2-year follow-up. The produc-
tivity losses, ie, the absent time from work, was determined
based on the missed work days of the patients, any changes
in employment activities, as well as the number of missed
work days for a patient’s caregiver. Patient diaries also cap-
tured medications used in the follow-up period.

The overall diary response rate was 88%. When missing
data ruled out calculation of inpatient or outpatient resource
utilization, multiple imputation was completed using coun-
try-specific utilization values for that item within the group
study sample. If these data were not available in the sample,
then we obtained values from the literature.

Direct and indirect costs data were also taken from cur-
rent scientific literature in addition to national and interna-
tional healthcare costing guidelines and databases and for
the different healthcare resources utilized as well as the
costs for caregiver care and cost of lost wages calculated
(Table 1). All unit costs were converted into USD 2019 val-
ues using the CCEMG — EPPI — Centre Cost Converter
v1.6. It is a free web-based software for adjusting estimates
of cost expressed in 1 currency and price year to a specific
target currency and price year [17].

Utilities

The EQ-5D-3 L utility scores obtained from patients in
the clinical study were converted to quality adjusted life
years (QALYs) by multiplying a person’s life expectancy
by the value of the Quality of Life (QoL) experienced in
each period, measured by the EQ-5D-3 L utility score [39].
The EQ-5D-3 L is a self-completed questionnaire evaluat-
ing 5 dimensions (mobility, self-care, usual activities, pain/
discomfort, anxiety/depression) over 3 levels (no problems,
some problems, extreme problems). Utility scores were
obtained from discharge, 6 weeks, 3-, 6-, 12- and 24 months
posttreatment. For missing EQ-5D-3 L scores at index level
multiple imputation was conducted. Two different models
were used to estimate changes in life expectancy, namely
Life Table Methods and Survival Analysis.

Cost-utility analysis

Cost-utility was assessed using the Incremental Cost-
Effectiveness Ratio (ICER), which is determined by calcu-
lating the difference in costs divided by the difference in
QALYs between the 2 treatment groups (surgical treatment
versus nonsurgical treatment) [40,41]. The mean difference
in cost between the 2 treatment groups were calculated,
firstly by applying the central limit theorem, and secondly
by using bootstrapping. To calculate the average cost per
patient in each treatment group, the Kaplan-Meier Sample
Average (KMSA) estimator was used in order to take
account of the censored patients. The ICER was calculated
comparing surgical versus nonsurgical treatment for the full
analysis population with a 1-year time horizon, 2-year time
horizon as well as the working-live time horizon. Lastly,
ICER was calculated to compare surgical treatment versus
nonsurgical treatment in Europe and North America with a
2-year time horizon. Treatments were considered cost-
effective at an incremental cost-effectiveness ratio (ICER)
of 100,00 USD or less per QALY (willingness to pay) [42].
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Table 1
List of unit costs by region
Resource Region Equivalent cost (USD) Source(s)
Surgical procedure
Open segment posterior fixation with/without posterior decompression North America 11,743.59 [18]
Europe 10,742.67 [19]
Percutaneous fixation with or without vertebroplasty, or anterior instrumentation North America 11,040.54 [18]
Europe 10,045.02 [19]
Hospital admission and health practitioners
Hospital stay (per day) North America 873.31 [20]
Europe 708.75 [21,22]
Emergency room (per visit) North America 208.89 [23]
Europe 255.62 [23]
Surgeon/ General practitioner (per visit) North America 157.51 [24]
Europe 106.42 [22,25,26]
Physical therapy/ Occupational therapy (per visit) North America 88.57 [27]
Europe 35.04 [25,28]
Imaging
Radiographs North America 104.07 [6]
Europe 120.96 [26,28,29]
CT Scan North America 301.47 [21,29,30]
Europe 293.19 [21,29,30]
Medications
NSAIDS North America 35.40 [31]
Europe 16.89 [32]
Opioids North America 79.68 [31]
Europe 69.33 [33]
Antibiotics North America 74.34 [34]
Europe 41.63 [35]
TLSO Brace North America 3719.53 [36]
Europe 3719.53 [36]
Caregiver care (per day) North America 188.07 [37]
Europe 175.61 [25,28,38]
Cost of lost wages (per day) North America 188.07 [37]
Europe 175.61 [25,28,38]

Model structure

For the 1-year economic evaluation a decision tree
model was used. For the modelling of economic evaluation
at the 2-year and working-life time horizon, Markov model-
ling techniques were applied. Decision models were devel-
oped to consider the effect of the treatment type over the
duration of a patient’s entire working lifespan. A probabilis-
tic Markov model was developed to estimate expected val-
ues for costs and QALY for both treatment groups across
these timeframes. Since no cost information is available for
subjects after the conclusion of the follow-up period, we
assume that costs incurred after this time are independent
of the subject’s treatment arm. We used the same incremen-
tal cost estimates for the working-lifetime analysis beyond
the 2-year timeframe as was used for the 1-year postdi-
scharge analysis.

Sensitivity analysis

To evaluate the derived models and to explore uncer-
tainty, sensitivity analysis was used. One-way sensitivity
analysis was conducted for the 1-year time horizon for all
potentially influential model variables considered most

important, imputing the plausible range of values. If the
analysis is insensitive to changes in any variable within its
plausible range, then the analysis can be considered as
robust. To facilitate this analysis, a clinically plausible
range of values for each variable were determined based on
the cohort study data, relevant literature, and expert opin-
ion. The one-way sensitivity analysis was visualized using
a tornado plot. Sensitivity ranges were utilized as £ 10% to
account for potential differences within each variable
within the sensitivity analysis.

Unlike a one-way sensitivity analysis, a probabilistic
sensitivity analysis (PSA) models the impact of joint uncer-
tainty on all aspects of the evidence used in the model at
the same time. For that purpose, values are simultaneously
drawn from all distributions (using a random number gener-
ator) and the model will run, for each combination of
parameter estimates, many times with the resulting cost and
effect pairs being recorded. We used a Monte Carlo simula-
tion of 100’000 runs for the PSA. PSAs were ran for the 1-
year, two-year as well as the working-live time horizons.

Because utility information is not available for the study
population beyond the end of follow-up, we determined the
utility benefits based on a discounted rate of 3.5% for the
remainder of the working-lifetime period. Costs were also
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discounted at the 3.5% rate per year. As the average age of
patients was 41 years old, the working-lifetime horizon
was, on average, 24 years long, assuming on average a
retirement-age of 65 years within the study population.

Results

Population characteristics

Eleven study sites from different regions (North Amer-
ica, Europe, Middle east, Australia and Asia) completed the
recruitment and follow-up for 213 patients. One hundred

Table 2
Participant Characteristics, return to work and need for revision surgery

and thirty patients were treated surgically (61.0%) and
83 patients (39.0%) were treated nonsurgically (Table 2).
Patient’s demographics were similar between groups except
race (p=.038) and nationality (p<.001). The surgical group
had more Asian and less Caucasian patients (p=.038).
All patients were admitted from home following the injury
and were not already inpatients prior to the injury or were
not transferred from another institution. Surgical patients
were more likely to be from Europe, the Middle East and
India, while nonsurgical patients were more commonly
from North America and Australia (p=<.001) (Table 3).

Surgical treatment

Nonsurgical treatment

n=130 n=83 p-value
Sex, n (%) .160
Male 89 (68.46) 49 (59.04)
Female 41 (31.54) 34 (40.96)
Age, mean years (£SD) 40.93 (13.83) 42.77 (13.99) 347
Body mass index (kg/m?, £SD) 25.23 (3.95) 25.79 (4.12) 324
Charlston Comorbidity Index, n (%) .646
0 121 (93.08) 76 (91.57)
1 8 (6.15) 4(4.82)
2 1(0.77) 1(1.20)
3 0(0) 1(1.20)
4 0(0) 1(1.20)
Race, n (%) .038
Caucasian 100 (76.92) 73 (87.95)
Black 0(0) 0(0)
Asian 26 (20.00) 7(8.43)
Mixed 2 (1.54) 0(0)
Other 2 (1.54) 3(3.61)
Work status, n (%) .055
Employed 74 (56.92) 55 (66.27)
Self-employed 24 (18.46) 5(6.02)
Student 7 (5.38) 7(8.43)
Unemployed 8 (6.15) 7(8.43)
Homemaker 10 (7.69) 2(2.41)
Retired 7 (5.38) 7 (8.43)
Current smoking status, n (%) 317
Yes 24 (18.46) 11 (13.25)
No 106 (81.54) 72 (86.75)
Nationality, n (%) <.001
American 6(4.62) 19 (22.89)
Australian 2 (1.54) 14 (16.87)
Canadian 6(4.62) 15 (18.07)
Dutch 12 (9.23) 13 (16.87)
Egyptian 25(19.23) 2(2.41)
Swiss 18 (11.54) 1(1.20)
Indian 24 (18.46) 2(241)
Romanian 33 (25.38) 11 (13.25)
Spanish 3(2.31) 1(1.20)
Greek 1(0.77) 5(6.02)
Preinjury residential status, n (%) -
Home 130 (100%) 83 (100%)
Fracture type, n (%) <.001
A3 62 (47.69) 60 (72.29)
A4 65 (50.00) 21(25.30)
Inability to return to work, n (%) 13 (13.54) 9(17.31) .84
Revision surgery, n (%) 6 (4.62) N/A -
Required surgery after non operative management, n (%) N/A 3(3.61) -

Boldface indicates statistical significance (p <0.05).
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Table 3
Geographic distribution for treatment groups
Regions
Europe North America India Middle East Australia Total
Variable N=98 N=46 N=26 N=27 N=16 N=213 p-value
Treatment received, n (%) 98 46 26 27 16 213 <.001
Surgical treatment 67 (68.4) 12 (26.1) 24 (92.3) 25(92.6) 2(12.5) 130 (61.0)
Nonsurgical treatment 31(31.6) 34 (73.9) 2(1.7) 2(7.4) 14 (87.5) 83 (39.0)

The surgical group had a smaller proportion of A3 fracture
(47.7% vs 72.3%, p<.001) and a larger proportion of A4
fractures (50.0% vs 25.3%, p<.001). Six patients required
revision surgery in the surgical group (4.6%). In the nonsur-
gical group, 3 patients required delayed surgery for intracta-
ble mechanical back pain and progressive deformity
(3.6%). In the surgical group, 3 patients required revision
surgery for instrumentation malposition (2) and nonunion
(1). Three additional surgical patients had their instrumen-
tation removed after healing. There were no deaths or major
complications within the cohort during the follow-up
period.

Resource utilization and cost utility at each time horizon

One-year time horizon

For the parameters included in the model at 1-year, the
nonsurgical group had more visits to physical therapy and
other allied health postdischarge (2.37 vs 1.34) (Table 4A).
The nonsurgical group had filled more prescriptions for
NSAIDs (2.17 vs 1.95) and opioids (1.27 vs 0.63), but less
for other analgesics (0.80 vs 0.98). The nonsurgical group
had more workdays lost compared to the surgical group
(115.52 vs 95.82). The caregiver had taken more days off
work in the nonsurgical group as well (14.53 vs 2.19).

The direct costs were higher in the surgical group
($15,509.25 vs $5,384.05). The indirect costs were higher
in the nonsurgical group ($23,809.17 vs $ 17,516.93) (4B).
The total costs were $33,026.18 for the surgical and
$29,193.22 for the nonsurgical. The difference in QALY
between surgical and nonsurgical was only 0.02 and the
mean difference in costs was $3,832.96. Therefore, the
ICER for surgical treatment was $191,648.00 USD per
QALY (Table 5A). Compared to a willingness to pay
threshold of $100,000, surgical treatment was not cost-
effective within the 1-year timeframe.

One-way sensitivity analysis demonstrated that cost util-
ity within 1 year could be widely variable, depending on
the sensitivity variables adjusted. Due to the similarity in
utility scores between groups, changes to the difference in
utility scores between groups has the largest impact on the
model. The parameters used in the sensitivity analysis are
shown in the tornado plot representation (Fig. 1). In 1-way
sensitivity analysis, the surgical direct costs potentially
impacted the base case ICER by -$74,679.50 to $81,050.50.

The caregiver costs potentially impacted the base case
ICER from -$14,721.10 to $14,752.10.

The probabilistic sensitivity analysis (PSA) was per-
formed using a Monte Carlo simulation of 100,000 runs
(Fig. 2A). Probabilistic sensitivity analysis demonstrated a
general unlikelihood of cost utility within the 1-year time-
frame at a willingness to pay threshold of $100,000. Most
simulations resulted in an outcome above the willingness to
pay threshold, meaning that surgical treatment would not
have been cost-effective in that simulation.

Two-year time horizon

For the parameters included in the model at 2-years, the
nonsurgical group visited the surgeon or general practi-
tioner more often (0.31 vs 0.25) (Table 6A). The nonsurgi-
cal group visited physiotherapist and other allied health
more often (3.68 vs 1.68). The nonsurgical group filled
more prescriptions for NSAIDs (2.66 vs 2.39) and opioids
(1.52 vs 0.75). The surgical group filled more prescriptions
for antibiotics (1.30 vs 0.07). The average workdays lost
remained higher in the nonsurgical group (143.12 vs
114.78). The caregiver days taken off work remained higher
in the nonsurgical group (29.86 vs 2.39).

At 2 years, indirect costs for nonsurgical patients had
increased to over $10,000 more than for surgical patients
($31,560.46 vs $20,903.66) (Table 6B). These indirect costs
(lost workdays and caregiver burden) led to the total cost
for nonsurgical care ($37,056.19) being higher than that for
surgical care ($36,476.62) and led to an ICER of
-$28,978.50, ie, surgery was the dominant treatment modal-
ity (Table 5B). Simulations primarily fell below the willing-
ness to pay threshold of $100,000, indicating that our result
of cost utility for surgical treatment is robust from a societal
perspective at 2 years (Fig. 2B).

Lifetime horizon

Looking at the working lifetime time horizon and only
considering workdays projected to be lost and not caregiver
days, the cost of surgical care (direct and indirect) was
$112,497.50 while the cost of nonsurgical care increased to
$121,177.76. The difference in QALY between surgical
and nonsurgical was 0.34 and the mean difference in costs
was -$8,680.26. Over the working lifetime, the ICER was
-$25,530.18, ie, surgery remained the dominant treatment
modality (Table 5C). The utility and cost benefits observed
through the first two years maintained a beneficial outcome
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Table 4
One-year time horizon resource utilization and cost in units per patient

A) Resource utilization

Surgical treatment Nonsurgical treatment

Resource n=130 n=83
Health practitioners (# visits)
Emergency room 0.09 0.06
Surgeon / General practitioner 0.21 0.20
Physical therapy / Occupational therapy / Chiropractor 1.34 2.37
Medications taken (# prescriptions filled)
NSAIDS 1.95 2.17
Opioids 0.63 1.27
Other analgesics 0.98 0.80
Antibiotics 0.06 0.07
Other
Custom-molded or prefabricated total body contact 0 0.43
thoraco-lumbosacral orthosis (TLSO)
Other brace/immobilization 0 0.57
Caregiver care (days taken off work) 2.19 14.53
Average work days lost per patient 95.82 115.52
B) Costs
Surgical treatment Nonsurgical treatment
Resource n=130 n=83
Screening and imaging procedures* $413.36 $410.73
Index surgical procedure (if applicable) $10,632.60 N/A
Hospital Admission and Health Care Practitioners
Hospital stay $3,388.04 $2,214.15
Emergency room $30.16 $18.96
Surgeon / General practitioner $136.70 $153.35
Physical therapy / Occupational therapy / Chiropractor $54.37 $134.05
Medications
NSAIDs $45.57 $62.56
Opioids $58.34 $131.47
Antibiotics $6.70 $6.01
Other analgesics $65.00 $66.00
Other
Bracing $0 $1,680.01
Caregiver care $579.77 $2950.42
Lost productivity $16,937.16 $20,858.75
Direct costs $15,509.25 $5,384.05
Indirect costs $17,516.93 $23,809.17
Total costs (direct and indirect) $33,026.18 $29,193.22

* Estimates from the literature—not captured in study.

when discounted over the working lifetime. Simulations
primarily fell below the willingness to pay threshold of
$100,000, indicating that our result of cost utility for surgi-
cal treatment is robust from a societal perspective at the
working-lifetime horizon (Fig. 2C).

Europe vs North America

Both the ICERs between treatment groups within North
America and Europe from a 1-year time horizon were not
cost-effective  when compared to a willingness-to-pay
threshold of $100,000 USD (Table 7). The results indicated
a trend of improved cost utility within Europe compared to
North America (ICER Europe=$183,099.50 vs ICER NA
$206,930.50). The larger ICER in North America is

explained by the larger gap between surgical and nonsurgi-
cal costs.

Discussion

This study provides new and valuable information which
is crucial in settling the ongoing debate regarding best treat-
ment for neurological intact TL burst fractures. This is the
largest prospective international cost-utility analysis of
thoracolumbar burst fractures from a societal perspective
presenting direct and indirect costs. With its global perspec-
tive, this study uniquely considers the wide spectrum of
local practices for surgical and nonsurgical treatment
allowing a complete portrait of this pathology’s burden on
the global healthcare system. The main finding of this
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Table 5
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Cost-utility analysis of treatment options at 1-year, 2-year and lifetime horizon

A) 1-year horizon

Cost in $US Total QALY Difference in QALY Difference in costs ICER
Treatment Mean Mean Mean Mean SUS/QALY
Surgical treatment $33,026.18 0.88 0.02 $3,832.96 $191,648.00
Nonsurgical treatment $29,193.22 0.86
B) 2-year horizon

Cost in $US Total QALY Difference in QALY Difference in Costs ICER
Treatment Mean Mean Mean Mean SUS/QALY
Surgical treatment $36,476.62 1.79 0.02 —$579.57 —$28,978.50 (Dominant)
Nonsurgical treatment $37,056.19 1.77

C) Lifetime Horizon

Cost in $US Total QALYs Difference in QALY Difference in costs ICER
D) Treatment Mean Mean Mean Mean $US/QALY
Surgical treatment $112,497.50 15.85 0.34 —$8,680.26 —$25,530.18 (Dominant)
Nonsurgical treatment $121,177.76 15.51

Note: Lifetime Horizon determined as 24 years based on average age of patients, expecting retirement by age 65. Lifetime horizon does not include indi-
rect costs from care giver beyond 2 years post discharge, as no cost diaries at 24 months indicated a patient was still requiring a caregiver.

study is that, by the 2-year time horizon, surgical treat-
ment became cost-effective due to greater productivity
loss and caregiver costs in the nonsurgical group. The
cost-effectiveness of surgical treatment was maintained
through the working life-time horizon. Surgical manage-
ment should be favoured in neurologically intact TL burst
fractures especially in young patients where productivity
is valued.

Compared to a willingness to pay threshold of $100,000,
surgical treatment was cost-effective and the dominant strat-
egy starting at the 2-year time horizon. The ICER was
-$28,978.50 lower for surgical treatment showing a trend of
improved cost effectiveness that is maintained at lifetime
horizon with an ICER at -$25,530.18. Simulations fell below
the willingness to pay threshold of $100,000 indicating

robust cost-effectiveness from a societal perspective. The
difference in QALY was minimal between surgical treatment
and nonsurgical treatment at 2 years (surg: 1.79 vs nonsurg:
1.77, diff: 0.02) and at lifetime horizon (15.85 vs 15.51, diff:
0.34). However, surgical treatment did remain with slighter
higher QALY than nonsurgical treatment. The cost for sur-
gical intervention were offset largely due to the lesser pro-
ductivity loss of patients (surg: $20,288.53 vs nonsurg:
$25,842.32) and of caregivers (surg: $615.13 vs nonsurg:
$5,718.14) as well as the need for bracing in the nonsurgical
group (surg: $0 vs nonsurg: $1,680.01).

Other studies have analyzed the health economics of
thoracolumbar burst fractures [1,5,13—15,43]. In line with
our study, direct costs are higher for surgical management
in most published reports. However, few studies have

Surgical Direct costs

Caregiver cost

Work lost cost

Surgical Group inability to return to work
Nonsurgical Group inability to return to work
Surgical Group Utility score

Nonsurgical Group Utility Score
-$400,000.00  -$300,000.00

Change in ICER - One-Way Sensitivity Analysis

-$200,000.00  -$100,000.00 $0.00

-$14,752.10 II $14,752.10

$100,000.00 $300,000.00

$200,000.00 $400,000.00

Fig. 1. Tornado plot for 1-way sensitivity analysis for 1-year time frame.
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A) One-year time horizon

0000

cosT

B) Two-year time horizon

1000
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Fig. 2. Probabilistic sensitivity analysis. Values on the x axis are QALY.
Values on the Y-axis are cost in USD.

considered indirect costs. Aras et al reported a cost-effec-
tiveness analysis under the perspective of a tax-funded
state-run universal health care system in Denmark [1]. That
study favoured conservative management, but did not
account for work performance, which is crucial in this
young and active patient population. Siebenga et al pre-
sented the only other cost-effectiveness analysis from a
societal perspective to our knowledge, but the sample size
was rather small and from a single institution [43]. They
reported 30 nonrandomized patients with 14 receiving non-
surgical treatment and 16 receiving surgery in a European

institution. Mean direct costs were higher in the surgical
group (US$21,960 vs US$11,880), but indirect costs were
significantly lower in the surgical group (US$7,192 vs US
$11,179). In their study, the surgically treated patients
returned to work earlier. Indirect costs were calculated
using both cost of absenteeism and cost of disablement.
The average cost of absenteeism for a nonsurgical patient
was $10,329 compared to $6,630 for a surgical patient.
Through questionnaire, it was verified that the disablement
was caused by residual back pain or was treatment related.
One-hundred and fifty-nine years had to be compensated in
the nonoperative group for a total of $252,128 per patient.
Forty-six years had to be compensated in the surgical group
for a total of $49,688 per patient. Indirect costs overall
exceeded direct costs and consisted of 95.4% of the cost for
patient treated nonoperatively and 71.6% of the cost of
patients treated surgically. Ultimately, nonoperative man-
agement was 3.5 times most expensive. Therefore, it is pos-
sible that because of faster mobilization and shortened
rehabilitation, the surgical patient may return to work ear-
lier or at a similar timepoint, but less disabled. Conse-
quently, on a lifetime horizon, the overall costs postinjury
turns in favor of surgical therapy. Most comparative large
scale clinical studies have not found a difference in the rate
of return to work between surgery and nonoperative man-
agement, but those studies did not consider the cost of pro-
ductivity loss or disablement for the patient and caregivers
[7-9].

The nonoperative group was more disabled and utilized
more healthcare resources. At 1-year and 2-year time hori-
zon, the nonsurgical group used more NSAIDS and opioids
than the nonsurgical group. The nonsurgical group also uti-
lized more frequently allied health professionals such as
physiotherapists, occupational therapists, and chiropractors.
Aras et al [1] did not observe a difference in narcotics use
between surgical and nonsurgical group when performing a
cost-effectiveness analysis. However, opioid use was col-
lected in oral morphine equivalent in milligrams and daily
doses. Our study recorded medications as the number of
prescriptions filled. It is possible that the quantities may be
similar, but our results suggests that nonsurgical patients
seem to be using pain medications, notably opioids, for a
longer period with more prescriptions filled. Siebenga et al
also presented results where resource utilization was greater
in the nonsurgical group. Similarly to our study, nonsurgi-
cal patients had more visits to their general practitioner and
more visits to physiotherapists. Nonoperative patients spent
500 min at the general practitioner after discharge com-
pared to 214 min for operative patients. Other expenditures
such as physiotherapy, transportation, education for job
change were higher in the nonoperative group at $816 per
patient compared to $550 for the surgical patient.

In this present study, the difference in QALY was mini-
mal between the comparative groups. This is in line with
previous studies comparing clinical outcomes [4,7—9].
However, defining and measuring the optimal treatment
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Table 6
Two-year time horizon resource utilization and costs in units per patient by treatment group

A) Resource utilization

Surgical treatment Nonsurgical treatment
Resource n=130 n=83
Health practitioners (# visits)
Emergency room 0.09 0.06
Surgeon / General practitioner 0.25 0.31
Physical therapy / Occupational therapy / Chiropractor 1.68 3.68
Other specialist 0.53 0.64
Medications taken (# prescriptions filled)
NSAIDS 2.39 2.66
Opioids 0.75 1.52
Other analgesics 1.08 1.01
Antibiotics 1.30 0.07
Other
Caregiver care (days taken off work) 2.39 29.86
Average workdays lost per patient 114.78 143.12
B) Mean costs per participants based on units per participants
Surgical treatment Nonsurgical treatment
Resource n=130 n=83
Screening and imaging procedures® $413.36 $410.73
Index surgical procedure (if applicable) $10,632.60 N/A
Hospital Admission and Health Care Practitioners
Hospital stay $3,388.04 $2,214.15
Emergency room $30.16 $18.96
Surgeon / General practitioner $141.14 $167.29
Physical therapy / Occupational therapy / Chiropractor $67.97 $207.83
Medications
NSAIDs $53.75 $57.44
Opioids $66.77 $149.83
Antibiotics $62.06 $6.01
Other analgesics $70.00 $76.5
Other
Bracing $0 $1,680.01
Caregiver care $615.13 $5718.14
Lost productivity $20,288.53 $25,842.32
Direct costs $15,572.96 $5,495.73
Indirect costs $20,903.66 $31,560.46
Total costs (direct and indirect) $36,476.62 $37,056.19
* Estimated from the literature—not captured in study.
Table 7
Base case cost-utility analysis based on geographic region
Cost in $US Total QALYs Difference in QALY Difference in Costs ICER
Treatment Mean Mean Mean Mean SUS/QALY
Overall population
Surgical treatment $33,026.18 0.88 0.02 $3,832.96 $191,648.00
Nonsurgical treatment $29,193.22 0.86
Europe
Surgical treatment $31,677.97 0.88 0.02 $3,661.99 $183,099.50
Nonsurgical treatment $28,015.98 0.86
North America
Surgical treatment $34,872.06 0.88 0.02 $4,138.61 $206,930.50

Nonsurgical treatment $30,733.45 0.86




C. Dandurand et al. / The Spine Journal 25 (2025) 1494—1507 1505

effect in spinal trauma remains an unsolved challenge
given the lack of validated instruments and the nature of
the acute traumatic event. With the unknown preinjury
health status, baseline measurements are often not avail-
able and relies on recall. Given the lack of consensus, a
wide spectrum of outcomes are currently used from radio-
logical outcomes, mortality and complications as well as
patient reported outcomes [44]. Commonly used outcome
measurement tools have not been validated in the spine
trauma populations such Oswestry Disability Index,
Roland Morris Disability Questionnaire, Short Form 36,
EQS5SD or VAS. The aforementioned tools are likely not
capturing all relevant dimensions pertinent to spinal
trauma. The newly developed universal disease-specific
outcome instrument AO Spine Patient Reported Outcome
Spine Trauma (AO Spine PROST) shows great promise at
resolving this issue for spinal trauma research [45]. This
tool includes both the patient’s and healthcare profes-
sional’s perspectives on the loss of functioning and limita-
tions in daily living. It has been shown that, for patients
with spinal column injury without complete paralysis, the
loss of functioning and limitations in daily living is more
important than pain [46]. The significant determinants for
a worse AO Spine PROST score were a longer delay in
returning to work or the inability to return to work [47].
Our present study shows that the dominance of surgical
treatment from a socioeconomic perspective resides
mostly in the productivity loss and caregiver loss, which
supports the direction of outcome measurement in trauma
towards measuring acute loss of functioning and limita-
tions in daily living. Future studies on spinal trauma popu-
lations should consider using the AO Spine PROST tool
and other measures of daily functioning.

This study provides valuable insight, but it must be inter-
preted in the context of its study design. The first major
strength of this study is that data was obtained through a pro-
spective international multicenter cohort study. This allows
the results of the study to be valuable from a global perspec-
tive with its wide range of surgical management (from ante-
rior and posterior reconstruction to percutaneous posterior
fixation) and nonoperative management (from bracing to no
bracing and bed rest to rapid mobilization). When considering
the results from the study, policy makers wanting to shape
their national policy should put results in context of their
healthcare system. However, the methology applied for this
analysis from a societal perspective remains applicable. Given
the nonrandomized nature of the study, it is possible that
selection bias affects our results. However, the study exploited
the different schools of thoughts worldwide and global equi-
poise allowing for a “randomization” by region. This report is
strengthened by the multiple timeframes analyzed, and sensi-
tivity analyses conducted, to provide a complete overview of
the different considerations for cost and utility of surgical TL
burst fracture management. The use of patient diaries to
obtain resource usage data relies on patient compliance and
comprehensiveness in capturing this information. Societal

factors such as productivity loss and caregiver requirements
were large drivers in the model and were dependent on the
completeness of patient diary data collection. At 2-year fol-
low-up, the diary completion was excellent at 88% providing
adequate data for meaningful results. Another limitation is the
use of assumptive modeling to determine results beyond the
timeframe of the study. For the working-lifetime horizon,
assumptions are required to determine that costs and utilities
will remain similar to what was seen in the first two years.
The impact of this is minimized by the discounting of costs
and utilities, while also considering plausible ranges of key
factors for sensitivity analysis. These methods ensure the
most rigorous assessment was conducted to answer the
research question of this study.

Conclusion

Our cost-utility analysis showed surgical management to
be dominant at 2 years compared to nonoperative manage-
ment in neurologically intact TL burst fractures from a soci-
etal perspective. This finding was maintained through the
working-lifetime horizon. Surgical treatment became cost-
effective largely due to the greater productivity loss of
patients and caregivers within the nonsurgical group. This
investigation highlights the viability for surgical manage-
ment of TL burst fractures to provide societal benefit espe-
cially when productivity is valued.
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