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Lifetime incremental cost–utility ratios  
for minimally invasive surgery for degenerative 
lumbar spondylolisthesis relative to failed medical 
management compared with total hip and knee 
arthroplasty for osteoarthritis

Background: The objective of this study was to compare the cost-effectiveness of 
minimally invasive surgery (MIS) for patients with degenerative lumbar spondylolis-
thesis (DLS) relative to failed medical management with the cost-effectiveness of hip 
and knee arthroplasty for matched cohorts of patients with osteoarthritis.

Methods: A cohort of patients with DLS undergoing MIS procedures with decom-
pression alone or decompression and instrumented fusion between 2008 and 2014 was 
matched to cohorts of patients with hip osteoarthritis (OA) and knee OA undergoing 
total joint replacement. Incremental cost–utility ratios (ICURs) were calculated from 
the perspective of the Ontario Ministry of Health, using prospectively collected Short 
Form–6 Dimension utility data. Costs and quality-adjusted life years (QALYs) were 
discounted at 3% and sensitivity analyses were performed.

Results: Sixty-six patients met the inclusion criteria for the DLS cohort (n = 35 for 
decompression alone), with a minimum follow-up time of 1 year (mean 1.7 yr). The 
mean age of patients in the DLS cohort was 64.76 years, and 45 patients (68.2%) were 
female. For each cohort, utility scores improved from baseline to follow-up and the 
magnitude of the gain did not differ by group. Lifetime ICURs comparing surgical 
with nonsurgical care were Can$7946/QALY, Can$7104/QALY and 
Can$5098/ QALY for the DLS, knee OA and hip OA cohorts, respectively. Subgroup 
analysis yielded an increased ICUR for the patients with DLS who underwent decom-
pression and fusion (Can$9870/QALY) compared with that for the patients with DLS 
who underwent decompression alone (Can$5045/QALY). The rank order of the 
ICURs by group did not change with deterministic or probabilistic sensitivity analyses.

Conclusion: Lifetime ICURs for MIS procedures for DLS are similar to those for 
total joint replacement. Future research should adopt a societal perspective and 
potentially capture further economic benefits of MIS procedures.

Contexte : L’objectif de cette étude était de comparer le rapport coût–efficacité de la 
chirurgie minimalement effractive (CME) chez les patients atteints de spondylolisthé-
sis lombaire dégénératif (SLD) en lien avec un échec de la prise en charge médicale à 
celui de l’arthroplastie de la hanche et du genou pour des cohortes assorties de 
patients atteints d’arthrose.

Méthodes  : Une cohorte de patients atteints de SLD soumis à une CME avec 
décompression seule ou décompression avec arthrodèse entre 2008 et 2014 a été 
assortie à des cohortes de patients soumis à une arthroplastie totale pour arthrose de la 
hanche et du genou. Les rapports coût–utilité différentiels (RCUD) ont été calculés 
du point de vue du ministère de la Santé de l’Ontario à l’aide des données d’utilité du 
questionnaire Short Form–6 Dimension recueillies de manière prospective. Les coûts 
et les années de vie ajustées en fonction de la qualité (AVAQ) ont été actualisés à un 
taux de 3 % et des analyses de sensibilité ont été effectuées.

Résultats : Soixante-six patients répondaient aux critères d’inclusion pour la cohorte 
SLD (n = 35, décompression seule), avec un suivi d’une durée minimale de 1 an (moy-
enne 1,7 an). L’âge moyen des gens de la cohorte SLD était de 64,76 ans, et 45 patients 
(68,2 %) étaient de sexe féminin. Pour chaque cohorte, les scores d’utilité se sont amé-
liorés entre les valeurs de départ et les valeurs de suivi et l’ampleur du gain n’a pas 
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I n recent years there has been an increasing demand for 
hip and knee replacement surgery; the same is true of 
surgical procedures for degenerative conditions of the 

spine. Moreover, it is projected that these demands will 
continue to increase for the foreseeable future.1,2 These 
trends may be attributable to both an aging population and 
increased societal emphasis on quality of life, as well as the 
development of increasingly refined minimally invasive sur-
gical (MIS) techniques. Degenerative lumbar spondylolis-
thesis (DLS) is a common indication for spinal surgery.3 It 
is a well-studied and common clinical entity, noted to peak 
between the fifth and eighth decades of life.4–6 As a compar-
ator, hip and knee replacement, or total joint replacement 
(TJR), has also been extensively studied and has been 
refined over the last 5 decades. In fact, primary TJR has 
been shown to be among the most cost-effective operations 
in existence, and it has been shown to substantially improve 
patient health-related quality of life (HRQoL).7,9–11

It has been previously demonstrated by Rampersaud 
and colleagues that patients undergoing open surgical 
treatment for focal lumbar spinal stenosis (FLSS) can 
expect similar improvements in HRQoL from baseline to 
5-year postoperative follow-up, when compared with an 
age- and sex-matched cohort of patients undergoing total 
hip and knee arthroplasty.7 With regard to comparative 
cost–utility ratios between these groups, Rampersaud and 
colleagues have also previously demonstrated comparable 
incremental cost–utility ratios (ICURs) for patients under-
going open management of FLSS when compared with 
patients undergoing total hip and knee arthroplasty at a 
median of 5 years of follow-up.8

In this FLSS cohort, only a subgroup had stenosis 
second ary to DLS. Additionally, this previous FLSS 
cohort underwent open surgical approaches by 2 different 
surgeons and there was a lack consistency in this treatment 
arm, as 72% of patients underwent decompression alone 
while the remaining patients underwent decompression 
and instrumented fusion, with differing surgical techniques 
and exposure-related morbidity.7

Symptomatic DLS is an established indication for lum-
bar decompression and fusion. Glassman and colleagues 
studied patients with various lumbar spine conditions man-
aged with lumbar fusion surgery and found that the DLS 
subgroup experienced the greatest improvement in 

function, as measured by the Oswestry Disability Index 
(ODI) at a 2-year follow-up.3 Additionally, the SPORT 
trials showed sustainable improvement in outcome of DLS 
treated surgically at 4-year follow-up.12,13

Compared with open surgery, MIS spine surgery may 
be advantageous when considering factors such as patient 
morbidity, as well as the length of hospital stay and the 
overall cost associated with surgery and perioperative care. 
It has been demonstrated that compared with open pos-
terior lumbar fusion, patients undergoing MIS procedures 
tend to lose less blood, are discharged from hospital 
earli er, ambulate earlier and experience fewer medical and 
surgical adverse events.14–20

It is our hypothesis that for DLS, MIS decompression 
and fusion or, in appropriate cases, decompression alone 
can reliably produce improvements in HRQoL and ICURs 
similar to those produced with TJR procedures, which may 
be considered gold standard procedures with respect to 
both patient outcomes and cost-effectiveness.

Methods

Study design

A single-centre observational cohort study was under-
taken to compare the relative cost–utility of modern sur-
gical procedures for common degenerative conditions of 
the spine, hip and knee, relative to failed medical manage-
ment. Specifically, MIS procedures for DLS of the spine 
were compared with TJR for hip and knee osteoarthritis 
(OA). This study employed a similar methodology to that 
described by Rampersaud and colleagues.8,21 In this paper 
we focused on a homogeneous population of spine 
patients with DLS, who underwent the same MIS pro-
ced ures and thus were more homogeneous in terms of 
surgical morbidity and hospital length of stay (LOS). 
Additionally, a contemporaneous cohort of patients 
undergoing TJR for hip and knee replacements with 
improved clinical pathways (i.e., shorter LOS and 
reduced cost) was being compared. Furthermore, both 
deterministic sensitivity analyses and probabilistic sensi-
tivity analyses are presented, in keeping with the current 
standards in health economic research.22 This analysis was 
performed with prospectively collected patient outcomes 

différé entre les groupes. Les RCUD pour la vie entière entre les soins chirurgicaux et 
non chirurgicaux ont été 7946 $CA/QALY, 7104 $CA/QALY et 5098 $CA/QALY 
pour les cohortes SLD, arthrose du genou et de la hanche, respectivement. L’analyse 
de sous-groupes a généré un RCUD accru pour les patients atteints de SLD qui ont 
subi la décompression avec arthrodèse (9870 $CA/QALY) comparativement à la 
décompression seule (5045 $CA/QALY). Le classement des RCUD par groupe n’a pas 
changé en fonction des analyses de sensibilité déterministes ou probabilistes.

Conclusion : Les RCUD pour la vie entière associés à la CME dans les cas de SLD 
sont similaires à ceux de l’arthroplastie totale. Les recherches futures devraient adopter 
une perspective sociétale et refléter davantage les bienfaits économiques de la CME.
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and retrospectively compiled patient costs. The study 
received approval from the University Health Network 
Research Ethics Board. 

Incremental cost–utility analysis

ICURs were used to compare the additional cost per 
additional benefit for patients associated with surgical 
management relative to failed medical management for 
3 common degenerative musculoskeletal conditions. An 
ICUR involves the measurement of costs, in standard 
monetary units and utility, reported in quality-adjusted 
life years (QALYs). The use of standard units, such as 
dollars and QALYs, allows for the comparison of ICURs 
for treatments across multiple conditions. We compared 
ICURs for the surgical management of DLS, hip OA and 
knee OA, relative to failed medical management. ICURs 
for each condition were calculated by determining the 
difference in costs between surgical and medical manage-
ment and dividing this by the difference in QALYs 
obtained with each treatment strategy. Given that both 
the surgical and medical treatment groups consisted of 
patients for whom medical management had failed, the 
baseline utility was assumed to be equal for the 2 groups. 
Additionally, we assumed that QALYs in the medical 
management group did not change from baseline, 
because there was no change in treatment strategy.7,13 
Therefore, QALYs gained by the surgical group repre-
sented the estimated difference in QALYs between the 
surgical and medical management groups. Similar 
assumptions were made for costs, and the costs related to 
surgery (hospital, rehabilitation and possible revision sur-
gery costs) were assumed to represent the estimated dif-
ference in costs between the 2 treatments.8,13

The primary outcome was lifetime ICURs (costs per 
QALY) for surgical relative to failed medical management 
for DLS and OA of the hip and knee. Costs were reported 
in 2016 Canadian dollars, from the perspective of the pro-
vincial health insurance system, the single health insurance 
payer in the province of Ontario. Life years remaining at 
the time of surgery were calculated for each patient on the 
basis of age- and sex-specific life tables for Ontario for 
2009–2011, as reported by Statistics Canada.23 To 
acknowledge the concept of time preference, which refers 
to the increased value that society places on immediate 
costs and benefits compared with those accrued in the 
future, both costs and QALYs were discounted at an 
annual rate of 3%.24 To account for variation in the dis-
count rate and its effect on the ICUR, annual discount 
rates of 0 and 5 were used in the sensitivity analysis.

Patient population

Patients with DLS who underwent MIS decompression 
with or without fusion between January 2008 and 

December 2014 were obtained from a search of the surgical 
database of a fellowship-trained spine surgeon at a tertiary 
academic centre. All patients had radiographic evidence of 
1- or 2-level DLS, with no associated coronal plane spinal 
deformity, resulting in associated spinal stenosis and symp-
toms consistent with neurogenic claudication (leg-dominant 
pain with activity, relieved with postural change) reported 
on history, and had at least 6 months of failed medical man-
agement. To be included, patients also had to have pro-
spectively collected Short Form–6 Dimension (SF-6D) util-
ity scores available at baseline and either 1 or 2 years after 
surgery. Patients were excluded if they underwent multi-
level surgery greater than 2 levels, underwent open surgical 
procedures, had prior spine surgery at the symptomatic or 
adjacent levels or had radiographically demonstrated multi-
level deformity in the coronal or sagittal planes. Cases of 
isthmic spondylolisthesis were also excluded.

Consecutive surgical cases were reviewed against the 
above selection criteria. Each patient meeting the criteria 
was independently matched with a patient with hip OA 
and a patient with knee OA, who underwent total hip 
arthroplasty (THA) and total knee arthroplasty (TKA), 
respectively, on a 1:1:1 basis. Patients were matched with 
respect to sex, age (within 2 yr) and date of surgery 
(within 6 mo).

Inclusion criteria for patients undergoing TJR were 
mechanical joint pain of the affected joint with OA demon-
strated on radiographs and at least 6 months of failed med-
ical management. Patients with secondary OA (post-
traumatic) or an inflammatory arthropathy were excluded. 
Additionally, patients were excluded if they had had previ-
ous surgery on their symptomatic joint, with the exception 
of knee arthroscopy.

Surgery

For patients with DLS for whom medical management 
had failed, who elected to proceed with surgery, MIS 
decompression-alone procedures were offered to patients 
with neurogenic claudication, no or minimal mechanical 
back pain, anatomy favourable to a facet-sparing (i.e., 
undercutting) decompression, grade 1 (i.e., up to 25%) 
spondylolisthesis on radiographs, and no evidence of 
dynamic instability (an increase in 4–5 mm of spondylolis-
thesis demonstrated on flexion–extension or standing 
compared with supine radiographs). Decompression-alone 
procedures were performed from a unilateral approach 
with a tubular retractor (Tubular Retractor System, 
METRx, Medtronic) and involved a midline-sparing 
bilateral decompression. Patients not meeting the above 
criteria underwent MIS decompression and instrumented 
fusion procedures, which entailed a unilateral transforami-
nal interbody fusion (TLIF) using a cage and autologous 
bone graft, MIS decompression and percutaneous pedicle 
screw fixation.
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Patients with hip OA for whom medical management 
failed and who decided to proceed with surgery underwent 
uncemented THA, performed from a lateral (Harding) 
approach. Cemented TKA using a medial para-patellar 
approach was performed for patients with knee OA for 
whom medical management failed and who elected to pro-
ceed with surgical management.

Treatment effectiveness

Patients completed either the 12-item or 36-item Short 
Form Survey before surgery and at 1 or 2 years after sur-
gery; their scores were converted to SF-6D utility scores.25 
Given that patients had outcome data at either 1 or 
2 years postoperatively, or both, each patient’s longest 
follow-up was selected as their postoperative outcome. To 
calculate QALYs in an unbiased manner, we assumed that 
utility gains occurred over a 1-year period for all patients. 
This assumption was made on the basis of data from this 
study and the literature that suggest there is no statistical 
difference in 1- or 2-year outcome data for the surgical 
populations reported on in this study.9,13 Lifetime QALYs 
were determined by the area under the curve for the 
graph of utility gained by life years remaining.

Treatment costs

Costs were considered from the perspective of the provin-
cial health insurance system and included hospital, 
rehabili tation and revision surgery costs. All costs are 
reported in Canadian dollars and were inflated to 2016 
values on the basis of consumer price indexing data from 
the Bank of Canada.26

Surgery costs included micro-costed perioperative and 
hospital admissions costs for each patient. These costs were 
obtained from the financial department at the Toronto 
Western Hospital and included both direct and indirect 
(overhead) costs. The cost components that we included 
were operating room costs (surgical implants and prosthe-
ses, central processing department, anesthesia, postanesthe-
sia care unit), nursing (postoperative care unit, ward and 
intensive care unit), physiotherapy, respiratory therapy, 
patient support workers, pharmacy, medical imaging, lab-
oratories and food. Physician fees were not included to 
allow for the comparison of previously published results.8,21

Costs of inpatient and home-based rehabilitation pro-
grams were based on averages reported in a randomized 
controlled trial comparing these 2 rehabilitation strat-
egies in patients undergoing THA and TKA.27 An 
assumption was made that all patients undergoing TJR 
participated in either an inpatient or home-based postop-
erative rehabilitation program. On the basis of TJR 
rehabili tation data reported by the Ministry of Health, it 
was assumed that the discharge rate to inpatient rehabili-
tation facilities was 20%.28 Available rates reported over 

the study period by the Ministry of Health ranged from 
8.2% to 25.2%.29

The cost of revision surgery was based on the cohort 
averages reported in the present study. Revision surgery 
costs were calculated in the same manner as described for 
the index procedure, and again they included the same 
inpatient rehabilitation rate. Additionally, for patients 
requiring revision surgery, typical medical imaging 
ordered before surgery was included. Specifically, this 
included orthogonal radiographs of the affected limb for 
patients undergoing TJR and a contrast enhanced mag-
netic resonance image (MRI) of the lumbar spine. Radio-
graph costs were based on those reported in the Ministry 
of Health Schedule of Benefits Fees – Physician Services 
and Ministry of Health Schedule of Facility Fees.30,31 MRI 
costs were obtained from the Ontario Case Costing Initia-
tive and based on ambulatory (outpatient) data from the 
Toronto Western Hospital between 2010 and 2011 and 
included both direct and indirect costs.32

Sensitivity analysis

Deterministic and probabilistic sensitivity analyses were 
performed. Costs of primary and revision surgery, revision 
rates, percentage of inpatient rehabilitation (for TJR 
groups), utility and discount rates were varied for the 
analy sis. Primary and revision surgery costs were varied 
between mean cohort costs ± 25%. Because we estimated 
lifetime ICURs, long-term revision rates for TJR and 
MIS lumbar decompression and fusion pro cedures were 
taken from the literature. For both THA and TKA, a revi-
sion rate of ± 25% of 12% was used, on the basis of a sys-
tematic review of revision rates in arthroplasty with an 
approximate average follow-up period of 9 years.33 Simi-
larly, for DLS decompression alone and decompression 
and fusion procedures, revision rates of ± 25% of 28.0% 
and ± 25% of 17.1% were used, respectively, in keeping 
with values published in a large cohort study of more than 
24 000 patients with an average follow-up of 11 years.34 
Lifetime QALYs gained were varied by 95% confidence 
interval (CI) limits by reported cohort means. The per-
centage of inpatient rehabilitation admission for TJR 
cohorts was varied from 0% to 40%. Costs and QALYs 
were discounted at rates of 0%, 3% and 5%, to determine 
their effect on the ICUR. The deterministic analyses are 
reported as average and best- and worst-case scenarios in 
addition to a graphical representation of each variable’s 
influence on the ICUR.

A probabilistic sensitivity analysis (PSA) was performed 
using uniform distributions for the ranges described above. 
For each cohort a Monte Carlo simulation with 1000 itera-
tions was performed, with random sampling from the distri-
butions. Results are reported as ICURs with associated 
95% CIs. To conduct these analyses, a decision analysis was 
performed for each cohort to compare the costs and utility 
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changes between surgical and nonsurgical care. TreeAge 
Pro 2016 software was used to perform these analyses. 
Cohort-specific decision analysis trees are displayed in the 
3 figures in Appendix 1 (available at canjsurg.ca/015719-a1). 
All other statistics reported were generated with Stata 14.2.

Results

Sixty-six patients with DLS undergoing MIS procedures 
met the inclusion criteria and had complete outcome 
data. All of these patients had a minimum of 1 year of 
follow-up data, with an average follow-up of 1.7 years. 
With respect to the types of surgery performed, 
35 patients underwent decompression alone and 31 
underwent decompression and fusion procedures. Each 
patient was successfully matched with a patient with hip 
OA and another with knee OA, who underwent THA 
and TKA, respectively.

Patient baseline characteristics are displayed in Table 1. 
Patient body mass index (BMI) differed between the 
groups, with patients who underwent knee OA having a 
higher BMI than patients who underwent hip OA (mean 
difference 3.4, p = 0.002, analysis of variance [ANOVA]). 
Additionally, the American Society of Anesthesiologists 
(ASA) physical status classification score differed between 
the groups (p = 0.03, Kruskal–Wallis test). Patients with 
DLS had a higher median ASA score (2.5) than those with 
with hip OA (2) and knee OA (2). Because neither BMI 
nor ASA score was associated with outcomes (utility 
change or total costs), the described group differences were 
not adjusted for in the subsequent analyses.

Average total per patient hospital costs (direct and 
indirect) were $12 233 for THA, $12 099 for TKA, 
$7156 for decompression alone and $19 934 for decom-
pression and fusion. A further breakdown of costs, 
including revision and rehabilitation data, is displayed in 
Table 2, in addition to average patient length of stay by 
group. Across all cohorts, utility scores changed signifi-
cantly (p < 0.001, paired t tests) from baseline to follow-
up with mean utility gains of 0.161 (SD 0.143) for THA, 

0.113 (SD 0.132) for TKA, 0.118 (SD 0.136) for DLS 
decompression alone and 0.137 (SD 0.134) for DLS 
decompression and fusion. The magnitude of utility 
change did not differ by surgical cohort (p = 0.12, 
ANOVA, for all patients with DLS; p = 0.36, ANOVA, 
for DLS decompression and matched TJR cohorts; p = 
0.33, ANOVA, for DLS decompression and fusion and 
matched TJR cohorts). Subgroup analysis demonstrated 
that patients with DLS undergoing fusion procedures 
reported lower utility values at baseline (p < 0.001, 
ANOVA) and follow-up (p < 0.001, ANOVA) than 
matched patients who underwent THA and TKA, 
although, as previously stated, they experienced equivo-
cal utility gains from baseline to follow-up compared 
with their arthroplasty counterparts. Specific subgroup 
utility scores and group differences are displayed in 
Table 3. QALYs gained over the lifetime were modelled 
using a 3% discount rate, which yielded gains of 2.470 
for THA, 1.784 for TKA, 1.658 for DLS decompression 
alone and 2.276 for DLS decompression and fusion.

Sensitivity analysis

Lifetime ICURs, calculated with a discount rate of 3% 
applied to both costs and QALYs, were $5098/QALY for 
THA, $7104/QALY for TKA, $5045/QALY for DLS 
decompression alone and $9870/QALY for DLS decom-
pression and fusion. Results by matched subgroups are 
displayed in Table 4, in addition to the results of the sen-
sitivity analyses. Best- and worst-case scenarios were cal-
culated as described in the Methods. The largest range 
was observed for the ICUR for the DLS decompression 
and fusion cohort (best-case scenario $3563/QALY; 
worst-case scenario $25 258/QALY). Further results of 
the deterministic sensitivity analysis are presented in 
 Figure 1, Figure 2, Figure 3 and Figure 4, which display 
each factor’s influence on the ICUR, by surgical cohort. 
In all cohorts, the ICUR was sensitive to changes in the 
surgical costs, QALYs, the discount rate applied and inpa-
tient rehabilitation rates (for TJR cohorts) and less 

Table 1. Demographic characteristics of study cohorts

Characteristic

Degenerative lumbar 
spondylolisthesis 

n = 66
Hip osteoarthritis 

n = 66
Knee osteoarthritis 

n = 66

Age, mean ± SD 64.76 ± 8.13 64.98 ± 8.19 64.79 ± 8.04

Sex, female, no. (%) 45 (68.2) 45 (68.2) 45 (68.2)

BMI, mean ± SD* 28.8 ± 6.7 26.9 ± 4.9 30.3 ± 4.7

ASA, median (IQR)† 2.5 (2–3) 2 (2–3) 2 (2–2)

Note: Mean utility changes (p = 0.34, ANOVA) and total costs (p = 0.63, ANOVA) did not differ significantly by ASA score. ANOVA = 
analysis of variance; ASA = American Society of Anesthesiologists physical status classification score; BMI = body mass index; 
IQR = interquartile range; r = Pearson correlation coefficient; SD = standard deviation.

*There was a significant difference (p = 0.002, ANOVA) in mean patient BMI between groups. Patients with knee osteoarthritis had 
a higher mean BMI than patients with hip osteoarthritis (mean difference 3.4, p = 0.002). BMI was not significantly correlated with 
utility changes (r = –0.088, p = 0.22) or total costs (r = 0.115, p = 0.11).

†Median ASA values differed significantly (p = 0.03, Kruskal–Wallis test) between the groups.
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Table 2. Average baseline costs, length of stay and revision data across patient groups

Measure

All patients

Patients with DLS who underwent 
decompression alone, and the matched patients 

with hip or knee OA

Patients with DLS who underwent 
decompression with fusion, and the matched 

patients with hip or knee OA

MIS  
decompression 
with or without 
fusion for DLS  

n = 66

Primary THA 
for hip OA  

n = 66

Primary TKA 
for knee OA  

n = 66

MIS  
decompression 

for DLS 
n = 35

Primary THA  
for hip OA 

n = 35

Primary TKA  
for knee OA 

n = 35

MIS  
decompression  
and fusion for 

DLS 
n = 31

Primary THA  
for hip OA 

n = 31

Primary TKA  
for knee OA 

n = 31

Total acute 
surgical cost, $, 
mean ± SD

12 804 ±  
8933

10 143 ±  
1733

9982 ±  
2315

7017 ±  
6656

10 192 ±  
1162

10 025 ±  
2558

19 336 ±  
6288

10 086 ±  
2229

9933 ±  
2050

Inpatient LOS, d 2.95 3.83 3.97 0.77 3.94 4.09 5.4 3.7 3.8

Postdischarge 
rehabilitation cost, 
$*

NA 2038 2038 NA 2038 2038 NA 2038 2038

Revision at 2 yr, 
frequency count 
(%)

2 (3.0) 1 (1.5) 1(1.5) 1 (2.9) 0 (0) 0 (0) 1 (3.2) 1 (3.2) 1(3.2)

Average length of 
time to revision, d

216 2 126 269 NA NA 163 2 126

Revision cost, $, 
mean ± SD†

11 692 ± 9676 3432 ± 0 5201 ± 0 4850 ± 0 0 0 18 534 ± 0 3432 ± 0 5201 ± 0

Revision cost per 
patient, $

354 52 79 139 0 0 598 111 168

Total per patient 
cost, $

13 158 12 233 12 099 7156 12 231 12 064 19 934 12 236 12 139

Note: All costs are reported in 2016 Canadian dollars. DLS = degenerative lumbar spondylolisthesis; LOS = length of stay; MIS = minimally invasive surgery; NA = not applicable; OA = 
osteoarthritis; SD = standard deviation; THA = total hip arthroplasty; TKA = total knee arthroplasty.

*Calculated assuming that all patients undergoing total joint replacement participate in a postdischarge rehabilitation program, with 20% participating in inpatient programs and 80% 
participating in home-based programs.

†Revision costs include relevant medical imaging, which consisted of orthogonal radiographs of the affected joint for patients undergoing total joint replacement and magnetic resonance 
imaging of the lumbar spine for patients with DLS.

Table 3. Utility and quality-adjusted life year data

Measure

All patients*

Patients with DLS who underwent 
decompression alone, and the matched patients  

with hip or knee OA†

Patients with DLS who underwent 
decompression with fusion, and the matched 

patients with hip or knee OA‡

MIS  
decompression 
with or without 
fusion for DLS 

n = 66

Primary THA  
for hip OA 

n = 66

Primary TKA  
for knee OA 

n = 66

MIS 
decompression  

for DLS 
n = 35

Primary THA  
for hip OA  

n = 35

Primary TKA  
for knee OA  

n = 35

MIS  
decompression 
and fusion for 

DLS  
n = 31

Primary THA  
for hip OA  

n = 31

Primary TKA 
for knee OA  

n = 31

Baseline 
utility,  
mean ± SD

0.578 ±  
0.089

0.636 ± 
0.116

0.657 ± 
0.131

0.592 ±  
0.079

0.640 ±  
0.132

0.592 ± 
0.079

0.562 ±  
0.097

0.632 ± 
0.096

0.664 ± 
0.129

Follow-up 
utility,  
mean ± SD

0.705 ±  
0.120

0.797 ± 
0.142

0.770 ± 
0.143

0.710 ±  
0.126

0.789 ±  
0.151

0.752 ± 
0.141

0.699 ±  
0.116

0.807 ± 
0.132

0.791 ± 
0.145

Utility change, 
mean ± SD

0.127 ±  
0.134

0.161 ± 
0.143

0.113 ± 
0.132

0.118 ±  
0.136

0.149 ±  
0.157

0.101 ± 
0.127

0.137 ±  
0.134

0.175 ± 
0.128

0.127 ± 
0.138

Lifetime QALY 
gain,  
mean ± SD§

1.948 ±  
2.106

2.470 ± 
2.298

1.784 ± 
2.139

1.658 ±  
1.842

2.102 ±  
2.293

1.468 ± 
1.987

2.276 ±  
2.356

2.887 ± 
2.268

2.142 ± 
2.278

Note: ANOVA = analysis of variance; DLS = degenerative lumbar spondylolisthesis; MD = mean difference; MIS = minimally invasive surgery; OA = ostearthritis; QALY = quality-adjusted 
life year; SD = standard deviation; THA = total hip arthroplasty; TKA = total knee arthroplasty.

*Baseline utility was significantly lower (p < 0.003, ANOVA) for the DLS group than for the H-OA group (MD 0.058, p = 0.011) or the K-OA group (MD 0.079, p < 0.001). Follow-up utility was 
significantly lower (p < 0.004, ANOVA) for the DLS group than for the H-OA group (MD 0.093, p <0.001) or the K-OA group (MD 0.065, p = 0.018). There was no significant difference (p = 
0.12, ANOVA) in utility gains between the groups. There was a significant utility gain at follow-up from baseline values for the DLS group (p < 0.001, paired t test), the H-OA group (p < 
0.001, paired t test) and the K-OA group (p < 0.001, paired t test). 

†There was no significant difference (p = 0.09, ANOVA) in baseline utility between the groups. There was no significant difference (p = 0.07, ANOVA) in follow-up utility between the 
groups. There was no significant difference (p = 0.36, ANOVA) in utility gains between the groups. There was a significant utility gain at follow-up from baseline values for the DLS group 
(p < 0.001, paired t test), the H-OA group (p < 0.001, paired t test) and the K-OA group (p < 0.001, paired t test). 

‡Baseline utility was significantly lower  (p = 0.001, ANOVA) for the DLS group than for the H-OA group (MD 0.07, p = 0.039) or the K-OA group  (MD 0.102, p = 0.001). Follow-up utility was 
significantly lower (p = 0.001, ANOVA) for the DLS group than for the H-OA group (MD 0.108; p = 0.005) or the K-OA group (MD 0.092; p = 0.022). There was no significant difference (p = 
0.33, ANOVA) in utility gains between the groups. There was a significant utility gain at follow-up from baseline values for the DLS group (p < 0.001, paired t test), the H-OA group (p < 
0.001, paired t test) and the K-OA group (p < 0.001, paired t test).

§QALY gains were discounted at a 3% annualized rate.
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 sensitive to revision costs and revision rates. In fact, for 
the TJR cohorts reported, the ICUR was nearly insensi-
tive to variation in the revision rates and costs.

Results of the PSA by cohort and subgroup are also 
displayed in Table 4. ICURs generated by the PSA were 
similar to our cohort estimates, indicating that our 

Table 4. Incremental cost-utility ratios by group 

Measure

All patients

Patients with DLS who underwent 
decompression alone, and the matched patients 

with hip or knee OA

Patients with DLS who underwent 
decompression with fusion, and the matched 

patients with hip or knee OA

MIS  
decompression  
with or without 
fusion for DLS  

n = 66

Primary THA 
for hip OA  

n = 66

Primary TKA 
for knee OA  

n = 66

MIS  
decompression  

for DLS  
n = 35

Primary THA 
for hip OA  

n = 35

Primary TKA 
for knee OA  

n = 35

MIS 
decompres-

sion and fusion 
for DLS  
n = 31

Primary THA 
for hip OA  

n = 31

Primary TKA 
for knee OA  

n = 31

Average cohort 
lifetime ICUR, 
point estimate, 
$/QALY

7946 5098 7104 5045 5824 8206 9870 4338 5886

Lifetime ICUR, 
$/QALY  
(95 CI%)*

8177  
(8077–8277)

5196  
(5136–5256)

7242  
(7144–7340)

5371  
(5280–5463)

6216  
(6115–6318)

8838  
(8664–9013)

10 472  
(10 304–10 

641)

4477  
(4417–4537)

6223  
(6118–6329)

Worst-case 
scenario lifetime 
ICUR, $/QALY†

17 062 10 396 15 850 12 666 14 260 23 297 25 258 9692 15 464

Best-case 
scenario lifetime 
ICUR, $/QALY‡

3204 2056 2724 1959 2183 2874 3563 1619 2068

Note: CI = confidence interval; DLS = degenerative lumbar spondylolisthesis; ICUR = incremental cost–ulity ratios; MIS = minimally invasive surgery; OA = osteoarthritis; QALY = 
quality-adjusted life year; THA = total hip arthroplasty; TKA = total knee arthroplasty.

*Based on a probabilistic sensitivity analysis, cost and QALYs discounted at an annual rate of 3%.

†Worst-case scenario ICUR was determined using the mean primary surgery cost plus 25%, the mean revision surgery cost plus 25%, the upper limit of the proportion of patients 
undergoing revision surgery, 40% inpatient rehabilitation for THA and TKA, and the lower limit of the 95% CI for QALYs gained and a 5% discount rate.

‡Best-case scenario ICUR was determined using the mean primary surgery cost minus 25%, the mean revision surgery cost minus 25%, the lower limit of the proportion of patients 
undergoing revision surgery, 0% inpatient rehabilitation for THA and TKA, and the upper limit of the 95% CI for QALYs gained and a 0% discount rate. 

Fig. 1. Deterministic sensitivity analysis for the 66 patients who underwent total hip arthroplasty. CI = confidence 
interval; ICUR = incremental cost-utility ratio; QALY = quality-adjusted life year.
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Fig. 2. Deterministic sensitivity analysis for the 66 patients who underwent total knee arthroplasty. CI = confidence inter-
val; ICUR = incremental cost-utility ratio; QALY = quality-adjusted life year.
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Fig. 3. Deterministic sensitivity analysis for the 35 patients with degenerative lumbar spondylolisthesis who underwent 
MIS decompression alone. CI = confidence interval; ICUR = incremental cost-utility ratio; MIS = minimally invasive surgery; 
QALY = quality-adjusted life year.
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findings are reproducible with random sampling across 
distributions of factors that influence the ICUR.

discussion

This study compares the cost–utility of MIS for patients 
with DLS with that of a contemporaneous group of 
patients who underwent THA and TKA for hip and knee 
OA, respectively. We selected a homogeneous spine 
patient population and used identical data collection 
techniques with respect to costs and outcomes for all 
cohorts, allowing for a meaningful comparison of 
ICURs. After comparing all patients with DLS (who 
underwent decompression alone and decompression and 
fusion procedures) with patients who underwent TJR 
procedures, the ICURs were found to be comparable, 
with $7946/QALY for DLS, $7104/QALY for TKA and 
$5098/QALY for THA. The certainty of these results 
was supported by the PSA, which yielded 95% CIs for 
ICURs generated for each cohort that varied only by 
approximately $200 each. Additionally, the rank order of 
ICURs by cohort (THA < TKA < DLS) did not change 
with the PSA or with the presented best- and worst-case 
scenarios, providing internal validity to the results.

Subgroup analysis revealed a decreased ICUR for 
decompression alone ($5045/QALY) compared with 

decompression and fusion procedures ($9870/QALY). 
This reflects the decreased costs associated with 
 decompression-alone procedures, notably reduced 
implant costs and costs related to LOS. Additionally, 
patients with DLS meeting the criteria for decompression 
and fusion procedures had lower utility scores at baseline 
and follow-up than matched patients undergoing TJR, 
suggesting that these patients have a more severe disease 
state than patients with hip or knee OA. This finding rein-
forces the fact that improved funding and access to sur-
gery is needed for the DLS population. Furthermore, 
although fusion procedures were associated with increased 
costs compared with decompression-alone procedures, the 
lifetime QALYs gained were 2.276 for fusion and 1.658 
for decompression-alone procedures.

The results of this study are congruent with those pre-
viously published8,21 and reinforce that the ICUR for the 
focal surgical management of a common degenerative 
spine condition, DLS, is comparable to that of total hip 
and knee arthroplasty for OA. Specifically, our methods 
are similar to those of Tso and colleagues, who reported a 
2-year follow-up comparing ICURs for focal lumbar 
spine stenosis (with or without DLS) with ICURs for 
TKA and THA.21 They reported the relative rank order 
of the ICURs to be as follows: THA, followed by decom-
pression, then decompression and fusion for LSS and 

Fig. 4. Deterministic sensitivity analysis for the 31 patients with degenerative lumbar spondylolisthesis who underwent 
MIS decompression and fusion. CI = confidence interval; ICUR = incremental cost-utility ratio; MIS = minimally invasive 
surgery; QALY = quality-adjusted life year.
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lastly TKA, having the least favourable ICUR. The cur-
rent study found that decompression and fusion for DLS 
had the least favourable ICUR, followed by TKA, THA 
and then decompression alone for DLS. This difference 
may be due to differences in the spine populations exam-
ined, as we included only patients with DLS, a subset of 
LSS. Furthermore, different surgical procedures were 
performed, specifically MIS procedures, which carry 
higher implant- and equipment-related costs but reduced 
hospital LOS costs compared with open surgery.

Another comparison to the study by Tso and col-
leagues that we made was in examining the absolute value 
for the ICURs, rather than looking at their relative rank-
ing. When the ICURs reported by Tso and colleagues are 
inflated to 2016 Canadian dollars they are as follows: 
$5971/QALY for THA, $12 652/QALY for TKA, 
$2589/QALY for decompression alone for LSS and 
$8026/QALY for decompression and fusion for LSS. The 
increased ICURs reported for the spine cohorts in the 
current study appear to be due to increased costs of MIS 
procedures, as Tso and colleagues reported lower surgical 
costs but relatively similar utility gains at follow-up. The 
increased surgical costs are due to the fact that our study 
included indirect hospital (overhead) costs whereas the 
study reported by Tso and colleagues did not. Addition-
ally, it can be seen that the costs of TKA and THA have 
both decreased over time, and this probably reflects the 
ongoing refinements to hip and knee arthroplasty post-
surgical care pathways, which have resulted in decreased 
LOS, which is supported by our findings compared with 
those previously reported by Tso and colleagues.21 Tso 
and colleagues reported that the mean LOS for patients 
undergoing THA and TKA was 7.28 and 7.02 days, 
respectively.21 In contrast, in our study the mean LOS for 
patients undergoing TJR was 3.83 and 3.97 days, respec-
tively. This reduction in LOS for patients undergoing 
TJR translated into significant cost savings, and by exten-
sion greatly improved ICURs.

The need for fusion-based procedures in certain 
patients with DLS remains controversial.35,36 Kim and col-
leagues found that for patients with stable grade 1 DLS, 
decompression alone is significantly more cost effective 
than decompression and fusion procedures for patients 
with unstable or higher grade DLS.37 The results of our 
study echo these findings. Furthermore, when we examine 
the overall results of this study, in which 53% of patients 
underwent fusions, the ICURs were similar to those of 
patients undergoing TKA and THA for OA. Therefore, if 
a spine surgeon’s practice consists of roughly a 50:50 mix 
of decompression alone and decompression and fusion 
procedures for DLS, the dollars spent would be expected 
to create approximately the same patient benefit as that 
generated by a hip or knee arthroplasty surgeon.

The strengths of this study include the selection of a 
homogeneous population of patients with DLS who 

underwent MIS procedures. Additionally, compared with 
previous studies by Rampersaud’s group, to our knowledge 
this study is the first to include individual patient-level 
micro-costed data and associated hospital overhead costs and 
to examine the certainty of the study findings with a PSA.

Limitations

There are a number of limitations to this study. First, the 
DLS cohort represents a single-surgeon case series in a 
high-volume tertiary care centre. This raises questions 
related to the overall generalizability of the study, specif-
ically whether or not similar outcomes could be achieved in 
the hands of the broader community of practice. However, 
a number of high-quality trials evaluating clinical outcomes 
in patients undergoing lumbar spine surgery have corrob-
orated our results. The SPORT trial demonstrated statis-
tically significant improvements in the SF-36 bodily pain 
score and physical component score and in ODI scores at 
4-year follow-up.13 Similar results can be found in the MRC 
Spine Stabilization Trial, where statistically significant 
improvements in the ODI were noted at 2 year follow-up.38

Our study lacks follow-up beyond a 2-year time hori-
zon, thereby shielding the results from longer term 
changes in utility scores or factors that could affect health 
care expenditures, such as the need for revision surgery. 
However, studies in the literature show durable results 
despite increased revision rates, based on an average 
 follow-up of 11 years for patients with DLS undergoing 
open surgical treatment.8,34 Furthermore, a recent system-
atic review shows no significant outcome differences with 
respect to surgical and patient outcome for open versus 
MIS procedures for patients with DLS.14

By practical necessity our economic evaluation was 
done from the narrow perspective of the Ontario 
Ministry of Health, a single payer. Our analysis did not 
take into account, for example, the costs incurred by the 
patient or the costs associated with the surgeon’s fee, 
which was not included in the hospital financial data. 
These factors must be taken into account when interpret-
ing the results of our study.

This study failed to capture costs associated with 
decreased patient productivity or work absenteeism. 
Capturing and including these data may influence the 
ICURs for the procedures reported. In particular, the 
ICUR for the DLS cohort may be affected, as previous 
research on the cost-effectiveness of MIS versus open 
procedures for DLS demonstrated that the economic 
benefits of MIS were attributed to patients’ early return 
to their regular activities, including their return to 
work.39 It therefore might be advantageous for future 
research in MIS spine surgery to adopt a societal per-
spective to capture further benefits associated MIS pro-
cedures, as we are still aiming to understand the poten-
tial economic benefits of MIS procedures in spine 
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surgery.40 These data may also help to justify our 
reported increased surgical costs with MIS procedures 
compared with previous open procedures.

conclusion

The overall results of this study are consistent with previ-
ous reports in the literature that surgical management of 
DLS results in ICURs similar to those of TKA and THA. 
As the population ages and patient demand for surgery 
increases, it will be important that funding agencies 
acknowledge the benefit of spine surgery through ade-
quate funding models to ensure that patients have access 
to cost-effective and evidence-based care.
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