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Abstract

Background: The present study aims to evaluate the -cost-effectiveness of Dynamic Interspinous
Spacer (Coflex®) and Static Spacer (X-STOP ®) compared to Laminectomy (LAMI) in patients
with lumbar spinal stenosis.

Methods: A decision-analysis model was developed to estimate the cost-effectiveness. The effec-
tiveness parameters were obtained from a systematic literature review in relevant databases including
PUBMED and EMBASE. A meta-analysis was performed using the STATA statistical package and
a random model was used to collect measures of mean difference of visual analogue scale (VAS)
pain score before and after intervention in X-stop, Coflex and LAMI (95% confidence intervals).
Cost data were obtained from provider and associated literature based on health care provider pro-
spective. We assumed that the probability of the success rate of surgery in each intervention from
associated literature and calculated Incremental cost effectiveness ratio. A one-way sensitivity analy-
sis was also carried out.

Results: Twenty-four out of 294 studies are included in the Meta-analysis. The overall pooled esti-
mate of the mean difference of VAS pain score were 3.49 (95% CI 3.7-4.2) and 4.14 (95% CI 3.09-
5.19) for X-stop and Coflex, respectively. In addition, we assumed the overall pooled estimate of 5.3
(95% CI 2.15-7.4) on the basis of literature for LAMI. The average cost per LAMI surgery, X-stop
and Coflex was US$ 3019, US$ 2022 and US$ 2566, respectively. Incremental cost effectiveness
ratio of X-stop and Coflex versus LAMI was US$ 665.9 and USS$ 780.7, respectively.

Conclusion: Static Interspinous Spacer (X-stop) appears to be the most cost-effective treatment
strategy in base case scenario with success rate of LAMI (range between (55%-70%). A sensitivity
analysis shows that the increase probability of success rate of LAMI was more than 70 % and less
than 55% which lead to the cost effectiveness of the Coflex intervention.
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Introduction spinal facet joints are located. As one's age
Spinal stenosis is one of the most com- increases, the discs lose their spongy state
mon vertebral column disorders. Between which might lead to reduced height, protru-
the vertebrae, the intervertebral discs and sion or bulging of hard disc into the spinal
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canal. The bones and ligaments of spinal
facet joints become thicker and larger and
add inward pressure on spinal canal. These
changes lead to a narrowing in the lumbar
spinal canal which is also called spinal ste-
nosis (1). Spinal stenosis is among the im-
portant factors leading to the feeling of low
back pain (2). Low back pain is the third
leading cause of Disability Adjusted Life
Years in Iranian population aged 15 to 69
years, without considering causes of inju-
ries (3). Due to the fact that spinal stenosis
leads to the constriction and narrowing of
bone canal, the objective of this surgery
was to open it to increase the existing space
for nerves. Such a surgery is called “De-
compression” or “Laminectomy” (4). The
semi-invasive method was used as a substi-
tution of surgery for the treatment of spinal
stenosis which requires the application of a
new generation of vertebral column im-
plants.

Dynamic Interspinous Spacer is a new
class of vertebral column system from
which new designs have been developed.
They could be easily distinguished from
compressible and non-compressible metal
spacers. Of course, just like other vertebral
column systems they are made of similar
materials such as allograft bone, titanium
alloy and PEEK and manufactured through
elastomer (5). It should be noted that in the
previous generation, titanium was used in-
stead of steel in vertebral column implants
which disrupted MRI imaging. Although all
of these systems are completely distinctive
in their details but the mechanical objective
of all of them is affected by the deviation
between thorn-shaped appendages of verte-
bral column which blocks the intervertebral
extension in the surface. It is applied in the
treatment of degenerative vertebral column
stenosis, low back pain, intervertebral disc
herniation and non-traumatic instability
(ibid). This stabilizing implant device is
placed among the thorn-shaped appendages
of the vertebral column which leads to the
non-constriction of the lumbar nerves when
the patient is standing (ibid). This device is
divided into two types: static and dynamic.
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Some of these static systems are X-stop and
Wallis. The implant of these systems is
made of non-compressive materials such as
metal and bone (6). The dynamic implant
devices have a degree of compression. The-
se devices are manufactured by elastomeric
compounds and metal materials such as
dampener. An instance of dynamic model
is Coflex system in which a u-shaped alloy
is placed within the thorn-shaped append-
ages of vertebral column. Another instance
of dynamic model is DIAm system which
is made of elastomeric polymer that is
placed as an inter-canal lastic buffer (5,6).
Considering the high prevalence of the spi-
nal disc herniation and back pain in Iran
and other disabilities of vertebral column,
especially spinal stenosis, as well as com-
plexity and consequences of invasive inter-
ventions, the application of a new genera-
tion of dynamic implants of vertebral col-
umn could be a promising alternative for
surgery. As a result, it is essential to review
the cost-effectiveness of this device
through evidence-based decision-making
system to decide about the development of
this method.

Research Questions

Based on the Health Technology Assess-
ment Protocol, the present study aims at
answering the following questions:

Q.1- How effective and safe are semi-
invasive methods of static and dynamic im-
plants in treating spinal stenosis compared
with laminectomy?

Q.2- How much do semi-invasive meth-
ods of static and dynamic implants cost in
comparison with laminectomy in treating
spinal stenosis?

Objectives

The objective of the present study was to
examine the effectiveness of semi-invasive
methods of static and dynamic implants in
treatment of spinal stenosis compared with
laminectomy

Methods
The present study is done through a sys-
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tematic review of the evidences regarding
effectiveness of the vertebral column im-
plant systems (i.e. static and dynamic). This
technology was compared with gold stand-
ard intervention for the removal of spinal
stenosis, namely wide and large laminec-
tomy and decompression. To determine the
efficiency of implant systems, a systematic
review and meta-analysis were conducted.
In addition, the existing studies were used
to determine the efficiency of the semi-
invasive interventional laminectomy and
decompression surgery. Regarding the eco-
nomic evaluation, the decision-making tree
in Excel Software was used (Fig. 1). Con-
sidering the costs, a quick review of cost-
effectiveness studies and costs of these in-
terventions was done. We used the estimat-
ed average cost determined through finding
evidence. In addition, the mean cost of lam-
inectomy in Iran was estimated from the
prospective of a health-care provider.

Literature Review

The main review of the primary and sec-
ondary studies was done in 150 April 2014.
At first, the sources containing these stud-
ies were selected for the collection of sys-
tematic reviews, meta-analysis, and evalua-
tions of health technologies as well as the
reports related to the economic evaluations.
In regard to EBM reviews, CDSR, DARE,
CENTRAL, NEED, HTA and ACP JC da-
tabases were comprehensively searched
through an OVID SP interface. The Med-
line, EMBASE, Proquest, Science Direct,
Wiley and Springer were searched for pri-
mary studies through OVID and PubMed.
All studies in the associated databases and
websites were investigated without impos-
ing any temporal limitation. The tile and
abstract of all papers found through elec-
tronic searching or other methods were in-
dependently evaluated by two people (MY
and MM) regarding the association of their
subject with the research questions. Then,
the full texts of these papers were obtained.
Regarding quality assessment, we used
“Critical Appraisal Skills Program” check-
list (CASP). The majority of studies select-
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ed for this review had been assessed to be
of moderate quality but articles thought to
be of lower quality were also included.

Inclusion and Exclusion Criteria

All studies that revolved around intended
criteria of primary intervention, namely the
treatment of degenerative vertebral column
stenosis, and included a type of static or
dynamic implants, were included. In addi-
tion, the laboratory studies and those stud-
ies conducted on animal models were ex-
cluded along with the studies on human
corpses.

PICO Questions

In the present study, PICO is considered
in the following manner.

Problem: The lumbar canal stenosis was
regarded as the main problem in the present
study.

Intervention: The placement of dynamic
and static implants of vertebral columns
was referred to as the main intervention.

Comparison: The gold standard interven-
tion for the removal of spinal stenosis,
namely wide and large laminectomy and
decompression was intended for compari-
son.

QOutcome: The mean reduction of visual
analogue scale (VAS) pain score regarded
as an indicator of one of the primary clini-
cal consequences was analyzed in the pre-
sent study.

Study design: The systematic reviews and
meta-analysis, economic evaluation and
clinical trials were added to the study in
three phases.

Synthesizing method

The data analysis was done through
STATA Software (version. 10). To esti-
mate the pooled index, the weighted mean
difference of intended index before and af-
ter intervention, the meta-analysis was
used. In addition, the heterogeneity was
verified by Q-test and p<0.1 were consid-
ered as significance limit. To estimate the
pooled index due to heterogeneity, a ran-
dom model was used. In addition, the stud-
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Fig. 1. An illustration of the decision-making tree for economic evaluation of vertebral column

implants with alternative surgical method

ies were categorized into static and dynam-
ic implants and the pooled index of mean
difference values were calculated for each.

Costing method

To determine the costs of laminectomy,
the mean cost of surgery based on the
health care provider was calculated. To do
this, the mean final cost for each patient
was estimated through inclusion of costs of
operation, hospital, hoteling, drug, and di-
agnostic tests, etc. Regarding the mean cost
of application of static and dynamic verte-
bral columns implants, due to unavailability
of these implants in the market of Iranian
medical care and lack of such surgeries in
Iran the cost information of economic eval-
uation concerning the cost of static and dy-
namic implants compared with laminecto-
my cost was used. Based on the mean cost
of laminectomy in Iran, the mean cost of
intervention was also estimated.

Cost-effectiveness model

An economic evaluation model was used
based on decision-making tree model (Fig.
1). In this model, for each intervention by
static and dynamic implant and laminecto-
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my surgery, the probability of success or
failure of intervention, cost and effective-
ness for each case were calculated. Ulti-
mately, the final mean for each intervention
(mean reduction of VAS pain score) was
reported.

Results

Results of Literature Review

Data extraction was done by two project
colleagues (MY and MM). In the cases of
difference, the third person (VRM) evaluat-
ed the papers causing disagreement among
the peers. The applied technological data
and reviewed findings in each case were
extracted. The data concerning the number
of patients in each study, type of applied
intervention, follow-up period, and mean
VAS pain score before and after implanting
in patients was extracted into a common
index in all studies (Table 1). Thirty-five
out of 294 papers found in the step of sys-
tematic and manual search were repetitive.
After excluding them, 259 papers were ver-
ified in regard to title and abstract. In this
regard, 79 papers were selected for com-
plete text review. Fifty-three out of 79 pa-
pers lacked the inclusion criteria of present
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Table 1. Characteristics of Studies on Systematic Review Procedure of Static and Dynamic Implants

N Writer (s) Year No. Type of System  Follow- VAS Pain Percentile Standard
Technology up Score Progress (%) Deviation
1 Sobottke R, 2009 129  Static X- 12M  6.65(6.1-7.1) 99.25 -0.26
etal (9) STOP 95%CI
2 Sobottke R, 2009 129  Static Wallis  12M  5.44(7.2-3.6) 95.44 0.92
etal (9) 95%CI
3 Sobottke R, 2009 129  Dynamic DIAM  I2M  5.64 (3.8-7.4) 95.59 -0.92
etal (9) 95%CI
4 Kim HJ, 2012 40  Static X- 12 5.86(5.0-6.6) 81.84 -0.41
etal (10) STOP  22M 95%CI
5 Ploumis A, 2012 22 Static X- 2426 2.00(2.3-1.7) 44.44 0.15
etal (11) STOP M 95%CI
6 Shabat Sh, 2011 53 Static X-  6W-2Y  4.50(3.1-5.9) 52.94 -0.71
etal (12) STOP 95%CI
7 Bowers C, 2010 13 Static X- 41-  5.20(6.1-4.3) 71.23 0.46
etal (13) STOP  48M 95%CI
8 Miller E (14) 2012 86  Static X- 6M  4.20(3.8-4.6) 18.99 -0.20
STOP 95%CI
9 Tuschel A, 2009 46  Static X- 24- 1.60( 1.4-1.8 33.33 -0.10
etal (15) STOP  70M )95%CI
10 Zhou D, 2013 23 Dynamic Coflex 6-18M 630 (7.7- 80.77 0.71
etal (16) 4.9)95%CI
11 SunHL,etal(17) 2011 27  Dynamic Coflex ~ 30M 290 (3.2-2.6) 52.73 0.15
95%CI
12 Sun HL 2011 25  Static Wallis ~ 30M  2.80 (4.1-1.5) 52.83 0.66
etal (17) 95%CI
13 Zhao Y (18) 2010 8  Dynamic DIAM 12- 4.94(2.1-7.7) 58.53 -1.43
31M 95%CI
14 BuricJ,etal 26) 2011 47  Dynamic DIAM  48M  3.20(2.5-3.9) 53.33 -0.36
95%CI
15 Antonio P, 2011 1315 Dynamic DIAM  I2M  5.13(5.5-4.7) 68.04 0.20
etal (27) 95%CI
16 RyuSJetal(28) 2011 16  Dynamic DIAM 17-  5.70(6.5-4.9) 73.08 0.41
27M 95%CI
17 Richter A, 2010 30  Dynamic Coflex ~ 12M  4.80 (5.6-4.0) 69.57 0.41
etal (29) 95%CI
18 Cabraja M et al 2009 41  Dynamic Coflex 24M 3.90 (2.1-5.7) 52.70 -0.92
(30) 95%CI
19 Kong DS, 2007 18  Dynamic Coflex ~ 12M  4.60 (4.1-5.1) 62.16 -0.26
etal (31) 95%CI
20 Sénégas J, 2009 107  Static Wallis ~ 156M  2.60 (2.7-2.5) 41.97 0.05
etal (32) 95%CI
21 Floman Y, 2007 37  Static Wallis 12 5.20(5.1-5.3) 78.79 -0.05
etal (33) 24M 95%CI
22 SénégasJ (34) 2002 40  Static Wallis 12- 600 (6.9-5.1) 74.07 0.46
56M 95%CI
23  BeyerF,etal (35) 2013 12 Static Aperius 12M 3.40 (3.3-3.5) 56.67 -0.05
95%CI
24 Kuchta J, 2009 175  Static X- 24M 220 (2.3-2.1) 36.07 0.05
etal (36) STOP 95%CI
VAS= visual analogue scale
study and the reasons of their exclusion are of VAS index in decompression and lami-
mentioned in the annex. Twenty-four out of nectomy surgeries considered as compara-
26 primary studies were also included in tive interventions, systematic review and
meta-analysis of which 10 studies were meta-analysis were considered as the basis
concerned with dynamic implants and the of the data extraction (7).
remaining 14 papers verified static im-
plants. In Figure 2, the steps of systematic Meta-analysis
review of primary intervention are repre- The data analysis was done through
sented. To determine the mean difference STATA Software (version.10). To estimate
Med J Islam Repub Iran 2016 (6 March). Vol. 30:339. 5 http://mjiri.iums.ac.ir
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Fig. 2. Systematic literature review based on prisma statement

the pooled index, the weighted mean dif-
ference of intended index before and after
intervention through the meta-analysis was
used. In addition, the heterogeneity was
verified by Q-test and p<0.1 were consid-
ered as significance limit. To estimate the
pooled index due to heterogeneity, a ran-
dom model was used. In addition, the stud-
ies were categorized into static and dynam-
ic implants and the pooled index of mean
difference values were calculated for each.

Meta-analytical pooled estimation results
of mean VAS difference in static implants:
In this group, 14 studies were examined. In
sum, concerning 785 patients the pooled
index of mean difference of VAS paint
score was equal with 95%Cl (3.7-4.2) and
3.49 (Q=324.8, p<0.001, and 12=96.2%).
The results of meta-analysis are represented
in Figure 3.

http://mjiri.iums.ac.ir

Meta-analytical pooled estimation results
of mean VAS difference in dynamic im-
plants: In this category, 10 studies were
examined. In sum, concerning 785 patients
the pooled index of mean VAS pain score
difference was 95% Cl (3.09-5.19) or 4.14
(Q=299.2, p<0.001, and 12=97.0%). The
results of meta-analysis are shown in Fig-
ure 4.

Based on the results of meta-analysis, the
estimated value of the pooled mean differ-
ence of VAS pain score in regard to dy-
namic implants was equal to 4.14 which is
higher than the value for static implants.
Accordingly, it has a higher efficiency, and
both tests have high heterogeneity.

Meta-analytical pooled estimation results
of mean VAS difference in laminectomy: To
estimate this consequence, the results of a
meta-analysis by Dasenbrock et al (7) were
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Study N, mean N, mean %
ID SMD (95% Cl) (SD); TreatmenfSD); Control Weight
1 i_°_ 4.54 (3.70, 5.3A0, 7.16 (1.07) 40, 1.3 (1.48)7.11
2 1:—0— 4.53 (3.40,5.622,4.5 (.51) 22,2.5(.36) 6.59
3 —— i 2.25 (1.54, 2.966, 5.3 (1.53) 25,2.5(.87) 7.30
4 — 3.05 (2.49, 3.6 88, 8.5 (1.07) 53,4 (1.79) 7.50
5 i ——— 597 (4.11,7.83B,7.3(1.07) 13,2.1(.61) 5.19
6 - i 2.32(1.97,2.67M07, 6.1 (1.12) 107, 3.5 (1.12}.72
7 i — 4.97 (4.04,5.987,6.6 (1.02) 37,1.4(1.07)6.95
8 i ——— 6.89(5.72, 8.080, 8.1 (1.07) 40, 2.1 (.61) 6.53
9 - 2.93 (2.50, 3.3@®p, 6.4 (1.33) 86, 2.2 (1.53)7.64
10 —’—i 2.34 (1.28,3.39R, 6 (1.43)  12,2.6 (1.48)6.73
11 -> i 1.51 (1.27, 1.78)75, 6.1 (1.48) 175, 3.9 (1.43}.79
12 - i 1.08 (0.64, 1.526, 4.8 (1.43) 46, 3.2 (1.53)7.64
13 i —— 4.55 (4.09, 5.029, 6.7 (1.33) 129, .05 (1.58}.61
14 -':— 3.44 (3.06, 3.83R9, 5.7 (1.58) 129, .26 (1.58}.69
Overall (I-squared = 96.2%, p = 0.000) <> 3.49 (2.77,4.2914 914 100.00
NOTE: Weights are from random effects arjalysis i

-8.I06 0 8.:’)6

Fig. 3. Forest plot of pooled index of mean difference in static implants

Study N, mean N, mean %

ID SMD (95% Cl)  (SD); Treatment (SD); Control Weight
I

1 i ———— 7.89(6.14,9.64) 23,7.8(1.07)  23,15(36) 851

2 — i 1.86 (1.22,2.51) 27,55(1.63) 27,26 (1.48) 10.68

3 —o—i— 3.13 (1.61, 4.65) 8, 8.44 (.69) 8,35(212) 9.03

4 —— i 2.75 (2.18, 3.32) 47,6 (97) 47,28(1.33) 1078

5 i 5.26 (5.10, 5.42) 1315,7.54 (1.07) 1315,2.41(.87) 11.10

6 i —_— 6.41 (4.65, 8.18) 16, 7.8 (1.07) 16,21 (66) 847

7 i —_— 5.71 (4.56, 6.87) 30,69 (1.02)  30,2.1(61)  9.81

8 —— E 244 (1.87,3.02) 41,74 (1.07)  41,35(1.99) 10.77

9 —o-é— 3.81(2.69, 4.93) 18, 7.4 (1.07) 18,2.8(1.33) 9.89
I

10 - i 3.33(2.95,3.71) 129,59 (1.17) 129, .26 (2.09) 10.97

Overall (I-squared = 97.0%, p = 0.000) Q 4.14 (3.09, 5.19) 1654 1654 100.00
i

NOTE: Weights are from random effects analysis :

T I T
-9.64 0 9.64

Fig. 4. Forest plot of pooled index of mean difference in dynamic implants

used. Considering the results of present
study, the mean pooled difference of VAS
pain score for leg and back pain in patients
treated by semi-invasive laminectomy was
estimated. Among the 6 studies, the clinical
efficiency was equal with 95% CL (2.15-
7.4) and 5.3 (Q=28.6, p<0.01, 12=83%)).
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Model parameter

Regarding the fact that the meta-
analytical results of estimating mean differ-
ence of VAS pain score in static, dynamic
and laminectomy implants were respective-
ly estimated to be 3-3.4, 3-4 and 5. This
score as the expected consequence in the
case of success of surgical operation was

http://mjiri.iums.ac.ir
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added to the decision-making model. To
examine the existing probabilities in the
model regarding the extent of success of
laminectomy as well as static and dynamic
implants of vertebral column, the review of
existing trials was done. In addition, to
highlight the probability of operation fail-
ure, the first equation regarding the rate of
success in surgical operation was used. The
results of a systematic review on clinical
trials show that the mean rate of success in
laminectomy was equal to 67% (47-80) (8).
The mean rate of success in application of
static implants of vertebral column in 7
clinical trials (9-15) was equal with 64%
(42-79) while for dynamic implants, the
five random clinical trials in the present
study (1,2), (16-18) showed that the mean
success rate was equal with 70% (59-83%).
In addition, the clinical tests showed that
the mean value of difference in VAS pain
score in the case of surgical failure for the 3
cases was considered to be 0.5 (6). In addi-
tion, it was hypothesized that in the case of
failure, each intervention of a laminectomy
will be done after a certain period of time
from the date of initial operation (19).

Costing results

To verify the cost of laminectomy, the
mean cost of surgery for treatment of first-
and second-degree spinal stenosis while
considering the perspective of health care
provider for each patient was calculated as
3019 U.S dollars (i.e. 1 U.S dollar= 26500
Rials). In this regard, the costs of paying
for the surgeon, hoteling in hospital, drug,
diagnostic tests and other costs are also cal-
culated and included (the costs of missed
efficiency and tariffs are calculated). The
mean cost was extracted based on the mean
values in the bill of laminectomy of 30 pa-
tients in a private hospital located in Teh-
ran. Based on the existing perspective, the
calculation of costs was done based on de-
termination of total cost while excluding
the insurance-covered costs. To calculate
the cost of statistic implant and laminecto-
my of vertebral column, three cost-
effectiveness studies were reviewed (20-

http://mjiri.iums.ac.ir

Table 2. Mean Price of Vertebral Column Implements
in European Union

Type of Mean Price in Standard
Implement EU Deviation
X-STOP 2375 Euro 219 Euro
WALLIS 1016 Euro 435 Euro

DIAM 1500 Euro 591 Euro
COFLEX 2380 Euro 666 Euro

Source: Manufacturers (i.e. Zimmer and Medtronic)

22). The cost of static implanting in propor-
tion to laminectomy was estimated. The
results show that the mean cost of static
implant as represented in studies on eco-
nomic evaluation was equal with 67% of
laminectomy cost. In addition, the review
of two cost-effectiveness studies concern-
ing dynamic implant compared with lami-
nectomy (19,23) shows that the cost of dy-
namic surgery of vertebral column is equal
with 85% of laminectomy. As a result, the
mean costs of laminectomy, static and dy-
namic implant of vertebral column were
respectively 3019, 2022, and 2566 U.S dol-
lars. This signifies that laminectomy, dy-
namic implant and static implant have re-
spectively highest costs. In addition, the
mean price of vertebral column implants in
European Union as shown in Table 2 shows
higher cost of dynamic implants compared
with static ones (5).

Cost-effectiveness results

To do the cost-effectiveness study, the
decision-making tree model as shown in
Figure 1 was used. To develop this model,
Tree-age Pro Software (version 2011) was
used. To do this, for each case of laminec-
tomy, static implant and dynamic implant
surgeries, the probability of success and
failure scenarios in surgery as well as cost
and consequence in both scenarios was
added. In this regard, the mean cost for
each unit of progress in outcome in lami-
nectomy was estimated to be 1080 US dol-
lars. These values for static and dynamic
implant were calculated as 1319 and 1149
U.S dollars, respectively. In addition, the
proportion of incremental cost-
effectiveness of using static implant instead
of laminectomy was equal with 665.9 U.S
dollars while for dynamic implant it was
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780.7 US dollars. As shown in Table 3, the
incremental cost of static and dynamic im-
plant compared with laminectomy were
respectively 665.9 and 780.7 U.S dollars
per each unit of reduction in
VAS pain score. This signifies the potential
cost-effectiveness of this intervention con-
sidering the gross domestic product thresh-
old of Iran. As shown in Figure 5, the static
implant intervention was more cost-
effective due to lower incremental cost-
effectiveness compared with dynamic im-
plant.

Sensitivity analysis

To verify the uncertainty of estimating
the ratio of total cost-effectiveness, the var-
iable of laminectomy success probability
changed from 0.47 to 0.80. The cost-
effectiveness value of static and dynamic
implants in proportion to laminectomy was
estimated. As shown in Figure 6, the mean
cost-effectiveness ratio of static implants
ranged from 258.6 to 3773 US Dollars. In
addition, this range for dynamic imple-
ments was negative and from 8805 to 7547.
The noteworthy point in this analysis is ab-

Cost-Effectiveness Analysis
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Table 3. Determination of Incremental Cost-effectiveness Ratio of Static and Dynamic Implements Against Laminectomy

Expected cost Expected outcome Incremental Incremental ICER
cost effect
Laminectomy £ 4,015.1 3.716 - - -
Static Implant £ 3,109.4 2.356 -£ 905.66 -1.360 £ 665.93
Dynamic Implant £ 3,471.7 3.02 -£543.40 - 0.696 £ 780.74

Table 4. Sensitivity Analysis (Single-Way)
0.55 0.6 0.65 0.7 0.75  0.78 0.8

Success rate of Base 0.47 0.50
Laminectomy case

ICER 665.9 3773.6 2608.2
Static Implant

ICER 780.7 Dominant Dominant
Dynamic Implant

solute cost-effectiveness of dynamic im-
plants compared with laminectomy (less
cost and higher effectiveness) considering
47-50% probability of success for laminec-
tomy which makes the incremental cost-
effectiveness of dynamic implants negative.
In addition, regarding the range of 55-69%
that covers the first hypothesis of present
study the static implants have higher cost-
effectiveness compared with dynamic ones.
But within 70-80%, dynamic implants have
higher cost-effectiveness compared with
static ones.

Discussion

The results of present study show that the
incremental cost-effectiveness values of
static and dynamic implant compared with
laminectomy were respectively 665.9 and
780.7 US dollars per one unit of reduction
in VAS pain score that are potentially re-
garded as cost-effectiveness intervention.
In addition, in basic case static implants
have higher cost-effectiveness than dynam-
ic ones. In sensitivity analysis and with re-
duced percentage of success probability in
laminectomy operation, dynamic implant
intervention was completely more cost-
effective in both scenarios compared with
laminectomy (i.e. less cost and higher ef-
fectiveness). The results of reviewing the
outcome of mean VAS pain score reduction
show that laminectomy, dynamic and static
implant respectively have the highest re-
duction of VAS pain score. In addition, re-
garding the verification of costs the appli-
cation of static and dynamic implants com-

http://mjiri.iums.ac.ir

1617.3 1090.8 7643 542.0 380.8 303.8 258.7

7547.2

10

2096.4 10063 539.1 2795 172.6 1144

pared with laminectomy was less because
these interventions in health-care provision
system of other countries is an outpatient
one. As a result, the cost of anesthesia and
accommodation in hospital was much less-
er than laminectomy. The reason of higher
cost of dynamic implants compared with
static ones was higher expenses of purchas-
ing them as shown in Table 4.

The results of safety and complication
analysis in vertebral column implant inter-
ventions are categorized into two mild and
severe groups. The severe complications
include admission in hospital as reported in
limited number of studies. Zucherman et al
(24) suggested that in a case, severe dam-
age led to post-surgery death after static
implant in a patient with cardiovascular
diseases record. The studies show that mild
complications include infections, respirato-
ry problems, open wounds and swelling at
the incision site that are observed in more
than 70% of patients. After a short dura-
tion, these complications were eliminated
without need for admission for the second
time in hospital (25). Regarding dynamic
implants, the results of analyzing the com-
plications in a study by Zang Lei et al (19)
show that the prevalence of certain compli-
cations such as pain, infection, protrusion,
and rejection of vertebral column implant
among the patients was equal to 9.8%. In
addition, in some studies the number of fur-
ther surgeries in patients with record of ver-
tebral column implant was more than those
with laminectomy operation (19,23). Alt-
hough in basic mode, static and dynamic
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implants are potentially more cost-effective
than laminectomy (less complication and
cost). But in the case of reduced probability
of laminectomy from 67 to 50%, dynamic
implant intervention has more absolute
cost-effectiveness compared with laminec-
tomy (higher complication and less cost).
Other studies also suggest wide distribution
of results in economic evaluation of these
interventions. In addition, Skidmore et al
(21) suggest that application of static im-
plant compared with conservative interven-
tions such as medication and epidural ad-
ministration to the spine was cost-effective
which was followed by incremental cost of
USS 17,894 per each operation. In addition,
compared with laminectomy this type of
implant intervention is totally cost-
effective. Another study by Burnett et al
(20) suggests that laminectomy with less
cost and higher complications are more
cost-effective than static implants. On the
other hand, Schmier et al (23) suggested
that dynamic implant surgery compared
with fusion surgery is completely cost-
effective. It seems that due to lack of suffi-
cient evidence, more precise clinical tests
could offer verified results.

Conclusion

Due to the lack of cases of static and dy-
namic implant surgery of vertebral column
in Iran, the estimation of cost ratio of these
surgeries compared with laminectomy was
done based on international studies. In this
regard, cost-effectiveness study was done
and it is suggested to act more carefully in
generalization of results, this issue could be
consider as limitation of this study. Finally,
in the case of precise simulation of health
care provision system in regard to this sur-
gical operation in Iran the application of
implants is recommended due to their high-
er cost-effectiveness compared with lami-
nectomy while considering precise indica-
tions (e.g. width of spinal canal, etc.) and
sufficient expertise of surgeons, precise
trainings and purchase of suitable implants.
Considering the study of cost-effectiveness
and review of complications, dynamic im-
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plants have higher efficiency and safety
compared with static ones.
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