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Abstract
Background  Transforaminal lumbar interbody fusion (TLIF) represents a commonly performed spinal procedure that poses 
a significant financial burden on patients, hospitals and insurers. Reducing these costs, while maintaining efficacy, may be 
assisted by a new powered endplate preparation device, designed to shorten procedural time while offering positive impacts 
on other elements that contribute to the cost of care.
Objective  The aim of the study was to assess and compare the individual cost elements of TLIF procedures with and without 
the use of the device, to determine whether application of this technology translated into any material procedural savings.
Methods  The records of 208 single-level TLIF procedures in a single hospital were reviewed. Surgical time, length of hos-
pital stay, blood loss, infection rate, and other parameters were compared for the cases where the device was used (device 
group; n = 143) and cases which used standard tools (control group; n = 65). The cost per unit of each element was derived 
from the literature, online resources, and the hospital’s financial department.
Results  The analysis revealed a shorter surgery duration in the device group (23 min, after controlling for procedure year 
and patient characteristics; statistically significant at p < 0.001) and lower complication and readmission rates (p = 0.67 and 
p = 0.21, respectively) associated with the use of the device, leading to a statistically significant cost reduction of approxi-
mately 2060 US dollars (US$) (p < 0.01).
Conclusion  The study suggests that use of the device may lead to a cost reduction and shorter procedure without deteriorat-
ing the clinical outcome.
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Key Points for Decision Makers 

Spinal procedures are commonly performed, and their 
rate will continue to rise as the population ages.

Improving procedure outcome and reducing its cost can 
be beneficial to patients, hospitals and insurers.

Devices aiming to shorten procedure time and reduce 
complication rates, such as the studied device, may sub-
stantially reduce procedure cost.

1  Introduction

The rate of spinal surgeries in the United States has 
increased significantly over the past 30 years and contin-
ues to grow as new improvements are introduced [1, 2]. 
The number and proportion of older patients (> 65 years of 
age), individuals who are more prone to degenerative spinal 
diseases, is expected to grow further [3], thus increasing 
the overall expenditure on spinal surgeries. As reimburse-
ment policies shift from fee-for-service to bundled payment 
models, there is a common incentive for insurers, hospitals, 
and patients to reduce procedure cost while still maintaining 
efficacy and safety. Clinical outcome is tightly linked with 
procedure cost, as complications and readmissions can be 
costly to all stakeholders and have the potential to reduce or 
eliminate overall profit to the facility [4].

In this study, we focus upon the key cost drivers of trans-
foraminal lumbar interbody fusion (TLIF), a spinal procedure 
commonly performed in the USA  [5]. Here we report our 
experience with a new device (Dreal®, Carevature Medical 
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Ltd., Rehovot, Israel) used during TLIF procedures. This 
device is a high-speed drill-like device with a 3-mm diam-
eter cutting tip, angled at 45°, rotating at up to 60,000 rota-
tions/min, and shielded dorsally (Fig. 1). The device is used 
to improve the endplate preparation stage of the TLIF proce-
dure and is designed to reduce surgical time and significantly 
lower the number of device passes that are required (see Fig. 2) 
as compared to conventional manual tools such as pituitary 
rongeurs, intervertebral shavers, and curettes. The design is 
intended to reduce the volume of nucleus tissue and residual 
endplate cartilage remaining in the disc space, potentially 
improving fusion rates and reducing the need for revision sur-
geries. The device is approved by the Food and Drug Adminis-
tration (FDA) for bone removal and by the regulatory authori-
ties in Israel, where this study was conducted. The device 
is designed to decorticate the endplate and has three unique 
features that are an improvement over existing instruments. In 
combination, these features are designed to shorten the time 
required for endplate preparation, and to reduce the number of 
required instrument passes (which are associated with reduced 
complication rates [6]). First, the distal end (tip) is curved to 
improve access to all four quadrants of the intervertebral space. 
Second, the device has integrated irrigation which combines 
with the morselized disc and comes out easily with standard 
suction. Finally, the high-speed rotating cutter is shielded on 
one side to protect adjacent structures. The shield also limits 
the penetration depth of the rotating cutter into the endplate 
to 0.1 mm to preserve structural integrity while removing the 
outer layer down to bleeding bone. As with any procedure 
performed in close proximity to neural structures, the surgeon 
should be familiar with the relevant anatomy and work accord-
ing to its limitations.

Entering into this study, it was hypothesized that device 
use could shorten the operating room (OR) time and lower 
the complication rate, which could in turn lead to a reduced 
procedure cost, without deteriorating the clinical outcome. 
As the device is single-use and disposable, an economic 

analysis of the potential savings due to its use was desired 
in order to determine the economic viability of its use. The 
primary aim of this study was to evaluate whether use of 
the device resulted in reduced hospitalization cost in TLIF 
procedures compared with utilization of traditional tools and 
methods.

2 � Methods

2.1 � Retrospective Chart Review

The records of 319 TLIF procedures performed in a single 
institution (Israel Spine Center, Assuta Medical Centers, Tel 
Aviv, Israel) during 2012–2019 were reviewed for this study. 
All procedures were conducted by members of the same 
team of four experienced surgeons in a single institution in 
order to minimize bias due to local policies and surgeon pref-
erences. Initial TLIF experience with the device was by one 
surgeon in 2014, and device use has subsequently gradually 
expanded to other surgeons. Polyetheretherketone (PEEK) 
cages and autografts were used in all operations. Spinal 
systems depended on surgeon choice and included Armada 
(Nuvasive, San Diego, CA), Denali (K2M, Leesburg, VA, 
USA), Solera (Medtronic, Minneapolis, Minnesota USA), 
and Zodiac (Alphatec Spine, Carlsbad, CA). The following 
exclusion criteria were used to ensure all procedures were 
consistent with the exception of device use, and to reduce 
potential confounding factors: multiple-level surgery; revi-
sion surgery; procedures performed by guest surgeons; and 
patients with existing spondylosis or major comorbidi-
ties (such as spinal tumors). As a result, only single-level 
TLIF procedures, without additional surgical procedures, 
were compared. Institutional review board approval was 
obtained for retrospective chart review. The Strengthening 

Fig. 1   The Dreal® device (bottom) and an expanded view of the distal 
tip (top)

Fig. 2   An illustration of the device inside the disc space in a transfo-
raminal lumbar interbody fusion setting
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the Reporting of Observational Studies in Epidemiology 
(STROBE) and Consolidated Health Economic Evaluation 
Reporting Standards (CHEERS) guidelines were imple-
mented in the preparation of this study [7, 8].

The cost of the procedure to the hospital is composed of 
the costs of the surgery, the hospitalization, and the cost of 
any subsequent complications. Therefore, parameters affect-
ing the costs of these elements were extracted from patient 
records. In addition, the clinical outcome of the procedures 
was also evaluated in order to ensure that the procedures 
conducted with the device did not have any negative effect 
on the clinical outcome.

2.1.1 � Available Parameters

Clinical, operative, and hospitalization parameters were 
extracted from patient records. Clinical outcome was 
assessed using visual analog scale (VAS), Oswestry Dis-
ability Index (ODI), and SF-36 questionnaires, as commonly 
accepted for this procedure. Clinical outcome changes were 
calculated only for patients who had both pre-operative and 
postoperative questionnaires (at least 3 months of follow-up) 
available (10–12 patients in the control group and 31–35 
patients in the device group, depending on the type of ques-
tionnaire). The physical component summary (PCS) and the 
mental component summary (MCS) scores were calculated 
from the SF-36 questionnaires based on published metrics 
[9].

Surgery duration was defined as the time reported 
between the initial incision and final sutures. In 21 
records, this time was missing, so these were excluded 
from the average surgery duration calculations. OR time 
was assumed to be longer than surgery duration by a fixed 
unknown constant (i.e., room turnover time), which would 
not be affected by use of this device. For this reason, sur-
gery duration differences between the device group and 
control group were used to estimate the changes in OR 
time. Blood loss records were based on surgeon estima-
tions during the procedure. The number of instrument 
passes during the nucleus removal stage was extracted 
from the records where available. These data were cap-
tured for 63 procedures where the device was used, but 
were not available for control cases where conventional 
tools were used. For this reason, number of device passes 
for the control group was pulled from several literature 
references.

Baseline procedure cost, including diagnostic tests, 
implant costs, surgeon fees, surgical supplies, etc., was 
considered to be the same for both groups, as the device 
would not affect these parameters. Additional costs were 
calculated by determining the individual cost compo-
nents, such as surgery and hospitalization durations, and 
multiplying them by the average cost per unit of each 

component. In cases that were missing surgery time 
records, average OR time was used for each respective 
group. The cost increase of the complications and read-
missions cases was calculated and presented in two dif-
ferent ways. First, it was calculated using estimations pro-
vided by the hospital’s financial department, representing 
expenditure for the hospital based on the added proce-
dures, drugs, and tests indicated in the patients’ records. 
Additionally, a more general estimation was performed for 
the USA, based on costs derived from a literature review.

The baseline and overall costs could not be made pub-
licly available, and therefore only the cost difference was 
calculated and presented.

Since the purchasing price of the device varies between 
countries and is considered commercially confidential, it 
was excluded from the calculation of the cost difference. 
The calculated cost difference represents the potential cost 
reduction for the hospital, which should be higher enough 
than the device price in order to justify its purchase.

All the clinically meaningful parameters that were 
available from the patient records were extracted to be 
used as factors in the statistical analysis: the patient’s age, 
sex, smoking status, operated level, and comorbidities. A 
patient was considered to have a major comorbidity if the 
record stated one of the following conditions: hyperten-
sion, ischemic heart disease, diabetes, cerebrovascular 
accident (CVA), peptic ulcer disease, osteoporosis, and 
chronic obstructive pulmonary disease (COPD). The years 
in which the procedures were performed were extracted 
in order to account for changes in hospitalization policy, 
improved facilities, and other long-term trends.

2.2 � Literature Review: Cost of Hospitalization 
Components

Table 1 presents the cost per unit of different components 
affecting the overall cost, extracted from the literature 
[10–26], available online resources [5, 27], and the finan-
cial department of the hospital. The conversion rates used 
were the conversion rates on January 15th, 2020: US$1 (US 
dollar) = €0.9, US$1 = £0.77, and US$1 = 3.46 Israeli new 
shekels (ILS).

Costs reported for previous years or in non-US currencies 
are presented in US dollars and adjusted to 2020 costs using 
an inflation calculator  [28]. The literature review was not 
limited by year due to low availability of data in some fields. 
It is important to note that this study discusses actual costs 
and not charges, which are the amounts requested from the 
patient or the insurer.
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2.2.1 � Cost of Operating Room Time

The cost of the surgical procedure itself is one of the main 
components of the hospitalization cost. Some of the surgical 
costs are fixed (such as equipment or implants), and some 
are variable and depend on procedure duration (such as per-
sonnel and anesthesia). Cost estimations for the fixed and 
variable costs appear in Table 1, as well as references for the 
costs of anesthesia and personnel that may be added to these 
amounts. For the US cost analysis, a cost of US$40.48/min 
was used, which includes US$10 as fixed costs (compared 
with the referenced range of US$8.8–US$11.75), US$23 
as variable costs (compared with the referenced range of 
US$20–US$26.1), US$3.61 for anesthesia personnel and 
supplies, and US$3.87 for the surgeon fee, as described in 
Table 1.

2.2.2 � Length of Stay

In general, the cost per day changes throughout the hospi-
talization and reduces to the cost of “room and board” on 
the last day, which is the least expensive [15]. This is the day 
that can potentially be saved due to an improved procedure. 
The literature review did not uncover recent articles which 
describe the cost of a hospitalization day without added pro-
cedures. However, the cited amount is similar to the cost 
estimation of the financial department.

2.2.3 � Complications

Complications, such as infections or dural tears, increase 
the hospitalization cost since they require treatment and 
attention during and after the surgery and may lead to addi-
tional, more serious, complications. Furthermore, surgical 
site infections (SSIs) and urinary-tract infections following 
spinal procedures are considered Provider Preventable Con-
ditions which do not justify additional reimbursement  [29] 
and are therefore important factors in cost analyses.

2.2.4 � Blood Loss

The cost of blood was calculated as the acquisition cost of 
a blood unit [30] divided by 0.37, the relative share of the 
acquisition cost in the total handling cost of a blood unit by 
the hospital  [31], resulting in the overall blood unit cost to 
the hospital. The ratio between the blood lost and the blood 
units used was calculated from the literature [32] and was 
found to be 0.002 (blood units/ml blood loss). This ratio was 
multiplied by the cost of the blood unit to estimate the cost 
of blood loss.

2.3 � Statistical Methods

Statistical analysis was conducted using statistical software 
(JASP 0.10, JASP Team, 2019). A one-way analysis of 
covariance (ANCOVA) was conducted to compare length of 
stay, OR time, and blood loss depending on the device used, 
controlling for procedure year and patient age, sex, smoking 
status, presence of major comorbidities (n ≥ 1), and operated 
level, followed by post hoc analysis of statistically signifi-
cant variables. The paired Student t test was used to com-
pare preoperative and postoperative clinical outcome scores. 
Other changes were described using the independent sample 
Student’s t test and the Chi-squared test. The Mann–Whit-
ney U test and the Kruskal–Wallis nonparametric test were 
used to compare overall costs due to outliers and unverified 
distribution normality. All tests were two-tailed. A cutoff p 
value of 0.05 was set to determine statistical significance.

3 � Results

TLIF records of 319 procedures were reviewed for this 
study. A total of 111 procedures were excluded (79 device 
group, 32 control group), and 208 procedures were included 
in the study. The study group consisted of 143 procedures 
that were performed using the new device, and the control 
group contained 65 procedures where traditional tools and 
methods were used. The demographic data of the patients 
in both groups is presented in Table 2. As the table shows, 
there was no statistically significant difference between both 
groups in any of the evaluated parameters: age, sex, smok-
ing status, operated level, indication, existing comorbidities, 
or preoperative clinical scores, with the following excep-
tion—the preoperative SF-36 MCS score was significantly 
higher (worse) in the control group. This difference may be 
due to the relatively small number of patients with both the 
preoperative and postoperative questionnaires available for 
this group who completed the SF-36 questionnaire.

Patient age in the control group was higher by 3 years 
compared with the device group (p = 0.06). As patient age 
can affect the observed parameters, the age was included 
as a covariate to the statistical analysis to account for these 
effects. The differences in the prevalence of comorbidi-
ties between both groups were not statistically significant 
(p > 0.13). However, since comorbidities such as diabetes 
or ischemic heart disease can potentially affect hospitaliza-
tion and increase the risk of complications, the presence 
of comorbidities was therefore included in the ANCOVA 
analysis as well.

The control group had four complications (6.2%) and 
two readmissions (3.1%). The device group had four com-
plications (2.8%) and three readmissions (2.1%). The 
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complication and readmission descriptions and their esti-
mated costs are detailed in Table 3.

One-way ANCOVA demonstrated that both the device 
group and the operation year were both statistically sig-
nificant factors affecting the OR time and blood loss after 
controlling for patient age, sex, smoking status, presence 
of major comorbidities, and operated level. The presence 
of comorbidities was the only statistically significant fac-
tor affecting the length of stay. Post-hoc analysis revealed 

that the controlled difference of OR time between the device 
and control groups was 23.2 min (p < 0.001). The controlled 
difference in blood loss was 133 ml in favor of the device 
group (p < 0.01). However, this difference is not clinically 
meaningful.

The only significant factor found to affect the length of 
stay was the presence of comorbidities (p < 0.01). Post-hoc 
analysis revealed an increase of 0.85 days for patients with 
existing comorbidities.

Table 2   Patient demographic 
data

COPD chronic obstructive pulmonary disease, CVA cerebrovascular accident, MCS/PCS mental/physical 
component summary, ODI Oswestry Disability Index, s.d. standard deviation, VAS visual analog scale

Control group Device group P

Number of patients 65 143
Average age (range) 49.2 years (s.d. = 11.4, 

range 24–77, n = 65)
46 years (s.d. = 11.6, range 

21–82, n = 143)
0.06

Sex 0.29
Male 40 (62%) 76 (53%)
Female 25 (38%) 67 (47%)
Smoking status 0.49
Yes 15 (23%) 40 (28%)
No 50 (77%) 103 (72%)
Operated level 0.07
L1-L2 1 (1.5%) 1 (0.7%)
L2-L3 2 (3.1%) 5 (3.5%)
L3-L4 7 (10.8%) 10 (7.0%)
L5-L5 39 (60.0%) 62 (43.4%)
L5-S1 16 (24.6%) 65 (45.5%)
Indication 0.78
Leg pain/weakness 48 (73.8%) 97 (67.8%)
Lower back pain 1 (1.5%) 5 (3.5%)
Lower back and leg pain 8 (12.3%) 12 (8.4%)
Lower back pain and sciatica 7 (10.8%) 24 (16.8%)
Sciatic pain 1 (1.5%)
Sciatica and leg weakness 2 (1.4%)
Leg pain and spinal claudication 1 (0.7%)
Back pain and spinal claudication 1 (0.7%)
Missing 1 (0.7%)
Comorbidity
Hypertension 10 (15.4%) 12 (8.4%) 0.13
Diabetes 8 (12.3%) 9 (6.3%) 0.14
Ischemic heart disease 6 (9.2%) 7 (4.9%) 0.23
CVA 0 (0%) 2 (1.4%) 0.34
Peptic ulcer 2 (3.1%) 2 (1.4%) 0.41
Osteoporosis 1 (1.5%) 0 (0%) 0.14
COPD 1 (1.5%) 0 (0%) 0.14
Preoperative clinical outcome scores
VAS back 7.2 (s.d. = 2.3, n = 11) 8.1 (s.d. = 2.9, n = 34) 0.35
VAS leg 7.8 (s.d. = 2.6, n = 11) 7.5 (s.d. = 2.1, n = 34) 0.68
ODI 48.5 (s.d. = 17.3, n = 12) 54.1 (s.d. = 17, n = 35) 0.3
SF-36 PCS 16.4 (s.d. = 19.2, n = 10) 16.2 (s.d. = 13.9, n = 31) 0.98
SF-36 MCS 65.6 (s.d. = 22, n = 10) 47.1 (s.d. = 25.3, n = 31) 0.04
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The Kruskal–Wallis test on the procedure costs sug-
gested that the device is a statistically significant factor 
affecting the overall cost (p < 0.001). The Mann–Whit-
ney U test demonstrated a statistically significant reduc-
tion in the average procedure cost, estimated at US$2060 
based on data derived from the financial department and 
US$2041 based on the literature US data (p < 0.01 for 
both). Parameter changes and the overall cost-reduction 
appear in Table 4. Figure 3 shows the overall costs above a 
common baseline, as estimated by the financial department 
for both groups, along with the 95% confidence intervals 
calculated by the statistical software (JASP). As the figure 
shows, the difference between both groups is substantial, 
with minimal overlap of the 95% confidence intervals. The 
cost reduction was substantially higher than the purchase 
cost of the device, and therefore device use results in a net 
saving of the majority of this amount. 

The preoperative and postoperative clinical outcome 
scores are reported in Table 5. As the table shows, the paired 
t test analysis revealed a statistically significant improvement 
between the preoperative and postoperative back and leg 
pain scores of both the device and control groups (p < 0.01). 
A statistically significant improvement was noted in the 
device group’s ODI and SF-36 PCS and MCS scores, and in 
the control group’s SF-36 PCS score (p ≤ 0.01). The control 
group demonstrated improved ODI score and deteriorated 

SF-36 MCS score, but both changes were not statistically 
significant, probably due to the small sample size and the 
relatively high preoperative SF-36 MCS score, as noted 
above.

Table 6 shows the clinical score improvements in both 
groups. As the table shows, the differences between the 
improvements achieved in the device group and the control 
group were not statistically significant in any of the clinical 
outcome scores (p = 0.07–0.9), suggesting the device did not 
significantly affect the clinical outcome, as expected.

Both groups included patients who suffered from SSIs 
that later led to readmissions, one in the device group (0.8%) 
and one in the control group (1.9%).

The nucleus removal stage required, on average, 2.83 
instrument passes.

One patient in the control group (1.5%) and none of the 
device group (0%) were readmitted for an additional surgery 
aimed to remove remaining disc fragments. The patient suf-
fered from a deterioration in leg weakness after the origi-
nal procedure. A magnetic resonance imaging (MRI) scan 
demonstrated remaining disc fragments, and the patient was 
readmitted for a revision surgery 1 month after the original 
procedure. Two patients in the device group (1.4%) were 
admitted during the following years for a revision surgery 
due to pseudoarthrosis. The difference between these rates 
was not statistically significant (p = 0.94).

Table 3   Complications, readmissions and their cost increase (beyond the original hospitalization length of stay and operating room cost, in US 
dollars) in the TLIF device and control groups

CSF cerebrospinal fluid, MRI magnetic resonance imaging, SSI surgical site infection, TLIF transforaminal lumbar interbody fusion

Group Complication/readmission 
description

Main cost elements Cost increase estimation 
by the financial depart-
ment

Cost increase estimation using the 
literature review results

Control SSI Readmission for 52 days, addi-
tional surgery, extensive use of 
drugs and antibiotics

$61,970 $62,740 = $33,085 (TLIF 
SSI) + $29,655 (additional hos-
pitalization days)

Remaining disc fragments Readmission, additional surgery $12,212 $17,206 (spinal fusion average 
readmission cost)

Dural tear and infection Drain placement, multiple 
readmissions, additional MRI, 
antibiotics

$14,465 $13,628 = $4402 (tear in 
one- and two-level lumbar 
fusions) + $9226 (cost of 14 days 
of hospitalization during read-
missions)

Retroperitoneal hematoma Observation
Device Dural tear (not device related) Readmission for 6 days, addi-

tional surgery
$6179 $4402 (tear in one- and two-level 

lumbar fusions)
Dural tear (not device related) Observation
Suspected CSF leak Drain placement and observation
Rectal abscess, potentially due 

to enema use at the original 
hospitalization

Readmission for 1 day $884 $659

SSI Readmission for 11 days, addi-
tional surgery, extensive use of 
drugs and antibiotics

$15,316 $33,085 (TLIF SSI)
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4 � Discussion

Incorporating a new device to a clinical setting requires 
constant evaluation of the clinical and economic effects of 
its use. The current study used patient records and the cost 
per unit of different hospitalization aspects to calculate the 
changes in TLIF procedure cost, operative and postoperative 
parameters, upon utilizing the new device. As hypothesized, 
device use resulted in statistically significant reductions 
in cost and OR time. The clinical outcome scores did not 
change significantly.

This is a retrospective study and therefore by nature more 
prone to bias than a controlled prospective study. However, 

Table 4   Hospitalization and economical changes due to the use of the new device

CI confidence interval, IL Israel, LOS length of stay, OR operating room, s.d. standard deviation

Control Device Difference due to the device

OR time [min] 1:46:40 (s.d. = 0:28:52, range 
1:03:00–4:15:00, n = 50)

1:35:39 (s.d. = 0:19:16, range 
0:23:00–2:54:00, n = 137)

23.2 min (post hoc, controlling 
for year, age, sex, presence of 
comorbidities, smoking status, 
and operated level, p < 0.001, 
95% CI 13.4–33)

Original hospitalization LOS 
[days]

5.54 (s.d. = 1.7, range 3–12, 
n = 65)

5.1 (s.d. = 1.2, range 2–8, n = 143) Not statistically significant

Blood loss [ml] 277 (s.d. = 200, range 0–800, 
n = 65)

229 (s.d. = 251, range 0–1500, 
n = 143)

133.2 (post hoc, controlling for 
year, age, sex, presence of 
comorbidities, smoking status, 
and operated level, p = 0.005, 
95% CI 40–227)

Complications/readmissions [%] 6.2%/3.1% 2.8%/2.1% − 55%/− 32% (p = 0.21/p = 0.67)
Instrument passes 29–70 (literature data) 2.83 (s.d. = 1.2, range 2–8) > 26
Overall cost [IL] – – US$2060 (p < 0.01)
Overall cost [US] – – US$2041 (p < 0.01)

Fig. 3   Overall costs (US dollars) above a common baseline for the 
control and device groups, as estimated by the financial department. 
The error bars represent the 95% confidence interval

Table 5   Preoperative and postoperative clinical outcome scores: aver-
ages (standard deviation)

MCS/PCS mental/physical component summary, ODI Oswestry Dis-
ability Index, VAS visual analog scale

Preoperative Postoperative P value

Control group (n = 12)
VAS back 8.1 (2.9) 4.7 (3.6) < 0.01
VAS leg 7.8 (2.6) 4.4 (3.8) < 0.01
ODI 48.5 (17.3) 35.7 (25.7) 0.13
SF-36 PCS 16.4 (19.2) 42 (22.5) < 0.01
SF-36 MCS 65.6 (22) 53.4 (29.3) 0.37
Device group (n = 35)
VAS back 7.2 (2.3) 5 (2.33) < 0.01
VAS leg 7.5 (2.1) 4.2 (3.3) < 0.01
ODI 54.1 (17) 36.1 (21.1) < 0.01
SF-36 PCS 16.2 (13.9) 36.2 (22.5) < 0.01
SF-36 MCS 47.1 (25.3) 62.8 (28) 0.01

Table 6   Improvement of clinical outcome scores comparison between 
groups: averages (standard deviation)

MCS/PCS mental/physical component summary, ODI Oswestry Dis-
ability Index, VAS visual analog scale

Control group 
improvement

Device group 
improvement

P value

VAS back 3.4 (3.3) 2.2 (2.5) 0.27
VAS leg 3.4 (3.3) 3.3 (3.5) 0.9
ODI 12.8 (26.7) 18 (19.6) 0.54
SF-36 PCS 25.5 (14.7) 19.9 (25) 0.4
SF-36 MCS − 12.2 (40.5) 15.7 (31.8) 0.07
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the study was designed to reduce the risk of bias and the 
effect of potential confounding factors by including only 
single-level procedures from a single center, conducted by 
the same team of surgeons and under similar conditions and 
hospital policies.

A shorter procedure time and fewer complications can 
translate to reduced costs for either the hospital or the payer, 
depending on the reimbursement model. In this study, the 
reimbursement model was the same for both groups, as they 
were all conducted during the time period, and the surgeons 
in the facility did not have a financial incentive to reduce 
the OR time or the length of stay for patients in one group 
compared with the other.

The main difference between the groups was the introduc-
tion of the new device, and therefore it was assumed that it 
would be the main cause for any changes observed between 
them.

Improved endplate preparation can consequently lead to 
reduced pseudoarthrosis rates [33]. The difference in reop-
eration rates due to incomplete disc removal and pseudoar-
throsis that was seen in this study was not statistically sig-
nificant. A larger sample size is required to test the effect of 
the studied device on this rate. In addition, since the use of 
supplemental biologics is associated with improved fusion 
[34], it may be possible that improving the endplate prepa-
ration will reduce the need for these expensive materials, 
which could potentially further increase the cost reduction. 
The cost difference due to these parameters was not exam-
ined in this study and will be the subject of future research.

A reduction in OR time can lead to a reduction in infec-
tion rates [35] and complication rates [36]. The observed 
reduction in OR time in this study represents a reduction 
of up to 25% of surgical duration and can therefore poten-
tially lead to the observed, although not statistically sig-
nificant, reduction in infection and complication rates. The 
time reduction represents an even higher relative reduction 
in the duration of muscle retraction, which is correlated 
with reduced muscle function  [37] and consequently with 
deteriorated procedure outcome  [38]. Although not sta-
tistically significant in the current study, a reduction in 
the length of stay can further contribute to a reduced rate 
of infections.

The number of instrument passes required for the end-
plate preparation stage was 2.83. Previously published TLIF 
studies estimated the required number of instrument passes 
for traditional tools and methods to be 29–70 [39–43]. The 
comparison of the number of instrument passes should be 
conducted in the same setting by the same surgeons. How-
ever, the substantial difference between the devices suggests 
that the reduction cannot be attributed to different practices 
and settings alone and is also likely to be affected by the 
use of the device. The authors believe that this positively 
affects the safety of the procedure in terms of risk to the 

neural elements and potential infections. In this study, 40% 
(2/5) of the readmissions were caused by SSIs, and could be 
potentially avoided by reducing further the number of instru-
ment passes [6]. In addition, the use of a single-use sterilized 
device, such as the studied device, can further reduce the 
infection rates, as traditional surgical tools are sterilized in 
the hospital and more exposed to infections.

The reduction in the number of required instrument 
passes is in accordance with similar literature studies evalu-
ating the efficacy of dedicated devices for disc space prepa-
ration compared with traditional tools and methods. In these 
studies, the preparation stage required only six to 20 instru-
ment insertions, a number substantially lower than that for 
the equivalent controls of 29–70 [39–43]. As these studies 
demonstrate, along with the current study, the potential for 
reducing the number of instrument passes is considerable.

This study was conducted in a single center and therefore 
represents best the effect on the practices in this institution. 
However, the authors believe that the results can be gener-
alized to represent the potential outcome in other facilities 
and in different countries for several reasons. First, the TLIF 
procedure conducted by the surgeons was not modified com-
pared with common practice, and therefore any changes to 
the surgical routine due to the device are expected to be the 
same when conducted by other surgeons. Second, due to 
the design of the device, the number of required instrument 
passes is expected to be lower compared with traditional 
tools for other surgeons in other facilities as well, and there-
fore a similar change in complications is expected to occur 
as well.

The calculated cost reduction was very similar for both 
calculation methods. The minor difference can be attributed 
to several causes. First, the financial department’s estimation 
was more patient specific and could therefore consider more 
accurately the actual cost components. Second, the costs in 
each country may be different, as Table 1 shows.

The cost reduction is substantial when compared with the 
overall procedure cost as evaluated in the available literature. 
The mean estimated direct cost of a TLIF procedure for hos-
pitals was estimated at US$23,550 by Singh et al. [44] and 
at US$25,452 for the hospital costs and surgeon fee by Kim 
et al. [45], whereas Parker et al. estimated the direct hos-
pitalization costs at US$10,770 and the 2-year direct costs 
at US$28,442 [46]. A potential cost reduction of US$2000 
is therefore equivalent to approximately 8% of the overall 
costs. The cost of the device was not included in the cost 
reduction analysis. Since the device cost is substantially 
lower than this amount, it can facilitate a substantial saving 
to the hospital.

The complication and readmission rates reported in the 
literature vary between studies. Studies on the National 
Surgical Quality Improvement Program (NSQIP) database 
found a 5.51% readmission rate within 30 days [47] and a 



529Economic Analysis of TLIF Surgery Utilizing a Curved Bone Removal Device

4% major complication rate [48], similar to Chan et al., who 
reported a 3.5% 3-month readmission rate [49]. These rates 
are relatively similar to the readmission rate calculated for 
the control group in the current study.

These results indicate that using the device can be finan-
cially justified if its price is not higher than the amount of 
cost reduction, compared with the cost of the alternative 
devices used for the endplate preparation and especially 
those designed for nucleotomy only. The list price per unit 
of the device was considerably lower than the savings, lead-
ing to an overall cost reduction to the hospital.

4.1 � Study Limitations

This study is retrospective, utilizing available patient 
records. Conducting a prospective controlled randomized 
study would improve the validity of the conclusions derived 
from the current study and may be conducted in the future.

The cost per unit amounts are derived from studies con-
ducted in different facilities, countries, and years. However, 
they are relatively similar and therefore were considered 
suitable for these estimations. The weighed cost of the com-
plications was higher for the USA in both the control and 
device groups, but the difference was similar.

The group sizes were insufficient for a statistically sig-
nificant assessment of complication and readmission rates. 
For example, in the current study, the dural tear incidence 
was slightly higher in the device group (2%, including 
one case of suspected cerebrospinal fluid leak) compared 
with the control group (1.5%). However, a previous study 
reported a lower device-related dural tear incidence for this 
device (0.4%) when compared with the 2.91% device-related 
incidence associated with the commonly used high-speed 
drill and Kerrison rongeur [50]. The sample size should be 
increased in future studies in order to allow a more valid 
comparison of complication and readmission rates.

As the settings can affect the number of instrument 
passes, the clinical-setting comparison is limited by the dif-
ferent sources of the control and the device group. A con-
trolled comparison is required to validate these results.

Ideally, as surgeons may differ in skill level and tech-
nique, adding the operating surgeon as an additional param-
eter to the statistical analysis was desirable. However, the 
surgeons in the facility always operate in pairs while only 
one name appears in the procedure records. Therefore, it 
was impossible to know retrospectively who the second sur-
geon in the OR was and who performed the disc preparation 
part of the procedure, and therefore this parameter was not 
included. However, it is important to note that all surgeons 
had been operating together for over a decade before the 
first procedures included in this study, and therefore they 
were all very experienced in conducting TLIF procedures 
and there was no expected difference in skill level between 

the surgeons or between the same surgeon at different time 
periods included in the study.

In addition, it is possible that there are other confound-
ing variables which were not examined and affect the com-
parison and its findings. A future prospective study should 
include the collection of additional variables, such as both 
operating surgeons’ identity and the patient’s body mass 
index.

The study is based on patient records from a single hospi-
tal. While this reduces potential bias due to parameters dif-
fering between centers, further studies in additional facilities 
could improve the validity of the described findings.

5 � Conclusions

In summary, examination of patient records revealed a sta-
tistically significant reduction in OR time and a potential, 
not statistically significant reduction in length of stay and 
complication and readmission rates associated with the use 
of the device, leading to estimated cost savings of approxi-
mately US$2060 per case, which is considerably higher than 
the device’s listed price.
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