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Various techniques are used for posterior fixation 
of degenerative lumbar disorders. Midline lum-
bar interbody fusion (MIDLIF), using the corti-

cal bone trajectory (CBT) screw insertion introduced by 
Santoni et al., is a minimally invasive alternative to the 
traditional pedicle screw insertion used in conjunction 
with transforaminal lumbar interbody fusion (TLIF) of 
the lumbar spine.6,23,29,32 There are several advantages of 

CBT and MIDLIF reported in literature. Soft-tissue dis-
section is limited to the region of the pars interarticularis, 
and retraction is minimal while still allowing a corridor 
for decompression and grafting for posterior spinal fu-
sion.23,26 The CBT reduces possible injury to the neuro-
vascular structures while achieving higher insertional 
torque and pullout strength compared with the traditional 
pedicle screw trajectory.18–20,26 Recent evidence has shown 
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OBJECTIVE Posterior fixation with interbody cage placement can be accomplished via numerous techniques. In an at-
tempt to expedite recovery by limiting muscle dissection, midline lumbar interbody fusion (MIDLIF) has been described. 
More recently, the authors have developed a robot-assisted MIDLIF (RA-MIDLIF) technique. The purpose of this study 
was to compare the index episode-of-care (iEOC) parameters between patients undergoing traditional open transforami-
nal lumbar interbody fusion (tTLIF), MIDLIF, and RA-MIDLIF.
METHODS A retrospective review of a prospective, multisurgeon surgical database was performed. Consecutive pa-
tients undergoing 1- or 2-level tTLIF, MIDLIF, or RA-MIDLIF for degenerative lumbar conditions were identified. Patients 
in each cohort were propensity matched based on age, sex, smoking status, BMI, diagnosis, American Society of Anes-
thesiologists (ASA) class, and number of levels fused. Index EOC parameters such as length of stay (LOS), estimated 
blood loss (EBL), operating room (OR) time, and actual, direct hospital costs for the index surgical visit were analyzed.
RESULTS Of 281 and 249 patients undergoing tTLIF and MIDLIF, respectively, 52 cases in each cohort were success-
fully propensity matched to the authors’ first 55 RA-MIDLIF cases. Consistent with propensity matching, there was no 
significant difference in age, sex, BMI, diagnosis, ASA class, or levels fused. Spondylolisthesis was the most common 
indication for surgery in all cohorts. The mean total iEOC was similar across all cohorts. Patients undergoing RA-MIDLIF 
had a shorter average LOS (1.53 days) than those undergoing either MIDLIF (2.71 days) or tTLIF (3.58 days). Both 
MIDLIF and RA-MIDLIF were associated with lower EBL and less OR time compared with tTLIF.
CONCLUSIONS Despite concerns for additional cost and time while introducing navigation or robotic technology, a 
propensity-matched comparison of the authors’ first 52 RA-MIDLIF surgeries with tTLIF and MIDLIF showed promising 
results for reducing OR time, EBL, and LOS without increasing cost.
https://thejns.org/doi/abs/10.3171/2019.9.SPINE1932
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its utility in degenerative lumbar disorders where clinical 
measures such as postoperative pain, functional and dis-
ability scores, and postoperative fusion were similar to the 
traditional technique with lower postoperative complica-
tions.2,11,26

The introduction of robot-assisted (RA) spinal instru-
mentation further advanced the benefits of increased ped-
icle screw placement accuracy and reduction of pedicle 
violation. Various studies and meta-analyses have report-
ed similar, if not better, accuracy with RA pedicle screw 
placement.3 The push for minimally invasive surgery and 
increasing demand for accuracy of spinal instrumentation 
has driven the increasing number of RA spine surgeries 
performed worldwide. We recently developed an RA-CBT 
technique in an effort to minimize tissue dissection even 
further.

It has been established that index episode-of-care 
(iEOC) parameters, such as length of stay (LOS), esti-
mated blood loss (EBL), and cost, for minimally invasive 
spine procedures are reduced compared with those of 
the traditional open procedures.25,27,34,37,38 However, iEOC 
analysis specific to newer technologies such as those uti-
lized in navigated MIDLIF and RA-MIDLIF are lacking. 
We hypothesized that actual and direct costs and LOS in 
RA-MIDLIF are similar when compared with MIDLIF 
and perhaps even lower than in traditional open lumbar 
procedures such as TLIF. The purpose of this study was 
to determine differences in iEOC between RA-MIDLIF, 
MIDLIF, and a traditional open TLIF (tTLIF) procedure 
for degenerative lumbar disorders.

Methods
Study Design and Parameters

This is a single-center, retrospective cohort study ap-
proved by the University of Louisville institutional review 
board. We identified patients from our surgical database 
who had 1- or 2-level posterior fixation with posterior 
interbody placement (tTLIF or MIDLIF), performed by 
4 different fellowship-trained surgeons for degenerative 
lumbar conditions. These patients were compared with 
our first 55 patients who had RA-MIDLIF for similar 
conditions. The RA-MIDLIF procedure was performed 
by 1 surgeon (J.L.G.), who also had patients in the other 
2 cohorts. Patients with nondegenerative causes were ex-
cluded from the study. Baseline data included age, sex, 
BMI, diagnosis, American Society of Anesthesiologists 
(ASA) Physical Classification System class, and iEOC pa-
rameters including 1) EBL, 2) operating room (OR) time, 
3) LOS, and 4) variable direct costs. The cost analysis was 
performed from the hospital perspective. Thus, cost was 
the actual direct costs incurred by the hospital and not 
an estimated amount such as Medicare-allowable rates or 
charges. OR time was calculated from incision to skin clo-
sure time, and LOS was calculated by Centers for Medi-
care and Medicaid Services guidelines of midnights in the 
hospital.

Surgical Techniques
Traditional Open TLIF

A midline skin incision was carried out posteriorly, fol-

lowed by a longitudinal incision to the fascia. Subperios-
teally, the paravertebral muscles were dissected free from 
the spinous process, lamina, facets, and the transverse 
processes. Lateral radiographs were obtained to confirm 
the level. Pedicle screws were inserted via the freehand 
technique bilaterally. Decompression was carried out se-
quentially via laminectomy, facetectomy, annulotomy, 
and discectomy, typically unilaterally. Endplates were 
prepared and followed by placement of an interbody de-
vice with bone graft. Based on surgeon preference, graft 
material was pre- and/or postpacked with regard to the in-
terbody cage. Rod insertion to complete posterior instru-
mentation was performed, with bone grafting posteriorly 
in the facet joints and in the posterolateral gutters. Graft 
and biological selection were based on surgeon preference 
and not standardized.

Navigated MIDLIF
A smaller posterior midline skin incision was made, 

followed by a longitudinal incision to the fascia. The para-
vertebral muscles were elevated from the spinous process 
to expose the pars. Navigation via O-arm and StealthSta-
tion system imaging (Medtronic) was used to assist with 
instrumentation. The reference frame/array was attached 
to the vertebra above the planned upper instrumented ver-
tebra in all cases. The starting point of the cortical screw 
was identified medial to the lateral edge of the pars at the 
inferior border of the transverse process. Cortical tracks 
were prepared with a typical trajectory at 20° medial to 
lateral and 30°–45° caudal to cephalad followed by line-
to-line tapping. Decompression was performed through 
laminectomy, facetectomy, anulotomy, and discectomy, 
followed by endplate preparation and interbody device 
placement with bone graft. Cortical screws were inserted, 
the rod construct was completed, and bone grafting (sur-
geon preference) was done posterior to the contralateral 
facet.

RA-MIDLIF
Protocol-specific preoperative CT scanning (1-mm 

slices) was performed in all cases. Prior to surgery, the in-
strumentation was planned using robotic software (Mazor 
X, Mazor Robotics, Ltd.). Screw trajectories were ma-
nipulated to converge on the skin in line with the disc, 
which allows for a smaller incision compared with that 
used for navigated MIDLIF. Exposure similar to that of 
MIDLIF was performed, followed by bilateral facetecto-
mies. A Schanz pin was inserted into the right posterior 
superior iliac spine, and the robotic arm (Mazor X) was 
connected. Oblique and anteroposterior fluoroscopy im-
ages were used to register the patient’s anatomy to the 
preoperative CT scan. The robotic arm was then used to 
guide the cortical tracks and drilled with a 3.0-mm drill 
bit. Contralateral screws were inserted after line-to-line 
tapping, leaving the ipsilateral screws out of the way for 
decompression. Decompression and interbody fusion 
were carried out as described in the MIDLIF and tTLIF 
procedures. Preplanned cortical screws were inserted, the 
rod construct was completed, and bone grafting (surgeon 
preference) was done posteriorly at the contralateral facet.
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Statistical Analysis
All statistical analyses were performed using IBM 

SPSS for Macintosh (version 25, IBM Corp.). As there 
may be some selection bias as to the type of surgery per-
formed, tTLIF and MIDLIF patients were each propensity 
matched to our initial cohort of RA-MIDLIF patients us-
ing age, sex, BMI, available ASA class, number of lev-
els fused, and diagnosis to provide meaningful compari-
sons between the surgical groups. The propensity scoring 
technique is a logistic regression technique that matches 
multiple characteristics to produce balanced or similar 
groups for comparison.1,7,17 This allows multiple matching 
of characteristics without the need for one-on-one match-
ing between selected cases and controls.1,30 Differences 
between the groups based on the defined iEOC outcomes 
were analyzed using one-way ANOVA with the statistical 
significance set at p ≤ 0.01. Post hoc analysis with Bonfer-
roni correction (p value ≤ 0.01 was considered significant) 
was done to identify the cohort that was different from the 
other cohorts.

Results
We identified 218 patients undergoing tTLIF and 

249 undergoing MIDLIF procedures. We successfully 
matched 52 cases from each surgical cohort to our first 

55 RA-MIDLIF cases (Table 1). The majority of patients 
in each cohort were female and had an average BMI > 30 
kg/m2. The most common diagnosis for all 3 groups was 
spondylolisthesis with an ASA class III. Baseline demo-
graphic data were compared and consistent with propen-
sity matching; there were no statistically significant differ-
ences among the 3 groups based on age, sex, BMI, ASA 
class, and number of levels fused (Table 1).

The outcomes for iEOC parameters are reported in Ta-
ble 2. The tTLIF cohort had the greatest EBL (mean ± SD: 
434.13 ± 328.25 ml) compared with either the MIDLIF 
cohort (300.48 ± 256.94 ml) or the RA-MIDLIF cohort 
(226.35 ± 210.80 ml, p = 0.001). Similarly, OR time was 
also longest in the tTLIF cohort (233.65 ± 78.96 minutes) 
compared with either the RA-MIDLIF cohort (188.71 ± 
42.78 minutes) or the MIDLIF cohort (189.57 ± 42.81 min-
utes, p < 0.001). LOS was statistically significantly dif-
ferent among the 3 cohorts, with the RA-MIDLIF cohort 
having the shortest LOS (1.53 ± 0.81 days), followed by 
the MIDLIF cohort (2.71 ± 1.49 days) and the tTLIF co-
hort (3.58 ± 1.65 days, p < 0.001). The total variable direct 
costs were similar between the tTLIF ($18,204) and RA-
MIDLIF ($18,277) cohorts, with the MIDLIF procedure 
costing less at $16,545, although the difference was not 
statistically significant (p = 0.140) (Table 2).

TABLE 1. Patient demographics for each propensity-matched cohort for tTLIF, MIDLIF, and RA-MIDLIF

tTLIF MIDLIF RA-MIDLIF p Value

Age, yrs, mean (SD) 53.08 (12.21) 54.44 (12.92) 54.46 (12.95) 0.816
BMI, kg/m2, mean (SD) 32.15 (8.26) 31.54 (6.36) 30.60 (6.78) 0.545
Sex

0.199 Males 13 21 20
 Females 39 31 32
No. of fusion levels

0.017 1 35 46 35
 2 17 6 17
Diagnosis

0.881
 Stenosis 7 8 7
 Spondylolisthesis 29 31 27
 Mechanical disc collapse 16 13 18
ASA class

0.575
 I 0 1 0
 II 20 18 23
 III 13 21 20

TABLE 2. Index iEOC parameters and cost analysis for tTLIF, MIDLIF, and RA-MIDLIF
Mean (SD)

p ValuetTLIF MIDLIF RA-MIDLIF

EBL, ml 434.13 (328.25) 300.48 (256.94) 226.35 (210.80) 0.001
OR time, mins 233.65 (78.96) 189.57 (42.81) 188.71 (42.78) <0.001
LOS, days 3.58 (1.65) 2.71 (1.49) 1.53 (0.81) <0.001
Variable direct cost $18,204.42 (6335.47) $16,544.94 (3027.19) $18,276.57 (4630.67) 0.140
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Discussion
The MIDLIF technique is a less-invasive procedure 

utilizing a CBT screw trajectory while providing an open 
corridor with direct visualization for posterior decom-
pression and spinal fusion through a posterior midline 
approach. Since its initial description by Santoni et al. in 
2009, there have been several modifications for CBT screw 
insertion that have facilitated the technique of application 
by using a new starting point at the isthmus, fluoroscopic 
guidance, and CT-guided navigation.2,26,32 Using the CBT 
technique allowed Mizuno et al. to utilize MIDLIF as an-
other alternative to an open lumbar spinal fusion.23

There are several reported advantages with MIDLIF 
using a cortical bone screw trajectory, including 1) maxi-
mal contact of the screw with a higher-density bony region 
and increased final insertional torque (ideal for an osteo-
porotic spine);16,20 2) medial starting point for the screw on 
the pars interarticularis, which translates to a smaller dis-
section, less blood loss, and lower postoperative pain;26,32 
3) midline exposure adequate for decompression, inter-
body fusion, and posterior bone grafting;23 4) safer screw 
trajectory traversing laterally and cephalad away from 
the dural sac, nerve roots, and anterior vascular struc-
tures;23 and 5) lower risk of injuring the medial branch 
nerves, which is associated with postoperative radiculitis 
after traditional pedicle screw insertion.21 Indications for 
MIDLIF are similar to those for traditional lumbar fusion 
techniques such as tTLIF or posterior lumbar interbody 
fusion, but the MIDLIF has advantages in obese patients 
since it requires less exposure for instrumentation and in 
osteopenic patients who would benefit from better screw 
fixation and increased pullout strength.16,18,20 Several stud-
ies, including a meta-analysis, comparing CBT screw fixa-
tion with traditional pedicle screws in lumbar interbody 
fusions have shown no difference in outcomes of fusion, 
pain, functional, and disability scores while having lower 
postoperative complications in CBT fixation.2,11,14,26,31

The smaller incision in RA-MIDLIF compared with 
that in navigated MIDLIF and the shorter surgical time 
lead to better recovery kinetics. The smaller incision, less 
muscle dissection, and the shorter operative time lead to 
fewer physiological insults to the patient, resulting in a 
shorter LOS.

There has been much development with RA spine sur-
gery in the recent decade. Published meta-analyses on 
comparative studies have shown the superiority of RA in-
strumentation over the freehand technique on outcomes 
of fusion and postoperative functional status, although 
there are no available long-term studies.3,4,8,24,40 There are 
several individual trials that have shown better accuracy 
in screw placement, lower radiation exposure, shorter OR 
time, and shorter average LOS with RA instrumentation 
compared with procedures using freehand screw inser-
tion.5,10,12,13,15 With establishment of the perioperative ben-
efits of RA instrumentation, its application to our MIDLIF 
procedure adds further benefit by reducing unnecessary 
soft-tissue dissection and retraction while at the same time 
increasing the accuracy of CBT screw insertion.12,15,33 As 
described in Methods, our navigated MIDLIF technique 
utilizes a spinous process clamp on the UIV+1, requiring 
a more cranial dissection than that necessary for screw 

placement alone. Utilizing the robotic planning software 
on preoperative CT scanning can decrease the size of the 
MIDLIF incision. We typically draw a line at the level of 
the disc(s) out to the skin and then manipulate the cortical 
screw trajectories to converge on the skin. This technique 
allows the surgeon to truly minimize the incision and ex-
posure.

Cost analysis for RA spine surgery is lacking, more so 
with the RA-MIDLIF procedure, as—to our knowledge—
we are the first to present the technique and any associ-
ated analysis.11,35 Based on the established benefits of RA 
surgery and the increasing need for data on parameters of 
iEOC costs, we have explored the different drivers of cost 
with our first 52 RA-MIDLIF cases compared with a pro-
pensity-matched cohort of navigated MIDLIF and tTLIF 
cases.5,40 For 1- or 2-level degenerative lumbar disorders, 
the mean EBL and OR time were significantly lower in 
the two MIDLIF cohorts compared with the tTLIF co-
hort, and the LOS was shortest in the RA-MIDLIF cohort 
followed by the MIDLIF cohort and longest in the tTLIF 
cohort (Fig. 1). These parameters have been shown to in-
fluence costs in varying models of healthcare econom-
ics.28,35,36,39

Cost of care is another parameter on which iEOC 
analyses are based. Cost of care is usually divided into di-
rect and indirect costs.28 Direct costs consist of the actual 
cost related to patient care, which involves fees attributed 
to hospital admissions, surgical fees, and implant costs. 
Meanwhile, indirect costs are related to the value of soci-
etal productivity loss resulting from the disease. Our study 
did not include occupation or time off of work, and we 
performed our cost analysis from a hospital perspective 
(actual cost, not Medicare-allowable rates); therefore, we 
did not include indirect costs. Surgical fees and the cost 
of implant and supplies are major parameters considered 
in iEOC analysis for surgical procedures.28,36 There were 
no differences in direct cost for RA-MIDLIF on param-
eters relating to variable direct costs (Table 2), although it 
should be considered that the MIDLIF procedure had the 
lowest supply cost when compared with RA-MIDLIF and 
tTLIF. This is likely due to the additional disposable sup-
plies required when robot assistance is used; even though 
navigation carries a disposable cost, it is typically lower 
than that for the robotic setup. Sharing the granular dis-
posable costs and implant costs is not possible, as these are 
protected under vendor agreements and vary from institu-
tion to institution. Also, although the implant and biologi-
cal selection was not standardized across all 3 cohorts, it 
is worth mentioning that our institution utilizes a capitated 
pricing setup, which typically equalizes cost among dif-
ferent vendors. Use of RA spinal instrumentation does 
not increase direct overall cost compared with a mini-
mally invasive MIDLIF procedure and an open tTLIF. 
The comparable costs of enabling technologies such as 
navigation and RA procedures to traditional lumbar fu-
sion techniques can help allow decision-making from a 
stakeholder and patient perspective in pursuing RA spinal 
instrumentation or for decision-making on the purchase 
of a robot by hospital administrators.9,35 The breakdown 
of individual cost components from the iEOC may assist 
in creating cost-beneficial strategies that will benefit both 
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hospital and patients. This may also guide further research 
into cost-effectiveness analysis once long-term outcome 
analyses become available.22

Study Limitations
The main limitation of our study is the limited sample 

size available for analysis. Costs outside the initial surgi-
cal visit were not included, hence limiting the cost analysis 
to only the iEOC. Individual comorbidities beyond ASA 
class and patient-reported outcomes were not included 
in the analysis, all of which may have varying effects on 
healthcare cost and expenditure per patient. Once long-
term follow-up is available, an outcome analysis may pro-
vide further information in determining the cost-effective-
ness of the RA-MIDLIF and the economic impact of RA 
spinal surgery on healthcare. Another limitation includes 
surgeon bias between cohorts. All 4 surgeons contributed 
to MIDLIF and tTLIF cohorts, but only 1 surgeon per-
formed the RA-MIDLIF procedures.

Conclusions
Both navigated and RA-MIDLIF cohorts showed 

promising results in reducing iEOC parameters with re-
duction in EBL, OR time, and LOS, and individual pa-
rameters for direct costs in a propensity-matched com-
parison. The introduction of enabling technologies under 
our study parameters has improved the iEOC profile while 
maintaining cost. The cost-analysis data provided can be 
used for a preliminary study to expand into cost-effective 
analysis and to improve overall healthcare economics for 
RA spinal instrumentation.
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