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OBJECTIVE  The accuracy of robot-guided pedicle screw placement has been proven to be high, but little is known 
about the impact of such guidance on clinical outcomes such as the rate of revision surgeries for screw malposition. In 
addition, there are very few data about the impact of robot-guided fusion on patient-reported outcomes (PROs). Thus, 
the clinical benefit for the patient is unclear. In this study, the authors analyzed revision rates for screw malposition and 
changes in PROs following minimally invasive robot-guided pedicle screw fixation.
METHODS  A retrospective cohort study of patients who had undergone minimally invasive posterior lumbar interbody 
fusion (MI-PLIF) or minimally invasive transforaminal lumbar interbody fusion was performed. Patients were followed 
up clinically at 6 weeks, 12 months, and 24 months after treatment and by mailed questionnaire in March 2016 as a final 
follow-up. Visual analog scale (VAS) scores for back and leg pain severity, Oswestry Disability Index (ODI), screw revi-
sions, and socio-demographic factors were analyzed. A literature review was performed, comparing the incidence of 
intraoperative screw revisions and revision surgery for screw malposition in robot-guided, navigated, and freehand fusion 
procedures.
RESULTS  Seventy-two patients fit the study inclusion criteria and had a mean follow up of 32 ± 17 months. No screws 
had to be revised intraoperatively, and no revision surgery for screw malposition was needed. In the literature review, 
the authors found a higher rate of intraoperative screw revisions in the navigated pool than in the robot-guided pool (p 
< 0.001, OR 9.7). Additionally, a higher incidence of revision surgery for screw malposition was observed for freehand 
procedures than for the robot-guided procedures (p < 0.001, OR 8.1). The VAS score for back pain improved significantly 
from 66.9 ± 25.0 preoperatively to 30.1 ± 26.8 at the final follow-up, as did the VAS score for leg pain (from 70.6 ± 22.8 
to 24.3 ± 28.3) and ODI (from 43.4 ± 18.3 to 16.2 ± 16.7; all p < 0.001). Undergoing PLIF, a high body mass index, smok-
ing status, and a preoperative ability to work were identified as predictors of a reduction in back pain. Length of hospital 
stay was 2.4 ± 1.1 days and operating time was 161 ± 50 minutes. Ability to work increased from 38.9% to 78.2% of 
patients (p < 0.001) at the final follow-up, and 89.1% of patients indicated they would choose to undergo the same treat-
ment again.
CONCLUSIONS  In adults with low-grade spondylolisthesis, the data demonstrated a benefit in using robotic guidance 
to reduce the rate of revision surgery for screw malposition as compared with other techniques of pedicle screw insertion 
described in peer-reviewed publications. Larger comparative studies are required to assess differences in PROs follow-
ing a minimally invasive approach in spinal fusion surgeries compared with other techniques.
https://thejns.org/doi/abs/10.3171/2017.3.FOCUS16534
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A decade ago, minimally invasive surgery (MIS) 
was considered a promising development in spine 
treatment, yet the value of the pioneering technolo-

gies was questionable. With the growing number of sur-
geons experienced in MIS, the influx of evidence in favor 

of MIS is rapidly increasing. The published data make a 
compelling argument for distinct clinical benefits with 
MIS over open approaches in terms of blood loss, length 
of hospital stay, rehabilitation, cost-effectiveness, and 
perioperative patient comfort.13,31 Because of the limited 
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or nonexistent line-of-sight in MIS, surgeons must rely on 
imaging, navigation, and guidance technologies to operate 
in a safe and efficient manner. Therefore, a plethora of new 
and ever-improving navigational systems have been devel-
oped. These systems allow a consistent level of safety and 
accuracy on par with the results achieved by very expe-
rienced surgeons (freehand) and with a reasonably steep 
learning curve.19,34,36 Computer-based navigation systems 
were introduced to the field of spine surgery in 1995, 
and while they have been long established as standards 
in certain cranial procedures, they have not been simi-
larly adopted in spine surgery.17,25 Designed to overcome 
some of the limitations of navigation-based technologies, 
robot-guided surgical systems have become commercially 
available worldwide, including systems such as SpineAs-
sist and Renaissance (both by Mazor Robotics Ltd.) and 
the recently launched ROSA Spine (Medtech). These sys-
tems are rapidly challenging the gold standards.39 Spine-
Assist, and its upgraded version, Renaissance, mechani-
cally restricts the surgeon’s natural full range of motion 
at 6 degrees of freedom to 2 degrees of freedom (up and 
down motion and yaw in the cannula) and thus guides the 
surgeon to a predefined point in the anatomy, at a spe-
cific trajectory, while providing stability for drilling. To do 
this, the system’s guidance unit moves into the trajectory 
based on exact preoperative planning of pedicle screw in-
sertions, while accounting for changes in intervertebral 
relationships such as those attributable to distraction or 
cage insertion or changes between the supine patient on 
preoperative CT and the prone patient on the operating 
table. Robotic navigation can be very useful in instrument-
ing pedicles, especially in minimally invasive procedures 
and in anatomically challenging cases such as dysplastic, 
twisted, and scoliotic pedicles or in cases in which previ-
ous implants limit trajectories. Published evidence on ro-
bot-guided screw placement has demonstrated high levels 
of accuracy, with most studies reporting rates of around 
98% of screws placed within the pedicle or with a cortical 
encroachment of less than 2 mm.7,10,19,23,27,30,33,41 Although 
the reliability and accuracy of robot-guided spine surgery 
have been established, the actual benefits for the patient 
in terms of surgical revision rates and clinical outcomes 
remain unknown. Little is currently known about the im-
pact of robot-guided fusion, relative to alternative fusion 
techniques, on patient-reported outcomes (PROs) or on the 
revision rates for screw malposition. If a screw is inserted 
correctly, it is inconceivable that any significant change 
in outcome could be produced by simply changing the 
method of screw navigation. The clinical result of a fusion 
procedure depends on various factors, but the most crucial 
part for a good clinical outcome remains proper decom-
pression of the nerve roots and stabilization of the sag-
ittal balance, assuming correct pedicle screw placement. 
Of course, “spinal fusion” is a rather heterogeneous term; 
therefore, it is difficult to find suitable cohorts for meta-
analysis. As one of the first adopters of robotic guidance, 
we have applied it in all of our posterior lumbar fusions 
for more than 6 years now. In the current study, we present 
revision rates and clinical and socio-demographic out-
comes for a homogeneous patient cohort that underwent 
robot-guided minimally invasive pedicle screw fixation 

for single-level degenerative or isthmic spondylolisthesis, 
with a minimum follow-up of 1 year.

Methods
Overview

We reviewed the medical records of patients who had 
undergone robot-guided minimally invasive posterior 
lumbar interbody fusion (MI-PLIF) or minimally invasive 
transforaminal lumbar interbody fusion (MI-TLIF) be-
tween 2011 and 2015. Patients were followed up clinically 
at 6 weeks, 12 months, and 24 months postoperatively. In 
March 2016, a final follow-up by means of a mailed ques-
tionnaire recorded visual analog scale (VAS) scores for 
back pain (VAS-BP) and leg pain (VAS-LP), Oswestry 
Disability Index (ODI) scores as well as socio-demograph-
ic factors and whether revision surgery had occurred.9 Our 
study was approved by the Dutch committee for research 
ethics.

Study Population
Inclusion criteria were patients of adult age with a diag-

nosis of spondylolisthesis confirmed by radiography and 
MRI. Only patients with Meyerding Grade I and II spon-
dylolisthesis were included.24 Patients eligible for study 
inclusion had to have a complete preoperative record with 
a minimum follow-up of 12 months. Patients with a body 
mass index (BMI) over 33 kg/m2, an American Society of 
Anesthesiologists score > 2, an age over 80 years, or a di-
agnosis of osteoporosis were not surgically treated. Smok-
ers were strongly advised to quit smoking before surgery. 
Detailed baseline patient characteristics are shown in 
Table 1.

Literature Review of Revision Surgery
The electronic databases of PubMed and MEDLINE 

were searched for literature published up to July 2016. 
The search strategy was based on a combination of the 
following terms: “robot,” “robotic,” “freehand,” “naviga-
tion,” “spine,” “spinal fusion,” “pedicle screw,” “revision,” 
“malposition,” “misplacement,” and “breaching.” Refer-
ences in the articles found were reviewed. No restrictions 
for language were applied. We independently screened 
search results and abstracts to identify suitable literature. 
Inclusion criteria were studies describing placement of 
pedicle screws for fusion using robotic guidance, naviga-
tion (CT or fluoroscopy-assisted), or freehand techniques 
and reporting the proportion of patients that required revi-
sion surgery specifically for malposition of pedicle screws. 
Most articles additionally reported the incidence of intra-
operative repositioning of pedicle screws. The revision 
rates were pooled by technique and weighted by study size. 
The p values comparing the robot-guided (RG) pool to the 
navigated (NV) and freehand (FH) pools were assessed 
using Fisher’s exact tests, and respective odds ratios and 
relative risks were calculated.

Operative Technique
Prior to surgery, 1-mm slice thickness CT scans were 

acquired. The surgeon created a blueprint of the pedicle 
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screw trajectories on the workstation, taking into account 
the individual variations in vertebral anatomy, entry point, 
screw length, diameter, and angulation. The patient was 
placed prone, and the correct spinal level was identified 
fluoroscopically. In cases of unilateral radiculopathy, we 
opted for MI-TLIF. In these cases, a paramedian incision 
was made, and the facet joint was exposed through a 2.5-
cm tubular working channel. Facet joint and ligamentum 
flavum hypertrophy were resected. In cases of bilateral 
radiculopathy, we opted for MI-PLIF. These cases were 
performed via a mini-open midline approach used for bi-
lateral decompression. In both methods the intervertebral 
disc space was cleared, and the endplates were prepared 
for fusion. A Crescent or Capstone cage (Medtronic plc.) 
was filled with autograft bone and inserted. The remaining 
disc space was filled with autograft bone and demineral-
ized bone matrix (Nanostim or Grafton, Medtronic plc.), if 
needed. The SpineAssist’s Hover-T mounting frame (Fig. 
1) was attached to a spinous process and the posterior as-
pects of the iliac crests. A 3D fiducial array was attached. 
Anteroposterior and 60° oblique fluoroscopic images were 
taken and automatically matched to the preoperative CT. 
Once the surgeon confirmed correct registration for each 
vertebra, the robotic guidance unit was dispatched to the 
preoperatively planned trajectories. An incision was made 

through the robot’s cannula, and a trocar was advanced 
onto the desired entry point. The pedicle was drilled using 
a 3-mm-diameter drill bit limited to a depth of 30 mm by 
a positive stopper. Kirschner (K)-wires were introduced 
as previously described.10,30,40 A pedicle screw (Sextant, 
Medtronic plc.) was inserted percutaneously over the K-
wire. This process was repeated for all trajectories. Fluo-
roscopic control was used to confirm optimal implant 
placement. Reduction was achieved, if necessary, and two 
curved rods were inserted percutaneously. Figure 2 shows 
representative pre- and postoperative images.

Data and Statistics
Continuous variables were reported as the mean ± 

standard deviation, and categorical variables as percent-
ages. Change scores from baseline were calculated for 
VAS and ODI. The minimum clinically important differ-
ence (MCID) was defined as ≥ 30% improvement in the 
respective score.28 Data were analyzed using IBM SPSS 
Statistics version 23.0 (IBM Corp.). The Shapiro-Wilk test 
was used to test for normality. All outcome scores were 
nonnormally distributed, so Mann-Whitney and Wilcoxon 
tests were used. Predictors of MCID were analyzed us-
ing binomial logistic regression. Proportional values were 
compared using Fisher’s exact test. Significance was set 
at p ≤ 0.05.

Results
Among the 94 patient records matching most of the 

inclusion criteria, 72 had completed a follow-up ≥ 12 
months. Preoperatively, 68 patients (94.4%) experienced 
leg pain and 69 patients (95.8%) had back pain. Seven-
teen patients (23.6%) had undergone previous surgery at 
the index level, all of them discectomy. The average skin-
to-skin time of surgery was 161 ± 50 minutes. Periopera-
tive and outcome data are presented in Table 2. None of 
the pedicle screws required intraoperative repositioning, 

TABLE 1. Demographic and baseline characteristics in patients 
who underwent minimally invasive robot-guided pedicle screw 
fixation

Characteristic Value

Male sex 50%
Mean age (yrs) 52.8 ± 11.4
Smoking status
  Smoker 31%
  Quit smoking 24%
  Nonsmoker 46%
Preop ability to work
  Fully able 39%
  Limited 25%
  Not able 36%
Mean BMI (kg/m2) 25.9 ± 3.5
History of back & leg pain (mos) 10.7 ± 5.3
Prior back surgery at index level 24%
Type of work
  Employed 53%
  Self-employed 13%
  Retired 11%
  Housework 10%
  Disablement insurance 8%
  Jobless 6%
VAS-BP score 66.9 ± 25
VAS-LP score 70.6 ± 22.8
ODI score 43.4 ± 18.3

Values expressed as the mean ± standard deviation, unless indicated other-
wise.

FIG. 1. The SpineAssist robot was mounted on the Hover-T frame, and 
K-wires were inserted through the guidance cannula. Copyright Mazor 
Robotics. Published with permission.
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and conversion to an open procedure was never required. 
There were no implant-related revisions or complications, 
which were assessed clinically rather than on postoper-
ative radiological studies, to avoid excessive radiation 
exposure. Two patients had facet cysts removed after the 
original surgery, and one patient required additional fixa-
tion on an adjacent level, which was performed elsewhere, 
equaling an overall non–screw-related revision rate of 
4.2%. Apart from 5 durotomies and 2 transient partial 
extensor pareses (9.7%), no other complications were ob-
served. The VAS-BP decreased by 49.3% from 66.9 ± 25.0 
preoperatively to 30.1 ± 26.8 at the final follow-up (mean 
follow-up 32 ± 17 months), whereas VAS-LP decreased by 
63.4% from 70.6 ± 22.8 to 24.3 ± 28.3 (both p < 0.001). 
The ODI scores decreased by 61.2% from 43.4 ± 18.3 to 
16.2 ± 16.7 (p < 0.001). The MCID was achieved in 68.1% 
of patients for VAS-BP, in 75% for VAS-LP, and in 77.8% 
for ODI. Figure 3 shows the outcome scores during the 
follow-up period. Ability to work increased from 38.9% to 
78.2% (p < 0.001) at the final follow-up. The use of anal-
gesic medication was fully discontinued by 60% of the pa-
tients at the final follow-up, although 20% still resorted to 
such medication daily. Postoperatively, 63.6% of patients 
were satisfied or highly satisfied, and 89.1% would choose 
to undergo the same treatment again. Figure 4 shows work 
status and use of analgesic medication during follow-up. 
Table 3 provides an overview of the baseline variables of 
the logistic regression models to predict achievement of 
an MCID. An MI-PLIF (OR 10.5, 95% CI 1.1–96.1, p = 
0.038), a high BMI (OR 1.5, 95% CI 1.1–2, p = 0.010), 
a status of having quit smoking (OR 48.3, 95% CI 2.6–
896.4, p = 0.009), and a full ability to work preoperatively 
(OR 34, 95% CI 2.8–408, p = 0.005) were significant pre-
dictors for achieving an MCID in VAS-BP. The only sig-
nificant baseline predictor for clinical success in VAS-LP 

was a high BMI (OR 1.4, 95% CI 1–1.9, p = 0.035). No 
significant predictors were found for achieving an MCID 
in ODI scores. The Meyerding grade of slippage did not 
influence outcomes. 

Results of the literature review are presented in Table 4. 
Originally, 616 articles were found, and we both screened 
the titles and abstracts. Fourteen suitable articles were 
found and included.3,6,18,20–22,33–35,37,38,41,43,44 Data from Ry-
ang et al.,34 Kantelhardt et al.,20 and Bydon et al.6 were 
identified as outliers. Table 5 summarizes the meta-analy-
sis of screw revision rates from the included studies. Intra-
operative screw repositions were significantly higher for 
NV versus RG, even after removing outliers (p < 0.001, 
OR 9.7, 95% CI 2.9–32.2). The same cannot be said for 
FH versus RG; that is, there was no significant difference 
between the two pools after removing the outliers (p = 
0.36, OR 0.3, 95% CI 0.1–3.0). When looking at the rate 
of revision surgery for pedicle screw malposition, revision 
rates were significantly higher for FH versus RG, even af-
ter removing outliers (p < 0.001, OR 8.1, 95% CI 2–33.3). 
There was no significant difference between NV and RG 
(p = 0.27, OR 2.7, 95% CI 0.6–11.9).

Discussion
Screw Malposition and Revisions

This is the first analysis of revision rates for screw 
malposition in robot-guided thoracolumbar fusions. Es-
tablished techniques lead to radiologically accurate place-

TABLE 2. Perioperative data and clinical outcomes

Characteristic Value

Type of surgery
  MI-TLIF 54%
  MI-PLIF 46%
Meyerding grade*
  Grade I anterolisthesis 82%
  Grade II anterolisthesis 14%
  Grade I retrolisthesis 4%
Index level
  L2–3 1%
  L3–4 4%
  L4–5 53%
  L5–S1 42%
Periop data
  Estimated blood loss (ml) 336 ± 262
  Dose area product (mGy cm2) 306 ± 123
  Duration of surgery (min) 161 ± 50
  Length of hospital stay (days) 2.4 ± 1.1
Change scores at final FU
  VAS-BP 36.8 ± 28.6
  VAS-LP 46.3 ± 29.4
  ODI 27.2 ± 21.1

FU = follow-up.
*  Meyerding grades of spondylolisthesis: Grade I signifies < 25% slippage and 
Grade II signifies 25%–50% slippage.

FIG. 2. Preoperative radiograph (left) obtained in a patient presenting 
with Grade II spondylolisthesis. Minimally invasive robot-guided pedicle 
screw fixation was performed. Postoperative lateral radiograph (right) 
shows proper pedicle screw placement and reduction of the slippage.
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ment of screws in 69%–94% of cases using freehand tech-
niques, 81%–92% of cases using fluoroscopically guided 
techniques, and 89%–100% of cases using CT-based navi-
gations.11 The accuracy of screw placement with robotic 
guidance has been studied extensively in the literature 
with results ranging from 85% to 98.3% of screws placed 
accurately and most rates fluctuating around 98%.7,10,30,33,41 
Radiological screw malposition between 1.1% and 28.2% 
is reported in the literature; however, not every screw mal-
position necessitates surgical revision.14,26 When a screw 
malposition is observed intraoperatively, the screw is 
usually repositioned immediately. This prolongs opera-
tive time, adds radiation and tissue trauma, and has been 
shown to reduce screw pullout strength.12 Given these fac-
tors, correct initial screw placement seems a reliable in-
dicator for clinical effectiveness and should be seriously 
considered when comparing navigational systems. In our 

meta-analysis, when comparing RG to NV pools, the num-
ber of intraoperative revisions was significantly higher in 
the NV pool (RR 9.1). This is unlikely to be caused by in-
accuracy but instead confirms that when using navigation 
via intraoperative CT or 3D fluoroscopy, grave screw mal-
position can be detected early on, often leading to imme-
diate revision. As expected, no difference was observed in 
the incidence of intraoperative revisions between RG and 
FH. Revision surgery is an important clinical parameter 
because screw malpositions can cause neurological defi-
cits, pedicular fracture, or pain. Moreover, revision surgery 
is accompanied by higher costs.1,18 Given these factors, it is 
paramount to minimize the number of screw revision sur-
geries. According to our literature review, the rate of revi-
sion surgery for screw malposition was significantly higher 
in the FH pool than in the RG pool, regardless of outliers, 
with an RR of 7.9 without the outliers. It is noteworthy that 

FIG. 3. Development of outcome scores throughout the follow-up period. 

FIG. 4. Work status and use of analgesic medication throughout the follow-up period.
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with an RR of 2.7, the NV technique tended toward more 
revisions in which many of the malpositions were detected 
intraoperatively and immediately revised. Therefore, we 
observed no significant difference in postoperative revision 
rates between the NV and RG pools.

Computed tomography–based navigation certainly has 
an important advantage over robotic navigation in terms of 
real-time radiological imaging. However, this also means 
the surgeon must design the fixation structure in real-time, 
which can add stress, especially in complex cases. Robotic 
guidance circumvents this problem by providing the pos-
sibility of making a preoperative blueprint of the ideal 

fixation. This blueprint can be drawn in the office prior to 
surgery while even accounting for perfect screw length, 
thickness, and angulation. With this done, even in the most 
challenging cases, the only thing left to do is for the sur-
geon to place the pedicle screws while being guided by 
the workstation. Additionally, CT-based navigation relies 
on the surgeon as both gross and fine positioner of the in-
strumentation, relying on the 6 degrees of freedom of the 
human hand. With robotic guidance, the electromechani-
cal arm physically holds a cannula over the desired trajec-
tory, providing the surgeon with a stable working channel, 
which allows for 2 degrees of freedom (depth and clock-
wise/counterclockwise yaw), relieving the surgeon from 
the role of instrumentation positioner. Thus, the surgeon 
can look directly at his hands rather than at a virtual repre-
sentation of the tools displayed in 3 or 4 planes overhead.

Clinical Outcomes
Currently, very few PROs of robot-guided fusions have 

been published. This study presents the longest follow-up 
of MI-T/PLIF for spondylolisthesis. The improvement in 
VAS-BP, VAS-LP, and ODI scores closely resembles find-
ings in the literature and was mostly sustained without sig-
nificant changes during follow-up.2,4,16,29,42 The only excep-
tion was a worsening of VAS-LP scores between 12 and 
24 months (p = 0.026), although this worsening was found 
in another study as well.15 We thought that this increase in 
leg pain could explain the increase in the use of analgesic 
medication over the same time span, but the two factors 
were not correlated (p = 0.78). Note that surgery duration 

TABLE 4. Results of the literature search for screw revision rates

Authors & Year Technique Used (no. of patients) Intraop Screw Revision (%) Screw-Related Revision Surgery (%)

Current cohort RG (72) 0 0
van Dijk et al., 2015 RG (112) 0 0
Kantelhardt et al., 2011 RG (49) 0 4.1
Ringel et al., 2012 RG (146) 0 0
Schatlo et al., 2014 RG (55) 5.5 0
Zausinger et al., 2009 NV-CT (94) 8.5 0
Zausinger et al., 2009 NV-FL (182) — 4.4
Santos et al., 2015 NV-CT (199) 4.6 0
Hecht et al., 2011 NV-CT (87) 8 0
Ryang et al., 2015 NV-FL (145) 26.2* 0.7
Waschke et al., 2013 NV-CT (505) — 1.2
Kantelhardt et al., 2011 FH (49) 0 12.2*
Ringel et al., 2012 FH (152) 0 0.7
Schatlo et al., 2014 FH (40) 0 2.5
Waschke et al., 2013 FH (501) — 4.4
Koktekir et al., 2014 FH (198) — 7.6
Bydon et al., 2014 FH (203) 35.5* 1
Soriano-Sánchez et al., 2015 FH (125) 0 0
Kim et al., 2011 FH (110) — 1.8
Amato et al., 2010 FH (102) 1 8.8

NV-CT = CT navigated; NV-FL = fluoroscopically navigated.
*  These reports were identified as outliers.

TABLE 3. Predictors for clinical success in outcome variables*

Predictor VAS-BP p Value VAS-LP p Value ODI p Value

Ability to work 0.02† 0.15 0.1
Age 0.54 0.95 0.09
BMI 0.01† 0.035† 0.11
Grade of slippage 0.96 0.78 0.2
Index level 0.9 0.22 0.55
Sex 0.08 0.64 0.08
Smoking status 0.033† 0.96 0.13
Surgery type 0.038† 0.3 0.23
Type of work 0.29 0.41 0.32

*  Clinical success was defined as a MCID of ≥ 30% improvement in the 
respective score.
†  p ≤ 0.05.
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(161 minutes) and length of stay (2.4 days) were shorter 
in our cohort than that reported in the literature, whereas 
blood loss was slightly above average. The latter finding 
is likely attributable to the fact that blood loss under 200 
ml in our cohort was often not recorded. Our overall non–
screw-related revision rate of 4.2% was considerably lower 
than other reported rates of up to 23.3%.2,4,16,29,42

Socio-Demographic Factors
Patients with a BMI ≥ 33 kg/m2 were required to lose 

weight, and smokers were instructed to quit smoking be-
fore the procedure. Surprisingly, in our cohort a high BMI 
correlated with a good outcome. We did not find any sup-
portive evidence in the literature. In fact, it is contradictory 
to data from the Spine Patient Outcomes Research Trial 
(SPORT), which states that obesity correlates with infe-
rior outcomes.32 In our study, “quit smoking” was defined 
as having quit smoking before the first contact with the 
surgeon. Just as in our cohort (p = 0.033), Behrend et al.5 
found smoking cessation to be a strong predictor of a good 
outcome in a study comprising 5333 spinal patients who 
underwent surgery. These effects are difficult to explain, 
but we think that losing weight and stopping smoking may 
be lifestyle-changing motivational factors that can lead to 
improved satisfaction and outcomes. Similarly, patients 
who were still fully capable of working preoperatively may 
have stronger coping abilities and better social resources, 
allowing for fast and thorough rehabilitation. This finding 
is supported by Ekman et al.,8 who found working status to 
be the strongest predictor of a positive outcome.

Study Limitations
This retrospective analysis of prospectively collected 

data is limited by the absence of a control group and ran-
domization. In our review of revision rates in the literature, 
we found studies that were comparable to our cohort study 
in terms of indications and demographics, but we did not 
look at the effect of differences in surgical techniques or 
propensity matching. Furthermore, our conclusion could 
be prone to common weaknesses of meta-analyses. Pro-
spective controlled trials, preferably randomized, are 
needed to validate our findings of differences in revision 
rates and PROs between robotic guidance and freehand or 
navigation techniques. Finally, we limited the scope of our 

study to single-level Meyerding Grade I and II spondylolis-
thesis; therefore, conclusions should not be drawn regard-
ing the outcomes of robot-guided instrumentation for other 
indications.

Conclusions
Although robot-guided surgery will not replace the 

surgeon anytime soon, software and hardware have now 
advanced to the point where screw trajectories can be 
navigated even more precisely than by an experienced sur-
geon’s hand. We present a first analysis of screw revision 
rates and reported PROs from a homogeneous group of 
patients that underwent robot-guided single-level fusions. 
As yet, little can be said about equality of outcomes in ro-
bot-guided fusion versus other standards. However, given 
our literature review, we find a potential benefit in using 
robotic guidance to reduce the rate of revision surgery for 
screw malposition as compared with other techniques of 
pedicle screw placement. We are currently launching an 
international, multicenter, randomized controlled trial to 
validate our findings.
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