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Intravertebral augmentation (IVA) is a reliable mini-
mally invasive technique for treating Magerl type A 
vertebral body fractures.8 However, poor correction 

of kyphotic angulation,5 the risk of cement leakage,2 and 
significant exposure to radiation (for the surgeon, the op-
erating room staff, and the patient) remain significant is-
sues when using a conventional, 2D fluoroscopy-guided 
technique.16 IVA provides fast pain control and corrects 

the kyphotic angulation resulting from the fracture; this is 
important for maintaining normal sagittal balance, which 
has been shown to be one of the main causes of back pain 
in long-term follow-up studies.3 However, vertebral body 
height can be hard to restore with this technique.9 Further-
more, cement leakage is associated with other complica-
tions.18 Additionally, fluoroscopy-guided techniques ex-
pose the surgeon, the operating room staff, and the patient 

ABBREVIATIONS F-IVA = fluoroscopy-guided intravertebral augmentation; fpCT = flat-panel CT; IVA = intravertebral augmentation; LOS = length of hospital stay; NS = not 
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OBJECTIVE Intravertebral augmentation (IVA) is a reliable minimally invasive technique for treating Magerl type A 
vertebral body fractures. However, poor correction of kyphotic angulation, the risk of cement leakage, and significant 
exposure to radiation (for the surgeon, the operating room staff, and the patient) remain significant issues. The authors 
conducted a study to assess the value of robot-assisted IVA (RA-IVA) for thoracolumbar vertebral body fractures.
METHODS The authors performed a retrospective, single-center study of patients who had undergone RA-IVA or con-
ventional fluoroscopy-guided IVA (F-IVA) for thoracolumbar vertebral body fractures. Installation and operating times, 
guidance accuracy, residual local kyphosis, degree of restoration of vertebral body height, incidence of cement leakage, 
rate of morbidity, length of hospital stay, and radiation-related data were recorded.
RESULTS Data obtained in 30 patients who underwent RA-IVA were compared with those obtained in 30 patients 
who underwent F-IVA during the same period (the surgical indications were identical, but the surgeons were different). 
The mean ± SD installation time in the RA-IVA group (24 ± 7.5 minutes) was significantly shorter (p = 0.005) than that 
in the F-IVA group (26 ± 8 minutes). The mean operating time for the RA-IVA group (52 ± 11 minutes) was significantly 
longer (p = 0.026) than that for the F-IVA group (30 ± 11 minutes). All RA-IVAs and F-IVAs were Ravi’s scale grade A (no 
pedicle breach). The mean degree of residual local kyphosis (4.7° ± 3.15°) and the percentage of vertebral body height 
restoration (63.6% ± 21.4%) were significantly better after RA-IVA than after F-IVA (8.4° ± 5.4° and 30% ± 34%, re-
spectively). The incidence of cement leakage was significantly lower in the RA-IVA group (p < 0.05). The mean length of 
hospital stay after surgery was 3.2 days for both groups. No surgery-related complications occurred in either group. With 
RA-IVA, the mean radiation exposure was 438 ± 147 mGy × cm for the patient and 30 ± 17 mGy for the surgeon.
CONCLUSIONS RA-IVA provided better vertebral body fracture correction than the conventional F-IVA. However, RA-
IVA requires more time than F-IVA.
https://thejns.org/doi/abs/10.3171/2018.8.SPINE18197
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to significant doses of ionizing radiation exposure; cancer 
rates are abnormally high among neurosurgeons, spine 
surgeons, and surgically treated patients.22

Navigation with cone-beam CT systems, such as the O-
arm navigation system, and robotic devices is increasingly 
being used to decrease the level of radiation exposure,10 
improve safety, and increase the accuracy of guidance and 
thereby decrease the degree of cement leakage.12

However, there are no published comparative data on 
fluoroscopy-guided versus navigated IVA techniques, and 
the potential value of robotic assistance for increasing the 
reliability and quality of vertebral body height restoration 
has not previously been assessed.

Robotic assistance allows for 3D planning of the K-
wire’s position, and it might thus improve the implant’s 
placement within the vertebral body. Additionally, robotic 
assistance might (like other navigational techniques) min-
imize the extent to which the surgical team and the patient 
are exposed to ionizing radiation.

The objective of the present study was to assess the 
value of robot-assisted IVA (RA-IVA) for thoracolumbar 
body fracture.

Methods
We performed a descriptive, retrospective, comparative, 

single-center study of patients who underwent vertebral 
body augmentation for the treatment of Magerl type A3.1/
A3.2 or type A2.1/A2.2/A2.3 traumatic vertebral frac-
tures8 with either RA-IVA or conventional 2-dimensional 
fluoroscopy-guided IVA (F-IVA). Only fractures treated 
with a SPINEJACK device (Vemix)17 were included in the 
study to avoid any variability in body height restoration 
associated with the choice of implant. The size of the im-
plant was based on pedicle size (a small implant “4.2” for 
a pedicle size smaller than 5 mm in diameter, a medium 
“5” implant for those 5–6.5 mm in diameter, and a large 
implant “5.8” for those greater than 6.5 mm in diameter).

Data obtained in 30 patients treated with RA-IVA were 
compared with those obtained in 30 patients treated with 
F-IVA during the same period between January 2015 and 
January 2016 at Amiens Picardie University Medical Cen-
ter (Amiens, France). All patients were examined 6 weeks 
after surgery and then at 6–9 months after surgery.

The primary endpoint of the study was the postopera-
tive correction of the vertebral body height. The degree of 
residual local kyphosis was defined as the angle between 
the upper endplate of the vertebral body and the lower 
endplate of the vertebral body of the fractured vertebra. 
The radiological measurements were done most common-
ly by two independent spine surgeons. Figure 1 illustrates 
the measurements before and after surgery.

The percentage of vertebral body height restoration 
was calculated using the following formula: 

[(a - b)/a] × 100, 
where a is the local kyphosis angle before IVA and b is 
the local kyphosis after IVA. Angle a was calculated from 
preoperative CT scan, and angle b was calculated from a 
3D CT scan acquired at the end of the surgical session for 
the RA-IVA group and from a CT scan obtained 1 or 2 
days after surgery for the F-IVA group.

After surgery, the accuracy of K-wire insertion was 
rated on the Ravi scale19 (A, no pedicle breach; B, pedicle 
wall breach of less than 2 mm; C, pedicle wall breach 
of 2–4 mm; and D, pedicle wall breach of greater than 
4 mm).

The incidence of cement leakage was noted and classi-
fied into 1 of 4 grades: A, no cement leakage; B, minimal 
cement leakage; C, marked cement leakage with no clini-
cal consequences; and D, marked cement leakage, with 
clinical consequences.2

Radiation exposure during RA-IVA and F-IVA was 
also analyzed. We were not able to obtain intraoperative 
fluoroscopic radiation data for the F-IVA group and there-
fore only compared doses from 3D imaging.

Each procedure was performed by one of two experi-
enced consultant neurosurgeons between January 2015 and 
January 2016. After the procedure, 3D scans were acquired 
to assess the local residual kyphosis and cement leakage. 
The length of hospital stay (LOS), the installation time, the 
operating time, and the morbidity rate were also recorded.

Operating Technique: Conventional 2D F-IVA
Patients were placed in the prone position after the in-

duction of general anesthesia. The damaged vertebra and 
the needle position were localized on anteroposterior and 
lateral fluoroscopic images. After insertion of the K-wire 
with a Jamshidi needle (percutaneous transpedicular ap-
proach with fluoroscopic guidance), the vertebra was can-
nulated using a SPINEJACK device that was gradually ex-
panded (like a jack) using a specially designed tool (part of 
the expansion kit). The tool locks into the device and pulls 
the axial ends of the implant toward each other. Turning 
the tool clockwise causes the implant to open in the in-
ferosuperior direction only (due to its machined grooves). 
Expansion of the device applies a 500-N distraction force 
to the fracture, along the craniocaudal axis, similar to a 
jack. Device expansion is achieved using a tool that pulls 
the two ends of the implant toward each other, shortening 
the device and deploying the central titanium component. 
A rack-and-pinion system blocks the expansion of the im-
plant at the desired height while preventing any loss of 
correction before the injection of polymethylmethacrylate 
(PMMA), which envelops the implant, ensuring definitive 
stabilization of the fracture. A simple mechanism locks 
the implant into the desired expanded position, as deter-
mined and controlled by the surgeon. Once the desired 
degree of expansion has been achieved, the device is left 
in place inside the restored vertebra, and PMMA bone ce-
ment is injected into and around the implant.

Anteroposterior and lateral fluoroscopic images were 
used to check the position throughout the implant inser-
tion/expansion and cement injection. However, 3D scans 
were acquired 1 or 2 days after surgery.

Operating Technique: RA-IVA
We performed IVA with a robot-assisted, minimally 

invasive technique. The ROSA robot (Medtech) was com-
bined with intraoperative flat-panel CT (fpCT) guidance 
(O-arm, Medtronic). Patients were placed in the prone po-
sition on a radiotransparent spinal operating table after the 
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induction of general anesthesia. The O-arm CT scanner 
and the ROSA Spine robot were put in place. Lateral and 
anteroposterior fluoroscopic images were used to localize 
the target vertebra. As with all minimally invasive neu-
ronavigation procedures, a percutaneous reference frame 
with reflective markers for navigation was attached to the 
posterior iliac crest through a paramidline incision (for a 
lumbar fracture) or to the spinous process through a small 
midline incision (for a thoracic fracture). 3D images from 
the O-arm were transferred to the ROSA Spine’s adjunct 
surgical workstation. First, the 3D trajectory for bilateral 
transpedicular K-wire placement was planned. By con-
trolling the positioning of the K-wire and the implant, we 
can estimate our ability to reduce the fracture (based on 
the intraoperative imaging assessments). Using the plan-
ning software, we chose the implant’s position for optimal 
reduction of the vertebral body fracture (anteroposterior 
placement, height in the vertebral body, and angulation 
with respect to the broken endplate). The skin incision site 
was determined with assistance from the robotic arm, in-
cluding the extension of the desired transpedicular trajec-
tory. Second, a cannulated reducer held by the robot was 
placed in front of the pedicle entry point along the planned 
trajectory, and a hole through the cannulated reducer was 
drilled through each pedicle using real-time robotic guid-
ance; the robot is able to track the movements of the pa-
tient’s body in real time. The K-wire through the cannu-
lated reducer was passed through the skin and the pedicle 
and was then tapped into the anterior part of the verte-
bral body. The guidewire tapping step is navigated and 
monitored by the robot in real time. The robot tracks the 
instruments’ exact spatial positions throughout the surgi-
cal session. A second hole was drilled through the second 
pedicle, and a second guidewire needle was inserted us-
ing the same technique (again using real-time, computer-
aided, robot-assisted navigation). Once the guidewire had 
been put in place, the rest of the IVA procedure was per-
formed in a standard fashion (as in the F-IVA). Implant 
insertion/expansion and PMMA cement injection were 
guided by the fluoroscopy mode of the fpCT. After the 
cement had been injected, a final intraoperative 3D fpCT 

scan was acquired in order to evaluate the vertebral height, 
and any leakage of cement into the disc space, paraverte-
bral soft tissue, vascular system, or spinal canal. A video 
of the robot-assisted technique is shown in Video 1.

VIDEO 1. Video showing the RA-IVA technique, coupling robotic 
assistance and intraoperative cone-beam CT scanning. Copyright 
CHU Amiens Picardie University Hospital. Published with permis-
sion. Click here to view.

Figures 2 and 3 illustrate the RA-IVA technique.

Statistical Analysis
A bivariate, nonparametric Wilcoxon test was used to 

compare independent, quantitative variables (with a mini-
mum sample size of 8 per group). Fischer’s exact test was 
used to compare independent, qualitative variables (for 
small sample sizes). The threshold for statistical signifi-
cance was set to p < 0.05. Mean values are presented ± SD.

Results
Descriptive Data

The RA-IVA group included 16 men and 14 women, 
with a mean age of 49.4 years (range 17–68 years). The 
surgery involved 7 thoracic vertebrae and 28 lumbar ver-
tebrae. The F-IVA group included 11 men and 19 women, 
with a mean age of 40.6 years (range 18–66 years). The 
surgery involved 10 thoracic vertebrae and 22 lumbar 
vertebrae. The two groups were similar in terms of the 
vertebrae treated and the degree of local kyphosis before 
surgery (Table 1). The mean preoperative visual analog 
scale (VAS) pain score was 6.8 ± 1.3 in the F-IVA group. 
The mean preoperative VAS pain score was 6.9 ± 12 in the 
RA-IVA group. The scores were not significantly different 
between the groups (p = 0.66).

Installation and Operating Times
The mean installation time was 24 ± 7.5 minutes in the 

RA-IVA group and 26 ± 8 minutes in the F-IVA group (p 
= not significant [NS]). The mean operating time was 52 

FIG. 1. Sagittal CT scans obtained before and after surgery. Figure is available in color online only.
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± 11 minutes in the RA-IVA group and 30 ± 11 minutes 
in the F-IVA group (p < 0.005). In the RA-IVA group, we 
observed that the operating time declined over the study 
period; it was significantly lower for the last 8 operations 
than for the first 8 (mean 44 vs 56 minutes, respectively; 
p = 0.026).

Accuracy of Guidance, Degree of Local Residual 
Kyphosis, Percentage of Restoration of Vertebral Body 
Height, and Incidence of Cement Leakage

All RA-IVA procedures and all F-IVA procedures 
were Ravi’s scale grade A (no pedicle breach). In the RA-
IVA group, the mean local residual kyphosis after surgery 
was 4.7° ± 3.15° and percentage of restoration of vertebral 
body height was 63.6% ± 21.4%. In the F-IVA group, the 
mean degree of local residual kyphosis after surgery was 
8.4° ± 5.4°, and the percentage of restoration of vertebral 
body height was 30% ± 34%; this was significantly lower 
than that in the RA-IVA group (p < 0.005). In the sub-
group of patients who underwent thoracic-level treatment, 
the percentage of vertebral body height restoration was 
still significantly better in the RA-IVA group (p = 0.05).

Clinical Outcome, Morbidity, and LOS
All patients had a favorable course immediately after 

surgery, and follow-up consultations at 6 weeks and then 
at 6–9 months after surgery confirmed the quality of the 
outcomes; there was no mortality or major morbidity (e.g., 
infections, embolism, or neurological impairment) in ei-
ther group. No device- or surgery-related complications 
were observed. The mean postoperative VAS scores were 
2.56 ± 1.0 in the RA-IVA group and 2.55 ± 1.1 in the F-
IVA group. The level of pain was significantly lower after 
surgery for both groups (p < 0.0001 for RA-IVA and p < 
0.0001 for F-IVA), but it was not significantly different (p 
= 0.9) between the groups. In both the RA-IVA and F-IVA 
groups, the mean LOS after surgery was 3.2 days.

Incidence of Cement Leakage
The incidence of cement leakage was significantly low-

er in the RA-IVA group (45.8%) than in the F-IVA group 
(71.9%) (p < 0.05). In the RA-IVA group, all cases of ce-
ment leakage were grade B, whereas in the F-IVA group, 
there were 20 grade B cases and 3 grade C cases.

FIG. 2. Illustration of the RA-IVA technique. A: The 3D trajectory for bilateral transpedicular K-wire placement is planned. B: A 
hole was drilled through each pedicle using real-time robotic guidance; the robot is able to track the movements of the patient’s 
body in real time. The K-wire was passed through the skin and the pedicle, and was then tapped into the anterior part of the ver-
tebral body. C and D: Implant insertion/expansion and PMMA cement injection were guided by the fluoroscopy mode of the fpCT 
scanner. Figure is available in color online only.
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Radiation Exposure
In the RA-IVA group, the mean radiation exposure was 

438 ± 147 mGy × cm for the patient (including 2 intraop-
erative fpCT scans–one for the planning and registration 
process and one for final 3D control) and 30 ± 17 mGy 
for the surgeon. In the F-IVA group, we were not able to 
establish the fluoroscopy dose; the mean dose (3D postop-
erative CT scan) was 566 ± 112 mGy × cm per patient and 
was significantly higher than that in the RA-IVA group (p 
= 0.0046).

Discussion
Intravertebral augmentation is a reliable minimally 

invasive technique for treating Magerl type A vertebral 
body fractures.8 However, this technique has several im-
portant drawbacks, such as exposure to ionizing radia-
tion, poor restoration of vertebral body height, and cement 
leakage.23 The objective of the present study was to de-
termine whether or not robotic assistance could help to 
reduce these issues safely and reliably.

Sagittal balance and the correction of posttraumatic 
kyphosis appear to be important factors in a patient’s 
overall improvement after thoracolumbar spine fractures. 
Correction of the kyphotic angle is a key parameter linked 
to back pain during follow-up and to the resumption of 
professional activities. This may be particularly prob-
lematic for a young patient with a vertebral compression 
fracture.6,15 Most research has focused on the relationship 
between the type of implant and the correction of kyphot-
ic deformation.11 Here, we showed that robotic assistance 
can significantly increase kyphotic correction, relative to 
a conventional fluoroscopy-guided technique. We did not 
observe a difference in clinical outcomes between the two 
methods; however, we can consider that this lack of a dif-
ference was due to our study’s short follow-up period (1 
year).

The advent of neuronavigation and robotics techniques 
has led to further progress in spine surgery, notably in 

terms of reducing the morbidity specifically associated 
with poor screw positioning.3,7,14 When compared with 
conventional fluoroscopy-guided techniques, neuronaviga-
tion provides a higher rate of accurate pedicle screw place-
ment (in 68.1% vs 95% of cases, respectively).3,7,14 Here, we 
report on the use of a new robotic device (ROSA robot) to 

TABLE 1. Summary of the main findings between F-IVA and 
RA-IVA

Variable RA-IVA F-IVA p Value*

Mean age (range), yrs 49.4 (17–68) 40.6 (18–66) 0.03
Female/male ratio 14:16 19:11 0.3
VAS score
 Preop 6.9 6.8 0.66
 Postop  2.56 2.55 0.9
No. of levels 1.16  1.06 0.8
Thoracic vertebrae 7 10 0.4
Lumbar vertebrae 28 22 0.4
Degree of kyphosis
 Preop
  All 12.9° 12° 0.49
  Thoracic subgroup 16° 13.1° 0.18
 Postop 4.4° 8.4° 0.0049
  Thoracic subgroup 5.9° 9.3° 0.05
Mean local kyphosis cor-

rection
63.6% 30.0% 0.0049

  Thoracic subgroup 57.4% 30.6% 0.05
Cement leaks 45.8% 71.9% 0.0046
 Thoracic level 50% 70% 0.7
Morbidity & mortality 0% 0% NA
Days discharged postop 3.2 3.3 0.8

NA = not applicable.
* Statistical significance was set at p < 0.05.

FIG. 3. Illustration of K-wire insertion thanks to robotic assistance. The robot is placed along the planned trajectory. A reducer is 
placed along the trajectory with regard to the pedicle entry point. The K-wire is passed through the reducer through the skin and 
pedicle and is navigated into the anterior part of the vertebral body. Figure is available in color online only.
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place expandable vertebral body implants. First, the robot 
tracks and adjusts for all the patient’s movements (notably 
respiratory motion). This is of significant value because 
the spine is a dynamic system that can move slightly dur-
ing surgery. The robot also monitors movements induced 
by the surgeon. It is particularly useful to be able to save 
all the trajectories in the robot’s memory, place the K-wire, 
and move from one trajectory to another without the need 
for fluoroscopic guidance. Second, the device used in the 
present study is a development of the ROSA Brain robot 
used in brain surgery. The ROSA Spine robot is designed 
to have the same level of precision in spinal surgery as 
in stereotactic brain surgery.12,13 Trajectories are planned 
in the same way as in the brain system, with specifica-
tion of the implant’s entry point, direction, and final posi-
tion. This feature enables the surgeon to optimize implant 
placement by, for example, optimizing the implant posi-
tion inside the vertebra in 3D visualization, thus reduc-
ing the fractured fragments as much as possible. The end 
of the operation is the same as in conventional minimally 
invasive fluoroscopic implantation, when fluoroscopy is 
used to assess the correct expansion of the implant and 
the spreading of PMMA cement within the vertebra. The 
greatest advantage of using a robot is its ability to place 
the implant exactly as planned by the surgeon. As in the 
neuronavigation system, percutaneous screw placement by 
the robot enables the implant’s ancillary progression into 
the vertebra to be visualized. To this end, the guidewire is 
also navigated, and its position within the vertebra is regu-
larly checked (to avoid piercing the anterior wall). The ro-
bot clearly has value for optimal implant positioning. The 
present cases represented perfectly positioned implants. 
Pedicle breach was never observed on the intraoperative 
CT scan. Furthermore, the reduction of the fracture was 
excellent (and better than the one obtained with F-IVA). 
Nevertheless, some aspects of the RA-IVA procedure 
could be improved. The graphic interface used to visual-
ize the implant should be improved, with, for example, a 
virtual view of the implant inside the vertebral body.

We observed a marked difference in cement leakage 
rates between the RA-IVA group and the F-IVA group. 
Even though cement leakage was not correlated with an 
elevated morbidity rate in the present study, specific mor-
bidity has been reported in the literature.21 One limit of 
our study is that we could not calculate the amount of ce-
ment injected in each patient. We usually put 4 injectors (8 
ml), and we stop the injection before the entire volume has 
been used, when we see evident cement leakage on fluor-
oscopy. As a result, we do not know if the same volume 
of cement was injected in each group. However, leakage 
during a surgical procedure prompts cessation of the injec-
tion, and so the leaked cement does not contribute to the 
biomechanical restoration of vertebral body strength.

A 2014 study of computer-navigated kyphoplasty fo-
cused on reducing the extent to which the surgeon, patient, 
and surgical staff were exposed to radiation.22 In terms of 
radiation issues, our robotic device coupled with intraop-
erative cone-beam CT is very similar to the cone-beam 
CT navigation technique. In the current study, we found 
that the radiation exposure for RA-IVA was in line with 
reports in the literature and was significantly lower than it 

was for F-IVA.1 When we take into account that patients 
undergoing F-IVA required for their follow-up a postop-
erative CT scan, which is our routine, the associated dose 
was significantly greater in F-IVA group. It must be kept 
in mind that patients undergoing F-IVA require a follow-
up standard CT scan after surgery; the associated dose is 
greater than for 2 intraoperative fpCT scans acquired dur-
ing the RA-IVA procedure.4,20 As described by Barzilay et 
al., robotic assistance in IVA surgery appears also to be a 
“radiation reduction tool.”1

Although the operating time was longer for RA-IVA 
than for F-IVA, we consider this a small price to pay for 
the above-mentioned advantages. Given that RA-IVA is a 
new technique with a learning curve, we were pleased to 
observe a significant decrease in operating time for the last 
procedures to be performed.

Finally, this new RA-IVA technique is as safe as F-IVA. 
It has the same follow-up in the postoperative period. A 
lumbar radiograph under weight-bearing conditions is ob-
tained at 3 and 6 months after surgery. Lumbar CT scan-
ning and EOS imaging are conducted at 1 year to evaluate 
sagittal balance of the spine and local kyphosis. The pres-
ent observational study generated promising short- and 
midterm outcomes, including immediate and sustained 
pain relief.

Conclusions
RA-IVA provided better vertebral body fracture cor-

rection and reduced cement leakage than a conventional 
F-IVA. Although the operating time for RA-IVA was lon-
ger than for F-IVA, it decreased as the surgeon gained ex-
perience.
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