
North American Spine Society Journal (NASSJ) 15 (2023) 100234 

Contents lists available at ScienceDirect 

North American Spine Society Journal (NASSJ) 

journal homepage: www.elsevier.com/locate/xnsj 

Clinical Studies 

The use of robot-assisted surgery for the unstable traumatic spine: A 

retrospective cohort study 

Luis Daniel Diaz-Aguilar, MD 

a , ∗ , Nolan J. Brown, BS 

b , Nicholas Bui, BS 

b , Bejan Alvandi, MD 

c , 

Zach Pennington, MD 

d , Julian Gendreau, MD 

e , Sunil P. Jeswani, MD 

a , Martin H. Pham, MD 

a , 

David R. Santiago-Dieppa, MD 

a , Andrew D. Nguyen, MD, PhD 

a 

a Department of Neurosurgery, University of California San Diego, La Jolla, CA, 92093 USA 
b Department of Neurosurgery, University of California Irvine, Orange, CA, 92868 USA 
c Department of Orthopaedic Surgery, Northwestern University Feinberg School of Medicine, Chicago, IL, 60611 USA 
d Department of Neurologic Surgery, Mayo Clinic, Rochester, MN, 55905 USA 
e Johns Hopkins Whiting School of Engineering, Baltimore, MD, 21205 USA 

a r t i c l e i n f o 

Keywords: 

Trauma 

Robotics 

Imaging 

Registration 

Radiograph 

Spine 

a b s t r a c t 

Background: Robotic assistance has been shown to increase instrumentation placement accuracy in open and 

minimally invasive spinal fusion. These gains have been achieved without increases in operative times, blood loss, 

or hospitalization duration. However, most work has been done in the degenerative population and little is known 

of the utility of robotic assistance when applied to spinal trauma. This is largely due to the uncertainty stemming 

from the disruption of normal anatomy by the traumatic injury. Since the robot depends upon registration for 

instrumentation guidance according to the fiducials it uses, trauma can introduce unique challenges. The present 

study sought to evaluate the safety and efficacy of robotic assistance in a consecutive cohort of spine trauma 

patients. 

Methods: All patients with Thoracolumbar Injury Classification and Severity Scale (TLICS) > 4 who underwent 

robot-assisted spinal fusion using the Globus ExcelsiusGPS at a single tertiary care center for trauma between 

2020 and 2022 were identified. Demographic, clinical, and surgical data were collected and analyzed; the primary 

endpoints were operative time, fluoroscopy time, estimated blood loss, postoperative complications, admission 

time, and 90-day readmission rate. The paired t-test was used to compare differences between mean values when 

looking at the number of surgical levels. 

Results: Forty-two patients undergoing robot-assisted spinal surgery were included (mean age 61.3 ± 17.1 year; 

47% female. Patients were stratified by the number of operative levels, 2 (n = 10), 3-4 (n = 11), 5 to 6 (n = 13), 

or > 6 (n = 8). There appeared to be a positive correlation between number of levels instrumented and odds 

of postoperative complications, admission duration, fluoroscopy time, and estimated blood loss. There were no 

instances of screw malposition or breach. 

Conclusions: This initial experience suggests robotic assistance can be safely employed in the spine trauma popu- 

lation. Additional experiences in larger patient populations are necessary to delineate those traumatic pathologies 

most amenable to robotic assistance. 
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Recent advances in robotic surgery have led to the successful ap-

lication of robotic assistance for screw placement in both minimally
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nitial learning curve, placement with robotic assistance is associated

ith similar operating room time, operative blood loss, and hospital

ength of stay compared to freehand instrumentation [ 3 , 9 ]. 

At present, all commercially available systems – ExcelsiusGPS, Mazor

 Stealth, and ROSA One – employ fiducial markers to map the position

f the robot to the patient within 3-dimensional space [10] . The fidelity

f such mapping is contingent on the stability of the positions of the

eference frame and levels to be instrumented. While the positions of

hese points relative to one another remain reasonably constant in most

ases of degenerative pathology and spinal deformity, such stability is

requently lost in the context of traumatic injuries to the spinal column.

he literature regarding the safety of applying robot-assisted instrumen-

ation to spine trauma is sparse. The objective of the present study was

o present our institutional experience applying a single modern gen-

ration spinal robot to instrumented fusion of patients with traumatic

pine pathologies as a means of highlighting the potential role of spinal

obotics in spine trauma. 

Regardless of the system used, the success of 3D navigation in robotic

pine surgery hinges on maintaining accurate registration [ 11 , 12 ]. Al-

hough evidence is continually emerging that registration using robotics

latforms is not a mitigating factor across a wide range of minimally

nvasive and complex open spinal procedures even including deformity

orrection, there is currently no evidence regarding the utility of robotic

ssistance in spinal trauma. As such, it is presently not known whether

obotic surgery is safe to perform in trauma cases, or whether the plan-

ing software involved would prove effective when attempting surgical

xation of spines with the high degree of instability as often seen in

rauma. Given the successful application of robotic platforms in spine

urgery to date, we sought to evaluate the safety and efficacy of robotic

ssistance in a consecutive cohort of trauma patients who underwent

obotic spinal surgery. 

ethods 

atient sample 

Following Institutional Review Board approval, a consecutive series

f patients who underwent robot-assisted spinal instrumented fusion
ig. 1. Case illustration: 79-year-old male with history of ankylosing spondylitis was

egment posterior pedicle screw fixation from T7-L1. Preoperative CT study: Sagital 

uperior end plate of T10 with horizontal fracture extending into the T9 to 10 disc

nterior distraction measuring 8 mm with Grade 1 anterolisthesis at T9 to T10. Preo

ongitudinal ligament with no significant bony central canal narrowing. 

2 
or traumatic spinal injury at a single institution were retrospectively

eviewed. All surgeries were performed by 1 of 3 surgeons using the

xcelsiusGPS (Globus) at an academic center between 2020 and 2022.

igs. 1–5 illustrate an example case from this series. 

utcomes and statistical analysis 

Data were collected on patient demographics (age, sex, body mass

ndex [BMI]), medical comorbidities, injury morphology (including tho-

acolumbar injury classification and severity score [TLICS]), operative

etails (eg, instrumented levels, estimated blood loss (EBL), fluoroscopy

ime), and perioperative complications (durotomy, pseudoarthrosis,

ound infection, readmission, surgical revision). One-way ANOVA fol-

owed by post-hoc Tukey’s test was used to assess for significant dif-

erences between mean values when stratifying based on the number

f surgical levels. When possible, categorical comparisons were per-

ormed using Chi-squared testing. Statistical significance was defined as

 < 0.05. 

esults 

Forty-two patients were identified with mean age 61.2 ± 17.1 year,

f whom 20 (47%) were female ( Table 1 ). Mean BMI was 27.5 ± 7.7

g/m 

2 , 12% were active smokers, 17% had type 2 diabetes mellitus,

nd 4.8% had a known history of osteoporosis. By morphology, the most

ommon fracture types were burst (28 patients, 66%), translation (5 pa-

ients, 12%), distraction (9 patients, 42%). Distribution of injuries along

he craniocaudal axis showed 4 thoracic spine fractures (9.5%), 22 tho-

acolumbar (52.3%), 18 lumbar (42.8%), and 6 lumbosacral (14.2%).

omparing complications between groups showed postoperative com-

lications were highest for patients undergoing 5 to 6 and > 6 level in-

trumented fusion, notably higher rates of postoperative radiculopathy

45% and 52.5%) and longer hospitalizations (23 days and 21 days), re-

pectively, as compared to ( Table 2 ). Mean fluoroscopy time (137 ± 95.2

inutes) and EBL (317.5 ± 213.1) were highest in the > 6 level group.

he mean operative durations for the 2 level (198 ± 28.8 minutes) and

 to 6 level (196.3 ± 97.8 minutes) groups were similar (p = .96), as were

he mean operative durations for the 3 to 4 level (306.2 ± 98.7 minutes)
 found to have sustained T9-T10 Chance fracture requiring percutaneous long- 

plane (A–C) reveals Chance fracture at T9 to T10 with distraction through the 

 space and involving the bilateral posterior elements at T9. Also evident was 

perative sagittal T2-weighted MRI (D) showing presence of ruptured anterior 



L.D. Diaz-Aguilar, N.J. Brown, N. Bui et al. North American Spine Society Journal (NASSJ) 15 (2023) 100234 

Fig. 2. Demonstration of the Globus ExcelsiusGPS robotic planning and intraoperative guidance system used to perform posterior pedicle screw placement from T7 

to L1 for fixation and stabilization of T9 to 10 chance fracture. Shown here is the planning and successful placement of 6.5 mm diameter pedicle screw at T10. 
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nd > 6 level (276.8 ± 147.1 minutes) groups (p = .607). The longest pro-

edures occurred in the 3 to 4 level (306.2 minutes) and > 6 level (276.8)

evel groups. Three to four level procedures were significantly longer

han those involving only 2 levels (p < .05), and > 6 level surgeries took

ignificantly longer than 5 to 6 level surgeries (p < .05). Interestingly,

perative durations for 5 to 6 level surgeries were much longer than

perative durations for surgeries involving 3 to 4 levels (p < .05). There

ere no instances of pedicle screw breach and thus no subjects required

crew replacement or revision surgery. With respect to perioperative

omplications ( Table 3 ), there were none resulting from surgeries in-

olving < 5 levels. For 5 + level surgeries, the complication rate was

/21 (29%). Among these complications, none involved wound or sur-

ical site infection and there was only 1 case of durotomy resulting in

erebrospinal fluid (CSF) leak. There were no severe complications or

eaths. 
3 
iscussion 

Since the FDA approval of the first spine robot in 2004, multiple

tudies have suggested robotic-assistance improves instrumentation

lacement accuracy relative to conventional freehand placement [13] .

early all publications have examined spinal robotics in the context

f degenerative disease due to its relatively high prevalence. However,

xamination of the application of spinal robots to spinal trauma have

een limited. One of the outstanding questions in the spine trauma

opulation is whether robotics can be applied safely given that all

odern robotic systems require the positions of the reference frame

nd instrumented segment to remain stable. In the current study, we

resent our preliminary experience employing a next-generation robotic

ystem (ExcelsiusGPS) for the management of unstable thoracolumbar

ractures undergoing treatment with instrumented fusion. Ultimately,
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Fig. 3. Postoperative lateral view radiograph illustrating hardware at T7 to L1. 

Table 1 

Demographics of Patients Included in the Present Series 

Incidence (N = 42) SD 

Age (mean) 61.3 17.1 

Female 20 (47%) 7.6 

BMI (mean; kg/m 

2 ) 27.7 

Smoking 5 (11.9%) 

Diabetes 4 (9.5%) 

Osteoporosis 1 (2.3%) 

Fracture Morphology 28 (66%) 

Burst 5 (12%) 

Translation 9 (42%) 

Distraction ion 

Region of instrumentation 4 (9.5%) 

Thoracic 22 (52.3%) 

Thoracolumbar 18 (42.8%) 

Lumbar 6 (14.2%) 

Lumbo-sacral 3 

(7.1%) Previous spine surgery 

Fig. 4. Intraoperative robotics planning of pedicle screw placement and use of 

multiple rod construct for instrumentation and stabilization of the spinal column 

in a patient with traumatic spinal fracture. 
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Table 2 

Operative data 

2 level (N = 10; SD or %) 3–4 levels (N = 11; SD or %

Operative time (min) 198.0 (28.8) 306.2 (98.7) 

Screws 10 (100%) 9 (80%) 

Percutaneous 0 (0%) 2 (20%) 

Open 0 (0%) 0 (0%) 

Pedicle Screw Breach 0 (0%) 0 (0%) 

Screw Replacement 106.8 ( ± 30.0) 77.2 (38.1) 

Fluoroscopy time (min) 100 

( ± 0) 

217.5 

(203.0) Estimated Blood Loss (cc) 

4 
e found that robot-assisted surgery in a cohort of 42 patients was

ffective and safe for surgeries involving less than 3 to 4 levels, but

hat complications began to arise when surgical levels were > 5. Several

tudies have previously compared the accuracy of instrumentation

laced with robotic assistance as compared to freehand or fluoroscopic

echniques. There have been several meta-analyses of these studies,

ncluding the work just recently published by Matur et al. [14] . 

Open fixation of thoracolumbar fractures – generally performed with

osterior segmental instrumentation placed 2 to 3 levels above and be-

ow the fracture level – can be associated with significant morbidity

15] . Percutaneous fixation – an MIS technique with minimal soft tis-
) 5–6 levels (N = 13; SD or %) > 6 levels (N = 8; SD or %) p 

196.3 (97.8) 276.8 < .05 

10 (83.3%) (147.1) Reference 

3 (17.3%) 6 (87.5%) .930 

0 (0%) 2 (12.5%) - 

0 (0%) 0 (0%) - 

55.3 (19.3) 0 (0%) < .05 

307.5 

(365.7) 

139.8 (97.1) < .05 

337.5 (203.1) 
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Fig. 5. Intraoperative workflow of pedicle screw placement and use of multiple 

rod construct for instrumentation and stabilization of the spinal column in a 

patient with traumatic spinal fracture. 

s  

e  

fl  

t  

b  

p  

a  

b

 

c  

t  

i  

g  

t  

e  

i  

b  

f  

w  

e  

p  

o

 

t  

o  

a  

p  

o  

a

S

 

a  

i  

a  

l  

r  

t  

t  

i  

m  

c  

n  

s  

p  

c  

t  

f  

b  

r  

n  

e  

o  

f  

w  

t  

instrumented fusion for traumatic fractures. 
ue dissection – is an increasingly popular approach [16] . Grossbach

t al. [17] reported their experience treating 39 patients thoracolumbar

exion-distraction injuries over 10 years at an academic center. Those

reated with percutaneous fixation had significantly less intraoperative

lood loss and nonsignificantly shorter operative times as compared to

atients treated with open approaches. They also endorsed the former

s having less associated tissue damage. Others have endorsed similar

enefits with percutaneous fixation [ 16 , 18 ]. 
Table 3 

Postoperative data 

2 level (N = 10; SD or %) 3–4 levels (N = 11; S

CSF leak 0 (0%) 0 (0%) 

Pseudoarthrosis 0 (0%) 0 (0%) 

Postop complications 0 (0%) 0 (0%) 

Wound Infection 0 (0%) 0 (0%) 

A. fibrillation 0 (0%) 0 (0%) 

DVT 0 (0%) 0 (0%) 

Pneumonia 4 (3.9) 7.8 (5.2) 

Admission time (days) 0 (0%) 0 (0%) 

90-d readmission Revision surgery 0 (0%) 0 (0%) 

5 
MIS approaches seem ideally suited to robotic assistance; the per-

utaneous approach hides normal anatomic landmarks used to facili-

ate freehand instrumentation, and fluoroscopy-guided instrumentation

s associated with significant radiation burden to the practicing sur-

eon [ 8 , 19 ]. The major concern associated with robotic instrumenta-

ion in the context of trauma is the loss of stability between the ref-

rence frame and segment undergoing instrumentation. Here in our

nitial experience, we demonstrate robot-assisted instrumentation to

e a safe approach to the management of unstable thoracolumbar

ractures. With respect to the concern over loss of registration, there

ere no instances of robotic misregistration in the present experi-

nce. Additional investigation in expanded cohorts is merited, but the

resent study serves as a proof-of-concept that this approach is a safe

ption. 

This study recognizes the need for high-quality, relevant data for

he application of robotics in traumatic spine surgery. The primary aim

f the present study was to examine the efficacy and safety of robot-

ssisted spine surgery in the trauma population. In addition, out of all

atients undergoing surgery following spinal trauma in our study, only

ne was readmitted within 90 days. No screws required replacement

nd no medial/lateral breeches were encountered in any cases. 

tudy limitations 

This study has several limitations. The first is that it is a single-

rmed retrospective cohort. There is no control group that underwent

nstrumentation without robotic assistance to elaborate on the safety

nd efficacy of robotic-assistance in this trauma population. Neverthe-

ess, we saw no perioperative complications attributable to the spinal

obot, which would suggest this approach is safe, at least based upon

his preliminary study. The small cohort size also precludes us from es-

ablishing whether there are specific fracture morphologies for which

nstability is so significant that the navigation frame tracking fidelity

ay be too poor to allow for robot-assisted instrumentation. Without

ontrols, it is also impossible to determine if surgical preoperative plan-

ing times significantly differed from that of a control group. Previous

tudies have observed that robot-assisted surgeries require more lengthy

reoperative planning which would not be conducive to emergent surgi-

al stabilization [ 13 , 19 , 20 ]. However, with increasing case experience,

here is noted to be significant reductions in operative times [9] , so the

easibility of applying this technology to the trauma population may

e dependent upon the relative familiarity of the operating team with

obotic surgery. This present study is also limited by its retrospective

ature; retrospective studies are well-known to be susceptible to inher-

nt limitations such as selection and reporting bias. Finally, this study

nly explored outcomes up to 90-day follow-up. Longer-term outcomes

or these patients will be important to investigate in the near future, and

e encourage others to report any relevant data that may be pertinent to

he topic of robot-assisted surgery in spinal trauma patients undergoing
D or %) 5–6 levels (N = 13; SD or %) > 6 levels (N = 8; SD or %) p 

1 (7.6%) 0 (0%) - 

0 (0%) 0 (0%) - 

0 (0%) 0 (0%) - 

0 (0%) 2 (25%) - 

1 (7.6%) 1 (12.5%) - 

0 (0%) 1 (12.5%) - 

23 (35.9) 13.4 (4.7) > .05 

1 (7.6%) 0 (0%) - 

0 (0%) 0 (0%) - 
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onclusion 

The present study provides preliminary data suggesting that robotic

ssistance can be safely employed for patients with traumatic fractures

ndergoing instrumented fusion. Forty-two patients with traumatic frac-

ures were successfully treated with robot-assisted instrumented fusion;

he results found instrumentation placement to be consistent and repro-

ucible. Larger studies will be needed to confirm the results obtained

n our study, and future investigations should determine whether there

re specific fracture morphologies not amenable to robot-assisted instru-

entation. 
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