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  The da Vinci Robotic Surgical Assisted Anterior 
Lumbar Interbody Fusion 
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     William J.   Beutler   ,   MD  ,  *        Walter C.   Peppelman, Jr   ,   DO  ,  *    and     Luciano A.   DiMarco   ,   DO    †   

   Study Design.   Technique development to use the da Vince 
Robotic Surgical System for anterior lumbar interbody fusion at L5–
S1 is detailed. A case report is also presented.  
  Objective.   To evaluate and develop the da Vinci robotic assisted 
laparoscopic anterior lumbar stand-alone interbody fusion procedure.  
  Summary of Background Data.   Anterior lumbar interbody 
fusion is a common procedure associated with potential morbidity 
related to the surgical approach. The da Vinci robot provides intra-
abdominal dissection and visualization advantages compared with 
the traditional open and laparoscopic approach.  
  Methods.   The surgical techniques for approach to the anterior 
lumbar spine using the da Vinci robot were developed and modifi ed 
progressively beginning with operative models followed by 
placement of an interbody fusion cage in the living porcine model. 
Development continued to progress with placement of fusion cage 
in a human cadaver, completed fi rst in the laboratory setting and 
then in the operating room. Finally, the fi rst patient with fusion 
completed using the da Vinci robot–assisted approach is presented.  
  Results.   The anterior transperitoneal approach to the lumbar 
spine is accomplished with enhanced visualization and dissection 
capability, with maintenance of pneumoperitoneum using the da 
Vinci robot. Blood loss is minimal. The visualization inside the disc 
space and surrounding structures was considered better than current 
open and laparoscopic techniques.  
  Conclusion.   The da Vinci robot Surgical System technique 
continues to develop and is now described for the transperitoneal 
approach to the anterior lumbar spine.   

 Anterior lumbar interbody fusion (ALIF) is a common 
procedure for treatment of various conditions that 
require stabilization of the anterior lumbar spine. 

Advantages of ALIF compared with posterior fusion include 
maximum exposure of the disc space for optimal placement 
of interbody devices to enhance fusion potential and a low 
risk of neurological injury.  1   ,   2   Disadvantages of the transperi-
toneal approach include the potential morbidity associated 
with the retraction and dissection of the gastrointestinal, 
genitourinary, and vascular structures.  3   ,   4   The introduction 
of cylindrical interbody cages in the 1990s popularized the 
procedure.  5   Cylindrical cages and dowels also stimulated 
interest in a laparoscopic approach.  6   ,   7   The theoretical advan-
tages of a laparoscopic approach include a shorter hospital 
stay and decreased pain compared with an open ALIF.  6   How-
ever, the laparoscopic ALIF was found to have a higher rate 
of retrograde ejaculation.  7   Fusion rates have been described to 
be similar to the open procedure.  8   ,   9   

 Current anterior interbody cage design seeks to provide 
far greater conformity to the disc space than the cylindrical 
design. Coupled with anterior instrumentation, either as a 
stand-alone construct or with plate placement anterior to the 
vertebral bodies, contemporary interbody fusion constructs 
offer enhanced stabilization. Optimal placement of interbody 
devices is achieved with total anterior discectomy and siz-
ing attentive to endplate anatomy. Laparoscopic placement 
of larger, fl atter devices requires a different set of techniques 
from that developed for laparoscopic placement of cylindrical 
devices. However, recognition of the potential advantages of a 
laparoscopic approach would be expected to initiate develop-
ment of such techniques. 

 The da Vinci Surgical System (Intuitive Surgical, Sunny-
vale, CA) is a master-slave telemanipulator robot that received 
Food and Drug Administration approval for general surgery 
in 2000 ( Figure 1 ). The system has seen adoption in com-
plex procedures that require increased dexterity in confi ned 
workspaces. The da Vinci Surgical System (Intuitive Surgical, 
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Sunnyvale, CA) has achieved widespread use and application 
in multiple surgical disciplines and procedures. The advantages 
of the da Vinci robot for cholecystectomy,  10   otolaryngology,  11   
gynecology,  12   and urology  13   have been established. The use 
of the robot in the posterior spine has also been described.  14   
The development of techniques for approach to the anterior 
spine has been reported in a swine model.  15   ,   16   The rationale 
for robotic dissection includes 3-dimensional imaging and 
improved surgical dexterity from motion scaling and tremor 
fi ltering. It has also been hypothesized that the development 
of robotic laparoscopy has shortened the laparoscopic learn-
ing curve because it has 7  df  (the seventh degree is the grasp-
ing function of the instrument).  13    

 This report delineates advanced development of robotic 
assisted laparoscopic techniques for the anterior approach 
to the lumbar spine. Newly available gel ports and lapa-
roscopic instrumentation, together with the rapid develop-
ment, familiarity, and expansion of general surgical robotic 
skills, prompted our advancement of techniques to use the 
advantages of the da Vinci Surgical System for the ALIF 
approach. This report describes the development of the 
technique beyond the porcine model to that of clinical use. 
In addition, this report describes to the authors’ knowledge, 
the fi rst patient case report of a da Vinci robot–assisted 
laparoscopic ALIF. 

  MATERIALS AND METHODS 
 The da Vinci robot is routinely used at our institution 
by general surgery for multiple intra-abdominal applica-
tions. Experience and familiarity with robotic laparoscopic 
techniques coupled with longstanding laparoscopic ALIF 
experience prompted investigation into application of the 
advantages of the da Vinci system for the approach to the 
anterior lumbar spine. The recent availability of gel ports that 
would allow placement of current anterior lumbar interbody 
cage and instrumentation constructs and still maintain pneu-
moperitoneum throughout the procedure provided a critical 
technological advance. 

 The feasibility of using the da Vince Surgical System for 
the laparoscopic approach was fi rst evaluated in the operat-
ing room simply with a closed box consisting of a cadaveric 
swine spine with an attached model of the relevant soft-tissue 
anatomy. Further refi nements of the required techniques were 
established in the living porcine model. In both the cadaveric 
and living porcine models the L5–L6 level was fused  via  a 
transperitoneal approach. A 70-kg adult female pig under-
went da Vinci robot–assisted laparoscopic ALIF. The porcine 
lumbar spine anatomy dictated the need for smaller cage 
size availability than used for human ALIF.  17   The coalition 
interbody PEEK cage and anterior instrumentation system 
(Globus Medical, Audubon, PA), currently commonly used 
for human anterior cervical fusion, provided an appropriate 
stand-alone instrumented cage size (6  ×  12  ×  14 mm) for the 
porcine lumbar spine. A pneumoperitoneum transperitoneal 
approach was used during all phases of technique develop-
ment. Excellent placement of the interbody construct was 
noted by fl uoroscopy and also after the pig was killed. Mul-
tiple technical issues involving appropriate location of anes-
thesia, fl uoroscopy, and port placement were resolved during 
the procedure. In addition, the use of the robot was found to 
be of signifi cant advantage for dissection and retraction of the 
gastrointestinal and vascular anatomy. 

 The next technique development was to complete the pro-
cedure using a fresh frozen human cadaver at the Intuitive 

 Figure 1.    Robot control console.  

 Figure 2.    Preoperative magnetic resonance image.  
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Surgical research laboratory. With techniques already refi ned 
by the porcine model, the laparoscopic procedure approach 
was thought to be greatly enhanced by the da Vinci robot 
compared with the established laparoscopic procedure. This 
perceived enhancement was directly related to the 3-dimen-
sional imaging, the 4  df  and stability of the robotic endo-
scope, and the 7  df  of the 3 dissection arms. At this junc-
ture, additional human cadaver experience was gained in the 
operating room involving the entire surgical team, which con-
sisted of general surgery, neurosurgery, orthopedic surgery, 
and nursing specialists. By this time, the experience level of 
the entire team allowed the procedure to be completed in 2 
hours. Of greater importance was the fi nding that the visual-
ization seemed enhanced even when compared with an open 
approach because of the magnifi cation of the disc space and 
the endplates after the discectomy as well as the detail during 
and after the placement of the instrumentation. The visualiza-
tion compared with a standard laparoscopic approach was 
signifi cantly enhanced because of the 3-dimensional visualiza-
tion  versus  2-dimensional visualization. These observations 
and the experience of the team allowed for hospital committee 

and institutional review board permission to proceed with 
patient application of the procedures developed.  

  CASE REPORT 
 Our fi rst patient surgically treated with the da Vinci robot–
assisted approach to the lumbar spine was a 52-year-old 
woman with a 2-year history of severe low back pain. She 
was 5 ft 9 in. tall, 183 lb, with body mass index of 27. She 
had completed multiple conservative management treatment 
modalities with only temporary and partial relief of symp-
toms. The pain was localized to the lumbosacral region. 
There were no radicular symptoms. The pain was worse 
with sitting, bending, and driving. Her neurological examina-
tion was normal. Magnetic resonance image of the lumbar 
spine documented degenerative changes at L5–S1 ( Figure 2 ). 
Lumbar discogram showed that there was no pain on injec-
tion at L3–L4 and L4–L5, with intense concordant pain with 
even a low-pressure injection at L5–S1. Decision was ulti-
mately made to proceed with lumbar interbody fusion with 
instrumentation.   

  OPERATIVE TECHNIQUE 
 The patient was positioned supine on the Jackson table with 
a small roll under the buttocks. After anesthesia was induced, 
fl ouroscopic images were obtained to note the position and 
angle of the L5–S1 disc space. An experienced access surgeon 
was used. The access surgeon was a general surgeon with 
extensive experience in both open and laparoscopic ALIF 
procedures. After standard preparation, a supraumbilical 
incision was made using standard open Hasson technique for 
placement of a 12-mm port for the da Vinci robotic 30 ° -down 
camera arm. The table was placed into Trendelenburg posi-
tion and pneumoperitoneum was achieved. With intraperito-
neal visualization, two 8-mm trocar ports were placed for the 
robotic arms on each side lateral to the umbilicus. There were 
a total of 5 incisions. There were 3 incisions for the robot that 
averaged 1 cm in length. The suprapubic incision for the cage 
was 3 cm and a 5-mm incision was made just lateral to the 
suprapubic incision for an additional camera. Initial anatomy 
was identifi ed with standard laparoscopic graspers to estab-
lish that there were no unforeseen anatomic variations. The 

 Figure 4.    Retroperitoneal dissection and disc exposure. S1 is at the top 
of this fi gure and L5 is seen at the bottom.  

  Figure 3.    The robot is docked. The patient’s head is at the 
bottom of this fi gure.  
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also retracted the left iliac vessels. The right iliac vessels were 
retracted with a second laparoscopic grasper. The L5–S1 level 
and the midline were verifi ed with placement of a Penfi eld 
dissector into the disc space followed by anteroposterior and 
lateral fl uoroscopy.     

 The L5–S1 disc annulus was incised with a 15-blade on 
a laparoscopic handle. Total anterior discectomy was com-
pleted through the gel port using standard instruments used 
for laparoscopic ALIF ( Figure 5 ). The endplates were further 
fashioned using arthroscopic shaving. Interbody shavers and 
curettes were also used. A trial spacer was placed followed 
by anteroposterior and lateral fl uoroscopic images ( Figure 6 ). 
An Independence (Globus Medical, Audubon, PA) interbody 
PEEK cage was placed. The cage was a 13-mm 8 °  medium-
sized cage fi lled with Infuse bone morphogenic protein 
(Medtronic, Minneapolis, MN). Both the straight and angled 
awl and screwdrivers were used ( Figures 7  and  8 ). These 
instruments are part of the current standard instrumentation 

robotic arms were then docked ( Figure 3 ). A Maryland for-
ceps-bipolar was used on the right with a Cadiere forceps on 
the left. A transperitoneal exposure of the L5–S1 disc space 
was completed. The middle sacral vessels were divided with 
monopolar curved shears after placement of Hemolock clips 
( Figure 4 ). Once the L5–S1 level was fully exposed, the right 
and left robot arms were replaced with standard laparo-
scopic forceps to maintain iliac vein and artery retraction. An 
Applied Medical Gelpoint CNGL2 Applied Access Platform 
gel port (Applied Medical, Rancho Santa Margarita, CA) was 
placed in the midline a few centimeters above the pubic bone, 
with precise placement dictated by the initial fl uoroscopic 
images. An additional 5-mm 0 °  laparoscope was placed at 
an angle to provide direct visualization within the disc space. 
There was no diffi culty with maintaining pneumoperito-
neum. Retraction of small bowel was not required second-
ary to pneumoperitoneum and Trendelenburg position. The 
left colon was retracted with a laparoscopic grasper, which 

 Figure 6.    Trial size insertion. A medium size, 13-mm Independence 
trial is inserted. L5 is at the top of this fi gure.  

 Figure 7.    Awl insertion. The Independence awl is inserted in a lateral 
screw hole into S1.  

 Figure 8.    Lateral fl uoroscopic image during awl insertion into S1. An 
angled awl is used at S1. The screw superiorly is in L5.  

 Figure 5.    Beginning discectomy. L5 is seen superior in this fi gure. A 
standard long pituitary is used.  
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Gelpoint access port at 3 cm; the length was determined solely 
by the width of the implant. Postoperatively, in the recovery 
room the patient denied pain. Routine postoperative open-
ALIF orders were followed during the patient’s hospital stay. 
Per protocol, overnight pain was controlled with patient-con-
trolled morphine. The patient was discharged the following 
morning with hydrocodone. She was ambulating easily and 
discharged home on the fi rst postoperative day.           

  RESULTS 
 There were a number of technical diffi culties that were over-
come during da Vinci robotic assisted ALIF development. In 
the living pig laboratory, the initial diffi culty encountered was 
retraction of the bladder, a problem not typically encountered 
during human ALIF procedures. The most important prob-
lem overall was how to maintain pneumoperitoneum during 
the discectomy and the use of the instrumentation required 
to place the interbody cage. This diffi culty was ultimately 
resolved with a smaller suprapubic incision and the appro-
priate use of the fi rm plastic guard that is available with the 
Gelpoint access port. The guard is used to protect the port 
from sharp instruments perforating the port. During the 
cadaver procedures completed fi rst in Sunnyvale, CA, and 
subsequently at the authors’ institution, the primary proce-
dural problems resolved included delineation of each team 
member’s duties such that during the patient’s procedure the 

set available for the Independence interbody cage. The ante-
rior instrumentation was fi xed with one 30-mm and two 
25-mm variable angle screws ( Figure 9 ). Excellent place-
ment was noted on laparoscopic and fl uoroscopic images 
( Figures 10  and  11 ). Blood loss was 25 mL. The procedure 
time was 2 hours 15 minutes from incision to closure. There 
were no complications. The longest incision was for the 

 Figure 9.    Fixation of instrumentation. L5 is superior and S1 is inferior. 
A standard Independence screwdriver is used.  

 Figure 10.    Final intraoperative anteroposterior image.  

 Figure 11.    Offi ce follow-up lateral radiograph.  
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 The expected advantages of robot–assisted ALIF would 
be similar to that described in the general surgical, urologic, 
and gynecologic experience. The decreased hospitalization 
time, lower morbidity, lower blood loss, and lower complica-
tion rate associated with the use of the robot are described 
as related to the enhanced visualization and dissection of 
intra-abdominal and pelvic structures. Cost saving has also 
been reported as compared with open procedures.  26   In radi-
cal prostatectomy, the nerve sparing potential with the use of 
the robot has been described.  28   ,   29   There is potential analogous 
advantage with the use of the robot for dissection of the pre-
sacral sympathetic plexus in male ALIF patients as opposed 
to current laparoscopic technique. There could also be similar 
theoretical advantages using the robotic capabilities with a 
retroperitoneal approach. 

 Potential disadvantages of the robotic assisted ALIF pro-
cedure compared with an open procedure include training 
of an entire surgical team in robotic surgery and the cost of 
the robot surgical system. The general surgeon needs to be 
fully trained in robot dissection techniques and the spine sur-
geon requires training in laparoscopic technique as well. In 
addition, the logistics of coordinating a robot, fl uoroscopic 
imaging, and viewing screen placement for each team mem-
ber must be resolved for the individual operating room. With 
sequential robotic assisted ALIF procedures, the costs asso-
ciated with the technique will become more apparent. With 
cross-training, it is anticipated that there will not be a need for 
2 separate specialty teams. Also, if sequential procedures con-
fi rm the hypothesized decrease in postoperative ileus, there 
would be an associated cost adjustment compared with the 
open approach. It will only be after a series of robotic assisted 
procedures that the advantages and disadvantages compared 
with the open and laparoscopic techniques will be fully elu-
cidated. 

 Robotic assisted spine procedures are in very early devel-
opment. This report delineates the technical development of 
robotic assisted technique for ALIF at L5–S1. The surgical 
team routinely uses a transperitoneal approach for this level 
during an open approach and also had experience in the lapa-
roscopic transperitoneal technique. Our team presently uses a 
retroperitoneal open approach for levels above L5–S1. Trans-
peritoneal and retroperitoneal approaches using the potential 
advantages of the robotic technique for fusion at these levels 
are currently in development. 

 The learning curve in our development of robot–assisted 
ALIF was not problematic. The 3-dimensional imaging of 
the da Vinci robot has been shown to improve surgical per-
formance for both novice and experienced operators.  30   It is 
important to note that our team had signifi cant prior expe-
rience with robot–assisted general surgical procedures as 
well as laparoscopic ALIF. The use of the robot as a means 
to possibly decrease complications, such as retrograde ejac-
ulation, blood loss, and ileus, is anticipated because of the 
observed enhanced visualization and dissection capabilities. 
The experience described with robotic assisted techniques 
such as prostatectomy noted a signifi cant increase in nerve-
sparing outcomes compared with open and laparoscopic 

team was completely familiar with individual responsibili-
ties. There was a general surgery scrub and circulating nurse 
as well as a spine specialty scrub and circulating nurse. The 
team’s training allowed a robot setup time of 25 minutes 
preoperatively and the total intraoperative time was similar 
to that during an open ALIF procedure. The only diffi culty 
encountered during the human procedure was minor. Place-
ment of the L5 screw in the stand-alone implant required use 
of angled instrumentation. Such instrumentation is standard 
on the current instrumentation set; however, when penetrat-
ing the gel port at an angle, the screw was easily dislodged 
from the inserter by the port. This problem was readily over-
come by simply fi rst placing the screw through the port and 
the screw was placed on the driver while in the abdomen. 

 Because of the magnifi cation and 3-dimensional capability 
of the system, visualization of the retroperitoneal space was 
described by the team to be enhanced beyond standard lapa-
roscopic and open techniques. The view provided by the da 
Vinci camera provided multiangle views, which was further 
useful because visualization was at the level of the anatomy. 
The transperitoneal approach was completed without dif-
fi culty and described to be as readily achieved as the open 
approach. Retraction of intraperitoneal structures was easily 
managed and nearly completely achieved simply  via  pneu-
moperitoneum and Trendelenburg positioning. There was no 
evidence of a postoperative ileus. Total anterior discectomy, 
disc space preparation, and placement of the interbody cage 
required surgeon familiarity with laparoscopic technique but 
were completed without diffi culty. Fixation of the anterior 
instrumentation required the use of angled tools to achieve the 
appropriate screw placement in the laparoscopic environment.  

  DISCUSSION 
 ALIF is a common procedure that has evolved with signifi cant 
improvement in surgical technique in recent years. Modern 
interbody construct systems offer excellent maintenance of 
disc space height with high probability of radiographical and 
clinical success in carefully selected surgical patients. However, 
ALIF requires manipulation and retraction of intraperitoneal 
and retroperitoneal structures with associated possibility of 
surgical morbidity. The development of robotic laparoscopic 
techniques has a signifi cant expected potential to decrease the 
morbidity associated with the approach to the anterior lum-
bar spine. 

 The evolution of general surgery techniques for intraperi-
toneal procedures has fi rmly established the benefi t of lapa-
roscopy over compared with exposure for many indications. 
In more recent years, da Vinci robot–assisted exposure has 
been used in cholecystectomy, gastric banding, and colorec-
tal resection.  18   ,   19   In the treatment of bladder cancer, robot–
assisted cystectomy was shown to decrease blood loss and 
hospital stay.  20   The use of the da Vinci robot in prostatectomy 
has been demonstrated to decrease hospitalization and blood 
loss and has lower complications.  21   –   24   Similarly, in gyneco-
logic procedures a lower morbidity, faster return to normal 
activity, and shorter hospital stay were demonstrated with use 
of the da Vinci robot.  25   –   27   
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Signifi cantly decreased operative time, blood loss, length of 
hospital stay, and ileus have been described with the use of the 
robot compared with open technique in prostatectomy,  21   ,   22   ,   24   
hysterectomy,  27   and pelvic surgery.  31   

 Future development of the robotic assisted technique 
includes design of disc space distraction instrumentation and 
is now in development. Distraction with this described case 
was completed using the wedged trial instrument that is cur-
rently available with the Independence set. Such distraction 
would not be expected to distract a markedly collapsed disc 
space or spondylolisthesis adequately. Laparoscopic distrac-
tion devices are in development.  

  CONCLUSION 
 This report delineates technical development of the robotic 
approach to the anterior lumbar spine and a case report of the 
fi rst patient treated using da Vinci robotic assisted ALIF sur-
gery. The exposure requires an incision and peritoneal open-
ing no wider than the interbody cage. The gel port maintains 
pneuomoperitoneum throughout the entire procedure and 
permits placement of currently used interbody cage constructs 
including subsequent fi xation of anterior instrumentation. 

 Robotic assisted ALIF offers signifi cant potential advan-
tages compared with both standard open and laparoscopic 
techniques. Visualization and tissue dissection are greatly 
enhanced as relative to standard laparoscopic techniques. The 
use of the da Vinci robot has been demonstrated to decrease 
postoperative morbidity in general surgical, gynecologic, and 
urologic applications. Maintenance of pneumoperitoneum 
throughout the ALIF procedure is also expected to decrease 
patient morbidity compared with an open approach. Further 
development of robotic instrumentation and techniques for 
spine applications is anticipated.   

  ➢  Key Points 

            The da Vinci Surgical System allows greater visu-
alization and 7  df  of dissection for robot–assisted 
laparoscopic anterior lumbar interbody construct 
placement and fusion than traditional laparoscopic 
approach.  

          Robot–assisted laparoscopic techniques allow main-
tenance of pneumoperitoneum for minimally invasive 
ALIF, with minimal manipulation of intraperitoneal 
contents. There is signifi cant potential for decreased 
morbidity compared with open procedures.  

          This report describes the fi rst clinical experience with 
da Vinci robot–assisted ALIF.    
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