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Abstract: Lumbar fusion is commonly performed to alleviate chronic low back and leg pain 

secondary to disc degeneration, spondylolisthesis with or without concomitant lumbar spinal 

stenosis, or chronic lumbar instability. However, the risk of iatrogenic injury during traditional 

anterior, posterior, and transforaminal open fusion surgery is significant. The axial lumbar 

interbody fusion (AxiaLIF) system is a minimally invasive fusion device that accesses the 

lumbar (L4–S1) intervertebral disc spaces via a reproducible presacral approach that avoids 

critical neurovascular and musculoligamentous structures. Since the AxiaLIF system received 

marketing clearance from the US Food and Drug Administration in 2004, clinical studies of this 

device have reported high fusion rates without implant subsidence, significant improvements in 

pain and function, and low complication rates. This paper describes the design and approach of 

this lumbar fusion system, details the indications for use, and summarizes the clinical experience 

with the AxiaLIF system to date.
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Introduction
Disabling low back pain is a common medical complaint, with a lifetime prevalence 

of 60%–90% for a single episode1,2 and 14% for pain of at least two weeks’ duration.3 

Low back pain is responsible for 62 million physician visits per year in the US4 and 

the prevalence of this condition is anticipated to increase over time.5 Chronic low back 

pain is associated with advanced age, depression, obesity, and heavy physical exertion,6 

and is responsible for permanent disability in 1% of adults in the US.7 Identification 

of the etiology of low back pain is complicated, given the weak association between 

patient symptoms and radiographic imaging results.8 Indeed, a definitive diagnosis is 

established in only 20% of cases.9

Most cases of low back pain will eventually resolve with nonsurgical management. 

However, conservative treatments for refractory chronic low back pain have limited 

effectiveness.10,11 When conservative care options have been exhausted without 

success, definitive operative correction is often necessary. Lumbar fusion is a common 

surgery to alleviate low back pain, often with concomitant radicular symptoms, by 

decompressing offending neurological elements and reducing instability, with over 

122,000 lumbar fusion surgeries performed each year in the US alone.12 A variety of 

open lumbar fusion approaches are available to the spine surgeon, including anterior 

lumbar interbody fusion, posterior lumbar interbody fusion, transforaminal lumbar 

interbody fusion, and circumferential or 360 degree (anterior lumbar interbody fusion 
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with posterior lumbar interbody fusion or transforaminal 

lumbar interbody fusion). However, regardless of the surgical 

approach, each of these procedures is associated with inherent 

procedural risks.

An anterior lumbar interbody fusion requires retraction 

of and navigation around major organs and blood vessels, 

which places these structures at risk for iatrogenic injury.13–15 

The posterior lumbar interbody fusion procedure results 

in significant musculoligamentous injury, as well as nerve 

root injury and spinal fluid leakage.16–19 Transforaminal 

lumbar interbody fusion utilizes a unilateral exposure with a 

theoretically lower risk of iatrogenic injury, although safety 

concerns with this technique persist.20,21 Because of the 

significant morbidity associated with these open procedures, 

a trend has recently developed towards utilizing minimally 

invasive approaches for lumbar fusion.22,23 Despite the 

smaller incision and minimal disruption of nearby anatomical 

structures, these techniques still utilize the same anatomical 

approach as traditional open procedures and, therefore, 

vital organs and major nerves and arteries remain at risk 

for injury.

The axial lumbar interbody fusion (AxiaLIF) system 

(TranS1 Inc, Wilmington, NC) is a minimally invasive 

fusion device that utilizes the same surgical principles as 

other open fusion approaches, with the primary difference 

related to access location. This technique accesses the 

lumbar vertebrae via a reproducible anatomical pathway, ie, 

a presacral approach through a small paracoccygeal incision, 

which is perpendicular to the plane utilized in other surgical 

techniques. Unlike other approaches, the AxiaLIF procedure 

avoids critical neurovascular and musculoligamentous 

structures and may offer distinct safety advantages.24 

Furthermore, the minimally invasive, atraumatic nature of 

the AxiaLIF procedure greatly minimizes surgical scarring, 

which may lower the risk of failed back syndrome,25,26 and is 

ideal in case of future revision or adjacent level surgery. The 

purpose of this paper is to describe this lumbar fusion device 

and to detail the indications for use and clinical experience 

to date with the AxiaLIF system.

Device description, procedural 
technique, and indications for use
The AxiaLIF system received marketing clearance for 

single-level lumbar fusion (L5/S1) from the US Food and 

Drug Administration in 2004.27 The AxiaLIF 360 (AxiaLIF 

system combined with facet screws), approved by the Food 

and Drug Administration in 2005,28 affords the option of a 

circumferential lumbar fusion through a minimally invasive 

approach. The AxiaLIF 2-level system was cleared by the 

Food and Drug Administration in 2008 for two-level fusion 

(L4–S1) procedures.29 To date, over 10,000 minimally inva-

sive fusion procedures have been performed using these 

devices.

Preoperative care
The preoperative evaluation for the AxiaLIF procedure 

includes routine imaging studies to determine the indica-

tion for lumbar fusion. Magnetic resonance imaging of 

the sacrum and coccyx is performed to ensure there are no 

anatomic barriers to a safe procedure (eg, bowel adhesions, 

tumor, or vascular anomaly) and the sagittal sacral curve is 

evaluated to confirm feasibility of the approach (Figure 1). 

In order to lower the risk of iatrogenic bowel perforation, 

preoperative patient preparation includes mechanical 

bowel cleansing and broad-spectrum intravenous antibiotic 

administration.

Procedural technique
Under general anesthesia, the patient is positioned prone 

on a radiolucent operative table. A catheter is optionally 

inserted into the rectum so that air or contrast can be injected 

during the procedure to enhance rectal visualization. The 

single-level AxiaLIF fusion procedure, which is performed 

entirely under fluoroscopy with no direct visualization of the 

operative field, begins by creating a 2 cm longitudinal incision 

at the level of the paracoccygeal notch. A blunt cannulated 

dissector is advanced through the avascular presacral space 

and is docked onto the sacrum in the desired location for 

screw entry (Figure 2). A stout guide pin is then introduced 

through the dissector into the sacrum and advanced into the 

disc space. A series of dilators are advanced over the guide 

pin and a working cannula is anchored to the sacrum. A can-

nulated drill is then passed over the guide pin and a transsacral 

portal is created into the L5/S1 disc space. Nitinol cutters are 

inserted sequentially into the disc space to debulk the nucleus 

pulposus and decorticate the superior and inferior endplates, 

which provides a cancellous osteogenic bed to promote bony 

fusion. The disc space is prepared for bone grafting by remov-

ing diseased disc material with tissue extractors. Autologous 

bone and bone graft extenders and/or bone morphogenic 

protein are then inserted into the disc space.

Following bone graft placement, the guide pin can be 

replaced and advanced into the inferior endplate of L5. 

A twist drill is used to create a channel through the vertebral 

body of L5 but without violating the superior endplate of L5 

or the L4/5 disc space. The guide pin is then advanced to 
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the proximal end of the L5 drill hole. The cannula that was 

docked in the sacrum is removed, and a larger cannula that 

can accommodate the axial rod is inserted and advanced 

over the guidewire until flush against the anterior sacral 

face, where it is secured to the sacrum with a K-wire. 

A variety of lengths are available in the rod-shaped titanium 

alloy AxiaLIF system. Additionally, by using a different 

thread pitch in the S1 section of the axial rod as compared 

with the L5 section, distraction of the disc space can be 

achieved. There are three choices of differential pitches, 

depending on how much disc space distraction is desired. 

The AxiaLIF system is then placed over the guide pin and 

advanced through the sacrum into L5, to the proximal extent 

of the drilling. Additional graft material may be inserted via 

syringe into the disc space through the central rod portals. 

Minimally invasive placement of pedicle or facet screws is 

used to provide supplemental posterior fixation. The cannula 

is then removed and the wound is sutured in routine fashion. 

Lastly, air or contrast may be injected into the rectal catheter 

to inspect for iatrogenic bowel injury. The implanted AxiaLIF 

device is shown in Figures 3 and 4.

The two-level system follows similar procedural steps 

as the single-level procedure with minor modifications. 

The two-level system requires additional steps after grafting 

of the L5/S1 disc space to allow for access, decortication, and 

grafting of the L4/5 disc space. Also, the two-level rod is a 

modular two-piece rod that can be built according to desired 

lengths for each segment.

Postoperative care
Patient monitoring following an AxiaLIF procedure varies 

according to overall patient health and the standard practice 

of the surgeon. In general, patients are discharged from the 

hospital within two days of the procedure and return for 

follow-up visits at 2–4 weeks, 3–6 months, and one year. 

Patient restrictions in the postoperative period are similar 

to those of traditional lumbar fusion procedures, including 

avoidance of bending and twisting at the waist, heavy lifting, 

and strenuous physical activity.

Indications for use
The AxiaLIF system is intended for fusion of the L5/S1 spinal 

segment (two-level system for L4–S1 fusion) in conjunc-

tion with legally marketed facet or pedicle screw systems. 

Indications for use include patients requiring fusion to treat 

pseudoarthrosis, spinal stenosis, spondylolisthesis (one-level, 
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Figure 1 Preoperative evaluation of the sacrum and coccyx for the presacral AxiaLIF procedure. A line is drawn on the mid sagittal magnetic resonance scan from the 
probe entry point below the sacrococcygeal joint (red arrow) to the midpoint of the S1 endplate (red line) in order to evaluate the feasibility of the approach. The optimal 
trajectory (green shaded area) of the implant is perpendicular to the superior endplate of S1, demonstrated in (A) magnetic resonance scan and (B) illustration. Illustration 
of the posterior sacrum shows the probe entry point lateral to the coccyx and inferior to the attachments of the sacrospinous and sacrotuberous ligaments. 
Reprinted from Bohinski RJ, Jain VV, Tobler WD. Presacral retroperitoneal approach to axial lumbar interbody fusion: A new, minimally invasive technique at L5–S1: Clinical 
outcomes, complications, and fusion rates in 50 patients at 1-year follow-up. SAS J. 2010;4:54–62. Copyright © 2010, with permission from Elsevier.32

Abbreviation: AxiaLIF, axial lumbar interbody fusion.
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grade 1 or 2; two-level, grade 1), or clinical or radiographic 

diagnosis of degenerative disc disease. AxiaLIF is also 

indicated for treatment of unsuccessful previous fusion. 

The AxiaLIF system may also be utilized for minimally 

invasive access to the anterior portion of the lower spine 

for assisting in the treatment of lumbar disc degeneration, 

performing lumbar discectomy, or for assistance in the 

performance of L5/S1  interbody fusion (two-level system 

for L4–S1 fusion).

Warnings and contraindications
The AxiaLIF system is not intended to treat severe scoliosis, 

severe spondylolisthesis (grade 3 or 4), tumor, or trauma. 

A

B

C

D

Figure 2 Presacral access with the AxiaLIF system. An incision is made lateral to the 
tip of the coccyx. The dissecting tool is slightly rotated to align with the presacral 
corridor and then advanced to the docking point on the sacrum. (A) Guide pin in 
presacral space docked on the sacrum. (B) Dilator and guide pin advanced into 
the L5/S1 interspace. (C) Nitinol cutters debulking disc material and preparing the 
endplates for fusion. Note that arc of the cutter can be rotated 360 degrees (inset). 
(D) Finally, the AxiaLIF rod is implanted, distracting the interspace and providing 
L5/S1 stabilization with placement of bone graft. 
Abbreviation: AxiaLIF, axial lumbar interbody fusion.

Figure 3 The implanted AxiaLIF device. Lateral radiographic view of L5/S1 fusion 
with the patient in flexion. Note the AxiaLIF fusion construct directly caudal to an 
artificial disc replacement implanted at L4/L5. 
Abbreviation: AxiaLIF, axial lumbar interbody fusion.

Figure 4 Computed tomography evaluation of the AxiaLIF device. Corresponding 
mid sagittal thin cut computed tomography image in the same patient demonstrating 
excellent device placement at L5/S1.
Abbreviation: AxiaLIF, axial lumbar interbody fusion.
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Contraindications for use include coagulopathy, bowel 

disease, pregnancy, and sacral agenesis. Usage of the AxiaLIF 

system is limited to anterior fusion of the lumbar spine at L5/

S1 (two-level system for L4–S1) in conjunction with legally 

marketed posterior fixation systems. The AxiaLIF system 

should not be used with facet screws when spinal stenosis 

correction requires removal of significant portions of the 

lamina or any portion of the facets. The two-level system 

is additionally contraindicated for patients with vertebral 

compression fractures or any other condition where the 

mechanical integrity of the vertebral body is compromised.

Clinical outcomes
The initial clinical experience with axial interbody lumbar 

fusion suggests that it provides discernible improvements 

in patient-reported outcomes with high fusion success and 

low complication rates.30,31 Aryan et al30 followed 35 patients 

with degenerative disc disease as the primary diagnosis for 

18 months after axial interbody lumbar fusion. At the last 

follow-up visit, 91% (32 of 35) of patients had radiographic 

evidence of stable L5/S1  interbody implant placement 

and fusion. Similarly, Stippler et  al31 reported that 92% 

(33 of 36) of patients undergoing axial interbody lumbar 

fusion experienced a significant improvement or complete 

resolution of low back pain at final follow-up, with 31 cases 

(86%) demonstrating a solid fusion radiographically.

The largest series of patients with one-year follow-up data 

was published by Bohinski et al32 who followed 50 patients 

for a minimum of one year after the AxiaLIF procedure. 

At one year post-treatment, subject-reported pain decreased 

by 49% from a visual analog scale preoperative score of 

77 mm to 39 mm. Back function improved by 50% from 

56% to 28% on the Oswestry Disability Index over the same 

follow-up period. Fusion success at L5/S1 was 100% using 

plain radiographs and 88% using computed tomography. 

Finally, the complication rate was 2%, which compares 

favorably with other open approaches.

As a whole, the initial experience with the AxiaLIF device 

demonstrates high (85%–93%) fusion rates, significant 

improvements in pain and function, low complication rates 

(0%–3%), minimal procedural blood loss (30–88 cc), and a 

short hospitalization stay (1.0–2.6 days).30,31,33–36

According to data collected by TranS1 Inc, through 

ongoing voluntary postmarketing surveillance, complications 

were reported in 120 (1.3%) of 9152 patients treated with the 

AxiaLIF system37 (Table 1). The median time from the index 

operative procedure to the report of the complication was 

five days (mean 33, range 0–511 days) with 90% occurring 

within 90 days. The overall complication rate was similar 

(P = 0.43) between single-level (n = 102, 1.3%) and two-

level (n = 18, 1.6%) fusion procedures, with no significant 

differences noted for any single complication. The most 

commonly reported complication was bowel injury (n = 59, 

0.6%). Median time from surgery to detection of bowel 

injury was three days (mean 4, range 0–48 days) with 77% 

of these patients requiring colostomy. All complications were 

successfully treated and resolved with no further sequelae.

Discussion
Minimally invasive axial interbody lumbar fusion via 

a presacral approach is a technically feasible procedure 

that affords similar clinical outcomes versus standard 

Table 1 Perioperative complications with lumbar fusion using the AxiaLIF® system

Complication All patients  
n = 9,152

Single-level  
n = 8,034

Two-level  
n = 1,118

P value*

Number of complications 123 103 20
Patients with $one complication 120 (1.3) 102 (1.3) 18 (1.6) 0.43
Bowel injury 59 (0.6) 50 (0.6) 9 (0.8) 0.61
Hypotension 20 (0.2) 18 (0.2) 2 (0.2) 0.96
Presacral hematoma 9 (0.1) 7 (0.1) 2 (0.2) 0.68
Sacral fracture 7 (0.1) 5 (0.1) 2 (0.2) 0.46
Vascular injury 6 (0.1) 5 (0.1) 1 (0.1) 0.77
Systemic infection 6 (0.1) 6 (0.1) 0 0.77
Migration 5 (0.1) 4 (0.1) 1 (0.1) 0.60
Subsidence 4 (,0.1) 3 (,0.1) 1 (0.1) 0.99
Nerve injury 3 (,0.1) 2 (,0.1) 1 (0.1) 0.81
Superficial wound infection 3 (,0.1) 2 (,0.1) 1 (0.1) 0.81
Ureter injury 1 (,0.1) 1 (,0.1) 0 0.25

Notes: Data reported to TranS1 Inc, as part of ongoing voluntary postmarketing surveillance. *Single-level versus two-level. Percentage values are expressed within 
parentheses. 
Abbreviation: AxiaLIF, axial lumbar interbody fusion.
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fusion approaches, but with a lower risk of perioperative 

complications. This technique, utilizing an avascular axial 

corridor to attain vertebral access, offers the advantage of 

sparing the posterior musculature, ligaments, and neural 

elements that are encountered during posterior approaches, 

as well as avoiding dissection and retraction of major 

vessels and the intra-abdominal viscera as with anterior 

approaches.

The complication rates (0%–3%) observed with the 

AxiaLIF system compare favorably with the typical 

10%–15% complication rate reported in six trials regulated 

by the Food and Drug Administration using open lumbar 

fusion for degenerative disc disease as a control.38–43 

Furthermore, serious adverse events, such as nerve injury 

(0%–2.0%), vascular injury (1.5%–8.8%), and infection 

(0%–1.3%), were commonly reported in these trials, whereas 

these complications are extremely rare with the AxiaLIF 

procedure.

Minimally invasive axial interbody lumbar fusion 

using a presacral approach results in acceptable safety and 

effectiveness. However, there are some limitations with the 

AxiaLIF procedure that must be considered. The procedure 

requires spinal surgeons to become intimately familiar with 

presacral anatomy because the entire procedure is visualized 

under fluoroscopy with no direct observation of the disc 

space.44 Iatrogenic bowel perforation is a rare, but possible, 

complication of the AxiaLIF procedure that can be largely 

avoided with the appropriate preoperative patient preparation 

and meticulous surgical technique. Preoperative imaging 

should be thoroughly evaluated, with emphasis on perirectal 

fat pad thickness, identification of the rectum/sacrum 

interface, aberrant vasculature, and anticipated trajectory. 

Preoperative patient preparation includes mechanical bowel 

cleansing to enhance rectal pliability during blunt dissection 

and to lower contamination risk in the event of bowel injury. 

Administration of broad-spectrum intravenous antibiotics 

before the procedure further lowers the contamination 

risk. During the procedure, Foley catheter placement in the 

rectum helps to define the interface of the rectal wall and 

sacrum under fluoroscopy. A meticulous initial incision 

followed by gentle blunt dissection with the finger allows 

for safe entry into the presacral area. Postoperatively, 

endoscopic evaluation of the rectum and sigmoid colon 

helps to rule out bowel injury. Special attention to potential 

bowel complications should be given to women because the 

presacral width is narrower compared with males.45

Identification of low rectal injuries requires hospital 

admission, intravenous antibiotics, and bowel rest (no food or 

drink) with serial imaging. High rectal injuries are potentially 

more serious and treatment decisions are based primarily on 

the presence or absence of systemic complications. Patients 

with no systemic complications may be managed with 

observation, bowel rest, and intravenous antibiotics although 

surgical repair may be indicated in some cases. Patients with 

high rectal injury that present with fever and sepsis may 

additionally require pelvic drainage and a diverting stoma 

to achieve symptom resolution.

Conclusion
Minimally invasive axial interbody lumbar fusion via a 

presacral approach is a technically feasible procedure that is 

associated with high fusion rates, significant improvements 

in pain and function, and low complication rates.
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