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Coverage Policy 
 
Lumbar fusion may be performed using various surgical techniques and instrumentation. Surgical 
approaches used to perform lumbar fusion include anterior, posterior, and lateral. For the intent of this 
Coverage Policy, Cigna considers anterior lumbar interbody fusion, posterior lumbar interbody fusion, 
transforaminal lumbar interbody fusion and posterolateral fusion standard approaches to performing 
spinal fusion. Approaches such as lateral transpsoas, extreme lateral interbody fusion and direct lateral 
fusion are considered equivalent to the standard approaches.   
 
Use of tobacco products have been shown to adversely affect bone healing. Smoking is associated with 
an increased risk of pseudoarthrosis. As a result, for lumbar or sacroiliac fusion surgical procedures 
other than those performed for emergent medical conditions, Cigna requires a statement that the 
individual is a non-smoker or will refrain from use of tobacco products for at least six (6) weeks prior to 
the planned surgery.  
 
LUMBAR FUSION FOR INSTABILITY: 
Cigna covers single or multilevel lumbar fusion as medically necessary for ANY of the following 
indications when there is an associated spinal instability: 
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• acute spinal fracture  
• neural compression after spinal fracture 
• epidural compression or vertebral destruction from tumor 
• spinal tuberculosis 
• spinal debridement for infection 
• spinal deformity (e.g., idiopathic scoliosis over 40˚, progressive degenerative lumbar scoliosis and/or 

lateral listhesis resulting in neuroforaminal stenosis and/or neurological symptoms) 
 
LUMBAR FUSION FOR IATROGENIC INSTABILITY  
Cigna covers lumbar fusion as medically necessary for intraoperative iatrogenic spinal instability of the 
level or levels involved resulting from ANY of the following surgical procedures:  
 

• removal of 50% or more of the facets bilaterally 
• removal of 75% or more of a single facet 
• resection of the pars interarticularis or pars fracture 

 
LUMBAR FUSION FOR INSTABILITY: SPINAL STENOSIS 
Cigna covers single level lumbar fusion (e.g., L4–L5) as medically necessary for the treatment of spinal 
stenosis when there is an associated anterolisthesis, and ALL of the following criteria are met:  
 

• back pain with neurogenic claudication symptoms or radicular pain  
• failure of at least three (3) consecutive months of physician-supervised conservative medical 

management  including exercise, nonsteroidal and/or steroidal medication (unless contraindicated), 
physical therapy and activity lifestyle modification 

• clinically significant functional impairment (e.g., inability to perform household chores or prolonged 
standing, interference with essential job functions) 

• central, lateral recess or foraminal stenosis is demonstrated on imaging studies (e.g., radiographs, 
magnetic resonance imaging [MRI], computerized tomography [CT], myelography) 

• radiographic evidence of  EITHER of the following:  
 anterolisthesis (anterior translation of the vertebra on the adjacent vertebra below) resulting in a 

Grade 1 spondylolisthesis or segmental instability (e.g., 4mm displacement anterior translation of 
the vertebra on the adjacent vertebra below) 

 Grade 2 or higher spondylolisthesis  
• the individual is a nonsmoker, or in the absence of progressive neurological compromise will refrain 

from use of tobacco products for at least 6 weeks prior to the planned surgery  
 

LUMBAR FUSION FOR INSTABILITY:SPONDYLOLYSIS/ ISTHMIC SPONDYLOLISTHESIS 
Cigna covers lumbar fusion* as medically necessary for spondylolysis (i.e., pars interarticular fracture) 
and isthmic spondylolisthesis when BOTH of the following criteria is met:  
 

• the individual is a nonsmoker, or in the absence of progressive neurological compromise will refrain 
from use of tobacco products for at least 6 weeks prior to the planned surgery  

• ANY of the following:  
 multilevel spondylolysis   
 rapidly progressive neurologic compromise (i.e., cauda equina syndrome [loss of bowel/bladder 

control]) 
 symptomatic Grade 1 or 2 spondylolisthesis (anterolisthesis) and EITHER of the following:  

o radiograph documentation supporting progression of anterolisthesis  
o BOTH of the following:  

 failure of at least six (6) consecutive months of physician-supervised conservative 
treatment including exercise, nonsteroidal and/or steroidal medication (unless 
contraindicated), physical therapy and activity lifestyle modifications  

 clinically significant functional impairment (e.g., inability to perform household chores or 
prolonged standing, interference with essential job functions) 

 symptomatic Grade 3 or higher spondylolisthesis (anterolisthesis) demonstrated on plain x-rays 
with 50% or more anterior slippage and EITHER of the following:  
o radiograph documentation supporting progression of anterolisthesis   
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o BOTH of the following:  
 clinically significant functional impairment (e.g., inability to perform household chores or 

prolonged standing, interference with essential job functions) 
 failure of at least three (3) consecutive months of physician-supervised conservative 

management including exercise, nonsteroidal and/or steroidal medications (unless 
contraindicated), physical therapy and activity lifestyle modification  

 
*Note: Typically single level fusion is generally considered appropriate for treatment of single level 
spondylolysis or Grade 1 or 2 spondylolisthesis. Two levels of fusion may be appropriate for multilevel 
spondylolysis or Grade 3 and higher spondylolisthesis.  

 
LUMBAR FUSION FOR FLATBACK SYNDROME: 
Cigna covers single or multilevel lumbar fusion as medically necessary for unremitting pain associated 
with flatback syndrome when imaging studies demonstrate sagittal imbalance (e.g., loss of lumbar 
lordosis, forward flexed posture, lumbar kyphosis) and EITHER of the following criteria is met:  
 

• The imbalance is progressive resulting in neurologic compromise (e.g. compression of neural 
structures)   

• The individual is experiencing clinically significant functional impairment (e.g., inability to perform 
household chores or prolonged standing, interference with essential job functions)  and failure of at least 
three months of  conservative medical management to relieve symptoms  including exercise, 
nonsteroidal and/or steroidal medication (unless contraindicated), physical therapy and activity lifestyle 
modification  
 

LUMBAR FUSION WITHOUT INSTABILITY: DEGENERATIVE DISC DISEASE 
Cigna covers a single level lumbar fusion for degenerative disc disease without lumbar instability as 
medically necessary when there is unremitting pain and significant functional impairment for at least 12 
months duration, and during which time ALL of the following criteria have been met:   
 

• unremitting pain and significant functional impairment continues despite at least six (6) consecutive 
months of  structured*, physician supervised conservative medical management, including ALL of the 
following components 
 exercise, including core stabilization exercises 
 nonsteroidal and/or steroidal medication (unless contraindicated)  
 physical therapy, including passive and active treatment modalities 
 activity/lifestyle modification 

• single level degenerative disc disease, demonstrated on appropriate imaging studies (i.e., computerized 
tomography [CT] scan, magnetic resonance imaging [MRI], or discography) as the likely cause of pain 

• documentation from a primary care physician, neurologist, physiatrist, psychiatrist or psychologist, 
indicating BOTH of the following: 
 the absence of untreated, underlying psychological conditions/issues (e.g., depression, drug and 

alcohol abuse) as a contributor to chronic pain  
 a statement indicating that the individual has completed a course of cognitive behavior therapy 

(e.g., 8-10 sessions, face-to-face interaction, may also include group sessions, is problem 
focused/ action oriented) 

• the individual is a nonsmoker, or in the absence of progressive neurological compromise will refrain 
from use of tobacco products for at least 6 weeks prior to the planned surgery  

 
*Note: Structured medical management consists of medical care that is delivered through regularly 
scheduled appointments, including follow-up evaluation, with licensed healthcare professionals.   

 
LUMBAR FUSION FOLLOWING PRIOR SPINAL SURGERY: WITH SPONDYLOLISTHESIS 
Cigna covers a single level lumbar fusion as medically necessary for EITHER of the following post-
surgical conditions when there is an associated spondylolisthesis (i.e., anterolisthesis):  
 

• recurrent disc herniation,  when it has been at least 3 months from the previous surgery    
• adjacent segment degeneration, when it has been at least 6 months from the previous surgery  
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and ALL of the following criteria are met:  
 

• recurrent symptoms consistent with neurological compromise  
• clinically significant functional impairment (e.g., inability to perform household chores or prolonged 

standing, interference with essential job functions) 
• neural compression is documented by recent appropriate post-operative imaging  
• failure of three (3) consecutive months of physician-supervised conservative management including 

exercise, nonsteroidal and/or steroidal medications (unless contraindicated), physical therapy and 
activity lifestyle modification 

• anterolisthesis (anterior translation of the vertebra on the adjacent vertebra below) and either a Grade 1 
spondylolisthesis or anterior segmental instability (e.g., 4mm displacement of the involved vertebra on 
the adjacent vertebra below)  

• individual experienced some relief of pain symptoms following the prior spinal surgery 
• the individual is a nonsmoker, or in the absence of progressive neurological compromise will refrain 

from use of tobacco products for at least 6 weeks prior to the planned surgery  
 

LUMBAR FUSION FOLLOWING PRIOR SPINAL SURGERY: WITHOUT SPONDYLOLISTHESIS 
Cigna covers single level lumbar fusion as medically necessary for treatment of symptomatic adjacent 
or same segment disc degeneration following prior spinal surgery (e.g.,  discectomy, laminectomy), in 
the absence of spondylolisthesis, when ALL of the following criteria have been met:   
 

• unremitting pain and significant functional impairment for at least 12 months that persists despite at 
least six (6) consecutive months of  structured*, physician-supervised conservative medical 
management, which includes ALL of the following components 
 exercise, including core stabilization exercises 
 analgesics, nonsteroidal anti-inflammatory medication, unless contraindicated  
 physical therapy, including passive and active treatment modalities 
 activity/lifestyle modification 

• single level degenerative disc disease, demonstrated on appropriate imaging studies (i.e., computerized 
tomography [CT] scan, magnetic resonance imaging [MRI], or discography) as the likely cause of pain 

• documentation from a primary care physician, neurologist, physiatrist, psychiatrist or psychologist, 
indicating BOTH of the following: 
 the absence of untreated, underlying psychological conditions/issues (e.g., depression, drug and 

alcohol abuse) as a contributor to chronic pain  
 a statement indicating that the individual has completed a course of cognitive behavior therapy 

(e.g., 8-10 sessions, face-to-face interaction, may also include group sessions, is problem 
focused/ action oriented) 

• the individual is a nonsmoker, or in the absence of progressive neurological compromise will refrain 
from use of tobacco products for at least 6 weeks prior to the planned surgery  

 
*Note: Structured medical management consists of medical care that is delivered through regularly 
scheduled appointments, including follow-up evaluation, with licensed healthcare professionals.  

 
LUMBAR FUSION FOLLOWING PRIOR SPINAL SURGERY: PSEUDOARTHROSIS 
Cigna covers single level lumbar fusion as medically necessary for the treatment of pseudoarthrosis 
(i.e., nonunion of prior fusion) at the same level when it has been at least 12 months from the prior 
surgery and ALL of the following criteria are met: 
  

• imaging studies confirm evidence of a pseudoarthrosis (e.g., radiographs, CT)   
• failure of three (3) consecutive months of physician-supervised conservative management which 

includes exercise, nonsteroidal and/or steroidal medications (unless contraindicated), physical therapy 
and activity lifestyle modification 

• the individual experienced some relief of pain symptoms following the prior spinal surgery 
• the individual is a nonsmoker, or in the absence of progressive neurological compromise will refrain 

from use of tobacco products for at least 6 weeks prior to the planned surgery  
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LUMBAR FUSION NOT COVERED  
Cigna does not cover lumbar fusion for ANY of the following indications because it is considered not 
medically necessary: 
 

• with initial primary laminectomy/discectomy for nerve root decompression or spinal stenosis in the 
absence of spondylolisthesis 

• treatment of spinal stenosis in the absence of spondylolisthesis or spinal instability 
• chronic low back pain without a clear cause demonstrated on imaging studies 

 
Cigna does not cover ANY of the following because each is considered experimental, investigational or 
unproven: 
 

• lumbar fusion for treatment of multiple-level (i.e., >1 level) degenerative disc disease  
• ANY of the following surgical techniques/devices used for lumbosacral surgery: 

 anterior interbody fusion or implantation of intervertebral body fusion devices using a laparoscopic 
approach 

 minimally invasive approaches using only indirect visualization ( e.g., endoscopic fusion, 
percutaneous fusion [video imaging])  

 pre-sacral interbody approach, including axial interbody approach [AxiaLif®]) (CPT codes 22586, 
0195T, 0196T, 0309T) 

 interlaminar/ interspinous lumbar instrumented fusion (e.g., ILIF™) 
 dynamic spine stabilization device systems (e.g., Dynesys® , Stabilimax NZ®)  
 total facet arthroplasty, including Total Facet Arthroplasty System™ 
 isolated facet fusion, with or without instrumentation, including allograft bone graft substitutes 

used exclusively as stand-alone stabilization devices (e.g., TruFuse® [any level], NuFix™ [any 
level]) (CPT codes 0219T, 0220T, 0221T, 0222T)  

 posterior non-pedicle supplemental fixation devices (e.g., Affix™, Aspen™ Spinous Process 
Fixation System) (CPT codes 22899, 22840, HCPCS code L8699) 

 
       *Note: Please refer to the Cigna Medical Coverage Policy Bone Graft Substitutes for Use in Bone 

Repair for additional information regarding bone graft substitutes.  
 
SACROILIAC (SI) JOINT FUSION 
Cigna covers sacroiliac joint fusion as medically necessary when ALL of the following criteria are met:  
 

• appropriate imaging studies demonstrate localized sacroiliac joint pathology  
• the individual is a nonsmoker, or in the absence of progressive neurological compromise will refrain 

from use of tobacco products for at least 6 weeks prior to the planned surgery  
• ANY of the following:  

 post-traumatic injury of the SI joint (e.g., following pelvic ring fracture)    
 as an adjunctive treatment for sacroiliac joint infection or sepsis 
 management of sacral tumor (e.g., partial sacrectomy) 
 when performed as part of multisegmental long fusions for the correction of spinal deformity (e.g., 

idiopathic scoliosis, neuromuscular scoliosis) 
 
Cigna does not cover sacroiliac joint fusion for ANY other indication, including the following, because it 
is considered experimental, investigational or unproven: 
 

• mechanical low back pain 
• sacroiliac joint syndrome 
• degenerative sacroiliac joint 
• radicular pain syndromes 

 
Cigna does not cover percutaneous or minimally invasive sacroiliac joint stabilization (e.g., iFuse 
Implant System™) for sacroiliac joint fusion (CPT 0334T) for ANY indication because it is considered 
experimental, investigational or unproven.  
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General Background 
 
Low back pain affects approximately 90% of the U.S. population at some point in their lives and may be caused 
by a wide variety of conditions, although in some cases no specific etiology is identified. Age-related 
intervertebral disc degeneration, typically resulting in degeneration of the discs themselves, facet joint arthrosis 
and segmental instability, is a leading causative factor (Kwon, et al., 2003). Conservative management typically 
consists of rest, exercise, analgesics, local injections, lumbar bracing and physical therapy. Generally, 
conservative therapy is not recommended in the presence of progressive neurological deficits, when spinal 
fracture or dislocation is unstable or for progressive spinal deformity. When conservative management is 
attempted and fails, surgery may be required for conditions with underlying pathology as determined by 
radiological findings. 
 
Lumbar fusion, also referred to as lumbar arthrodesis, is a well-established method of treatment for infectious 
conditions of the spine (e.g., spinal tuberculosis). It has also been considered the standard treatment for 
progressive spinal deformities (e.g., scoliosis) and traumatic injuries. Lumbar fusion is currently a proposed 
method of surgery to control low back pain attributed to abnormal or unstable vertebrae and pain due to 
mechanical degeneration of the intervertebral disc. Additionally, lumbar fusion is performed for clearly defined 
spinal instability. Although somewhat controversial, these indications have been expanded to include pain from 
degenerative disorders without deformity or neurological deficit. The success rate of lumbar fusion surgery in 
patients with clearly identified pathology is 70% to 90%, the success rate outcomes are lower in patients who 
have fusion for backache and common degenerative changes alone (Firestein, 2008). A less stringent approach 
to patient selection is warranted for conditions where the literature clearly supports improvement in pain and 
disability, for controversial conditions patients should be more carefully selected.  
 
Arthrodesis is usually performed for conditions that involve only one vertebral segment; however it is necessary 
to fuse two segments in order to stop movement, which is referred to as a single level fusion. The general 
consensus in the medical literature is that the addition of multiple levels increases the complexity of the surgery 
and risks compared to single-level fusion. It has been reported in the literature that rate of nonunion 
(pseudoarthrosis) increases with multilevel fusions. Lumbar fusion of more than two segments (single level), is 
not typically recommended, particularly for degenerative disease, and is unlikely to reduce pain, as it removes 
normal motion in the lower back and may cause strain on other remaining joints. Added stress on nearby 
vertebrae can accelerate the degenerative process. 
 
Specific patient selection guidelines for lumbar fusion have not been well-defined in the medical literature. 
Factors to be considered are the patient’s history, physical exam, and response to conservative measures, 
psychosocial profile, diagnostic test results, and the physician's expertise. Patients should be educated 
regarding alternative treatments, benefits and associated risks in order to allow for realistic expectations after 
surgery. Co-morbidities may adversely affect clinical outcomes and fusion success; as a result these conditions 
should be evaluated and treated prior to surgery. Procedures that result in minimal disruption of tissue, restore 
the normal mechanics and physiology of the spine, and are not associated with adverse short- or long-term 
effects should be considered as treatment options (Hanley, David, 1999). 
 
Tobacco use is considered a risk factor for poor healing and is associated with nonunion. It is well-established 
that smoking is a preventable cause of morbidity and mortality. Deyo et al. evaluated trends and complications 
in adults who underwent lumbar fusion for spinal stenosis and noted that not only did major complications 
increase with increased comorbidity, but that there was a substantially greater risk among those with chronic 
lung disease compared to those without (Deyo, et al., 2010). Particularly with spinal fusion, tobacco use has 
been associated with increased risk of pseudoarthrosis (Brown, et al., 1986). Anderson et al. (2010) reported 
that smoking negatively affects fusion mass and furthermore; smoking results in lower bone mineral density, 
particularly in the spine. In addition, tobacco use has been associated with poorer clinical outcomes such as 
less pain relief, poorer functional rehabilitation and less overall patient satisfaction (Vogt, et al., 2002). The 
American Academy of Orthopedic Surgeons (AAOS) strongly recommends avoiding use and exposure to 
tobacco products due to the severe and negative impact on the musculoskeletal system including the bones, 
muscle, tendons and ligaments (AAOS, 2010).  Lumbar fusion is in most situations an elective surgery; it is 
strongly recommended that individuals be in the best physical condition prior to undergoing surgery.  A policy 
statement published by the International Society of Advancement for Spine Surgery (ISASS, 2011) indicates 
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that while undergoing conservative care prior to surgery smokers should be encouraged to stop smoking as 
smoking aggravates low back pain, is a risk factor for multiple systemic health problems, and increases the risk 
from poor outcomes of spine surgery (ISASS, 2011). Cessation of smoking has been shown to increase fusion 
rates to near those of nonsmokers (Anderson et al., 2001). Various tests are available for evaluation of tobacco 
use status or exposure.  
 
Psychological assessment and treatment as part of a multi-disciplinary approach to conservative pain 
management is increasingly common. Authors have recommended psychological screening, and treatment if 
applicable, of patients with low back pain prior to surgery for identification of risk factors that may be associated 
with chronic disability. In some cases, risk factors, such as drug or alcohol abuse and depression, may 
aggravate the condition and act as a barrier to recovery following spinal fusion (Washington State Department of 
Labor and Industries, 2002; Hanley, David, 1999; Tang, et al., 2001).  
 
There is no consensus in the published scientific literature regarding the optimal duration for conservative 
treatment prior to surgical intervention for low back pain; recommendations range from at least three months to 
greater than 12 months (Herkowitz, Sidhu, 1995; Hanley and David, 1999; Tang, et al., 2001; Washington State 
Department of Labor and Industry, 2002; Kwon, et al., 2003). Nevertheless, despite varying recommendations, 
fusion for chronic degenerative discogenic related back pain, without instability and neural compression, is 
considered an option when all other established treatments have failed to improve the patient’s symptoms.  
 
Surgery for discogenic low back pain without instability or neural compression has lower success rates 
compared to those conditions with instability. Spinal instability generally implies a nonspecific mechanical failure 
of the spine that leads to back pain and is often the result of degenerative disc disease. While there is no 
consensus regarding the definition of lumbar spine instability it may be defined based on an interpretation of 
radiographs, some authors estimate instability as at least 3–4 mm or greater translation and greater than 10–15˚ 
of relative angulations between adjacent levels (Kwon, et al., 2003; Tang, et al., 2001; Hanley and David, 1999; 
Fritz, et al., 1998; Sonntag and Maricano, 1995). However, some authors stress the greater importance of 
defining the actual clinical significance of the instability and whether the fusion will relieve symptoms. According 
to the North American Spine Society (2001), most spinal surgeons agree that instability of one or more vertebral 
segments is an indication for fusion.   
 
The primary tools utilized for diagnosing instability are a combination of plain radiographs with flexion and 
extension views, magnetic resonance imaging (MRI), computed tomography (CT) scans, and provocative 
discography.  
 
Facet syndrome as a cause of low back pain is less common than degenerative disc disease and is not a clearly 
identified source of back pain. Facet joints are the articulations or connections between the vertebrae. 
Nociceptive nerve fibers have been identified in the facet joint capsules, in synovial tissue and in pericapsular 
tissue. It is hypothesized that increased motion and instability of the motion segments can lead to stress on the 
facet joint capsule, ultimately leading to the production of pain. Pain is characterized as worsening in extension 
and easing with flexion; it may radiate to the lateral buttock and thigh. Facet blocks have been the suggested 
treatment of choice and in some cases have been used as diagnostic criteria for patient selection. However, 
inconsistent outcomes have been reported (Esses, Moro, 1993; Lovely, Rastogi, 1997). Fusing the joints has 
been suggested as a treatment modality; however lumbar fusion for facet syndrome is no longer generally 
accepted (International Society for the Advancement of Spine Surgery, [ISASS], 2011). According to the ISASS 
(2011) the surgery should only be performed in the context of a clinical trial.  
 
Indications: Lumbar Fusion for Instability  
Conditions for which lumbar fusion has been proposed and have resulted in improved clinical outcomes include 
iatrogenic instability, lumbar stenosis, degenerative spondylolisthesis, progressive degenerative scoliosis, and 
pseudoarthrosis.  
 
Spinal Deformity: Spinal deformity typically refers to any malalignment of the spine regardless of the etiology. 
Treatment for deformity is based on the individual’s symptoms and extent of deformity; criteria such as 
progression of curve, presence of symptoms and functional impairment, disability, response to conservative 
care and patient counseling as indicated are factors to be considered. In skeletally mature adults, surgical 
treatment of asymptomatic deformity is not medically necessary.  
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Iatrogenic Spinal Instability/Spinal Stenosis: Spinal instability may result from spinal stenosis that involves a 
narrowing of the spinal canal, nerve root canals, or intervertebral foramina due to spondylosis and degenerative 
disc disease, along with facet degeneration. It is a part of the aging process and is frequently seen in patients 
age 50 and older. Symptoms typically include low back pain, radiating leg pain and possible bladder and bowel 
difficulties. Central stenosis involves the area between the facet joints, the lateral recess involves the area at the 
lateral border of the dura and extends to the medial border of the pedicle, the foraminal region is ventral to the 
pars. Diagnostic imaging generally includes computed tomography (CT) scans, magnetic resonance imaging 
(MRI) and/or myelography. In the absence of a neurologic deficit, when conservative measures fail to relieve 
symptoms (back pain, sciatica), surgical treatment involves decompression (laminectomy) of the stenotic 
segments and correction of any associated deformity such as disc herniation, spondylolisthesis, scoliosis, or 
multidirectional malalignment. Neurological symptoms improve significantly following surgery however back pain 
may still be present, primarily due to pre-existing degenerative changes.  
 
Fusion is indicated only if there is radiographic evidence of instability (e.g., spondylolisthesis). Spinal instability 
associated with stenosis may arise intraoperatively; cases of severe stenosis require more extensive 
decompression (i.e., complete facetectomy or resection of pars interarticularis creating a pars defect), which 
may destabilize the spine. According to a policy statement published by ISASS (2011) on lumbar fusion surgery 
is indicated when an adequate decompression for the treatment of spinal stenosis requires creation of a pars 
defect or removal of either 75% of one facet joint or 50+% of both facet joints. Nonetheless, while lumbar fusion 
may be indicated to avoid postoperative instability in some situations (e.g., revision decompression surgery) 
iatrogenic instability generally does not result from primary routine decompression or laminectomy for treatment 
of spinal stenosis or disc herniation.   
 
The North American Spine Society (NASS) published evidence based guidelines for the diagnosis and 
treatment of degenerative lumbar spinal stenosis in 2007 (NASS, 2007). According to the guidelines regarding 
the results of medical/interventional management of spinal stenosis:  

• Of patients with mild to moderate lumbar spinal stenosis initially receiving medical/interventional 
treatment and followed for two to 10 years, approximately 20-40% will ultimately require surgical 
intervention. Of the patients who do not require surgical intervention, 50-70% will have improvement in 
their pain. 

• In patients with severe symptoms of lumbar spinal stenosis, decompressive surgery alone is effective 
approximately 80% of the time. 

• In patients with lumbar spinal stenosis and spondylolisthesis, decompression with fusion results in better 
outcomes than decompression alone. 

• Of patients with lumbar spinal stenosis without spondylolisthesis or instability, there is no evidence to 
support the addition of a fusion. 

 
Spondylolisthesis: Spondylolisthesis is a condition that involves the anterior translation of one vertebral 
segment over the next. More specifically, anterolisthesis is an anterior translation of the vertebrae and occurs 
most commonly, however it may also occur in a posterior direction (retrolisthesis) or lateral direction 
(laterolisthesis). According to Vokshoor and Keenan (2012) it most commonly occurs at the lumbosacral junction 
with L5 slipping over S1.  Based on etiology it is classified into 5 types: congenital or dysplastic, isthmic, 
degenerative, traumatic, and pathologic. It may be caused by chronic disc degeneration and/or facet 
degenerative changes (i.e., degenerative spondylolisthesis, most commonly L4-L5), segmental-rotational 
instability, or trauma (i.e., acute fracture). Isthmic spondylolisthesis typically occurs as a result of an anatomic 
defect in the pars, usually at level L5-S1. As the vertebra slips forward, the spinal nerves may be pinched, 
resulting in symptoms. Diagnosis is confirmed by radiography (standing, flexion-extension lateral views) which 
reveals instability when there is 4-5 mm of translation; CT and MRI (Canale, Beaty, 2007). Stabilization of the 
spinal segment and decompression of the neural elements if needed are the primary goals of surgery. 
 
The grade of spondylolisthesis is determined by the degree of slippage of the vertebral body.  A commonly 
adopted method of grading spondylolisthesis is the Meyerding classification as follows (Torg, 2009):   
 

• Grade I: slippage 0% to 25%  
• Grade II: slippage 26% to 50%  
• Grade III: slippage 51% to 75%  
• Grade IV: slippage  75% to 100%  
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• spondyloptosis : > 100 %  
 
Although conservative measures should be tried and exhausted first, surgical treatment may be indicated for 
progressive neurological deficit, cauda equina compression with leg weakness, sensory loss, or bowel and 
bladder incontinence; and persistent and severe back and leg pain despite aggressive conservative treatment 
(Spinelli, Rainville, 2008). In some individuals, the condition may be stable without neurological compromise.  
 
Spondylolysis: Spondylolysis is a bone defect in the pars interarticularis; the isthmus or bone bridge between 
the inferior and superior articular surfaces of the neural arch of a single vertebrae, most often the result of a 
stress fracture nonunion. The condition is an acquired condition, occurs commonly at a young age and may 
occur with or without spondylolisthesis. The main presenting symptom is back pain which is often nonspecific. In 
children conservative treatment involves orthotic bracing, activity modification and physical therapy. In adults 
treatment involves education, analgesics and NSAIDS, exercise and rapid return to activities. Once 
spondylolisthesis occurs healing of the pars is unlikely. Surgery is indicated when there is progressive 
neurological deficit, cauda equina compression, or persistent severe leg and back pain despite aggressive 
conservative management (Spinelli, Rainville, 2008).  
 
Degenerative Scoliosis: Degenerative scoliosis is characterized by degeneration of the facets and discs, which 
leads to spinal curvature. Curve progression or lateral listhesis may imply instability and result in back and leg 
pain (e.g., claudication and radiculopathy). Although most patients can be treated conservatively, researchers 
agree that surgery is indicated when conservative measures fail and when there is progression of the deformity, 
neurogenic claudication, and/or neurological deficits. In degenerative scoliosis, the curvature in the lumbar or 
thoracolumbar spine is often less than 40˚. In cases of minimal stenosis (<25–30˚), a simple laminectomy 
decompression yields favorable results. In cases of excessive resection of bone, fusion is recommended at the 
level of destabilization. If patients have more pronounced deformities with any degree of lateral listhesis, a 
fusion may be performed at the time of decompression (Gelalis, Kang, 1998). 
 
Pseudoarthrosis: Pseudoarthrosis is failure of osseous bridging within the fusion mass. It is generally 
confirmed by radiograph or CT scan at least one year after the fusion. One factor associated with increased risk 
of pseudoarthrosis is smoking (Brown, et al., 1986). In addition, it has been reported in several studies that the 
incidence of nonunion increases with the greater number of segments fused. Tang et al. (2001) reported that the 
rate of nonunion for three-level arthrodesis may be higher in comparison to single-level arthrodesis. 
Pseudoarthrosis does not always cause symptoms but is generally suspected as a cause of intractable back 
pain in patients who initially had pain relief after a lumbar fusion. Radiographic studies typically indicate lucency 
and movement at the previous fusion site.   
 
Flat-back Syndrome: Flat-back syndrome is a spinal condition that is associated with loss of normal lordosis 
and is often the result of prior spinal surgery involving distraction instrumentation but may also occur as a result 
of aging (e.g., degenerative). Sagittal imbalance results in back pain;  a forward tilting of the trunk and inability to 
stand erect are characteristic of the condition as well as muscle fatigue from trying to compensate for loss of the 
sagittal balance. The goal of treatment is to restore balance and relieve pain. Short term relief may be obtained 
with nonsteroidal anti-inflammatory medications, exercise, physical therapy and activity modification.  If the 
patient remains symptomatic or if the imbalance is progressive resulting in neurological compromise, surgical 
intervention is indicated. When surgical intervention is indicated spinal fusion may be required to restabilize the 
spine in addition to osteotomy.   
  
Lumbar Fusion in the Absence of Instability 
Degenerative Disc Disease: Degenerative disc disease (DDD) is considered a normal part of the aging 
process. Clinical symptoms are typically consistent with mechanical back pain, which is aggravated by activity 
and relieved by rest. Determining if a disc is the primary source of pain is challenging and treatment, particularly 
surgical, is considered controversial for this indication (Tang, et al., 2001; Deyo, et al., 2004). Discography can 
be useful in determining the location of pain but does not determine instability, and some authors have 
questioned the diagnostic utility of this procedure. In contrast to conditions resulting in instability, DDD is 
described as axial spine pain with no or minimal abnormalities of spinal alignment or disc contour. Primary 
treatment is nonsurgical and involves education regarding the disease process, activity modification, muscle 
strengthening and analgesics (e.g., nonsteroidal anti-inflammatory, local injection) as needed. Surgery may be 
indicated if conservative measures fail and disc disease is limited to a few lumbar segments. Evidence 
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supporting lumbar fusion however, as a method of treatment for DDD is limited, and few well-designed clinical 
studies have supported arthrodesis as superior to nonoperative therapy for improving clinical outcomes 
(Resnick, et al., 2005). Surgery leads to improvement in only 65% of cases, 35% are no better or worse with 
respect to axial spine pain. Moreover, despite improvement after surgical treatment patients continue to have 
activity limitations caused by pain and stiffness. Lumbar fusion is associated with more risks than conservative 
treatment, and when compared to structured rehabilitation and behavioral therapy programs there is no 
meaningful difference in clinical outcomes (e.g., pain relief, functional improvement). Authors stress the 
importance of accurate patient selection and identification of the source of pain.  
 
Literature Review:  Few randomized controlled clinical trials have compared lumbar fusion to nonoperative 
care in the published medical literature. There is limited evidence demonstrating patients with chronic low back 
pain treated with surgery have better clinical outcomes when compared to standard conservative management 
(Fritzell, et al., 2001). When comparing intense rehabilitation and cognitive therapy to lumbar fusion, the 
reported clinical outcomes demonstrate lumbar fusion is no more effective than intense rehabilitation combined 
with cognitive therapy (Brox, et al., 2010; Mirza, et al., 2007;  Brox, et al., 2006; Fairbank, et al., 2005; Brox, et 
al., 2003; Ibrahim, et al., 2001). Follow-up within these randomized controlled clinical trials and systematic 
reviews ranged from one to four years following surgery, with patient populations that range from 60 to 394 
participants. One study was a merged RCT and reported on combined data from the Brox studies (2003, 2006) 
at four year follow-up (Brox, et al., 2010). The main outcome measured was the ODI score in most of the 
studies; some used VAS and SF-36 as a supplemental measure. The intensive rehabilitation program varied in 
length and type of treatment among studies; however it generally included regularly scheduled physical therapy, 
cognitive  behavioral therapy, spine stabilization exercise, coping strategies, education regarding activity 
modification, and daily hydrotherapy (in some centers).   

 
Cognitive behavioral therapy in the context of management of chronic back pain focuses on identifying and 
correcting negative thoughts and behaviors to reduce the occurrence of pain. In a more general sense, cognitive 
therapy typically includes instruction about the disease process, instruction regarding how choices related to 
stress, actual physical activity, and adherence impacts the disease process, as well as impacting pain and 
disability. There is also emphasis on developing specific strategies to successfully manage fear, anxiety and 
sadness related to the condition.  Provided by an experienced licensed healthcare professional, cognitive 
behavioral therapy assists an individual in developing positive thoughts and behaviors that improve coping 
strategies. In general, duration of therapy is short-term, involves weekly sessions for eight to 10 weeks.  In 
relation to the published clinical trials evaluating fusion for treatment of DDD, treatment sessions included 
instructional sessions regarding the disease process, which included but was not limited to pain receptors, facet 
joints, and muscle involvement. Additionally, subjects were encouraged to use their backs, to bend and to not be 
too cautious. The information was reinforced through various types of sessions which included individual, group 
discussions and lectures at various points in time.   
 
In 2001 Fritzell (n=294) reported that in a well-informed and carefully selected group of patients with chronic low 
back pain, at two year follow-up, lumbar fusion was significantly superior compared to nonsurgical treatments, 
which included physical therapy, education, treatment aimed at pain relief, cognitive and functional training, and 
coping strategies.  The authors acknowledged there was still considerable pain at two years in the surgical 
group, although the pain was reduced.  It is uncertain if the results at two years were maintained over time. The 
results of a meta-analysis (Ibrahim et al., 2001) indicate spinal fusion for chronic low back pain did show a 
marginal improvement in the ODI scores compared to nonsurgical intervention, however surgery was found to 
be associated with a significant risk of complications; the evidence did not support routine fusion for the 
treatment of chronic pain. When comparing lumbar fusion with cognitive intervention and exercise, Brox et al. 
(2003) reported at one year follow-up the ODI was significantly reduced from 41 to 26 after surgery, compared 
with 42 to 30 after cognitive intervention and exercise. The overall surgical success rate was 70% with the 
cognitive intervention with exercise success rate of 76%. The main outcome measure indicated equal 
improvement in both groups. In 2005 Fairbanks and colleagues compared lumbar fusion to intense 
rehabilitation. Both groups reported reduction in disability at two year follow-up. The surgery groups ODI score 
improved significantly more than in those allocated to rehabilitation, although clinically the difference was small 
when considering risks and additional costs of surgery. Brox et al. (2006) reported that ODI was significantly 
improved from 47 to 38 after fusion and from 45 to 32 after cognitive rehabilitation. The reported success rate in 
the fusion group was 50% versus 48% in the cognitive intervention group. In the authors’ opinion, lumbar fusion 
failed to show any benefit over cognitive intervention. When reporting four year follow-up from two merged 
RCTs, Brox and associates (2010) noted long-term improvement was not better after instrumented fusion; 
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lumbar fusion was not superior when compared to cognitive intervention and exercise for relieving symptoms, 
improving function or return to work.  
 
Carreon et al. (2008) published a systematic review of 25 studies and evaluated lumbar fusion and nonsurgical 
interventions for various degenerative spine disorders. Nonsurgical care included exercise, manual treatment 
cognitive intervention, facet injections, intradiscal steroid injections, and acupuncture. The authors noted that 
patients with DDD had the worst disability and had considerable improvement in ODI after surgery and minimal 
improvement after nonsurgical interventions. Patients with spondylolisthesis had more substantial improvement 
in ODI after posterior fusion, compared to other approaches. Patients with chronic low back pain in any study 
group did not improve as much as patients in any study group except for patients with DDD treated 
nonsurgically. In this group of patient’s issues such as lack of definite cause to back pain, chronicity of the 
disease, and compensation and litigation may play a significant role in outcomes. The reviewed studies had 
variances in characteristics with potential for inherent bias regarding treatments. In the authors opinion proof of 
efficacy for fusion and nonsurgical treatment remains unclear.  
 
In 2007 ECRI conducted a health technology assessment evaluating spinal fusion and discography for chronic 
back pain and uncomplicated lumbar DDD (ECRI, 2007). According to this assessment ECRI concluded the 
following: 

• The evidence is insufficient to support lumbar fusion is more effective (to a clinically meaningful degree) 
than nonsurgical treatments (intensive exercise and rehabilitation plus cognitive behavioral therapy) in 
patients with and without prior surgery.  

• Lumbar fusion leads to significantly higher rates of early adverse events compared to non-intensive 
physical therapy or intensive exercise/rehabilitation plus CBT.  

• No adverse events occurred in patients who only received non-operative care. Most of the reported 
adverse events could not have occurred in patients who did not undergo surgery. 

• The adverse events most frequently reported included reoperation, infection, device related 
complications, neurologic complications, thrombosis, bleeding/vascular complications, and dural injury.  

• The evidence was insufficient to determine what patient characteristics are associated with differences 
in the benefits and adverse events of lumbar fusion surgery. 

 
Clinical outcomes for lumbar fusion as a method of treatment for uncomplicated DDD are comparable to those 
of intense rehabilitation including cognitive therapy.  The goal of lumbar fusion is to improve function; reducing 
pain and disability. Fusion rates have not been clearly established, although evidence suggests the rate is lower 
for uncomplicated DDD. Individuals often continue to have some degree of back pain following surgery, and 
some require a second surgery.  Nevertheless, for carefully selected individuals with an identified pain 
generator, lumbar fusion may be considered a viable treatment option for DDD when all other treatment options 
have failed to provide pain relief.    
 
Standard Surgical Approaches   
Standard surgical approaches, well-accepted in the scientific literature, which may or may not involve 
instrumentation, include posterior approach, anterior approach or a lateral approach.  
 
Fusion may be performed alone or in combination with other procedures such as decompression (e.g., 
discectomy, corpectomy) or laminectomy. Discectomy involves removal of the intervertebral disc, either partial 
or complete. Corpectomy involves resection of the vertebral body, either partial or complete. According to 
NASS, a corpectomy of the lumbar spine, when performed with anterior spinal decompression, involves removal 
of at least one-third of the vertebral body (NASS, 2007). Laminectomy involves removal of the posterior arch of 
the vertebra. 
 
Correlating laboratory findings with presence of symptoms, selection of appropriate candidates and determining 
the ideal surgical intervention are challenges addressed by several authors in the medical literature evaluating 
lumbar fusion. Much of the evidence consists of randomized trials, both prospective and retrospective case 
series, observational studies and published systematic reviews and meta-analysis (Hanley and David, 1999; 
Gibson, et al., 1999; Fritzell, et al., 2001; Fritzell, et al., 2002; Brox, et al., 2003; Sengupta, 2004; Gibson and 
Waddell, 2005; Weinstein, et al., 2007). In many of the studies the reported clinical outcomes, specifically 
improvements in pain and function, are mixed. There are some data however, to support a comparative benefit 
with surgical treatment (Fritzell, et al., 2001; Resnick, et al., 2005; Gibson, Waddell, 2005; Weinstein, et al., 
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2007). Successful fusion rates vary but have been reported to be as high as 100% postoperative; however, 
patients with successful fusion may still have continued pain and disability. After a spinal fusion, approximately 
10% of all patients experience problems such as nonunion, loss of spinal curvature and loss of flexibility. 
Controversy regarding the subsequent degeneration of adjacent segments currently remains. Although efficacy 
for some indications is unclear, despite these confounding variables lumbar fusion using a standard approach is 
considered an established method of treatment for various spinal conditions.  
 
Posterolateral Arthrodesis: Posterolateral arthrodesis with autograft is the most commonly performed 
technique and joins the vertebrae by the transverse processes. This method utilizes an approach from the back 
through a midline incision and involves placing bone graft in the posterolateral portion of the spine. In addition, 
posterolateral arthrodesis typically involves fusion of the facet joint. This area of the spine is very vascular and, 
as a result, bone regrowth is enhanced. As the bone graft grows, it adheres to the transverse processes and 
spinal fusion is achieved, stopping the motion that might stimulate a pain response. The outcomes of 
posterolateral arthrodesis for discogenic back pain have not been favorable, however. For discogenic back pain, 
interbody arthrodesis better addresses the site of the pain generator.   
 
Posterior Lumbar Disc Excision and Interbody Arthrodesis: This method, which involves excision of the 
disc with interbody arthrodesis (joins the vertebrae by the body), is hypothesized to remove the source of pain 
and to prevent motion. It achieves spinal fusion with the insertion of an implant (e.g., cage) or bone graft directly 
into the disc space under a compression load which supports bone healing. The bone graft will ultimately 
stimulate a response that causes bone to grow between the two vertebral bodies. The bone growth then stops 
the motion at that particular segment. This type of fusion is often supplemented by a posterolateral fusion. 
 
Transforaminal Lumbar Interbody Fusion: Transforaminal lumbar interbody fusion (TLIF), performed through 
an open technique, is also performed through a posterior approach. Access to the spine is through the foramen 
which is enlarged by removal of surrounding bone. The bone graft is inserted into the disc space from the side 
and includes removal of the facet joint and part of the lamina (on the side) promoting insertion of a 
biomechanical device or bone graft (joins vertebrae on one side only). In contrast to posterior lateral interbody 
fusion, this approach reduces the need for retraction of spinal nerves and may reduce the risk of scarring or 
damage to the nerves.  
 
Anterior Lumbar Disc Excision and Interbody Fusion Arthrodesis: The anterior lumbar disc excision and 
interbody fusion is similar to the posterior approach, except that the disc space is fused by approaching the 
spine through the abdomen instead of the lower back. It is most often used in cases of one-level disc disease 
where there is minimal instability. This method has been associated with fairly high nonunion rates, although it 
does not disturb the back muscles or nerves. As in the posterior interbody fusion, the bone graft is placed in the 
intervertebral disc space under a compression load. Researchers have reported that placing the bone graft in 
front of the spine leads to better fusion. A stand-alone anterior interbody fusion is often supplemented with a 
posterior fusion or anterior plate fixation secondary to limited pain relief that may occur with anterior interbody 
fusion alone. 
 
Anterior/Posterior Lumbar Fusion: The anterior/posterior lumbar fusion is an approach from both the front 
and back of the spine. It is usually performed on patients who have a high degree of spinal instability (e.g., 
fractures) or for revision surgery, although it may be used as a primary technique in patients with disabling low 
back pain. Fusion of both the front and back eliminates all potential sources of pain and provides a high degree 
of stability and a large surface area for fusion to occur. While this method does lead to a very high fusion rate, 
there are increased risks as a result of the extensiveness of the surgery. 
 
Lateral Interbody Fusion (Direct Lateral [DLIF], Extreme Lateral [XLIF®]) 
Open lateral approaches have historically been considered a well-established method of performing spinal 
surgery for indications such as treatment of spinal tumors or fractures. Lateral interbody fusion differs from 
standard approaches in that the spine is approached from the side (lateral), rather than through the abdominal 
cavity (anterior) or the back (posterior). During a direct lateral or extreme lateral approach, a narrow 
passageway is created through the underlying tissues and the psoas muscle using tubular dilators, without 
cutting the muscle; which is the major difference between the open approach and lateral approach. The 
interbody device and bone graft are inserted via the tubular dilator. Neuromonitoring is performed for 
identification of spinal nerve roots. In some cases, it is necessary to remove part of the iliac crest. The 
procedure is generally indicated for interbody fusion at the lower levels of the spine (e.g., L1-L5 levels) and is 
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considered a modification to the lateral retroperitoneal approach utilized for other spinal surgery and an 
alternative to posterior lumbar interbody fusion (PLIF), transforaminal lumbar interbody fusion (TLIF). Only those 
vertebrae of the spine that have clear access from the side of the body can be approached using this technique. 
The procedure is generally contraindicated for L5-S1 levels. The XLIF and DLIF systems are instrumentation 
systems and not implantable devices.  
 
Other terms seen in the medical literature in reference to this approach involve two retractor systems, DLIF 
(Sofamor Danek, Medtronic, Memphis, TN) and XLIF® (Nuvasive, San Diego, CA). Lateral interbody fusion may 
also be referred to as the trans-psoas approach or lateral extracavitary lumbar interbody fusion. In theory, a 
lateral interbody fusion is considered minimally invasive/disruptive, reduces complications, avoids the major 
blood vessels, and only requires small 3–4 cm incisions. Limitations of the approach include potential injury to 
the lumbar plexus.  
 
Literature Review: Evidence in the published literature addressing the safety and efficacy of lateral interbody 
fusion for degenerative lumbar conditions is limited to feasibility studies (Bergey, et al, 2004; Ozgur, et al., 
2006), a prospective chart review compared to a historical cohort (Knight, et al., 2009), prospective case series 
(Rodgers, et al., 2010b), retrospective reviews (Ozgur, et al., 2010; Rodgers, et al., 2010a) and few early case 
reports. Although limited, the published evidence lends some support to improved technical outcomes, such as 
shorter length of hospital stay, operative time and less blood loss. Some improvements in pain using VAS 
scores with XLIF procedures have been reported.  
 
While the approach for lateral interbody fusion may be considered a modification to an accepted lateral 
approach for spinal surgery in general, there are few published studies examining clinical outcomes, such as 
functional ability and successful fusion rates, following DLIF/XLIF procedures. Rodgers et al. (2010b) reported 
the results of a prospective case series (n=66) evaluating radiographic and computed tomography (CT) 
assessment of interbody fusion 12 months following XLIF. A total of 97% of patients were judged fused by CT; 
by radiograph criteria 98.4% of patients were judged as fused.  On average, there was an 80% reduction in 
pain, listhesis improved by 75%, and patient satisfaction was high at 89.4%.  There were no reoperations due to 
pseudoarthrosis. This group of authors noted that with a traditional open approach fusion rates are 95% or 
better. In a retrospective review  of prospectively collected outcomes, Ozgur et al. (2010) reported two year 
clinical and radiograph success of lateral interbody fusion  (n=66) as a treatment for degenerative conditions. 
Clinical outcomes included VAS and ODI scores, radiographs were used to verify solid fusion. Pain scores 
decreased significantly by 37% at two years; functional ODI scores decreased significantly by 39% from 
preoperative, clinical success by ODI changes was achieved in 71% of patients. Radiograph success was 
achieved in 91% of patients; one patient developed pseudoarthrosis. In the authors opinion the lateral interbody 
fusion is a safe and effective treatment option. Rodgers et al. (2010a) compared the incidence of early 
complications and predictive factors affecting complication rates in obese (n=156) and non obese (n=157) 
patients who underwent XLIF. The authors reported there was no greater risk in obese patients when compared 
to nonobese, complications were minimal and comparable in each group.  
 
The extreme lateral approach has also been evaluated for the treatment of degenerative scoliosis. Evidence 
evaluating functional outcomes consists mainly of small retrospective case series (Anand, et al., 2010; Dawar, 
et al., 2010; Tormenti, et al., 2010). Tormenti et al., (2010) reported on eight patients who underwent a 
combined transpsoas and posterior approach; radiograph outcomes such as the Cobb angle and apical 
vertebral translation were significantly improved; the combination of XLIF and TLIF resulted in less blood loss 
however the authors also noted there were significant risks which in their study included motor radiculopathies, 
bowel injury and post-operative thigh paresthesias. Dakwar et al. (2010) reported on the results of 25 subjects 
who underwent the lateral transpsoas approach for thoracolumbar deformity. At an average follow-up of 11 
months there was a mean improvement of 5.7 points on the VAS scale and 23.7% on the ODI. A total of 80% 
had radiograph evidence of fusion when evaluated at more than 6 months following surgery. Sagittal balance 
was not corrected in approximately one third of the patients. In the authors opinion the lateral transpsoas 
approach was a feasible alternative to other approaches. Anand et al. (2010) reported on 28 subjects who 
underwent minimally invasive approaches (transpsoas and interbody fusion, transacral interbody fusion, and 
percutaneous screw fixation) correction of deformity and fusion for the treatment of scoliosis. The average 
follow-up was 22 months.  All patients were noted to have correction of the deformity and solid fusion on plain 
radiographs, 21 were further confirmed on CT scan. VAS, SF-36 and ODI scores improved post-operatively 
compared to preoperative scores. Major complications included two quadriceps palsies which recovered, one 
renal hematoma and an unrelated cerebellar hemorrhage.  
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Data comparing DLIF/XLIF to other traditional or minimally invasive approaches to interbody fusion is insufficient 
therefore no conclusions can be drawn regarding efficacy compared to other standard surgical approaches. 
While additional clinical trials are necessary to demonstrate impact on meaningful long-term clinical outcomes, 
the published evidence suggests in the short- to intermediate-term lateral interbody fusion is safe and effective 
as an alternative to anterior or posterior fusion approaches. In addition, although there are no formal 
professional society statements supporting lateral interbody fusion in the form of XLIF or DLIF, the North 
American Spine Society (NASS) indicates these methods are a modified standard approach for lateral interbody 
fusion.  
 
Minimally Invasive and Emerging Approaches 
Minimally invasive approaches to lumbar fusion are currently being investigated, which may include axial lumbar 
interbody fusion, laparoscopic fusion, endoscopic and percutaneous approaches. Minimally invasive surgery is 
usually associated with less blood loss, less analgesic use and shorter hospitalizations and may be performed 
through smaller incisions with less soft tissue trauma or through smaller percutaneous incisions involving 
specialized instrumentation (e.g., endoscopic instruments). However, the benefits of these more minimally 
invasive approaches, including improvement in net health outcomes, compared to the standard open approach 
are not well-defined in the published scientific literature or textbooks. Regarding the superiority of minimally 
invasive approaches, according to Williams and Park (2007), “At this time, no particular approach and no 
particular technique of stabilization have been shown to be superior to others, and there are several good 
studies that show statistical equivalency between anterior lumbar antibody [sic] fusion (ALIF), posterior lumbar 
antibody [sic] fusion (PLIF), and posterolateral fusion with instrumentation. There has been no superiority 
proved for the various minimally invasive options.”  
 
Total Facet Arthroplasty, Posterior Facet Implants and Facet Fusion: Facet joints and discs connect the 
vertebrae and allow movement. Degenerated or diseased facet joints may require surgery such as a spinal 
fusion to restore function and stabilize the joint. Total facet arthroplasty refers to the implantation of a posterior 
spinal implant to restore structure and function and is proposed as an alternative to posterior spinal fusion for 
individuals with facet arthrosis, spinal stenosis, and spondylolisthesis. The objective of facet arthroplasty is to 
stabilize the spine while retaining normal intervertebral motion of the surgically removed segment following 
neural decompression. In theory, facet arthroplasty maintains the normal biomechanics of the adjacent 
vertebrae and if normal motion patterns are achieved, the risk of adjacent-level degeneration may be reduced.  
 
Overall, a variety of implants have been investigated as alternatives to rigid interbody or posterolateral 
intertransverse process spinal fusion. One facet arthroplasty implant under investigation is the Total Facet 
Arthroplasty System™ (TFAS, Archus Orthopedics), an articulating joint prosthesis intended to restore normal 
motion and provide stabilization of spinal segments through replacement of the facet. It is intended for single 
spinal level use and is implanted through an open posterior surgical approach. The device is manufactured from 
metal components; pedicle fixation is accomplished by a polymethylmethacrylate (PMMA) cement.  
 
Literature Review:  Although the device is undergoing a clinical trial sponsored by the manufacturer, at this 
time there are no FDA approved posterior facet joint implants. Evidence in the published peer-reviewed 
scientific literature consists of a biomechanical study (Zhu, et al., 2007), a pilot study and a human cadaveric 
study (Phillips, et al., 2009). Further well-designed studies supporting long term outcomes are needed to 
support safety and efficacy of this technology.  
 
Isolated facet fusion as a treatment for mechanical back pain has not been proven effective in the published 
literature; however facet fusion is performed as part of a posterior lumbar fusion. Various types of fusion 
materials may be utilized during facet fusion procedures and include autograft, standard allograft, or prepared 
allograft bone dowel (e.g., TruFuse®, [minSURG™ Corp, Clearwater, FL]; NuFix, [Nutech Medical, Birmingham, 
AL]). Prepared allograft bone dowels are recommended for providing stabilization by employing wedge fixation 
and may be used as standalone facet fusion materials or as a supplement to other fusion procedures. Despite 
recent developments in available allograft materials, a comparative benefit has yet to be firmly established for 
these materials in comparison to autograft materials.  Similar to other facet fusion materials and devices, 
although FDA approved, evidence in the medical literature is insufficient and does not support clinical utility.  
 
Axial Lumbar Interbody Fusion: Axial lumbar interbody fusion has been investigated as a minimally invasive 
method of treatment for anterior L5–S1 interbody fusion. The procedure is performed by way of percutaneous 
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access to the lumbar spine through the pre-sacral space (Cragg, et al., 2004). It is also referred to as 
paracoccygeal axial approach, trans-sacral approach, or a percutaneous pre-sacral approach. The patient is 
placed prone and a 4 mm incision is made lateral to the coccyx. Under fluoroscopic guidance, a trocar is 
advanced anterior to the sacrum up to the L5–S1 level. Once in proper position, the guide is removed and 
replaced with a drill bit for inserting rods or screws for stabilization. Theoretically, this approach avoids the 
viscera, blood vessels and nerves; preserves normal tissue at the treatment site; provides access to the disc 
space without interrupting the annulus; and allows for percutaneous longitudinal access to the anterior spine. 
Risks to the patient as a result of this approach may include perforation of the bowel, injury to the blood vessels 
and/or nerves, and infection.   
 
The AxiaLif® System (Trans1® Inc, Wilmington, NC) was developed for creating a pre-sacral access in order to 
perform percutaneous fusion. The system is described by the U.S. Food and Drug Administration (FDA) as an 
anterior spinal fixation device composed of a multi-component system, including implantable titanium alloy 
devices and instrumentation made of titanium alloy and stainless steel. The device includes instruments for 
creating a small axial-track to the L5–S1 disc space. According to the FDA, the device is used for distracting the 
L5–S1 vertebral bodies and inserting bone graft material into the space. The device also includes an anterior 
fixation rod that is implanted through the same track.  
 
Literature Review: Evidence in the medical literature evaluating the effectiveness of axial lumbar interbody 
fusion is limited to published reviews, technical reports, case reports, and prospective and retrospective case 
series (Marotta, et al., 2006; Yuan, et al., 2006, Aryan, et al., 2008; Botolin, et al., 2010, Patil, et al., 2010; 
Tobler and Ferrara, 2011; Durrani, et al, 2011; Gundanna, et al., 2011; Lindley, et al., 2011; Gerszten, et al., 
2012; Marchi, et al., 2012; Tobler, et al., 2013; Zeilstra, et al., 2013; Boachie-Adjei, et al., 2013). Much of the 
published evidence involves small sample populations, lack control groups, and report short-term clinical 
outcomes. One retrospective case series (Aryan, et al., 2008) involved 35 patients who underwent 
percutaneous paracoccygeal axial fluoroscopically-guided interbody fusion (axiaLif) and demonstrated that at an 
average of 17.5 months post-procedure, 32 subjects had radiographic evidence of stable cage placement and 
fusion. However, the authors acknowledged further investigation is warranted before recommending the routine 
use of this surgical technique. In a more recent study AxiaLif was extended to a two-level fusion at both L4-L5 
and L5-S1; however this was a biomechanical study on cadaveric spine segments. Patil et al. (2010) reported 
the results of a case series involving 50 individuals who underwent ALIF and evaluated outcomes such as ODI 
scores, VAS scores, and postoperative radiographs. At an average follow-up of 12 months 96% of patients went 
on to have a solid fusion, and both VAS scores and ODI scores improved. The most common complications 
reported were superficial infection and pseudoarthrosis.  
 
Although this method may be considered an emerging minimally invasive surgical approach, no randomized 
controlled trials were found in the peer-reviewed, published, scientific literature supporting safety and efficacy. 
Improvement in net health outcomes has not been clearly demonstrated when compared to standard surgical 
methods, and it remains unclear whether this surgical technique results in clinical benefits that are as good as or 
superior to standard surgical techniques. The evidence is insufficient to allow any conclusions regarding short- 
or long-term clinical benefits, possible complications, failure rates, relief of symptoms, improvement in functional 
levels, and the need for further surgery.  
 
Laparoscopic Anterior Lumbar Interbody Fusion (LALIF): LALIF is a minimally invasive technique that has 
been proposed as an alternative to an open surgical approach to spinal fusion. This method employs a 
laparoscope to remove the diseased disc and insert an implant (i.e., rhBMP, autogenous bone, cages or fixation 
devices) into the disc space intended to stabilize and promote fusion. This technique is evolving as a method of 
minimizing soft-tissue injury and is associated with a learning curve. Proponents suggest that minimally invasive 
surgery results in decreased morbidity, less postoperative pain and shortened length of hospital stay 
(Thongtrangan, et al., 2004; Regan, et al., 1999).  
 
Literature Review: Evidence in the peer-reviewed scientific literature evaluating laparoscopic anterior lumbar 
interbody fusion is primarily in the form of prospective and retrospective case series, comparative trials, and 
nonrandomized trials (Regan, et al., 1999; Lieberman, et al., 2000; Cowles, et al., 2000; Zdeblick and David, 
2000; Chung, et al., 2003; Inamasu, Gulot, 2006). The average sample size of these studies varies but range on 
average from 40 to more than 200 patients. Some authors have reported higher intra- and postoperative 
morbidity and longer surgical time with laparoscopic fusions compared to open procedures (Regan, et al., 1999; 
Cowles, et al., 2000; Zdeblick and David, 2000). It has been reported in the literature that length of stay does not 
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differ significantly between the laparoscopic and open approach (Lieberman, et al., 2000; Cowles, et al., 2000; 
Chung, et al., 2003). Furthermore, authors have commented on the technical difficulty of this method and the 
associated learning curve, although as the surgeons experience increases in most studies, the operative time 
decreases. There is some evidence to support less blood loss and a tendency toward shorter hospital stay when 
laparoscopic ALIF is performed for single-level anterior fusion; however, there is a paucity of evidence to 
support improved outcomes in multilevel procedures. Evidence supporting improved clinical outcomes such as 
relief of pain, functional improvement and successful rates of fusion is limited. Both open and laparoscopic 
approaches carry associated risks. In addition, it appears the laparoscopic approach is being used less 
frequently due to the development of other minimally invasive surgical techniques. Currently, the published, 
peer-reviewed scientific literature does not allow strong conclusions regarding the overall benefit and long-term 
efficacy of the laparoscopic approach compared to open spinal fusion.  
 
Percutaneous or endoscopic lumbar fusion: Percutaneous endoscopic lumbar fusion is an emerging 
minimally invasive approach being investigated as an alternative to other well-established approaches to fusion. 
During a percutaneous endoscopic procedure the surgeon does not have direct visualization of the operative 
field, in contrast to an open approach. Visual guidance is obtained using either fluoroscopy or a video monitor. 
Specialized instruments are typically used and advanced through a retractor, avoiding major soft tissue injury. 
The approach is associated with a steep learning curve, risk of radicular trauma with insertion of cages, and in 
some cases postoperative migration of the devices.  
 
Literature review: Evidence in the peer-reviewed scientific literature evaluating percutaneous endoscopic 
fusion is limited to case series involving small sample populations. Published trials comparing this approach to 
open conventional approaches are lacking and strong conclusions regarding safety and efficacy cannot be 
made. Further studies are needed to establish safety and efficacy of this approach to lumbar fusion.     
 
Spinal Instrumentation 
Several types of instrumentation/stabilization devices have been developed as a method of improving the 
success of spinal fusion. Spinal instrumentation helps the fusion success by limiting motion at the fused 
segment to correct a deformity or to be used as a splint or load sharing while the bone grafts heal. Three types 
of spine instrumentation, often used in combination with bone grafting, include pedicle screws with rods, anterior 
interbody cages, and posterior lumbar cages. Bone grafts are commonly used to promote the union of adjacent 
vertebrae and may be used alone or together with devices such as spinal fusion cages. Authors have suggested 
that interbody fusion is less successful if structural support is not provided for the intervertebral space (Hanley, 
David, 1999). Resnick et al. (2005) recently reported that placement of an interbody graft is recommended as a 
treatment option to improve fusion rates and functional outcome in patients undergoing surgery for low back 
pain due to degenerative disc disease at one or two levels. They also noted that the surgeon should be 
cautioned that the marginal improvement in fusion rates and functional outcome with these techniques is 
associated with increased complication rates, particularly when combined approaches are used.  
 
Posterior Non-Pedicle Supplemental Fixation Device: There has been recent interest in the use of posterior 
non-pedicle supplemental fixation devices as a method of temporary fixation of the thoracic, lumbar and sacral 
spine while waiting for bony fusion to take place, as an alternative to pedicle screws. Posterior non-pedicle 
supplemental fixation devices (e.g., Aspen™ Spinous Process System [Lanx, Inc., Broomfield CO]) have been 
explored as a method of temporary spinal fixation while waiting for bony fusion to occur. These devices differ 
from interspinous process spacer devices (e.g., X-STOP) in that they are used for fixation rather than for motion 
preservation.  
 
The Aspen™ Spinous Process System (Lanx, Inc., Broomfield, CO) is a posterior, non-pedicle fixation device 
for placement in the lumbo-sacral spine (L1-S1). It is designed for plate attachment to spinous processes and 
used to achieve supplemental fusion in patients who suffer from degenerative disc disease and/or 
spondylolisthesis and is used with a minimally invasive approach. This device is used with bone graft material 
and is not intended as a stand-alone device.  
 
Affix™ is another type of spinious process fixation plate proposed for use with an allograft interspinous spacer 
(ExtensureH2) during Interlaminar Lumbar Instrumented Fusion (ILIF™ ), (NuVasive, Inc., San Diego, CA). The 
surgical technique is proposed for treatment of spinal stenosis and combines direct neural decompression with 
ExtensureH2 and the Affix™ plate to promote stability. According to the manufacturer, this is a less invasive 
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approach resulting in less postoperative pain and disability. Clinical outcomes associated with ILIF such as pain 
and disability are currently under investigation (Clinicaltrials.gov, NCT01019057).    
 
Literature review: Evidence in the published peer-reviewed scientific literature is lacking; safety and efficacy 
has not been established despite FDA approvals for most of these devices. Posterior non-pedicle supplemental 
fixation devices have not been proven to result in net health outcomes that are as good as or superior to those 
obtained with standard surgical approaches.  
 
Bone Grafting: Spinal arthrodesis involves the use of bone grafts to stimulate growth between vertebral 
segments or levels. Both autologous and allograft bone graft material supplies a scaffold for the migration of 
cells involved in bone growth (osteoconductive). The graft process also requires growth factors and progenitor 
stem cells for osteoinduction and osteogenesis. Bone grafts for use with spinal fusion can be autograft (i.e., 
taken from the patient), allograft (i.e., taken from a donor) or bone graft substitutes (e.g., bone morphogenetic 
proteins [BMPs]). Autograft, having osteoconductive and osteoinductive properties, is currently the gold 
standard (North American Spine Society [NASS], 2000) and involves transplantation of bone from the iliac crest 
to the spine. Allograft also has both osteoconductive and osteoinductive properties, although the osteoinductive 
properties can be lessened with processing. Synthetic bone grafts have an osteoconductive role and are 
combined with autografts or allograft materials to augment the osteoinductive bone graft properties.  
 
Alternatives to autograft and allograft include demineralized bone matrix (a product of processed allograft), 
ceramics, coral, graft composites (combinations of bone graft materials/growth factors), and bone 
morphogenetic proteins (NASS, 2006). For spinal surgery, demineralized bone matrix is commonly used to 
augment grafting material and increase the rate of spinal fusion and several substances (e.g., Osteofil, Grafton) 
are available for use. Cancellous bone grafts are used for osteogenesis and are particularly applicable to spinal 
fusion. Multiple chips of cancellous bone are frequently used for grafting procedures as well as cancellous bone 
graft substitutes which provide a scaffold for new bone formation (e.g., tricalcium phosphate). Recombinant 
BMP products are supported in the medical literature as a viable bone graft substitute for lumbar spinal fusion 
and primarily involve the use of spinal instrumentation. The safety and effectiveness rhBMP in the cervical spine 
has not been demonstrated and is not approved for this use by the U.S. Food and Drug Administration (FDA) 
(FDA, 2008). Numerous bone graft substitutes and extenders are available and commonly used; others, 
although FDA approved, continue to be investigated (e.g., Actifuse) for safety and efficacy. The use of 
mesenchymal stem cells is also currently being investigated to enhance spinal fusion although data is 
preliminary and primarily in the form of nonhuman trials.  
  
Dynamic Stabilization Devices 
Dynamic stabilization devices have been proposed by some authors as an adjunct or alternative to fusion. 
Dynamic stabilization devices use flexible material to stabilize the spine and alter load transmission without the 
purpose of fusing the segment. It leaves the spinal segment mobile and may be referred to as soft stabilization, 
semi-rigid stabilization, or flexible stabilization. In theory, the device controls abnormal motion and more 
physiologic load transmission to ease pain and prevent adjacent segment deterioration. Once this is achieved, 
the damaged disc may repair itself.  
 
U. S. Food and Drug Administration (FDA): Pedicle screw spinal systems are prosthetic devices regulated by 
the FDA, some as Class II devices and some as Class III devices depending on the condition being treated and 
the particular device.  In 2003, the FDA granted 510(k) approval for Dynesys® Spinal System (Centerpulse 
Spine-Tech, Inc, Minneapolis, MN). Since the approval of the Dynesys device, other dynamic stabilization 
systems have received FDA approval for spinal immobilization and stabilization during fusion and include the 
CD Horizon® Spinal System (Medtronic Sofamor Danek, Inc., USA) and the N Fix II Dynamic Stabilization 
System (N Spine, Inc., San Diego, CA) to name a few.   
 
Literature Review: The clinical utility of dynamic stabilization devices has not been proven in the peer-
reviewed, scientific literature. Many of the studies evaluate the Dynesys Spinal System; few studies can be 
found evaluating other devices. The published evidence is not robust; a majority of the studies are retrospective 
or prospective case series and lack controls (Grob, et al., 2005; Schnake, et al., 2006; Welch, et al., 2007; 
Beastall, et al., 2007; Bothman, et al., 2007; Schaeren, et al., 2008; Hu, et al., 2011). Length of follow-up 
extends to four years in a few studies but on average the follow-up period is two years. Sample populations are 
small ranging on average from 25 to 100 subjects. While some authors reported improvement in pain and 
function (Korovessis, et al., 2004; Schnake, et al., 2006; Welch, et al., 2007; Bothman, et al., 2007; Hu, et al., 
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2011) adjacent segment degeneration has also been documented following insertion (Schnake, et al., 2006; 
Schaeren, et al., 2008). Adjacent segment motion following Dynesys was evaluated by Cakir et al. (2009) who 
reported that Dynesys had no beneficial effect on adjacent segment mobility compared with monosegmental 
instrumented fusion. Kumar et al. (2009) reported that disc degeneration at the bridged and adjacent segment 
continued despite Dynesys stabilization. Furthermore, some study participants have required reintervention—
revision surgery and/or a need for removal of the device has been reported (Grob, et al., 2005; Welch, et al., 
2007). Overall, the body of evidence does not permit strong scientific conclusions regarding safety and efficacy 
for these devices. In addition, there are some clinical trials that have been published reporting on the use of 
dynamic stabilization devices in the absence of fusion, however, none of these devices have received FDA 
approval for this indication.   
 
Stabilimax NZ: Stabilimax NZ (Applied Spine Technologies Inc., New Haven, CT), is a posterior dynamic-
stabilization system that has been designed to support an injured or degenerated spine. The manufacturer 
states Stabilimax NZ is a less invasive option for many patients undergoing fusion and requires no tissue 
removal or replacement. The device has a dual-spring mechanism with a variable dynamic feature that 
maximizes stiffness and support in the Neutral Zone (NZ).  
 
The NZ is a region of high flexibility, either in flexion or extension, around the neutral posture position where 
there is little resistance of motion—it is an important measure of spinal stability. Alterations in the NZ have been 
associated with the presence of low back pain (Yue, et al., 2007). At present, clinical trials comparing posterior 
dynamic stabilization using Stabilimax NZ to patients receiving traditional fusion stabilization to treat 
degenerative lumbar spinal stenosis are underway under the investigational device exemption from the FDA. 
According to the FDA, an IDE allows the investigational device to be used in a clinical study in order to collect 
safety and effectiveness data required to support a Premarket Approval (PMA) application or a Premarket 
Notification [510(k)] submission to the FDA. 
 
Professional Societies/Organizations 
American Academy of Orthopaedic Surgeons (AAOS): A formal position statement from the AAOS regarding 
spinal fusion was not found; however in a position statement regarding the effects of tobacco exposure on the 
musculoskeletal system the AAOS states, “Smokers have impaired bone healing, which can delay the healing of 
fractures and wounds, and has shown to negatively influence wound healing, bone surgery results and patient 
satisfaction when compared to nonsmokers. The American Academy of Orthopaedic Surgeons (AAOS) is 
concerned that the American public is not fully aware that the use and exposure to tobacco products has 
harmful effects on the musculoskeletal system. The AAOS strongly recommends avoiding use and exposure to 
tobacco products due to the severe and negative impact on the musculoskeletal system” (AAOS, 2010).  
Additionally, in 2010 the AAOS endorsed guidelines published by the American Pain Society (Chou, et al., 2009) 
for interventional therapies, surgery, and interdisciplinary rehabilitation for low back pain. 
 
Washington State Department of Labor and Industries (WSDLI): The WSDLI published guidelines in 2009 
based on a health technology assessment report regarding lumbar fusion and discography in patients with 
chronic low back pain and uncomplicated degenerative disc disease. Uncomplicated disc disease excluded the 
following conditions: radiculopathy, functional neurologic deficits, spondylolisthesis, isthmic spondylosis, primary 
neurogenic claudication with stenosis, fracture, tumor, infection or inflammatory disease, and degenerative 
disease associated with significant deformity. Individuals with any of these listed conditions and no prior lumbar 
surgery may be considered a candidate for single level lumbar fusion surgery after failure of three months of 
conservative therapy and when other medical necessity criteria are met, including instability defined as 
anterior/posterior translation of 4mm at L3-4, 5mm translation at L5-S1, or 11 degrees greater end plate angular 
change at a single level.  If the patient has had prior surgery, criteria vary depending on the location and type of 
prior surgery. Because of potential risk for poor outcomes the following are considered relative contraindications 
and require additional consideration prior to surgery: 
 

• current smoking  
• severe physical deconditioning  
• multiple level degenerative disease of the spine  
• disability for one year or longer prior to consideration of fusion  
• absence of evidence of functional recovery for at least 6 months after most recent spine surgery  
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• severe psychosocial problems, including, but not limited to: history of drug or alcohol abuse, personality 
disorder, or major psychiatric illness, current evidence of factitious disorder and high degrees of 
somatization on clinical or psychological evaluation.  

 
For individuals with uncomplicated DDD after three months of failed conservative therapy, the individual should 
be referred for structured intense multidisciplinary management (SIMP) evaluation and treatment, as defined by 
the Healthcare Technology Clinical Committee. Treatment must be completed prior to surgery unless the patient 
cannot participate in the treatment program. Surgery can only be considered if pain is unresolved following 
completion of the SIMP. According to the guidelines, research supports SIMP for chronic pain management is 
as effective as fusion surgery, without the associated complications (WSDLI, 2009). 
 
American Pain Society: Guidelines for interventional therapies, surgery, and interdisciplinary rehabilitation for 
low back pain, published by the American Pain Society (Chou, et al., 2009), state that based on moderate 
quality evidence, for patients with nonradicular low back pain, common degenerative spinal changes, and 
persistent and disabling symptoms, it is recommended that clinicians discuss risks and benefits of surgery as an 
option. They further recommend that shared decision-making regarding surgery for nonspecific low back pain 
include a specific discussion about intensive interdisciplinary rehabilitation  with a cognitive/behavioral 
emphasis, as a similarly effective option; the small to moderate average benefit from surgery versus 
noninterdisciplinary nonsurgical therapy;  and the fact that the majority of such patients who undergo surgery do 
not experience an optimal outcome (defined as minimum or no pain, discontinuation of or occasional pain 
medication use, and return of high level function). 
 
The American Association of Neurological Surgeons (AANS)/Congress of Neurological Surgeons (CNS) 
Joint Section on Disorders of the Spine and Peripheral Nerves: The AANS/CNS published guidelines for 
the performance of fusion procedures for degenerative disease of the lumbar spine (Resnick, et al., 2005). 
Specific surgical treatments were analyzed and recommendations provided. Recommendations pertinent to 
patient selection and type of intervention vary, however the guidelines support the following:  
 

• Lumbar fusion as a treatment for carefully selected patients with disabling low back pain due to one- or 
two-level degenerative disease without stenosis or spondylolisthesis 

• Lumbar fusion as a possible adjunct in patients with herniated disc and preoperative lumbar deformity or 
instability, or significant chronic axial low back pain associated with radiculopathy due to herniated disc.  

• Reoperative discectomy with fusion as a treatment option for recurrent disc herniation with lumbar 
instability, deformity or chronic axial low back pain. 

• Posterolateral fusion for patients with lumbar stenosis and associated degenerative spondylolisthesis 
who require decompression.    

• Pedicle screw fixation for spinal instability, kyphosis at the level of spondylolisthesis, or when iatrogenic 
instability is anticipated. 

• Autologous bone or rhBMP-2 graft substitute in the setting of an ALIF in conjunction with a threaded 
titanium cage.   

 
According to the AANS/CNS guidelines, due to insufficient evidence the following is not supported:  
 
• A treatment standard or guideline for fusion following decompression in patients with stenosis without 

spondylolisthesis.  
• A treatment standard for lumbar fusion using interbody techniques, in the case of single-level stand-

alone ALIF or ALIF with posterior instrumentation, the addition of PLF is not recommended, as it 
increases operative time and blood loss while not influencing the likelihood of fusion or functional 
outcome. 

• A treatment standard or guideline for pedicle screw fixation as an adjunct to posterolateral fusion for low 
back pain, although pedicle screw fixation is an option for patients who are at high risk of fusion failure 
being treated with PLF.  

 
The American College of Occupational and Environmental Medicine (ACOEM): ACOEM practice guidelines 
second edition reports that surgery benefits fewer than 40% of patients with questionable physiologic findings, 
which is the rate of response of pain to placebo. Within the first 3 months after onset of acute low back 
symptoms, surgery is considered only for serious spinal pathology or nerve root compression not responsive to 
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an adequate trial of conservative therapy. Moreover, surgery statistically increases the risk for future spine 
procedures with higher complication rate (ACOEM, 2008).  
 
The Institute for Clinical Systems Improvement (ICSI): ICSI guidelines for adult low back pain (2008) states, 
“The decision to operate is a clinical decision based on the presence of severe, uncontrolled pain, profound or 
progressive neurological symptoms, or a failure to respond to conservative therapy.”  
 
Sacroiliac Joint Fusion  
The sacroiliac (SI) joint is located in the pelvis and links the iliac bones (pelvis) to the spine. Similar to other 
joints, the sacroiliac joint can become damaged by injury or by usual wear and tear on the joint surfaces. 
Sacroiliac joint fusion is an established treatment for sacroiliac joint conditions such as joint damage resulting 
from trauma, infection, cancer, and joint instability (e.g. pelvic fracture).  
 
Whether or not sacroiliac joint disease can be a source of mechanical back pain is debatable. Physical 
examination is often inaccurate in confirming a diagnosis and the sensitivity and specificity of radiographs is low. 
It is generally agreed that fluoroscopically guided intra-articular injection of a local anesthetic helps to confirm or 
exclude the diagnosis. Symptoms associated with sacroiliac joint disease include pain in the upper legs, 
buttocks, and spine which is often aggravated by sitting, lifting, running or walking. 
 
Sacroiliac joint fusion may be performed as a minimally invasive procedure or as an open surgical procedure 
requiring a larger incision and subsequent increased recovery time.  Percutaneous sacroiliac joint fusion is a 
minimally invasive approach in which instrumentation involving cages or screws, with or without bone graft, are 
placed percutaneously in order to achieve a fusion. Fusion of the sacroiliac joint, combined with bone grafts and 
other metal implant devices, is an extensive procedure; it is generally considered a salvage procedure when all 
other measures have failed to provide relief of pain.  
 
The iFuse Implant System™ (SI Bone, Cupertino, CA) is a device that received FDA (510k) approval in 2008 
and consists of porous plasma spray coated rigid titanium implants which are inserted across the SI joint to 
create fixation. According to the FDA the implant system is intended for fracture fixation of large bones and large 
bone fragments of the pelvis, for conditions including sacroiliac joint disruptions and degenerative sacroiliitis. 
This device is recommended by the manufacturer for use as a fixation device for minimally invasive sacroiliac 
fusion with the proposed advantages of potential for earlier weight bearing, less invasive surgery and shorter 
length of hospital stay.  Evidence in the medical literature suggests the device is primarily used for minimally 
invasive sacroiliac fusion for the treatment of sacroiliac pain resulting from degenerative sacroiliitis or sacroiliac 
joint disruption (Cummings, Capobianco, 2013; Rudolf, 2012; Sachs, Capobianco, 2012; Miller, et al., 2013).  
 
Literature review: Evidence evaluating sacroiliac fusion for treatment of chronic back pain is limited to small 
case series and retrospective studies involving small sample populations and few published reviews (Al-khayer, 
et al., 2008; Wise and Dall, 2008; Buchowski, et al., 2005; Zelle, et al., 2005; Cohen, et al., 2005; Shutz and 
Grob, 2006). Reported clinical outcomes are mixed, sample populations are small, and various techniques are 
used, therefore no strong conclusions can be made regarding safety and efficacy when performed for the 
treatment of mechanical back pain. Furthermore, evidence evaluating the use of the iFuse Implant System™ for 
sacroiliac fusion as a treatment of sacroiliac pain resulting from degenerative sacroiliitis or sacroiliac joint 
disruption consists largely of retrospective case series involving small sample groups evaluating short-term 
outcomes (Cummings, Capobianco, 2013; Rudolf, 2012; Sachs, Capobianco, 2012). While the analysis of a 
postmarket complaints database for the iFuse system (Miller, et al., 2013) lends support that the overall risk of 
complaints in patients with degenerative sacroiliitis or sacroiliac joint disruption is low (204 complaints out of 
5319 subjects, US and Europe),  the authors noted clinical outcome effectiveness was not part of the analysis. 
Randomized controlled clinical trials evaluating safety and effectiveness of the iFuse system are lacking.  
Sacroiliac fusion, including the use of the iFuse system, for the treatment of back pain is currently 
investigational. Evidence was not found in the medical literature evaluating the use of this device for other 
indications.   
 
Lumbar and Sacroiliac Fusion Use Outside of the US: No relevant information found. 
 
Summary 
Evidence in the published scientific literature, textbooks and guidelines from professional organizations supports 
lumbar fusion as an established standard of treatment for a selected group of patients with low back pain. The 
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procedure is associated with more complications than other types of spinal surgery, highlighted by relatively 
high rates of reoperation. Although additional data supporting long-term safety and efficacy would be helpful 
open lateral interbody approach is a well-established technique for spinal surgery. In addition, the literature 
supports extreme lateral interbody fusion (XLIF) and direct lateral interbody fusions (DLIF) are considered a 
modification to this standard approach. There has been much interest in minimally invasive approaches and 
other emerging technologies for spinal fusion; however, these methods have not been proven through 
randomized controlled trials to result in net health outcomes that are as good as those obtained with standard 
surgical approaches.  
 
 
Coding/Billing Information 
 
Note: 1) This list of codes may not be all-inclusive. 
          2) Deleted codes and codes which are not effective at the time the service is rendered may not be eligible 
              for reimbursement 
 
LUMBAR FUSION 
 
Spinal Instability with Specified Conditions  
 
Covered as medically necessary for the treatment of spinal instability when performed as  
either single or multilevel lumbar fusion:  
 
CPT®* 
Codes 

Description 

22533 Arthrodesis, lateral extracavitary technique, including minimal discectomy to 
prepare interspace (other than for decompression); lumbar 

22534 Arthrodesis, lateral extracavitary technique, including minimal discectomy to 
prepare interspace (other than for decompression); thoracic or lumbar, each 
additional vertebral segment (List separately in addition to code for primary 
procedure) 

22558 Arthrodesis, anterior interbody technique, including minimal discectomy to 
prepare interspace (other than for decompression); lumbar 

22585 Arthrodesis, anterior interbody technique, including minimal discectomy to 
prepare interspace (other than for decompression); each additional interspace 
(List separately in addition to code for primary procedure) 

22612 Arthrodesis, posterior or posterolateral technique, single level; lumbar (with 
lateral transverse technique, when performed) 

22614 Arthrodesis, posterior or posterolateral technique, single level; each additional 
vertebral segment (List separately in addition to code for primary procedure) 

22630 Arthrodesis, posterior interbody technique, including laminectomy and/or 
discectomy to prepare interspace (other than for decompression), single 
interspace; lumbar 

22632 Arthrodesis, posterior interbody technique, including laminectomy and/or 
discectomy to prepare interspace (other than for decompression), single 
interspace; each additional interspace (List separately in addition to code for 
primary procedure) 

22633 Arthrodesis, combined posterior or posterolateral technique with posterior 
interbody technique including laminectomy and/or discectomy sufficient to 
prepare interspace (other than for decompression), single interspace and 
segment; lumbar  

22634 Arthrodesis, combined posterior or posterolateral technique with posterior 
interbody technique including laminectomy and/or discectomy sufficient to 
prepare interspace (other than for decompression), single interspace and 
segment; each additional interspace and segment (List separately in addition to 
code for primary procedure) 
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22800 Arthrodesis, posterior, for spinal deformity, with or without cast; up to 6 vertebral 
segments 

22802 Arthrodesis, posterior, for spinal deformity, with or without cast; 7 to 12 vertebral 
segments 

22804 Arthrodesis, posterior, for spinal deformity, with or without cast; 13 or more 
vertebral segments 

22808 Arthrodesis, anterior, for spinal deformity, with or without cast; 2 to 3 vertebral 
segments 

22810 Arthrodesis, anterior, for spinal deformity, with or without cast; 4 to 7 vertebral 
segments 

22812 Arthrodesis, anterior, for spinal deformity, with or without cast; 8 or more 
vertebral segments 

 
Spinal Instability with Spinal Stenosis and Associated Spondylolisthesis 
 
Covered as medically necessary for the treatment of spinal stenosis when there is an associated 
spondylolisthesis (i.e., anterolisthesis):  
 
CPT®* 
Codes 

Description 

22533 Arthrodesis, lateral extracavitary technique, including minimal discectomy to 
prepare interspace (other than for decompression); lumbar 

22558 Arthrodesis, anterior interbody technique, including minimal discectomy to 
prepare interspace (other than for decompression); lumbar 

22612 Arthrodesis, posterior or posterolateral technique, single level; lumbar (with 
lateral transverse technique, when performed) 

22630 Arthrodesis, posterior interbody technique, including laminectomy and/or 
discectomy to prepare interspace (other than for decompression), single 
interspace; lumbar 

22633 Arthrodesis, combined posterior or posterolateral technique with posterior 
interbody technique including laminectomy and/or discectomy sufficient to 
prepare interspace (other than for decompression), single interspace and 
segment; lumbar  

 
Spinal Instability with Spondylolysis and Isthmic Spondylolisthesis 
 
Covered as medically necessary for spondylolysis (i.e., pars interarticular fracture), and isthmic 
spondylolisthesis:  
 
CPT®* 
Codes 

Description 

22533 Arthrodesis, lateral extracavitary technique, including minimal discectomy to 
prepare interspace (other than for decompression); lumbar 

22558 Arthrodesis, anterior interbody technique, including minimal discectomy to 
prepare interspace (other than for decompression); lumbar 

22612 Arthrodesis, posterior or posterolateral technique, single level; lumbar (with  
lateral transverse technique, when performed) 

22630 Arthrodesis, posterior interbody technique, including laminectomy and/or 
discectomy to prepare interspace (other than for decompression), single 
interspace; lumbar 

22633 Arthrodesis, combined posterior or posterolateral technique with posterior 
interbody technique including laminectomy and/or discectomy sufficient to 
prepare interspace (other than for decompression), single interspace and 
segment; lumbar  
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22634 Arthrodesis, combined posterior or posterolateral technique with posterior 
interbody technique including laminectomy and/or discectomy sufficient to 
prepare interspace (other than for decompression), single interspace and 
segment; each additional interspace and segment (List separately in addition to 
code for primary procedure)  

 
Degenerative Disc Disease without Instability  
 
Covered as medically necessary for the treatment of degenerative disc disease in the absence of  
instability ONLY when ALL of the associated medical necessity criteria are met:  
 
CPT®* 
Codes 

Description 

22533 Arthrodesis, lateral extracavitary technique, including minimal discectomy to 
prepare interspace (other than for decompression); lumbar 

22558 Arthrodesis, anterior interbody technique, including minimal discectomy to 
prepare interspace (other than for decompression); lumbar 

22612 Arthrodesis, posterior or posterolateral technique, single level; lumbar (with 
lateral transverse technique, when performed) 

22630 Arthrodesis, posterior interbody technique, including laminectomy and/or 
discectomy to prepare interspace (other than for decompression), single 
interspace; lumbar 

22633 Arthrodesis, combined posterior or posterolateral technique with posterior 
interbody technique including laminectomy and/or discectomy sufficient to 
prepare interspace (other than for decompression), single interspace and 
segment; lumbar  

 
Following Prior Spinal Surgery  
 
Covered as medically necessary for recurrent disc herniation or adjacent segment disease and  
when it has been at least 6 months from the prior spinal surgery and there is an associated  
spondylolisthesis (i.e., anterolisthesis):  
 
CPT®* 
Codes 

Description 

22533 Arthrodesis, lateral extracavitary technique, including minimal discectomy to 
prepare interspace (other than for decompression); lumbar 

22558 Arthrodesis, anterior interbody technique, including minimal discectomy to 
prepare interspace (other than for decompression); lumbar 

22612 Arthrodesis, posterior or posterolateral technique, single level; lumbar (with 
lateral transverse technique, when performed) 

22630 Arthrodesis, posterior interbody technique, including laminectomy and/or 
discectomy to prepare interspace (other than for decompression), single 
interspace; lumbar 

22633 Arthrodesis, combined posterior or posterolateral technique with posterior 
interbody technique including laminectomy and/or discectomy sufficient to 
prepare interspace (other than for decompression), single interspace and 
segment; lumbar  

 
Pseudoarthrosis 
 
Covered as medically necessary for the treatment of pseudoarthrosis (i.e., nonunion of prior fusion)  
at the same level when it has been at least 12 months from the prior surgery: 
 
CPT®* 
Codes 

Description 

22533 Arthrodesis, lateral extracavitary technique, including minimal discectomy to 
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prepare interspace (other than for decompression); lumbar 
22558 Arthrodesis, anterior interbody technique, including minimal discectomy to 

prepare interspace (other than for decompression); lumbar 
22612 Arthrodesis, posterior or posterolateral technique, single level; lumbar (with  

lateral transverse technique, when performed) 
22630 Arthrodesis, posterior interbody technique, including laminectomy and/or 

discectomy to prepare interspace (other than for decompression), single 
interspace; lumbar 

22633 Arthrodesis, combined posterior or posterolateral technique with posterior 
interbody technique including laminectomy and/or discectomy sufficient to 
prepare interspace (other than for decompression), single interspace and 
segment; lumbar  

 
Other Procedures 
 
Experimental/Investigational/Unproven/Not Covered when used to represent isolated facet 
fusion, pre-sacral interbody approach (e.g., AxiaLif® ),  or laparoscopic interbody fusion for ANY 
indication: 
 
CPT* Codes Description 
22586 Arthrodesis, pre-sacral interbody technique, including disc space preparation, 

discectomy, with posterior instrumentation, with image guidance, includes bone 
graft when performed, L5-S1 interspace  

0195T Arthrodesis, pre-sacral interbody technique, including instrumentation, imaging 
(when performed), and discectomy to prepare interspace, lumbar; single 
interspace 

0196T Arthrodesis, pre-sacral interbody technique, including instrumentation, imaging 
(when performed), and discectomy to prepare interspace, lumbar; each additinal 
interspace  (List separately in addition to code for primary service) 

0202T Posterior vertebral joint(s) arthroplasty (e.g. facet joint(s) replacement) inc 
facetectomy, laminectomy, foraminotomy and vertebral column fixation, with or 
without injection of bone cement, including fluoroscopy, single level, lumbar 
spine 

0219T Placement of posterior intrafacet implant(s), unilateral or bilateral, including 
imaging and placement of bone graft(s) or synthetic device(s), single level; 
cervical 

0220T Placement of posterior intrafacet implant(s), unilateral or bilateral, including 
imaging and placement of bone graft(s) or synthetic device(s), single level; 
thoracic 

0221T Placement of posterior intrafacet implant(s), unilateral or bilateral, including 
imaging and placement of bone graft(s) or synthetic device(s), single level; 
lumbar 

0222T Placement of posterior intrafacet implant(s), unilateral or bilateral, including 
imaging and placement of bone graft(s) or synthetic device(s), single level; each 
additional vertebral segment (List separately in addition to code for primary 
procedure 

0309T Arthrodesis, pre-sacral interbody technique, including disc space preparation, 
discectomy, with posterior instrumentation, with image guidance, includes bone 
graft, when performed, lumbar, L4-L5 interspace (List separately in addition to 
code for primary procedure) 

 
Experimental, investigational, unproven and not covered when used to represent posterior 
non-pedicle supplemental fixation devices (e.g., Affix™, Aspen™ Spinous Process Fixation 
System, facet fixation devices: 
 
CPT* Codes Description 
22899 Unlisted procedure, spine 
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22840 Posterior non-segmental instrumentation (eg, Harrington rod technique, pedicle 
fixation across 1 interspace, atlantoaxial transarticular screw fixation, sublaminar 
wiring at C1, facet screw fixation) (List separately in addition to code for primary 
procedure) 

 
HCPCS 
Codes 

Description 

L8699 Prosthetic implant, not otherwise specified 
 
SACROILIAC JOINT FUSION  
 
Covered when medically necessary:  
 
CPT* Codes Description 
27280 Arthrodesis, sacroiliac joint (including obtaining graft)  

 
Experimental, Investigational, Unproven, Not Covered for any indication:  
 
CPT* Codes Description 
0334T Sacroiliac joint stabilization for arthrodesis, percutaneous or minimally invasive 

(indirect visualization), includes obtaining and applying autograft or allograft 
(structural or morselized), when performed, includes image guidance when 
performed (eg, CT or fluoroscopic) 

 
 *Current Procedural Terminology (CPT®) ©2013 American Medical Association: Chicago, IL. 
 
 
References 
 

1. Agency for Healthcare Research and Quality (AHRQ). Treatment of degenerative lumbar spinal 
stenosis: summary, Evidence report/technology assessment: number 32. AHRQ publication no. 01-
E047. Archived. Rockville, MD: Agency for Healthcare Research and Quality; 2001 Mar. Accessed 
October 29, 2009. Available at URL address: http://www.ahrq.gov/clinic/epcsums/stenosum.htm 

 
2. Al-Khayer A, Hegarty J, Hahn D, Grevitt MP. Percutaneous sacroiliac joint arthrodesis: a novel 

technique. J Spinal Disord Tech. 2008 Jul;21(5):359-63.  
 
3. American Academy of Orthopaedic Surgeons (AAOS). Position statement: The effects of tobacco 

exposure on the musculoskeletal system. © 1995-2013 AAOS. Accessed November 7, 2013. Available 
at URL address: http://www.aaos.org/about/papers/position/1153.asp 

 
4. American Academy of Orthopedic Surgeons (AAOS). Surgery and smoking. July 2007. Accessed 

November 7, 2013. Available at URL address: http://orthoinfo.aaos.org/topic.cfm?topic=A00262 
 
5. American College of Occupational and Environmental Medicine (ACOEM). ACOEM Practice 

Guidelines, 2nd edition. Ch12. Low back complaints. Copyright © 2008, 2004, 1997 by the American 
College of Occupational and Environmental Medicine.  

 
6. American College of Occupational and Environmental Medicine (ACOEM). Low back disorders. 

Occupational medicine practice guidelines: evaluation and management of common health problems 
and functional recovery in workers. 2nd ed. 2007. 

 
7. Anand N, Baron EM, Thaiyananthan G, Khalsa K, Goldstein TB. Minimally invasive multilevel 

percutaneous correction and fusion for adult lumbar degenerative scoliosis: a technique feasibility 
study. J Spinal Disord Tech. 2008 Oct;21(7):459-67.  

 



 
Page 26 of 37 
Coverage Policy Number: 0303 

8. Anand N, Rosemann R, Khalsa B, Baron EM. Mid-term to long-term clinical and functional outcomes 
of minimally invasive correction and fusion for adults with scoliosis. Neurosurg Focus. 2010 
Mar;28(3):E6.  

 
9. Anderson DG, Samartzis D, Shen FH, Tannoury C. Percutaneous instrumentation of the thoracic and 

lumbar spine. Orthop Clin North Am. 2007 Jul;38(3):401-8, vii.  
 
10. Andersen T, Christensen FB, Langdahl BL, Ernst C, Fruensgaard S, Ostergaard J, Andersen JL, 

Rasmussen S, Niedermann B, Høy K, Helmig P, Holm R, Lindblad BE, Hansen ES, Egund N, Bünger 
C. Fusion mass bone quality after uninstrumented spinal fusion in older patients. Eur Spine J. 2010 
Dec;19(12):2200-8.  

 
11. Andersen T, Christensen FB, Laursen M, Høy K, Hansen ES, Bünger C. Smoking as a predictor of 

negative outcome in lumbar spinal fusion. Spine (Phila Pa 1976). 2001 Dec 1;26(23):2623-8. 
 
12. Applied Spine Technologies, Inc. Stabilimax NZ® Dynamic spine stabilization system. Study 

enrollment criteria. Accessed October 29, 2009. Available at URL address: 
http://www.stabilimaxstudy.com/physician/about_the_study.html  

 
13. Aryan HE, Newman CB, Gold JJ, Acosta FL Jr, Coover C, Ames CP. Percutaneous axial lumbar 

interbody fusion (AxiaLIF) of the L5-S1 segment: initial clinical and radiographic experience. Minim 
Invasive Neurosurg. 2008 Aug;51(4):225-30.  

 
14. Ashman B, Norvell DC, Hermsmeyer JT. Chronic sacroiliac joint pain: fusion versus denervation as 

treatment options. Evid Based Spine Care J. 2010 Dec;1(3):35-44.  
 
15. Audat Z, Moutasem O, Yousef K, Mohammad B. Comparison of clinical and radiological results of 

posterolateral fusion, posterior lumbar interbody fusion and transforaminal lumbar interbody fusion 
techniques in the treatment of degenerative lumbar spine. Singapore Med J. 2012 Mar;53(3):183-7. 

 
16. Beastall J, Karadimas E, Siddiqui M, Nicol M, Hughes J, Smith F, Wardlaw D. The Dynesys lumbar 

spinal stabilization system: a preliminary report on positional magnetic resonance imaging findings. 
Spine. 2007 Mar 15;32(6):685-90.  

 
17. Bergey DL, Villavicencio AT, Goldstein T, Regan JJ. Endoscopic lateral transpsoas approach to the 

lumbar spine. Spine. 2004 Aug 1;29(15):1681-8.  
 
18. Bigos S, Bowyer O, Braen G, Brown K, Deyo R, Keller R, et al. Acute low back problems in adults, 

Clinical practice guideline #14. AHCPR publication no. 95-0642. Rockville, MD: Agency for Health 
Care Policy and Research, Public Health Service, U.S. Department of Health and Human Service, 
Dec 1994. 

 
19. Boachie-Adjei O, Cho W, King AB. Axial lumbar interbody fusion (AxiaLIF) approach for adult 

scoliosis.  
            Eur Spine J. 2013 Mar;22 Suppl 2:S225-3.  
 
20. Bothmann M, Kast E, Boldt GJ, Oberle J. Dynesys fixation for lumbar spine degeneration. Neurosurg 

Rev. 2008 Apr;31(2):189-96. Epub 2007 Sep 29.  
 
21. Bohinski R, Jain V, Tobler W.  Presacral retroperitoneal approach to axial lumbar interbody fusion-a 

new, minimally invasive technique at L5-S1: clinical outcomes, complications and rates in 50 patients 
at 1-year follow up. SAS Journal. 2010;(4):54-62. 

 
22. Botolin S, Agudelo J, Dwyer A, Patel V, Burger E. High rectal injury during trans-1 axial lumbar 

interbody fusion L5-S1 fixation. Spine. (Phila Pa 1976). 2010 Feb 15;35(4):E144-8.  
 



 
Page 27 of 37 
Coverage Policy Number: 0303 

23. Brown CW, Orme TJ, Richardson HD. The rate of pseudarthrosis (surgical nonunion) in patients who 
are smokers and patients who are nonsmokers: a comparison study. Spine (Phila Pa 1976). 1986 
Nov;11(9):942-3.  

 
24. Brox JI, Nygaard ØP, Holm I, Keller A, Ingebrigtsen T, Reikerås O. Four-year follow-up of surgical 

versus non-surgical therapy for chronic low back pain. Ann Rheum Dis. 2010 Sep;69(9):1643-8. Epub 
2009 Jul 26.  

 
25. Brox JI, Reikerås O, Nygaard Ø, Sørensen R, Indahl A, Holm I, Keller A, Ingebrigtsen T, Grundnes O, 

Lange JE, Friis A. Lumbar instrumented fusion compared with cognitive intervention and exercises in 
patients with chronic back pain after previous surgery for disc herniation: a prospective randomized 
controlled study. Pain. 2006 May;122(1-2):145-55. Epub 2006 Mar 20.  

 
26. Brox JI, Sorensen R, Friis A, Nygaard O, Indahl A, Keller A, et al. Randomized clinical trial of lumbar 

instrumented fusion and cognitive intervention and exercises in patients with chronic low back pain 
and disc degeneration. Spine. 2003 Sep 1;28(17):1913-21. 

 
27. Buchowski JM, Kebaish KM, Sinkov V, Cohen DB, Sieber AN, Kostuik JP. Functional and 

radiographic outcome of sacroiliac arthrodesis for the disorders of the sacroiliac joint. Spine J. 2005 
Sep-Oct;5(5):520-8; discussion 529. 

 
28. Cakir B, Carazzo C, Schmidt R, Mattes T, Reichel H, Käfer W. Adjacent segment mobility after rigid 

and semirigid instrumentation of the lumbar spine. Spine. 2009 May 20;34(12):1287-91. 
 
29. Canale: Arthrodesis. Lumbar spine. Campbell's operative orthopaedics. 10th ed. p. 1704-12. Mosby, 

Inc.; 2003. 
 
30. Canale and Beaty: Campbells Operative Orthopaedics, 11th ed. Degenerative spondylolisthesis and 

scoliosis. Copyright © 2007 Mosby . 
 
31. Carragee EJ, Lincoln T, Parmar VS, Alamin T. A gold standard evaluation of the "discogenic pain" 

diagnosis as determined by provocative discography. Spine. 2006 Aug 15;31(18):2115-23. 
 
32. Carreon LY, Glassman SD, Howard J. Fusion and nonsurgical treatment for symptomatic lumbar 

degenerative disease: a systematic review of Oswestry Disability Index and MOS Short Form-36 
outcomes. Spine J. 2008 Sep-Oct;8(5):747-55.   

 
33. Choma TJ, Schuster JM, Norvell DC, Dettori JR, Chutkan NB. Fusion versus nonoperative 

management for chronic low back pain: do comorbid diseases or general health factors affect 
outcome? Spine (Phila Pa 1976). 2011 Oct 1;36(21 Suppl):S87-95.  

 
34. Chou R, Loeser JD, Owens DK, Rosenquist RW, Atlas SJ, Baisden J, Carragee EJ, Grabois M, 

Murphy DR, Resnick DK, Stanos SP, Shaffer WO, Wall EM; American Pain Society Low Back Pain 
Guideline Panel. Interventional therapies, surgery, and interdisciplinary rehabilitation for low back 
pain: an evidence-based clinical practice guideline from the American Pain Society. Spine (Phila Pa 
1976). 2009 May 1;34(10):1066-77.  

 
35. Chung SK, Lee SH, Lim SR, Kim DY, Jang JS, Nam KS, Lee HY. Comparative study of laparoscopic 

L5-S1 fusion versus open mini-ALIF, with a minimum 2-year follow-up. Eur Spine J. 2003 
Dec;12(6):613-7. Epub 2003 Oct 17. 

 
36. Clinicaltrials.gov, NCT01019057. An evaluation of interlaminar instrumented lumbar fusion. Accessed 

November 7, 2013. Available at URL address: http://clinicaltrials.gov/ct2/show/NCT01019057 
 
37. Cowan JA Jr, Dimick JB, Wainess R, Upchurch GR Jr, Chandler WF, La Marca F. Changes in the 

utilization of spinal fusion in the United States. Neurosurgery. 2006 Jul;59(1):15-20; discussion 15-20.  
 



 
Page 28 of 37 
Coverage Policy Number: 0303 

38. Cowles RA, Taheri PA, Sweeney JF, Graziano GP. Efficacy of the laparoscopic approach for anterior 
lumbar fusion. Surgery. 2000 Oct;128(4):589-96. 

 
39. Cragg A, Carl A, Casteneda F, Dickman C, Guterman L, Oliveira C. New percutaneous access 

method for minimally invasive anterior lumbosacral surgery. J Spinal Disord Tech. 2004 Feb;17(1):21-
8.  

 
40. Cummings J Jr, Capobianco RA. Minimally invasive sacroiliac joint fusion: one-year outcomes in 18 

patients. Ann Surg Innov Res. 2013 Sep 16;7(1):12. 
 
41. Dakwar E, Cardona RF, Smith DA, Uribe JS. Early outcomes and safety of the minimally invasive, 

lateral retroperitoneal transpsoas approach for adult degenerative scoliosis. Neurosurg Focus. 2010 
Mar;28(3):E8.  

 
42. Devereaux MW. Low back pain. Prim Care. 2004 Mar;31(1):33-51. 
 
43. Deyo RA, Mirza SK, Martin BI, Kreuter W, Goodman DC, Jarvik JG. Trends, major medical 

complications, and charges associated with surgery for lumbar spinal stenosis in older adults. JAMA. 
2010 Apr 7;303(13):1259-65. 

 
44. Deyo RA, Nachemson A, Mirza SK. Spinal-fusion surgery—the case for restraint. N Engl J Med. 2004 

Feb;350(7):722-6. 
 
45. Diwan AD, Parvartaneni H, Cammisa F. Failed degenerative lumbar spine surgery. Orthop Clin North 

Am. 2003 Apr;34(2):309-24. 
 
46. Durrani A, Mistur R, Shanti N:  Presacral Approach for L5-S1 Fusion.  Techniques in Orthopaedics.  

2011 Sept; Volume 26, Number 3, pp. 166-172. 
 
47. Eck JC, Hodges S, Humphreys SC. Minimally invasive lumbar spinal fusion. J Am Acad Orthop Surg. 

2007 Jun;15(6):321-9.  
 
48. ECRI Institute. Hotline Response [database online]. Plymouth Meeting (PA): ECRI Institute. 2009 

August 19. Dynamic pedicle-and screw-based stabilization systems for chronic back pain. Available at 
URL address: http://www.ecri.org. 

 
49. ECRI Institute. Hotline Response [database online]. Plymouth Meeting (PA): ECRI Institute. 2010. 

iFuse Implant system for sacroiliac joint arthrodesis. Accessed November 5, 2012.Available at URL 
address: http://www.ecri.org.  

 
50. ECRI Institute. Hotline Response [database online]. Plymouth Meeting (PA): ECRI Institute. 2009 

October 14. Minimally Invasive Spinal Fusion Surgery Using eXtreme Lateral Interbody Fusion OR 
Axial Lumbar Interbody Fusion for Low-back Pain. Available at URL address: http://www.ecri.org. 

 
51. ECRI Institute. Hotline Response [database online]. Plymouth Meeting (PA): ECRI Institute. 2006 

August 3. Semi-rigid spinal stabilization systems for use in non-cervical spinal fusion surgery. 
Available at URL address: http://www.ecri.org. 

 
52. ECRI Institute. Spinal fusion and discography for chronic low back pain and uncomplicated lumber 

degenerative disc disease (Washington HTA). Plymouth Meeting (PA): ECRI Institute Health 
Technology Assessment Information Service; 2007 October 19. (Evidence Report). Available at URL 
address: http://www.ecri.org. 

 
53. Esses SI, Moro JK. The value of facet joint blocks in patient selection for lumbar fusion. Spine. 1993 

Feb;18(2):185-90. 
 
54. Fairbank J, Frost H, Wilson-MacDonald J, Yu LM, Barker K, Collins R; Spine Stabilisation Trial Group. 

Randomised controlled trial to compare surgical stabilization of the lumbar spine with an intensive 



 
Page 29 of 37 
Coverage Policy Number: 0303 

rehabilitation programme for patients with chronic low back pain: the MRC spine stabilisation trial. 
BMJ. 2005 May 28;330(7502):1233.  

 
55. Firestein: Kelly’s textbook of Rheumatology, 8th ed. Surgical Intervention. Open surgical technique. 

Copyright © 2008 W. B. Saunders Company.  
 
56. Fleischer G, Kim Y, Ferrara L, Freeman A, Boachie-Adjei O:  Biomechanical analysis of sacral screw 

strain and range of motion in long posterior spinal fixation constructs: Effects of lumbosacral fixation 
strategies in reducing sacral screw strains. Spine. Epub ahead of print August 18, 2011. 

 
57. Fritz JM, Erhard RE, Hagen BF. Segmental instability of the lumbar spine. Phys Ther. 1998 

Aug;78(8):889-96. 
 
58. Fritzell P, Hagg O, Wessberg P, Nordwall A; Swedish Lumbar Spine Study Group. 2001 Volvo award 

winner in clinical studies: lumbar fusion versus nonsurgical treatment for chronic low back pain: a 
multicenter randomized controlled trial from the Swedish Lumbar Spine Study Group. Spine. 2001 
Dec 1;26(23):2521-32; discussion 2532-4. 

 
59. Fritzell P, Hagg O, Wessberg P, Nordwall A; Swedish Lumbar Spine Study Group. Chronic low back 

pain and fusion: a comparison of three surgical techniques: a prospective multicenter randomized 
study from the Swedish Lumbar Spine Study Group. Spine. 2002 Jun 1;27(11):1131-41. 

 
60. Fujibayashi S, Neo M, Takemoto M, Ota M, Nakamura T.  Paraspinal-approach transforaminal lumbar 

interbody fusion for the treatment of lumbar foraminal stenosis. J Neurosurg Spine. 2010 
Oct;13(4):500-8.  

 
61. Gao H, Luo CF, Hu CF, Zhang CQ, Zeng BF. Minimally invasive fluoro-navigation screw fixation for 

the treatment of pelvic ring injuries. Surg Innov. 2011 Sep;18(3):279-84.  
 
62. Gelalis ID, Kang JD. Thoracic and lumbar fusions for degenerative disorders: rationale for selecting 

the appropriate fusion techniques. Orthop Clin North Am. 1998 Oct;29(4):829-42. 
 
63. Gerszten PC, Tobler W, Raley TJ, Miller LE, Block JE, Nasca RJ:  Axial Presacral Lumbar Interbody 

Fusion and Percutaneous Posterior Fixation for Stabilization of Lumbosacral Isthmic 
Spondylolisthesis.  Journal of Spinal Disorders & Techniques. Epub ahead of print September 29, 
2011. 

 
64. Ghiselli G, Wang JC, Bhatia NN, Hsu WK, Dawson EG. Adjacent segment degeneration in the lumbar 

spine. J Bone Joint Surg Am. 2004 Jul;86-A(7):1497-503. 
 
65. Ghogawala Z, Benzel EC, Amin-Hanjani S, Barker FG 2nd, Harrington JF, Magge SN, et al. 

Prospective outcomes evaluation after decompression with or without instrumented fusion for lumbar 
stenosis and degenerative Grade I spondylolisthesis. J Neurosurg Spine. 2004 Oct;1(3):267-72. 

 
66. Gibson JNA, Waddell G. Surgery for degenerative lumbar spondylosis. Cochrane Database 

Systematic Reviews 1999, Issue 1.Updated 2005. In: The Cochrane Library, Copyright © 2007 The 
Cochrane Collaboration.  

 
67. Gibson JN, Grant IC, Waddell G. The Cochrane review of surgery for lumbar disc prolapse and 

degenerative lumbar spondylosis. Spine. 1999 Sep 1;24(17):1820-32. 
 
68. Glassman SD, Anagnost SC, Parker A, Burke D, Johnson JR, Dimar JR. The effect of cigarette 

smoking and smoking cessation on spinal fusion. Spine (Phila Pa 1976). 2000 Oct 15;25(20):2608-15. 
 
69. Glassman SD, Carreon LY, Djurasovic M, Dimar JR, Johnson JR, Puno RM, Campbell MJ. Lumbar 

fusion outcomes stratified by specific diagnostic indication. Spine J. 2008 Sep 18. [Epub ahead of 
print].  

 



 
Page 30 of 37 
Coverage Policy Number: 0303 

70. Grob D, Benini A, Junge A, Mannion AM. Clinical experience with the dynesys semirigid fixation 
system for the lumbar spine. Surgical and patient-oriented outcome in 50 cases after an average of 2 
years. Spine. 2005 Feb;30(3):324-31.  

 
71. Gundanna M, Miller L, Block J:  Complications with Axial Presacral Lumbar Interbody Fusion:  A Five-

Year Postmarket Surveillance Experience. SAS Journal. 2011; 5: 90-94. 
 
72. Gupta M. Degenerative scoliosis: options for surgical management. Orthop Clin North Am. 2003 

Apr;34(2):269-79. 
 
73. Guyton JL, Perez EA.  Fractures of Acetabulum and Pelvis Ch 53. In: Canale & Beaty: Campbell's 

Operative Orthopaedics, 11th ed. Copyright © 2007.  
 
74. Hanley EN, David SM. Current concepts review—lumbar arthrodesis for the treatment of back pain. J 

Bone Joint Surg Am. 1999 May;81-A(5):716-30. 
 
75. Hansen H, Manchikanti L, Simopoulos TT, Christo PJ, Gupta S, Smith HS, Hameed H, Cohen SP. A 

systematic evaluation of the therapeutic effectiveness of sacroiliac joint interventions. Pain Physician. 
2012 May;15(3):E247-78 

76. Hansen HC, McKenzie-Brown, AM, Cohen SP, Swicegood JR, Colson JD, Manchikanti L. Sacroiliac 
joint interventions: a systematic review. Pain Physician. 2007 Jan;10(1):165-84. 

77. Harris EB, Massey P, Lawrence J, Rihn J, Vaccaro A, Anderson DG. Percutaneous techniques for 
minimally invasive posterior lumbar fusion. Neurosurg Focus. 2008;25(2):E12.  

 
78. Helm GA, Dayoub H, Jane JA Jr. Bone graft substitutes for the promotion of spinal arthrodesis. 

Neurosurg Focus. 2001 Apr 15;10(4):E4.  
 
79. Helm GA, Gazit Z. Future uses of mesenchymal stem cells in spine surgery. Neurosurg Focus. 2005 

Dec 15;19(6):E13.  
 
80. Heim SE, Altimari A. Laparoscopic approaches to fusion of the lumbosacral spine: latest techniques. 

Orthop Clin North Am. 2002 Apr;33(2):413-20. 
 
81. Herkowitz HN, Sidhu KS. Lumbar Spine Fusion in the Treatment of Degenerative Conditions: Current 

Indications and Recommendations. J Am Acad Orthop Surg. 1995 May;3(3):123-135. 
 
82. Hsu CJ, Chou WY, Chang WN, Wong CY. Clinical follow up after instrumentation-augmented lumbar 

spinal surgery in patients with unsatisfactory outcomes. J Neurosurg Spine. 2006 Oct;5(4):281-6. 
 
83. Hu Y, Gu YJ, Xu RM, Zhou LJ, Ma WH. Short-term clinical observation of the Dynesys neutralization 

system for the treatment of degenerative disease of the lumbar vertebrae. Orthop Surg. 2011 
Aug;3(3):167-75.  

 
84. Ibrahim T, Tleyjeh IM, Gabbar O.. Surgical versus non-surgical treatment of chronic low back pain: a 

meta-analysis of randomised trials. Int Orthop. 2008 Feb;32(1):107-13.  
 
85. iFuse Implant System™. SI Bone. Accessed November 7, 2013. Available at URL address: 

http://www.si-bone.com/productov.html  
 
86. Inamasu J, Guiot BH. Laparoscopic anterior lumbar interbody fusion: a review of outcome studies. 

Minim Invasive Neurosurg. 2005 Dec;48(6):340-7. 
 
87. Institute for Clinical Systems Improvement (ICSI). Adult low back pain. Bloomington (MN): Institute for 

Clinical Systems Improvement (ICSI); 2005 Sep. 64 p. 13th Edition 11/2008. Accessed October 30, 
2012. Available at URL address: http://www.icsi.org/low_back_pain/adult_low_back_pain__8.html 

 



 
Page 31 of 37 
Coverage Policy Number: 0303 

88. International Society for Advancement of Spine Surgery (ISASS). Policy Statement on Lumbar Spinal 
Fusion Surgery. July 15, 2011. Accessed November 7, 2013. Available at URL address: 
http://www.isass.org/public_policy/2011-07-15_policy_statement_lumbar_surgery.html 

 
89. Isaac Z, Devine J. sacroiliac joint dysfunction. Ch 47. In: Frontera: Essentials of Physical Medicine 

and Rehabilitation, 2nd ed. Copyright © 2008.  
 
90. Jacquot F, Gastambide D. Percutaneous endoscopic transforaminal lumbar interbody fusion: is it 

worth it? Int Orthop. 2013 Aug;37(8):1507-10. 
 
91. Kauffman CP. How much bone resection is necessary to code for a corpectomy? Coding Q&A. 

SpineLine. NASS News. March/April 2007.  
 
92. Keefe FJ. Cognitive behavioral therapy for managing pain. The Clinical Psychologist, 1996; 49(3), 4-5.  
 
93. Kelly MP, Mok JM, Berven S. Dynamic constructs for spinal fusion: an evidence-based review. Orthop 

Clin North Am. 2010 Apr;41(2):203-15.  
 
94. Kong CB, Jeon DW, Chang BS, Lee JH, Suk KS, Park JB. Outcome of spinal fusion for lumbar 

degenerative disease: a cross-sectional study in Korea. Spine (Phila Pa 1976). 2010 Jul 
1;35(15):1489-94. 

 
95. Korovessis P, Papazisis Z, Koureas G, Lambiris E. Rigid, semirigid versus   dynamic instrumentation 

for degenerative lumbar spinal stenosis. Spine. 2004 Apr;29(7):735-42.  
 
96. Knight RQ, Schwaegler P, Hanscom D, Roh J.  Direct lateral lumbar interbody fusion for degenerative 

conditions: early complication profile. J Spinal Disord Tech. 2009 Feb;22(1):34-7.  
 
97. Kumar A, Beastall J, Hughes J, Karadimas EJ, Nicol M, Smith F, Wardlaw D. Disc changes in the 

bridged and adjacent segments after Dynesys dynamic stabilization system after two years. Spine. 
2008 Dec 15;33(26):2909-14.  

 
98. Kwon BK, Vaccaro AR, Grauer JN, Beiner J. Indications, techniques, and outcomes of posterior 

surgery for chronic low back pain. Orthop Clin North Am. 2003 Apr;34(2): 297-308. 
 
99. Lai PL, Chen LH, Niu CC, Fu TS, Chen WJ. Relation between laminectomy and development of 

adjacent segment instability after lumbar fusion with pedicle fixation. Spine. 2004 Nov 15;29(22):2527-
32; discussion 2532. 

 
100. Laslett M. Evidence-based diagnosis and treatment of the painful sacroiliac joint. J Man Manip Ther. 

2008;16(3):142-52. 
 
101. Leventhal MR. Instability. Cervical Spine Injuries. Chapter 35-Fractures, Dislocations, and Fracture-

Dislocations of Spine. In Canale: Campbell's Operative Orthopaedics, 10th ed., Copyright © 2003.  
 
102. Lieberman IH, Willsher PC, Litwin DEM, Salo PT, Kraetschmer BG. Transperitoneal laparoscopic 

exposure for lumbar interbody fusion. Spine. 2000 Feb 15;25(4):509-14; discussion 515. 
 
103. Lindley EM, McCullough MA, Burger EL, Brown CW, Patel VV. Complications of axial lumbar 

interbody fusion. J Neurosurg Spine. 2011 Sep;15(3):273-9. Epub 2011 May 20.  
 
104. Lovely TJ, Rastogi P. The value of provocative facet blocking as a predictor of success in lumbar 

spine fusion. J Spinal Disord. 1997 Dec;10(6):512-7. 
 
105. Mac Millan M. Computer-guided percutaneous interbody fixation and fusion of the L5-S1 disc: a 2-

year prospective study. J Spinal Disord Tech. 2005 Feb;18 Suppl:S90-5. 
 



 
Page 32 of 37 
Coverage Policy Number: 0303 

106. Maghout Juratli S, Franklin GM, Mirza SK, Wickizer TM, Fulton-Kehoe D. Lumbar fusion outcomes in 
Washington State workers' compensation. Spine. 2006 Nov 1;31(23):2715-23.  

 
107. Marchi L, Oliveira L, Coutinho E, Pimenta L. Results and complications after 2-level axial lumbar 

interbody fusion with a minimum 2-year follow-up. J Neurosurg Spine. 2012;17:187–192.  
 
108. Marotta N, Cosar M, Pimenta L, Khoo LT. A novel minimally invasive presacral approach and 

instrumentation technique for anterior L5-S1 intervertebral discectomy and fusion: technical 
description and case presentations. Neurosurg Focus. 2006 Jan 15;20(1):E9.  

 
109. Mavrogenis AF, Patapis P, Kostopanagiotou G, Papagelopoulos PJ. Tumors of the sacruym. 

Orthoepdics, May 2009.Vol 32, Issue 5.  
 
110. McAfee P, Khoo LT, Pimenta L, Capuccino A, Sengoz A, Coric D, Hes R, Conix B, Asgarzadie F, 

Hamzaoglu A, Mirofsky Y, Anekstein Y. Treatment of lumbar spinal stenosis with a total posterior 
arthroplasty prosthesis: implant description, surgical technique, and a prospective report on 29 
patients. Neurosurg Focus. 2007 Jan 15;22(1):E13.  

 
111. Mihalko MJ, Martinez SF.Tuberculois and Other Unusual Infections Ch 18;  In: Canale & Beaty: 

Campbell’s Operative Orthopaedics, 11th ed. Copyright © 2007.  
 
112. Minamide A, Yoshida M, Kawakami M, Okada M, Enyo Y, Hashizume H, Boden SD. The effects of 

bone morphogenetic protein and basic fibroblast growth factor on cultured mesenchymal stem cells 
for spine fusion. Spine. 2007 May 1;32(10):1067-71. 

 
113. Mirza SK, Deyo RA. Systematic review of randomized trials comparing lumbar fusion surgery to 

nonoperative care for treatment of chronic back pain. Spine (Phila Pa 1976). 2007 Apr 1;32(7):816-23.  
 
114. Moojen WA, Arts MP, Bartels RH, Jacobs WC, Peul WC. Effectiveness of interspinous implant 

surgery in patients with intermittent neurogenic claudication: a systematic review and meta-analysis. 
Eur Spine J. 2011 Oct;20(10):1596-606. Epub 2011 Jun 11. 

 
115. Mullis BH, Sagi HC. Minimum 1-year follow-up for patients with vertical shear sacroiliac joint 

dislocations treated with iliosacral screws: does joint ankylosis or anatomic reduction contribute to 
functional outcome? J Orthop Trauma. 2008 May-Jun;22(5):293-8.  

 
116. Newman CB, Keshavarzi S, Aryan HE. En bloc sacrectomy and reconstruction: technique 

modification for pelvic fixation. Surg Neurol. 2009 Dec;72(6):752-6; discussion 756.  
 
117. North American Spine Society. Clinical guidelines for multidisciplinary spine care. Diagnosis and 

treatment of generative lumbar spinal stenosis. Copyright © January 2007. North American Spine 
Society. Accessed November 7, 2013. Available at URL address: 
http://www.spine.org/Pages/PracticePolicy/ClinicalCare/ClinicalGuidlines/Default.aspx 

 
118. North American Spine Society. Diagnosis and treatment of degenerative lumbar spondylolisthesis. 

2008. Accessed November 7, 2013. Available at URL address: 
http://www.spine.org/Documents/spondylolisthesis_Clinical_Guideline.pdf 

 
119. North American Spine Society. Public Education Series. Bone Graft Alternatives. © 2006 North 

American Spine Society. Accessed October 30, 2012. Available at URL address: 
http://www.spine.org/Pages/ConsumerHealth/crc.aspx 

 
120. NuVasive, Inc. ILIF™. Accessed November 13, 2013. Available at URL address: 

http://www.nuvasive.com/patient-solutions/nuvasive-surgical-solutions/ilif/ 
 
121. Ozgur BM, Aryan HE, Pimenta L, Taylor WR. Extreme Lateral Interbody Fusion (XLIF): a novel 

surgical technique for anterior lumbar interbody fusion. Spine J. 2006 Jul-Aug;6(4):435-43.  
 



 
Page 33 of 37 
Coverage Policy Number: 0303 

122. Park P, Foley KT. Minimally invasive transforaminal lumbar interbody fusion with reduction of 
spondylolisthesis: technique and outcomes after a minimum of 2 years' follow-up. Neurosurg Focus. 
2008;25(2):E16.  

 
123. Park Y, Ha JW. Comparison of one-level posterior lumbar interbody fusion performed with a minimally 

invasive approach or a traditional open approach. Spine. 2007 Mar 1;32(5):537-43.  
 
124. Patil SS, Lindley EM, Patel VV, Burger EL. Clinical and radiological outcomes of axial lumbar 

interbody fusion. Orthopedics. 2010 Dec 1;33(12):883. doi: 10.3928/01477447-20101021-05.  
 
125. Petrozza PH. Major spine surgery. Anesthesiol Clin North America. 2002 Jun;20(2):405-15, vii. 
 
126. Phillips FM, Tzermiadianos MN, Voronov LI, et al. Effect of the Total Facet Arthroplasty System after 

complete laminectomy-facetectomy on the biomechanics of implanted and adjacent segments. Spine 
J. 2009;9(1):96-102. 

 
127. Regan JJ, Yuan H, McAfee PC. Laparoscopic Fusion of the Lumbar Spine: Minimally Invasive 

SpineSurgery: A Prospective Multicenter Study Evaluating Open and Laparoscopic Lumbar Fusion. 
1999 Feb;24(4):402-411 

 
128. Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo L, Matz PG, et al. Guidelines for the 

performance of fusion procedures for degenerative disease of the lumbar spine. Part 4: radiographic 
assessment of fusion. J Neurosurg Spine. 2005 Jun;2(6):653-7. 

 
129. Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo L, Matz PG, et al. Guidelines for the 

performance of fusion procedures for degenerative disease of the lumbar spine. Part 5: correlation 
between radiographic and functional outcome. J Neurosurg Spine. 2005 Jun;2(6):658-61. 

 
130. Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo L, Matz PG, et al. Guidelines for the 

performance of fusion procedures for degenerative disease of the lumbar spine. Part 6: magnetic 
resonance imaging and discography for patient selection for lumbar fusion. J Neurosurg Spine. 2005 
Jun;2(6):662-9. 

 
131. Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo L, Matz PG, et al. Guidelines for the 

performance of fusion procedures for degenerative disease of the lumbar spine. Part 7: intractable 
low-back pain without stenosis or spondylolisthesis. J Neurosurg Spine. 2005 Jun;2(6):670-2. 

 
132. Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo L, Matz PG, et al. Guidelines for the 

performance of fusion procedures for degenerative disease of the lumbar spine. Part 8: lumbar fusion 
for disc herniation and radiculopathy. J Neurosurg Spine. 2005 Jun;2(6):673-8. 

 
133. Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo L, Matz PG, et al. Guidelines for the 

performance of fusion procedures for degenerative disease of the lumbar spine. Part 9: fusion in 
patients with stenosis and spondylolisthesis. J Neurosurg Spine. 2005 Jun;2(6):679-85. 

 
134. Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo L, Matz PG, et al. Guidelines for the 

performance of fusion procedures for degenerative disease of the lumbar spine. Part 10: fusion 
following decompression in patients with stenosis without spondylolisthesis. J Neurosurg Spine. 2005 
Jun;2(6):686-91. 

 
135. Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo L, Matz PG, et al. Guidelines for the 

performance of fusion procedures for degenerative disease of the lumbar spine. Part 11: interbody 
techniques for lumbar fusion. J Neurosurg Spine. 2005 Jun;2(6):692-9. 

 
136. Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo L, Matz PG, et al. Guidelines for the 

performance of fusion procedures for degenerative disease of the lumbar spine. Part 12: pedicle 
screw fixation as an adjunct to posterolateral fusion for low-back pain. J Neurosurg Spine. 2005 
Jun;2(6):700-6. 



 
Page 34 of 37 
Coverage Policy Number: 0303 

 
137. Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo L, Matz PG, et al. Guidelines for the 

performance of fusion procedures for degenerative disease of the lumbar spine. Part 16: bone graft 
extenders and substitutes. J Neurosurg Spine. 2005 Jun;2(6):733-6. 

 
138. Rodgers WB, Cox CS, Gerber EJ. Early complications of extreme lateral interbody fusion in the 

obese. J Spinal Disord Tech. 2010a Aug;23(6):393-7.  
 
139. Rodgers WBV, Gerber EJ, Patterson JR. Fusion after minimally disruptive anterior lumbar interbody 

fusion: Analysis of extreme lateral interbody fusion by computed tomography. SAS Journal 4 2010b 
:63-66. 

 
140. Rudolf L. Sacroiliac Joint Arthrodesis-MIS Technique with Titanium Implants: Report of the First 50 

Patients and Outcomes. Open Orthop J. 2012;6:495-502.   
 
141. Sachs D, Capobianco R. One year successful outcomes for novel sacroiliac joint arthrodesis system. 

Ann Surg Innov Res. 2012 Dec 27;6(1):13.  
 
142. Schaeren S, Broger I, Jeanneret B. Minimum four-year follow-up of spinal stenosis with degenerative 

spondylolisthesis treated with decompression and dynamic stabilization. Spine. 2008 Aug 
15;33(18):E636-42.  

 
143. Schnake KJ, Schaeren S, Jeanneret B. Dynamic stabilization in addition to decompression for lumbar 

spinal stenosis with degenerative spondylolisthesis. Spine. 2006 Feb 15;31(4):442-9. 
 
144. Schütz U, Grob D. Poor outcome following bilateral sacroiliac joint fusion for degenerative sacroiliac 

joint syndrome. Acta Orthop Belg. 2006 Jun;72(3):296-308.  
 
145. Schwarzenbach O, Berlemann U, Stoll TM, Dubois G. Posterior dynamic stabilization systems: 

DYNESYS. Orthop Clin North Am. 2005 Jul;36(3):363-72.  
 
146. Schweitzer D, Zylberberg A, Córdova M, Gonzalez J.  Closed reduction and iliosacral percutaneous 

fixation of unstable pelvic ring fractures. Injury. 2008 Aug;39(8):869-74.   
 
147. Sengupta D. Dynamic stabilization devices in the treatment of low back pain. Orthop Clin N Am. 2004 

Jan;35(10:43-56. Review. 
  
148. Sengupta DK, Herkowitz HN. Lumbar spinal stenosis: treatment strategies and indications for surgery. 

Orthop Clin North Am. 2003 Apr;34(2):281-95. 
 
149. Smith AG, Capobianco R, Cher D, Rudolf L, Sachs D, Gundanna M, Kleiner J, Mody MG, Shamie AN. 

Open versus minimally invasive sacroiliac joint fusion: a multi-center comparison of perioperative 
measures and clinical outcomes. Ann Surg Innov Res. 2013 Oct 30;7(1):14. 

 
150. Society for Minimally Invasive Spine Surgery (SMISS). Position statement on presacral lumbar 

interbody fusion. February 29, 2012.   
 
151. Sonntag VKH, Marciano FF. Is fusion indicated for lumbar spinal disorders? Spine. 1995 Dec;20(24 

Supp):138S-142S.  
 
152. Sørensen LT. Wound healing and infection in surgery: the pathophysiological impact of smoking, 

smoking cessation, and nicotine replacement therapy: a systematic review. Ann Surg. 2012 
Jun;255(6):1069-79.  

 
153. Spinellil J, Rainville J. In: Frontera: Essentials of Physical Medicine and Rehabilitation, 2nd ed. CH 45. 

Lumbar spondylolysis and spondylolisthesis. Copyright © 2008 Saunders.  
 
154. Tajima N, Chosa E, Watanabe S. Posterolateral lumbar fusion. J Orthop Sci. 2004 May;9(3):327-33. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Smith%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=24172188
http://www.ncbi.nlm.nih.gov/pubmed?term=Capobianco%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24172188
http://www.ncbi.nlm.nih.gov/pubmed?term=Cher%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24172188
http://www.ncbi.nlm.nih.gov/pubmed?term=Rudolf%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24172188
http://www.ncbi.nlm.nih.gov/pubmed?term=Sachs%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24172188
http://www.ncbi.nlm.nih.gov/pubmed?term=Gundanna%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24172188
http://www.ncbi.nlm.nih.gov/pubmed?term=Kleiner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24172188
http://www.ncbi.nlm.nih.gov/pubmed?term=Mody%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=24172188
http://www.ncbi.nlm.nih.gov/pubmed?term=Shamie%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=24172188


 
Page 35 of 37 
Coverage Policy Number: 0303 

 
155. Tang G, Rodts G, Haid RW Jr. Patient selection in lumbar arthrodesis for low back pain. In: Haid RW 

Jr., Resnick DK, editors. Surgical management of low back pain. Rolling Meadow, IL: American 
Association of Neurological Surgeons; 2001. Chapter 2. Accessed October 29, 2009. Available at 
URL address: http://www.spineuniverse.com/rtbarticle.php/article83.html 

 
156. Tobler WD, Ferrara LA. The presacral retroperitoneal approach for axial lumbar interbody fusion: a 

prospective study of clinical outcomes, complications and fusion rates at a follow-up of two years in 26 
patients. J Bone Joint Surg Br. 2011 Jul;93(7):955-60. 

 
157. Tobler W, Gerszten P, Bradley W, Raley T, Nasca R, Block J:  Minimally-invasive Axial Pre-sacral L5-

S1 Interbody Fusion: Two Year Clinical and Radiographic Outcomes. Spine. 2011 Sept; 36(20): 
E1296-E1301.   

 
158. Tobler WD, Melgar MA, Raley TJ, Anand N, Miller LE, Nasca RJ. Clinical and radiographic outcomes 

with L4-S1 axial lumbar interbody fusion (AxiaLIF) and posterior instrumentation: a multicenter study. 
Med Devices (Auckl). 2013 Sep 18;6:155-61. 

 
159. Tormenti MJ, Maserati MB, Bonfield CM, Okonkwo DO, Kanter AS. Complications and radiographic 

correction in adult scoliosis following combined transpsoas extreme lateral interbody fusion and 
posterior pedicle screw instrumentation. Neurosurg Focus. 2010 Mar;28(3):E7.  

 
160. Torg JS. Spinal Injuries. Ch 16 In DeLee: DeLee and Drez's Orthopaedic Sports Medicine, 3rd ed. 

Copyright © 2009.  
 
161. TruFuse Facet Fusion. minSURG Corporation. © minSURG™ Corporation, 2008. Accessed October 

28, 2009. Available at URL address: http://www.trufuse.com/index.aspx  
 
162. U.S. Food and Drug Administration (FDA). FDA Public Health Notification: Life-threatening 

complications associated with recombinant human bone morphogenetic protein in cervical spine 
fusion. July 1, 2008. Accessed November 7, 2013. Available at URL address: 
http://www.fda.gov/cdrh/safety/070108-rhbmp.html 

 
163. U.S. Food and Drug Administration (FDA). New device approval: INFUSE® bone graft-P000054. 

Updated 2004 May 17. Accessed November 13, 2013. Available at URL address: 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cftopic/pma/pma.cfm?num=p000054 

 
164. U.S. Food and Drug Administration (FDA). New humanitarian device approval: OP-1 Putty- H020008. 

Updated 2004 Apr 27. Accessed November 7, 2013. Available at URL address: 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cftopic/pma/pma.cfm?num=h020008 

 
165. U.S. Food and Drug Administration (FDA). Centerpulse Spine-Tech, Inc. Dynesys Spinal System. 

510(k) summary. K031511. March 5, 2004. Accessed November 7, 2013. Available at URL address: 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm?ID=11797 

 
166. U.S. Food and Drug Administration (FDA). Satellite Spinal System. 510(k) summary K060415. 

February 2006. Accessed November 7, 2013. Available at URL address: 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn_template.cfm?id=k060415 

 
167. U.S. Food and Drug Administration (FDA). Trans1 AxiaLif™ System.510 (k) Summary K050965. 

4/15/2005. Accessed November 7, 2013. Available at URL address: 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm?ID=18082 

 
168. U.S. National Institutes of Health. Clinicaltrials.gov. Dynamic Stabilization for Lumbar Spinal Stenosis 

With Stabilimax NZ® Dynamic Spine Stabilization System. Updated September 23, 2008. Suspended. 
Accessed October 29, 2009. Available at URL address: http://clinicaltrials.gov/ct/show/NCT00479544 

 



 
Page 36 of 37 
Coverage Policy Number: 0303 

169. Varga PP, Bors I, Lazary A.  Sacral Tumors and Management. Orthop Clin North Am. 2009 
Jan;40(1):105-23.  

 
170. Van Loon P, Kuhn S, Hofmann A, Hessmann MH, Rommens PM. Van Loon P, Kuhn S, Hofmann A, 

Hessmann MH, Rommens PM. Injury. 2011 Oct;42(10):1012-9. 
 
171. Villavicencio AT, Burneikiene S, Roeca CM, Nelson EL, Mason A. Minimally invasive versus open 

transforaminal lumbar interbody fusion. Surg Neurol Int. 2010 May 31;1:12.  
 
172. Vinas FC. Lumbar spine fractures and dislocations. eMedicine 2003 Jan 25. Updated September 15, 

2013 .Accessed November 7, 2013. Available at URL address: 
http://www.emedicine.com/orthoped/TOPIC176.HTM 

 
173. Vleeming A, Albert HB, Ostgaard HC, et al. European guidelines for the diagnosis and treatment of 

pelvic girdle pain. Eur Spine J. 2008; 17(6):794-819. 
 
174. Vogt MT, Hanscom B, Lauerman WC, Kang JD. Influence of smoking on the health status of spinal 

patients: the National Spine Network database. Spine (Phila Pa 1976). 2002 Feb 1;27(3):313-9.  
 
175. Vokshoor A, Keenan MA. Spondylolisthesis, spondylolysis, and spondylosis. eMedicine. Jan 2009. 

Updated February 12, 2012. Accessed November 7, 2013. Available to URL address: 
http://emedicine.medscape.com/article/1266860-overview 

 
176. Waisbrod H, Krainick JU, Gerbershagen HU. Sacroiliac joint arthrodesis for chronic lower back pain. 

Arch Orthop Trauma Surg. (1987) 106:238-240. 
 
177. Washington State Department of Labor and Industries. Guidelines for lumbar fusion (Arthrodesis). 

Olympia, WA: Washington State Department of Labor and Industries; 2002 Aug. 5p. October 30, 
2012. Available at URL address: 
http://www.lni.wa.gov/ClaimsIns/Providers/Treatment/TreatGuide/default.asp 

 
178. Washington State Health Care Authority. Health technology Assessment. Spinal Fusion and 

Discography. For chronic low back pain and uncomplicated lumbar degenerative disc disease. 
October 2007. Accessed October 30, 2012. Available at URL address: 
http://www.hta.hca.wa.gov/documents/spinal_fusion_discography_final_101907.pdf 

 
179. Weinstein JN, Lurie JD, Tosteson TD, Hanscom B, Tosteson AN, Blood EA, et al. Surgical versus 

nonsurgical treatment for lumbar degenerative spondylolisthesis. N Engl J Med. 2007 May 
31;356(22):2257-70.  

 
180. Welch WC, Cheng BC, Awad TE, Davis R, Maxwell JH, Delamarter R, Wingate JK, Sherman J, 

Macenski MM. Clinical outcomes of the Dynesys dynamic neutralization system: 1-year preliminary 
results. Neurosurg Focus. 2007 Dec 15;22(1):E8.  

 
181. Whang PG, Sasso RC, Patel VV, Ali RM, Fischgrund JS. Comparison of Axial and Anterior Interbody 

Fusions of the L5-S1 Segment: A Retrospective Cohort Analysis. J Spinal Disord Tech. 2013 Nov 4.  
 
182. Williams KD, Park AL. Degenerative disc disease and internal disc derangement. In: Canale & Beaty: 

Campbell’s Operative Orthopaedics, 11th ed. Copyright © 2007 Mosby Ch 39.  
 
183. Wise CL, Dall BE. Minimally invasive sacroiliac arthrodesis: outcomes of a new technique. J Spinal 

Disord Tech. 2008 Dec;21(8):579-84.  
 
184. Work Loss Data Institute. Hip & pelvis (acute & chronic). Encinitas (CA): Work Loss Data Institute; 

2011. 
 
185. Work Loss Data Institute. Low back - lumbar & thoracic (acute & chronic). Corpus Christi (TX): Work 

Loss Data Institute; 2008. 481 p. 



 
Page 37 of 37 
Coverage Policy Number: 0303 

 
186. Wu RH, Fraser JF, Härtl R . Minimal Access Versus Open Transforaminal Lumbar Interbody Fusion: 

Meta-Analysis of Fusion Rates. Spine (Phila Pa 1976). 2010 Jun 24.  
 
187. Yu X, Tang M, Zhou Z, Peng X, Wu T, Sun Y. Minimally invasive treatment for pubic ramus fractures 

combined with a sacroiliac joint complex injury. Int Orthop. 2013 Aug;37(8):1547-54. 
 
188. Yue JJ, Timm JP, Panjabi MM, Jaramillo-de la Torre J. Clinical application of the Panjabi neutral zone 

hypothesis: the Stabilimax NZ posterior lumbar dynamic stabilization system. Neurosurg Focus. 2007 
Jan 15;22(1):E12.   

 
189. Yuan PS, Day TF, Albert TJ, Morrison WB, Pimenta L, Cragg A, Weinstein M. Anatomy of the 

percutaneous presacral space for a novel fusion technique. J Spinal Disord Tech. 2006 
Jun;19(4):237-41.  

 
190. Zdeblick TA. Minimally invasive fusion techniques. Laparoscopic spinal fusion. Orthop Clin North Am. 

1998 Oct;29(4):635-45. 
 
191. Zdeblick TA, David SM. A prospective comparison of surgical approach for anterior L4-L5 fusion: 

laparoscopic versus mini anterior lumbar interbody fusion. Spine. 2000 Oct;25(20):2682-7. 
 
192. Zhu Q, Larson CR, Sjovold SG, Rosler DM, Keynan O, Wilson DR, Cripton PA, Oxland TR. 

Biomechanical evaluation of the Total Facet Arthroplasty System: 3-dimensional kinematics. Spine 
(Phila Pa 1976). 2007 Jan 1;32(1):55-62.  

 
193. Zeilstra DJ, Miller LE, Block JE. Axial lumbar interbody fusion: a 6-year single-center experience. Clin 

Interv Aging. 2013;8:1063-9.  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The registered mark "Cigna" and the "Tree of Life" logo are owned by Cigna Intellectual Property, Inc., licensed for use by Cigna Corporation and 
its operating subsidiaries.  All products and services are provided by or through such operating subsidiaries and not by Cigna Corporation. Such 
operating subsidiaries include Connecticut General Life Insurance Company, Cigna Health and Life Insurance Company, Cigna Behavioral 
Health, Inc., Cigna Health Management, Inc., and HMO or service company subsidiaries of Cigna Health Corporation. In Arizona, HMO plans are 
offered by Cigna HealthCare of Arizona, Inc. In California, HMO plans are offered by Cigna HealthCare of California, Inc. In Connecticut, HMO 
plans are offered by Cigna HealthCare of Connecticut, Inc. In North Carolina, HMO plans are offered by Cigna HealthCare of North Carolina, Inc. 
In Virginia, HMO plans are offered by Cigna HealthCare Mid-Atlantic, Inc. All other medical plans in these states are insured or administered by 
Connecticut General Life Insurance Company or Cigna Health and Life Insurance Company. 


	Coverage Policy
	General Background
	Coding/Billing Information
	References
	148. Sengupta DK, Herkowitz HN. Lumbar spinal stenosis: treatment strategies and indications for surgery. Orthop Clin North Am. 2003 Apr;34(2):281-95.


