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Preface

Advances in minimally invasive spine surgery (MIS) have improved patient outcomes 
for a variety of pathologies affecting the spinal column. These advances all have 
the same goal, which is to improve patient outcomes by reducing approach-related 
morbidity. Patients can have quicker recoveries and return to normal active lifestyles 
by preserving the normal anatomical structures and or motion of the spine when 
performing spine surgery. These goals are increasingly becoming the required objec-
tives of patients when seeking out surgeons to perform their spine procedures. Those 
surgeons who know how to treat patients in a minimally invasive fashion will grow 
their practices and help many suffering patients effectively. There has been a boom 
in MIS treatments and advancements in this area have accelerated rapidly. This book 
teaches physicians how to treat patients using MIS, improve outcomes, and quickly 
return patients to full and active lifestyles.

In this book, we list some of the latest advancements and developments in MIS. 
This is by no means a complete textbook on MIS and additional materials are 
needed to keep up with this rapidly advancing field.

The first section begins with chapters on cervical approaches, including outpatient 
cervical arthroplasty as well as novel arthroplasty devices that mimic the true 
motion of the human cervical spine. These newer technologies allow for motion in 
all six planes including flexion, extension, lateral rotation, and compression. The 
intervertebral disc is not a ball and socket joint like the hip or knee; therefore, for 
arthroplasty devices to truly work, compression and limited motion as seen in the 
anatomical annulus fibrosis and nucleus pulposus of the intervertebral disc should 
be reproduced in an arthroplasty device.

In the second section, chapters discuss minimally invasive and novel approaches 
for treating the pathology of the thoracic spine.

In the third section, chapters address minimally invasive lumbar approaches. This 
is the largest section since most surgical pathology we treat is in the lumbar spine. 
It discusses novel minimally invasive approaches that treat very common spinal 
conditions like lumbar stenosis and spondylolisthesis. These approaches preserve 
the normal anatomy of the lumbar spine, including the spinous processes and the 
paraspinal muscle attachments to the spinous process and lamina. This is critical 
in preventing stresses on adjacent levels, which can lead to joint and ligamentum 
flavum hypertrophy requiring additional and costly reoperations. Patients clearly 
recover faster and return to active lifestyles with these procedures that preserve 
much of the normal anatomy and function of the lumbar spine. Though we still do 
not entirely understand the underlying physiological etiology of spinal stenosis, 
fusing the segment while preserving much of the normal anatomy of the spine, 
as is explained in this book, can lead to long-lasting, excellent outcomes for these 
patients. This includes those patients suffering from multi-segmental spinal 
stenosis. The traditional procedures where the spinous process is removed over 
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multiple segments can lead to high rates of adjacent segment disease, scarring, and 
failed laminectomy syndrome. This can result in considerable patient suffering 
and poor outcomes. If the content of this book can help these patients alone, then it 
has achieved a major goal in advancing the spine field.

The fourth section includes one chapter on treating spinal malignancy in a minimally 
invasive fashion. This chapter not only explores novel approaches but also focuses on 
treatment that can help to reduce morbidity while improving survival and outcomes 
for patients suffering from spinal malignancy.

The final section on minimally invasive assisted robotic spine surgery (MARSS) is 
a rapidly growing area in MIS. Using robots, spinal instrumentation can be applied 
accurately and precisely while preserving the normal anatomical structures of the 
spine. Indeed, more recent technology is advanced to the point where the surgeon 
can literally peer through the spine as if having x-ray vision. The result is that 
there is no longer a need to strip away and destroy critical anatomical structures 
of the spine like muscles, ligaments, bones, and joints to view the bony anatomy. 
These structures are critical to the long-term health of the spine and preserving 
their form and function can greatly improve patient outcomes, reduce the need for 
reperforming spine surgery, and quickly returns patients to their full and active 
lifestyles, which is the ultimate goal.

Mick Perez-Cruet, MD, MS
Vice Chairman and Professor,

Director, Minimally Invasive Spine and Spine Program,
Department of Neurosurgery,

Oakland University William Beaumont,
School of Medicine,

Auburn Hills, Michigan

Department of Neurosurgery,
Michigan Head and Spine Institute,

Southfield, Michigan, USA
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Chapter 1

Cervicogenic Headache 
Hypothesis and Anterior Cervical 
Decompression as a Treatment 
Paradigm
Amir Goodarzi, Edwin Kulubya, Tejas Karnati and Kee Kim

Abstract

Cervicogenic headaches are a controversial clinical entity that affect many 
patients suffering from cervical spondylosis. Understanding the pathogenesis and 
identifying the nociceptive sources of cervicogenic headaches is critical to properly 
treat these headaches. A multimodal approach is necessary to treat these headaches 
using a variety of medical tools. Surgical interventions are reserved for patients 
that fail maximal medical therapy. The anterior cervical spine surgery has shown 
promise in the treatment of cervicogenic headaches and this success has hinted at a 
ventral source of nociceptive pathology. Continued research and development are 
required to improve outcomes in patients suffering from cervicogenic headaches.

Keywords: cervicogenic, headache, sinovertebral nerve, neck pain, referred pain

1. Introduction

Cervicogenic headaches (CGH) were first recognized as a distinct pathologic 
entity in the 1980’s to describe a group of patients suffering from headaches that 
occurred in the presence of cervical spondylosis and neck pain. The diagnostic 
criteria and pathogenesis of CGH have remained contentious with many compet-
ing hypotheses described in recent years. However, despite the knowledge gap and 
lack of a comprehensive understanding of the underlying pathogenesis, significant 
clinical evidence has been published on successful treatment paradigms for CGH. 
Clinicians have used a variety of approaches in treating cervicogenic headaches 
including both medical and surgical techniques. Anterior cervical decompressive 
surgery is a minimally invasive procedure that has demonstrated promising and 
durable results for symptom relief in CGH. In this chapter we review the pathogen-
esis, diagnosis, and some of the minimally invasive surgical techniques used to treat 
cervicogenic headaches.

2. Current understanding of cervicogenic headache pathogenesis

The term cervicogenic headache (CGH) was first conceived in 1983 by Sjaastad 
et al. to describe patients experiencing episodic headaches that were triggered by 
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stereotypical neck movements in the setting of cervical pathology (e.g. radicu-
lopathy, myelopathy, soft tissue lesions) [1]. Sjaasted et al. observed that these 
headaches were accompanied by neck pain, neck rigidity, and dysautonomia. The 
dysautonomic symptoms included unilateral lacrimation, rhinorrhea, tinnitus, 
blurred vision, flushing of the face, photophobia, phonophobia, nausea, and 
vomiting [1, 2]. Most peculiarly, many patients noted myofascial trigger points in 
the neck, ipsilateral to the headaches, that could precipitate their symptoms with 
great intensity [1–3].

Over the last decade, there has been continued controversy regarding a consis-
tent definition for CGH. However, a common framework has recently been estab-
lished by the International Headache Society’s Headache classification (ICHD-3). 
The ICHD-3 defines CGH as headaches in the presence of neck pain and pathology 
of the cervical spine, including disease related to bone, disc, and/or soft tissue [3]. 
The ICHD-3 diagnostic criteria require clinical and/or imaging evidence of cervical 
pathology (bone or soft tissue) and at least two of the following criteria: 1. temporal 
relation of headache onset and the spinal pathology; 2. headache improvement or 
resolution in parallel to improvement or resolution of spinal pathology; 3. reduced 
neck mobility and provocation of headache by stereotypical neck movements;  
4. resolution of headaches after diagnostic cervical spine injections or associated 
nerve blocks [3].

These ICHD-3 criteria allow for a more standardized method of diagnosing 
CGH, however, given the relative lack of their use in prior publications, it is not 
surprising that there is tremendous variability in the reported rates of CGH preva-
lence. The estimated prevalence of CGH is reported to be 0.4–4% in the general 
population. However, in patients diagnosed with cervical pathology, greater than 
85% may experience CGH, with a significant impact on patient morbidity, and 
quality of life [4–8]. Thus, given the high prevalence, and substantial influence on 
patient outcomes, it is imperative to formulate an understanding of the pathogen-
esis of CGH to develop appropriate treatment strategies.

3. Pathogenesis

The details of the pathogenesis of cervicogenic headaches remain elusive. As 
we review the current understanding of the pathogenesis of CGH, it is worth 
noting that most of the proposed theories rely on clinical findings and the under-
lying anatomic associations between the cervical spine and cranial nociceptive 
pathways. Although the origin of pain generators in the cervical spine remains 
speculative, neuroforaminal compression and uncovertebral joint arthropathy 
secondary to cervical spondylosis are likely contributors [6, 8–12]. There is some 
consensus regarding the transmission of the nociceptive stimulus from these 
potential pain generators. It is postulated that CGH are mediated through the 
convergence of nociceptive fibers from the upper cervical nerves (C1-C3) onto the 
trigeminal spinal nucleus, resulting in pain stimulus via the trigeminal afferents 
pathways [6, 8, 9, 13, 14]. This convergence of nociceptive stimuli can lead to the 
perception of fronto-temporal headaches and dysautonomia secondary to upper 
cervical spondylosis [8, 15].

The trigeminal afferent pathways are composed of three main nuclei and tracts: 
the mesencephalic nucleus and tract, the chief/principal sensory nucleus, and the 
spinal trigeminal nucleus and tract [16]. The spinal trigeminal tract conducts pain, 
temperature, and crude touch of the head, and is continuous caudally with the tract 
of Lissauer in the cervical spine. In the spine, the tract of Lissauer is formed by 
nociceptive fibers ascending and descending one to two levels in the dorsolateral 



5

Cervicogenic Headache Hypothesis and Anterior Cervical Decompression as a Treatment Paradigm
DOI: http://dx.doi.org/10.5772/intechopen.95931

white matter before entering the gray matter and decussating to join the ascending 
spinothalamic tract [17]. The convergence of the trigeminal spinal tract and the 
tract of Lissauer is a potential point of convergence between upper cervical spine 
(C1-C3) pain generators and ipsilateral CGH. However, this hypothesis cannot 
adequately explain cases of CGH in patients with spondylosis of the lower cervical 
spine [18, 19]. Several hypotheses have been proposed attempting to clarify the 
source of CGH from the lower cervical spine. One theory proposes that CGH are 
referred from the lower cervical spine by abnormal muscle and spinal kinemat-
ics caused by spondylosis [12, 20]. Cadaveric studies have demonstrated that the 
ligamentum nuchae and suboccipital muscles can be adherent to the occipital dura 
in a small subset of the population. This relationship could act as a mechanical 
conduit for the transformation of abnormal cervical spinal kinematics into noci-
ceptive signals transferred to the dura in patients afflicted by spondylosis [15, 21]. 
Another theory postulates that aberrant connections between the spinal trigeminal 
tract and the spinothalamic tract could result in transmission of pain stimulus from 
the lower cervical region to the upper cervical region and ultimately perceived 
as fronto-temporal headaches [12, 20]. However, none of these theories have an 
adequate anatomical basis to clearly support their role in CGH. We hypothesize that 
CGH due to spondylosis of the lower cervical spine are likely referred through the 
sinuvertebral nerves (SVN) [6]. The SVN innervates the uncovertebral joints, the 
dura of the nerve root sleeve, and the nearby intervertebral discs. It travels medio-
laterally from the uncovertebral joint towards the disc space in close association 
with the sympathetic and vascular plexus. Most notably, the SVN sends descending 
collaterals up to 3-disc spaces below its level of origin to communicate with the SVN 
of adjacent spinal levels (Figure 1). Thus, this anatomic pathway can account for 
neurovascular irritation in the lower cervical spine being referred to C1-C3 and in 
turn resulting in CGH [6]. The SVN plexus, cervical vasculature, and cervical nerve 
root are in proximity near the neural foramina that is formed by the uncovertebral 
joint, and facet joint (Figure 1). This region, coined the unco-vasculo-radicular 
(UVR) junction, is a likely candidate as a pain generator in CGH [6].

The SVN and neuroforaminal compression at the UVR junction do not adequately 
explain the associated dysautonomia that is commonly seen in CGH. However, auto-
nomic pathways do connect the cervical plexus and the hypoglossal and vagal nerves 
through the C1 and C2 nerve roots. Moreover, C1-C4 are linked through the superior 

Figure 1. 
Axial (left) and parasagittal (right) illustration of the course of the sinuvertebral nerve and its relationship to 
the ventral dura mater, nerve root, and sympathetic trunk.
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cervical sympathetic ganglion (Figure 1). Thus, irritation of the dura, or nerve root 
sleeve in cervical spondylosis can cause aberrant activity in the sympathetic afferent 
pathways resulting in autonomic symptoms [6, 22].

Admittedly the pathogenesis of CGH is still not completely understood and is 
likely multifactorial, however, to date, no other hypothesis has laid out a clearer 
pathway for the cause of CGH due to spondylosis of the upper and lower cervical 
spine. To further clarify this theory, we will discuss the neurovascular anatomy of 
the SVN in the following section.

4. Relevant anatomy

The course of the sinuvertebral nerve (SVN) and sympathetic innervation of 
the cervical spine including the ventral dura, disc, and facet joints are essential to 
understanding the potential mechanism of CGH. The SVN plays a key role in the 
transmission of the pain in CGH [6].

The SVN, also known as the ramus meningismus or recurrent meningeal nerve 
of Luschka, was first described by Von Luschka in 1850 as he noted the nerve 
passing through the intervertebral foramen into the spinal canal and branches 
that remained outside of the dura mater. Its course was further revealed through 
cadaveric studies by Drs. Edgar and Nundy in the 1960’s [23]. The SVN, a branch 
of the anterior primary ramus of the cervical nerve root, travels from outside 
the vertebral foramen, posterolateral to the uncovertebral joint, into the spinal 
canal where its middle branches innervate the ventral dura, posterior longitudinal 
ligament, and the intervertebral disc. Near its origin it receives fibers from the 
sympathetic trunk through the gray ramus communicantes. It also receives sympa-
thetic input from the vertebral nerve which courses along the vertebral artery. The 
SVN has ascending and descending branches that traverse up to three vertebral 
levels [10]. Within the foramen and lateral recess there is a close relationship with 
the epidural venous plexus (Figure 1). This region is coined the unco-vasculo-
radicular (UVR) junction, a narrow pathway where the SVN plexus, cervical 
vasculature, and the cervical nerve root join.

Potential sources of pain generation in cervicogenic headaches include paraspinal 
muscles, ligamentous injury, intervertebral disc, and spondylotic changes such as 
uncovertebral and facet arthropathy [22]. CGH is associated with tenderness of 
cervical paraspinal muscles and there are myofascial trigger points that can instigate 
pain [24]. Facet joint instability or hypertrophy at upper cervical segments (C1 to C3) 
can irritate the nerves that converge at the spinal segment of the trigeminal nucleus. 
Spondylotic changes and disc bulges throughout the rest of the cervical spine can 
lead to SVN irritation through compression at the UVR junction. Cervical stenosis 
and kyphosis can also generate pain from placing tension on the dura [6]. Mechanical 
traction on suboccipital tissues, the ligamentum nuchae and rectus posterior capitus 
minor muscle have been postulated to place tension on the dura which can lead to 
CGH [25, 26].

5. Differential diagnosis and work up

Cervicogenic headaches due to spondylosis are a diagnosis of exclusion that 
require physicians to rule out other intracranial and intraspinal pathologies such as 
neoplasms, tumors, inflammatory disease, and vascular pathologies. As previously 
mentioned, the ICHD-3 diagnostic criteria for CGH require clinical and/or imaging 
evidence of cervical pathology (bone or soft tissue) and at least two of the following 
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criteria: 1. temporal relation of the onset of headache and the spinal pathology;  
2. headache improvement or resolution in parallel to improvement or resolution of 
spinal pathology; 3. reduced neck mobility and provocation of headache by stereo-
typical neck movements; 4. resolution of headaches after diagnostic cervical spine 
injections or associated nerve blocks [3].

The differential diagnosis for CGH is broad, and frequently includes chronic 
paroxysmal headaches (CPH), C2 neuralgia, tension type headaches (TTH), and 
migraine headaches (MH). Differentiating CGH form these other entities can be 
challenging, and generally relies on symptomatology, presence of cervical pathol-
ogy, and clinical response to treatment [6, 8, 27]. Patients with CGH typically 
experience 1 or 2 headaches per day, whereas those with CPH complain of more 
than 15 headaches daily; and unlike CGH, CPH patients report symptom relief 
with indomethacin therapy [1, 6]. C2 neuralgia presents with stereotypical pain 
in the occipital region and does not require the presence of unilateral neck pain 
often seen in CGH. Tension headaches can be bilateral, and MH can have side 
shifts, whereas CGH symptoms are usually unilateral on the side of the cervical 
pathology. Nausea/vomiting and photophobia can be present in both CGH and 
MH, however, their frequency and severity are much less pronounced in CGH as 
compared to MH. Moreover, MH symptoms may respond to ergotamine derivatives 
and sumatriptan whereas CGH symptoms do not [28–30].

Cervicogenic headaches typically present with episodic, and unilateral head-
aches that originate in the occipital area and generalize to involve fronto-temporal 
regions and the entire hemicranium. Unilaterality, without shifting of sides, is a 
hallmark presenting feature of CGH, although in severe cases bilateral symptoms 
have been reported [6, 31]. CGH patients will have associated radiculopathy such as 
pain, numbness, tingling, or weakness along the course of the involved nerve. They 
will often complain of reduced neck mobility. Finally, resolution of headaches after 
cervical and occipital nerve blocks is a defining feature of CGH.

As for radiographic features of CGH, there are no imaging characteristics that 
can assist in the differentiating CGH from other pathologies. Findings on computed 
tomography (CT), CT myelography, and magnetic resonance imaging (MRI) can 
include spondylosis, osteochondrosis, and disc osteophyte complex with foraminal 
or spinal stenosis; however, none of these features are unique to CGH [8, 32].

Neuro-interventional procedures such as intra-articular injections, nerve root 
blocks, and epidural injections can serve as both a diagnostic and therapeutic 
interventions [33, 34]. Bogduk et al. reported on 161 patients that were treated with 
cervical nerve root blocks and observed a reduction in CGH symptoms in 59% of 
patients [10]. Similarly, Persson et al. presented a series 275 consecutive patients 
with cervical radiculopathy and identified 161 with CGH. Following cervical nerve 
root blocks, 69% of the patients in this series reported relief from CGH symptoms 
[7]. These series highlight the value of neuro-interventional procedures in the 
armamentarium of clinicians for diagnosing and treating CGH.

6. Surgical management of cervicogenic headaches

The management of patients suffering from cervicogenic headaches is a chal-
lenging task and requires a multifaceted approach. The first steps in the treatment 
process involve medical therapies such as multimodal analgesia, physical therapy, 
and neuro-interventional procedures (e.g. intra-articular/epidural injections). 
If the patients’ symptoms fail to respond to maximal medical therapies, surgical 
interventions may be considered if the headache is accompanied by other signs of 
radiculopathy [34, 35]. There are numerous reports in the literature attesting to 
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successful and durable treatment of CGH with both anterior and posterior surgi-
cal approaches [6, 8, 36–40]. The common thread among the successful surgical 
treatments appears to be adequate decompression of the neurovascular structures 
at the unco-vasculo-radicular (UVR) junction. The anterior surgical approach is a 
minimally invasive technique that provides a direct route for ventral decompression 
of the UVR junction and addresses all of the potential nociceptive sources (e.g. disc, 
dura mater, posterior longitudinal ligament, foraminal stenosis) [38]. Conversely, 
the posterior approach relies on indirect decompression of the UVR junction 
dorsally and does not address the ventral nociceptive sources [38]. In following 
section we will review the existing literature for the posterior and anterior surgi-
cal techniques and describe the technical nuances of the anterior cervical surgical 
approach.

6.1 Posterior cervical decompressive surgery

The optimal surgical approach for the treatment of cervicogenic headaches 
remains controversial, with both anterior and posterior approaches reported to 
have an impact on symptom relief [41, 42]. Much of the surgical decision making 
still relies on clinical acumen and anecdotal surgeon experience, leading to vari-
ability in treatment paradigms [8, 37–39]. Despite this lack of consensus, there 
is some clinical evidence in support of posterior cervical decompressive surgery. 
Jansen et al. reported positive results on 8 patients that were successfully treated 
for CGH using posterior cervical laminoplasties. Six of the patients had complete 
relief of symptoms and 2 patients experienced improvement of their preoperative 
symptoms [38]. Although symptom relief appears to be considerable with posterior 
decompression, the durability of relief remains questionable. The durability of pain 
relief appears especially less pronounced as compared to the anterior approaches, 
with higher rates of delayed recurrence reported at 1 year [20]. Shimohata et al. 
noted that recurrence is typically less severe than the original symptoms and may 
be related to the disruption of the posterior cervical tension band resulting in 
abnormal spinal kinematics [20]. Similarly, Thind et al. theorized that a posterior 
approach can only achieve an indirect decompression of the UVR junction and fails 
to adequately address the irritation from the ventral dura mater and disc osteo-
phytes [6]. Notwithstanding that the quality of the existing evidence is lacking, 
clinical trends appear to favor anterior cervical approaches in the treatment of 
CGH. Our group also advocates for the anterior cervical surgical approach when 
treating CGH. We believe that the anterior approach allows for a minimally inva-
sive approach to the ventral spine, while preserving the posterior ligamentous and 
muscular tension band.

6.2 Anterior cervical decompressive surgery

The anterior cervical approach for addressing cervicogenic headaches is com-
prised of the anterior cervical discectomy and fusion (ACDF), and cervical disc 
arthroplasty (CDA). Similar to the posterior cervical approach, the literature on 
anterior approaches is heterogenous and difficult to generalize. However, there 
is convincing support for both ACDF and CDA in providing significant clinical 
relief of CGH symptoms. The anterior cervical discectomy and fusion is a well-
established approach that has been applied to the treatment of CGH with favorable 
results. Jansen et al. presented a series of 51 patients treated with ACDF. Their 
results demonstrated 85% complete relief and 15% partial relief of CGH symptoms 
postoperatively [37]. Similarly, Liu et al. reported 34 patients undergoing ACDF 
with significant pain relief in all patients postoperatively [40]. Jansen et al. further 
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demonstrated the long-term efficacy of ACDF when reporting 86% complete and 
14% partial symptom relief in a series of 56 patients diagnosed with CGH [37–39]. 
This long-term relief of CGH symptoms after ACDF was again demonstrated 
when Schofferman et al. reported long term follow up (mean 37 months) for 9 
patients with CGH and associated symptoms of nausea, arm pain, dizziness, and 
visual disturbances. Postoperatively 56% of patients reported complete relief of 
headaches and 44% reported partial relief. The mean Oswestry Disability Index for 
these patients significantly improved from 62 to 35, and all patients stated that they 
would choose to undergo the same surgery again to achieve similar outcomes [43].

Cervical disc arthroplasty is a contemporary addition to the surgical armamen-
tarium of spine surgeons that allows for the preservation of spinal motion. Recent 
data suggests that CDA could provide longer lasting symptom relief than ACDF 
when treating CGH [4, 6, 35, 41]. Riina et al. performed a post hoc analysis of two 
randomized, controlled, multicenter clinical trials involving 1004 patients with 
CGH treated by ACDF or CDA [35]. Headaches were evaluated using the Neck 
Disability Index (NDI) questionnaire, with 865 (86.2%) patients complaining of 
headaches. Mild (grade 1, 2) headaches were reported in 342 patients (34.1%), 
and severe (grade 3, 4, 5) headaches were reported in 523 patients (52.1%). After 
the 24 months follow up period, 280 (34.9%) patients reported complete relief of 
headaches (grade 0), 375 (46.7%) patients reported mild headaches (grade 1 or 2), 
and 148 patients reported severe headaches (18.4%). The majority of both ACDF 
(58.5%) and CDA (64%) groups demonstrated statistically significant improve-
ments from baseline symptoms at all time points during the follow up period. 
Notably, 13.7% of patients in the ACDF group and 8.4% in the CDA group expe-
rienced worsening headaches. Riina and colleagues concluded that CDA patients 
had more frequent improvements in headaches than patients treated with ACDF. 
However, they found no difference in headache scores, or in overall improvement 
of headache severity between the two groups at 24 months follow up [35]. Schrot et 
al. presented slightly different findings in a post hoc analysis of 260 patients treated 
with single-level ACDF or CDA followed for 24 months [36]. Eighty eight percent 
of patients reported baseline headaches, with 52% reporting severe headaches 
(NDI 3 or greater) preoperatively. Unlike the results from Riina et al., the authors 
found no significant differences in headache relief between ACDF and CDA groups. 
Interestingly, Schrot et al. noted that spinal pathology of the upper cervical spine 
was associated with greater preoperative headache scores, although the authors 
failed to show any correlation between the level of operation and post-operative 
headache scores [36]. Liu et al. performed a more nuanced analysis of patients that 
underwent single and two-level ACDF or CDA and evaluated headache response to 
each treatment [44]. For the single level group, after 60 months of follow up, both 
ACDF and CDA cohorts demonstrated similar statistically significant improve-
ments in mean NDI headache scores. For the two-level groups both ACDF and CDA 
cohorts showed significant improvements from baseline headache scores, however, 
the CDA group demonstrated a greater magnitude of relief from baseline during 
early to moderate follow up period, although this difference disappeared after 
18 months. Liu and colleagues concluded that both ACDF and CDA provide mean-
ingful relief of cervicogenic headaches but highlighted a potential for higher degree 
of relief after two level CDA [44]. One explanation for the disappearance of the 
difference between ACDF and CDA over time may be the eventual progression of 
abnormal kinematics of the cervical spine [6]. Most recently, Thind et al. completed 
an exhaustive 7 year post hoc analysis of 437 patients that underwent one-level or 
two-level ACDF or CDA for symptomatic cervical spondylosis [6]. One hundred 
and eighty-five patients were identified for the one-level group and 252 patients in 
the two-level group. Approximately 50% of patients in the one-level and two-level 
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groups reported NDI headache scores of 3 or greater at baseline. Results for both 
one level and two-level ACDF and CDA groups demonstrated statistically signifi-
cant headache relief after 7 years of follow up. However, in contrast to findings by 
Liu et al. regarding two-level CDA, Thind et al. noticed a more profound improve-
ment in headache scores in the CDA group as compared to ACDF patients at 7 year 
follow up. The authors concluded that relief from CGH is durable up to 7 years after 
both ACDF and CDA. To explain the observed superior long-term outcomes in the 
CDA group, Thind et al. emphasized the importance of the preservation of normal 
spinal kinematics resulting in a reduction of irritation at the UVR [6].

As demonstrated by the lack of consensus among authors, the optimal surgical 
option regarding ACDF or CDA remains complex and nuanced. However, review-
ing the current literature reiterates the success of both anterior cervical approaches 
in the management of CGH, and supports the hypothesis of a ventral source for the 
pain generators (e.g. dura, disc, UVR zone). Ultimately, surgeon comfort and access 
to proper surgical equipment will dictate which approach is optimal.

6.3 Anterior cervical surgical technique

The anterior surgical corridor to the cervical spine has been a workhorse in the 
armamentarium of spine surgeons since the 1950’s when first described by Robison, 
Smith, and Cloward [45, 46]. This approach allows for a minimally invasive tech-
nique to address ventral spinal pathology without the disruption of the posterior 
spinal tension band. In this section we will briefly review the critical steps in the 
anterior cervical approach for the decompression of the unco-vasculo-radicular 
junction in patients diagnosed with cervicogenic headaches.

After performing an appropriate surgical pause during which we administer 
antibiotics and steroids in non-diabetic patients, the patient is intubated, and 
proper vascular access is obtained. A standard supine position is used with the 
head slightly extended and firmly positioned in a foam ring. A small shoulder roll 
is inserted to allow for adequate extension and expansion of the surgical corridor. 
Care must be taken to avoid hyperextension or and rotation of the neck, especially 
if arthrodesis is planned. For access to the lower cervical levels, the shoulders may 
be taped down to allow for intraoperative visualization with fluoroscopy. External 
landmarks such as the hyoid bone (C3), thyroid bone (C4), or cricoid bone (C6) 
can be used to approximate the level of interest, however, we advocate for the 
use of fluoroscopy to ensure appropriate placement of the incision. We routinely 
approach the anterior cervical spine using a left sided approach, as there is some 
anecdotal evidence to suggest a lower risk of injury to the recurrent laryngeal 
nerve, however, either side is an acceptable choice [47–50]. If a redo operation is 
performed, care must be taken to approach from the same side as the prior surgery 
to avoid bilateral injury to the vagal nerve and vocal cord paralysis. The incision is 
placed in a transverse orientation extending from the midline to the medial border 
of the sternocleidomastoid muscle. Incorporating the incision within a skin crease 
results in the best cosmetic outcome. Our skin incision is typically 2–4 cm in length 
depending on the number of levels involved. Two to three mLs of Bupivacaine with 
1:200,000 epinephrine is injected subcutaneously prior to skin incision. A scalpel 
is used to incise the dermis and a small self-retaining retractor is used to spread the 
soft tissue making the platysma muscle evident. Meticulous hemostasis is achieved 
at each tissue layer to avoid run down during surgery. Blunt dissection is used to 
spread the platysma, followed by monopolar cautery to cut through the muscle in a 
transverse orientation. Care must be taken to avoid injury to the vascular structures 
that run deep to the platysma. Aggressive subplatysmal dissection is used to allow 
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for mobilization of the investing superficial cervical fascia. At this time, the sterno-
cleidomastoid (SCM) muscle is identified laterally, and the cervical strap muscles 
are identified medially. The carotid artery is palpated and identified early on and 
kept lateral to the plane of dissection. An avascular tissue plane is developed bluntly 
between the SCM and the cervical strap muscles. This dissection is carried through 
the pre-tracheal fascia and continued medially towards the pre-vertebral fascia and 
the ventral spine. The longus coli muscles and the intervertebral discs are identi-
fied at this time, and a clamp is placed on the suspected disc space. Intraoperative 
fluoroscopy is used to confirm the level of interest. With the use of hand-held 
Cloward retractors, the longus coli muscles are elevated laterally using a subperios-
teal technique as to avoid injury to the sympathetic cervical plexus. Self-retaining 
retractors are inserted deep to the longus coli muscles to retract the esophagus 
medially and the carotid sheath laterally. Distraction pins may be used if the disc 
space is collapsed, but care must be taken to avoid over distraction and injury to 
the posterior spinal elements. Using the microscope, a complete discectomy is 
performed followed by posterior longitudinal ligament resection, and bilateral 
unco-foraminotomies.

For arthrodesis, many different interbody and plating systems are available that 
allow for similar rates of arthrodesis. Meticulous care must be taken to decorticate 
the end plates and remove any disc material to maximize the chance of successful 
arthrodesis. However, one must avoid overzealous disruption of the endplates as 
this would increase the risk of subsidence. After placement of the interbody and 
screws intraoperative fluoroscopy is utilized to confirm appropriate placement of 
the implants.

As with arthrodesis, disc arthroplasty can be achieved with a variety of different 
artificial disc systems. At our institution, we have used the Mobi-C Cervical Disc 
(Zimmer Biomet, Westminster, Colorado) with good results. The preservation of 
the endplates is extremely important for arthroplasty as subsidence can lead to 
reduced range of motion and inadvertent arthrodesis. Moreover, the positioning of 
the artificial disc is of utmost importance, and intraoperative fluoroscopy is utilized 
to ensure the disc is midline and recessed appropriately inside the disc space. After 
adequate placement of the artificial disc, we apply a small amount of bone wax to 
the ventral surface of the adjacent vertebral bodies to reduce the risk for heterotopic 
ossification.

Upon completion of instrumentation, hemostasis is achieved, and the platysma 
and the dermis are reapproximated.

7. Conclusion

Cervicogenic headaches are a debilitating pathology that can cause a signifi-
cant burden on patient quality of life. Given the relatively recent recognition 
of cervicogenic headaches, there remains considerable controversy regarding 
the underlying pathogenesis and optimal treatment strategies. There is a clear 
need for further research aimed at identifying the underlying pain generators 
in cervicogenic headaches. Moreover, high quality clinical trials are necessary to 
discern between treatment options. Importantly, medical management should be 
exhausted for headache control and headaches alone should not be the reason for 
recommending surgery. The anterior cervical surgical approach is a minimally 
invasive technique that has demonstrated promising results in relieving symptoms 
related to cervicogenic headaches and should be considered in the appropriate 
patient population.
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Chapter 2

The Cervical Hybrid Arthroplasty
Pablo Pazmiño

Abstract

The cervical hybrid arthroplasty is a surgical option for appropriately indicated 
patients, and high success rates have been reported in the literature. Complications 
and failures are often associated with patient indications or technical variables, and 
the goal of this chapter is to assist surgeons in understanding these factors.

Keywords: cervical hybrid arthroplasty, cervical disc arthroplasty, disc replacement, 
artificial disc replacement (ADR), cervical artificial disc replacement (C-ADR), 
anterior cervical discectomy and fusion (ACDF), radiculopathy, myelopathy,  
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1. Introduction

Spine surgeons and patients together are confronted with several surgical options 
when managing cervical pains which have not responded to conservative treatment 
options. Multilevel cervical disc pathology is defined as two or more segments of the 
cervical spine that have herniated, or degenerated, which are subsequently causing 
significant axial pain with radiculopathy, resulting in disability and a loss of productiv-
ity. Anterior cervical discectomy and fusion (ACDF) is considered the gold standard 
treatment for multilevel cervical spondylosis. However there are some long term draw-
backs involving the development of subsidence, pseudarthrosis and the degeneration 
of adjacent segments [1–4]. Cervical artificial disc replacement (C-ADR) has been 
demonstrated to be a safe and effective means of treating single-level or multilevel 
cervical disc pathology by several prospective studies from the United States Food 
and Drug Administration and by some meta-analyses [5–11]. In patients who have 
multilevel pathology, there is a growing enthusiasm towards definitive management 
in the form of a cervical hybrid arthroplasty [12–15]. The cervical hybrid arthroplasty 
is a procedure wherein an artificial disc replacement can be placed at one level, with a 
cervical fusion device implanted at another nearby injured disc (Figure 1).

2. Methodology

2.1 Indications

While indications for both fusions and arthroplasty are always in a state of flux cer-
tain considerations can be made to this point. Both implants share similar clinical goals 
of decreased pain with increased function, and therefore there is considerable overlap 
in regards to their surgical indications. As a general rule both fusions and arthroplasty 
can be indicated for any skeletally mature patient who has neck pain and/or radicu-
lopathy which has failed a course of six weeks of conservative nonoperative therapy. 
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Nonoperative treatments vary among medication, therapy, traction, chiropractic, 
acupuncture, activity modification, epidural injections and pain management.

Cervical hybrid arthroplasty Inclusion Criteria:

• Has cervical disc pathology at two [2] cervical levels (from C3 C7) requiring 
surgical treatment and involving intractable radiculopathy, neck pain and/or 
myelopathy.

• Has a herniated disc and/or osteophyte formation at each level to be treated 
that is producing symptomatic nerve root and/or spinal cord compression. The 
pathology correlates directly with documented findings on patient history and 
exam (e.g., neck pain with arm pain, functional deficit and/or neurological 
deficit), and the requirement for surgical treatment is confirmed by imaging 
studies (e.g., MRI, CT, x-rays, etc.).

• Has the presence of progressive symptoms or signs of nerve root/spinal cord 
compression despite continued non-operative management.

• Has no prior surgical intervention at the involved levels or any subsequent 
planned/staged surgical procedure at the involved or adjacent level(s).

• The cervical disc arthroplasty implant can be considered for symptomatic 
patients within the earlier stages of disc pathology, prior to bony collapse and 
significant spurring in order to limit postoperative heterotopic ossification.

• Must be at least 18 years of age and be skeletally mature at the time of surgery

Figure 1. 
The cervical hybrid arthroplasty.
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2.2 Contraindications

Often with cervical pathology a fusion based implant is warranted, so for the 
purpose of this chapter we will set our focus on contraindications specific to the 
arthroplasty implant.

• Advanced abnormal changes such as bony collapse at the proposed surgery 
level.

• Advanced degeneration or trauma to the facet joints on the back of the spine.

• An active systemic infection or infection at the surgical site.

• An unnatural shape (e.g. hyperkyphosis deformity, hyperlordosis deformity) 
of the neck.

• A known allergy to titanium, stainless steel, polyurethane, polyethylene or 
ethylene oxide residuals.

• A known allergy to PEEK, ceramic, or the given implants requisite metallurgy.

• Has documented or diagnosed cervical instability relative to adjacent segments 
at either level, defined by dynamic (flexion/extension) radiographs showing:

• Sagittal plane translation >3.5 mm, or

• Sagittal plane angulation >20°;

• Has severe pathology of the facet joints of the involved vertebral bodies.

• Has been previously diagnosed with osteopenia or osteomalacia.

• Has been previously diagnosed with diagnosis of osteoporosis.

• If the level of bone mineral density is a T score of −1.5 or lower.

• Has presence of spinal metastases.

• Has overt or active bacterial infection, either local or systemic.

• Has chronic or acute renal failure or prior history of renal disease.

• Has received drugs or therapies that may interfere with bone metabolism 
within two weeks prior to the planned date of spinal surgery (e.g., chemo-
therapy, radiation, steroids or methotrexate), excluding routine perioperative 
anti-inflammatory drugs.

• Has a history of an endocrine or metabolic disorder known to affect osteogen-
esis (e.g., Paget’s Disease, renal osteodystrophy, Ehlers-Danlos Syndrome, or 
osteogenesis imperfecta).

• Has a condition that requires postoperative medications that interfere with the 
stability of the implant, such as steroids, chemotherapy, or radiation. (This 
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does not include low-dose aspirin for prophylactic anticoagulation and routine 
perioperative anti-inflammatory drugs).

• Has a history of heterotopic ossification [16, 17].

• Has a history of a prior failed or delayed fusion at the proposed arthroplasty level.

3. Implants

3.1 Arthroplasty implants

Since 1955 there have been several accounts of a variety of implants which were the 
harbinger of the modern day cervical arthroplasty. Initial reports of disc replacements 
ranged from methylmethacrylate injections to unconstrained spheres composed of 
various substances ranging from silicone, rubber, and stainless steel [18–20]. Early 
arthroplasty designs never achieved much in the form of widespread practical applica-
tion as they were forsaken after sparse clinical use. However, early success with lumbar 
disc replacements ushered in a new era of spinal arthroplasty in the cervical spine. 
In 1991 the Bristol/Cummins disc is credited as the first of the modern articulating 
Cervical Artificial Disc Replacement (C-ADR) devices which was implanted in 20 
patients and was reported to be functional in several for as long as 12 years postopera-
tively [21]. Since then an array of designs have flooded the marketplace with materials 
ranging from metal-on-metal, metal-on-plastic, non-articulating metal bonded to 
plastic, plastic embedded in cloth, polymer fibers wound around a polycarbonate 
urethane core, and PEEK on PEEK [17, 22–24]. Despite a wide array of designs and 
formulations, manufacturers have been unable to emulate and reproduce the mechani-
cal and load bearing properties of the innate human disc. Therefore the various axial 
and shear loads are still being transferred to the index and neighboring adjacent levels. 
In order to offset these loads different bearing designs have been conceived, each of 
which vary based on the amount of impedance, restraint and stability they confer to 
the spinal unit and dorsal facet joints. Implants without any mechanical impedance 
built in are considered unconstrained and allow for significant mobility while sacrific-
ing some implant stability. Constrained devices impede movement of the spinal unit 
within the range of normal physiologic motion and infer greater implant stability 
by removing shear forces on the facet joints, but in turn place significant stress on 
the surfaces at the vertebral endplate-implant junction. Semiconstrained implants 
allow motion just outside the physiologic norm in effort to theoretically decrease the 
mechanical stresses felt at both at the facet joints and the interface between the implant 
and the bony surfaces. While often successful, these varied designs have also brought 
with them a concomitant range of complications with documented occurrences of 
extrusions, heterotopic ossification, osteolysis, and hardware failure [16, 23, 25–28].

3.2 Fusion implants

Following implantation of the disc replacement a successful cervical hybrid arthro-
plasty is conditional upon a solid foundation in the form of the adjacent fusion. Fusion 
implants can be grouped into stand alone versus standard plate and interbody cage 
designs. Often Allograft, Carbon fiber, Polyetheretherketone (PEEK), and titanium 
(Ti) have been designated for interbody cage designs. Each material varies in regards to 
their unique biocompatibility, surface topography, osseointegration, and imaging char-
acteristics. Some implant manufacturers are also borrowing traits from other designs in 
efforts to improve upon attributes they lack. For example some designers are taking the 
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once inert PEEK cage and bio-actively coating them with either Hydroxyapatite (HA) 
or Ti, creating a composite design in efforts to improve osseous integration.

4. Surgical rationale and decision making

4.1 Implant placement and rationale

The cervical hybrid arthroplasty provides the unique opportunity where with 
one procedure the surgeon can address an area of junctional kyphosis while simul-
taneously preserving motion at a neighboring disc. When considering all scenarios 
for a cervical hybrid surgery, there should be a consistent rationale in regards to 
which level to fuse and in which level to place the arthroplasty.

For the most part there are some straightforward scenarios which dictate which 
level warrants the cervical fusion implant. If one disc is entirely collapsed, dem-
onstrates significant bony spurs, and/or heterotopic ossification, this level would 
assuredly justify the fusion implant. If the operative level lies within the inferior 
aspect of the spine (i.e. Cervical 6–7, C7-T1) sufficient reasoning exists towards 
the insertion of a fusion spacer at this level as opposed to an arthroplasty. This is 
because along the inferior limb of the cervical spine, the sub adjacent interspace 
levels are morphologically larger and well documented as demonstrating less motion 
[29–31]. Their size and innate stiffness coupled with the stability conferred by their 
adjoining anatomy makes these levels are ideally suited towards forming the founda-
tion of the hybrid construct and bearing any subsequent transferred loads [31–33]. 
By contrast, the interspaces along the more cephalad aspect of the spine (Cervical 
2–3, Cervical 3–4) routinely comprise a smaller footprint and consequently can 
only accommodate a smaller implant. As a result these smaller interspaces are often 
ideally suited towards fusion spacers which tend to come in more sizes and options. 
Furthermore if there is any indication of ongoing myelopathy or an underlying con-
tiguous myelomalacia, this level would best be served with a fusion implant which 
would provide a stable postoperative environment. Otherwise in patients who have 
myelopathy only those without instability and symptoms due to soft disc hernia-
tions with or without minor spurs would be good candidates for an arthroplasty.

The core principle behind all arthroplasties is their perceived objective, once 
implanted, towards minimizing the biomechanical stresses placed on adjacent 
levels. With this in mind deciding which level should obtain the arthroplasty device 
is of paramount importance. As a rule of thumb, all efforts are geared towards 
placing the arthroplasty at the top of the overall construct in order to minimize 
stress at the superior neighboring and often more mobile disc [29, 34]. When this 
is not possible, in a circumstance where there are three disc herniations and the 
decision has been made only to operate on two of the discs because they are the only 
symptomatic levels, then the arthroplasty should be placed at the level nearest the 
third disc in hopes of preventing it from further deterioration. Studies have shown 
that the arthroplasty implant would limit transmission of angular, horizontal, and 
translation forces experienced by the adjacent third level disc [35–40].

4.2 Sequence of implantation

The sequence of implantation should be considered well in advance during the 
preoperative planning phase in order to limit complications. During insertion, 
tapping of the implants with the mallet can lead to an aggravation of an underlying 
stenotic area, or the migration and loosening of a previously inserted prosthesis 
[41, 42]. In order to avoid this for all cervical hybrid arthroplasty procedures a 
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thorough decompression of all the intended disc spaces should be performed 
prior to any implant insertion, with priority given to the most stenotic level. In all 
circumstances the C-ADR should be implanted prior to the ACDF portion of the 
procedure. If implanting more than one arthroplasty, all trialing, rasping, drilling 
for both prostheses should be performed prior to C-ADR implantation [41, 43].

5. Surgical technique and pearls

5.1 Patient positioning

Patients commonly notice posterior neck pain following disc arthroplasty. The 
pain can be a result of surgical positioning, intraoperative distraction on the facet 
joints and capsules, or an indirect distraction on the endplates from the implant 
itself. Often these implants are inserted with a considerable amount of force so in 
order to limit the unsupported transfer of these forces to the paraspinal muscu-
lature and facet joints, a properly contoured support should be placed along the 
posterior aspect of the neck (Figure 2a).

5.2 Surgical approach and discectomy

The cervical hybrid arthroplasty is performed in the supine position under 
general anesthesia. A transverse incision in line with the planned arthroplasty level 
is employed for two- or three- level hybrid procedures (Figure 2a). Alternatively 
a longitudinal incision can be used for a more extensive procedure such as a 
multilevel procedure requiring corpectomies at the fusion level. Implantation of 
the arthroplasty always demands optimal visualization and therefore the incision 
should be inline with the proposed arthroplasty interspace while taking into consid-
eration both the trajectory needed and the requisite instrumentation (Figure 2b). 
With that in mind following the skin incision, a standard Anterior Smith Robinson 
approach provides sufficient access to whichever interspace the surgeon plans to 
address first. After complete discectomy the endplates are denuded of all carti-
laginous tissue with curettage prior to removal of any posterior uncinates or bone 
spurs. Prior to its removal the posterior longitudinal ligament is inspected for any 
tears or defects, which may give rise to sequestered fragments causing impingement 
on the thecal sac or neuroforamina. Once the discectomy has been performed care 
should be taken to remove any anterior or posterior osteophytes in order to contour 
the interspace inline with the proposed implant, and in doing so ensure a secure fit.

5.3 Measuring intraoperative depth

The width and depth of the intended arthroplasty can be assessed prior to even 
selecting a trial with the placement of an intraoperative ruler (Figure 3a, b, Video 1). 
Predetermination of the dimensions of the trial for the arthroplasty can easily be 
attained in this manner and thereby avoids catastrophic implant or trial related 
complications and consequences [42].

5.4 Midline placement

During a cervical hybrid arthroplasty the C-ADR implant should routinely be 
placed first so no adjacent plate or hardware obstructs any anatomic or fluoroscopic 
visualization. In order to secure proper midline positioning during intraoperative 
placement some arthroplasty implants have instrumentation designed to help verify 
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Figure 2. 
(a) The cervical spine is supported here with a foam cushioned pillow, often used by the anesthesiologists when 
placing the patients in a prone position. In this case the foam cushion supports the neck by acting as a counter 
force to any horizontal translational or shear forces at play during final implant tapping and placement. Here 
a cervical bite block is used and a 10 lb. weight allows for axial traction through a neck holster. During surgery 
this same neck holster can be pulled by the anesthesiologist to allow indirect distraction of the interspace and 
therefore ease placement of the prosthesis and fusion spacers intraoperatively. The C-arm, pictured here, is 
left in the lateral position for the majority of the case. (b) Coincidentally the cushion also provides a stable 
surface where needles can be placed to confirm the length of the surgical incision for a longitudinal skin incision 
preoperatively.
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the ideal location. This is important because minimizing prosthetic deviation to 
within 1.2 mm of the ideal center midline position, has been shown to ensure no det-
rimental clinical outcomes or long term repercussions [44]. In order to secure proper 
midline positioning first a collinear Anterior Posterior (AP) fluoroscopic view must 
be secured in line with the intended interspace (Figure 4). Once an appropriate 
image has been obtained, accurate midline positioning of the prosthesis can be 
confirmed (Figure 5a-c). In order to confirm proper midline positioning attention 
should be made towards discrete morphological and anatomical landmarks. First 
with visual inspection, confirming equidistant placement of the trial in regards to 
the longus coli. On fluoroscopy the spinous processes should lie en face and midline 
with respect to their corresponding vertebral bodies. The edges of the trial should 
lie equidistant with respect to each of the ascending bilateral uncinate joints. Final 
midline placement can be confirmed with fluoroscopic visualization (Figure 5a).

5.5 Measuring fluoroscopic depth

Most implant trials come with a drill, chisel, or similar device used to cut grooves 
in the vertebral body for insertion of the final implant. In order to confirm final 
implant placement the final imaging obtained while trialing can be compared with 
the spinal implant to confirm final and accurate positioning (Figure 6a-c).

5.6 Final implantation

After midline confirmation under fluoroscopy of the arthroplasty attention 
should be made towards sealing any exposed cancellous surfaces with bone wax in 

Figure 3. 
(a) A standard ruler is cut to 16 mm and this ruler can then be placed within the interspace to evaluate the 
depth of the trial, and therefore implant needed. (b) This ruler can then be placed within the interspace to 
evaluate the width of the trial, and therefore implant needed.
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order to prevent heterotopic ossification. Next retractors can be repositioned at the 
adjacent level for placement of the fusion implant in standard fashion. If using a 
plate attention should be paid towards the proximity of the plate in regards to the 
adjacent disc space as this has be found to be the critical determinant of adjacent 
level heterotopic ossification [45, 46].

Figure 4. 
Ferguson view is an AP view of the cervical disc space taken with opening of collimation and caudal tilt 
angulation of the x-ray tube 30° to 35°.
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Figure 5. 
(a) Proper midline positioning of the prosthesis can be confirmed fluoroscopically with placement of a nerve hook 
within the instrumentation until a center center “field goal” view is obtained. The nerve hook is clearly bisecting 
the flanges of the trial. Drilling in this orientation will lock in an appropriately midline positioned implant. (b) 
Improper midline placement: Here the nerve hook is no longer bisecting the flanges of the implant which confirms 
the implant is malrotated towards the right, the retractor needs to be loosened and repositioned so that the trial can 
be repositioned accordingly. (c) Improper midline placement: Here the nerve hook is no longer bisecting the flanges 
of the implant which confirms the implant is malrotated towards the left and needs to be repositioned accordingly.

Figure 6. 
(a) Prior to removal of the trial, discrete measurements can be taken to confirm the exact depth of the insertion 
of the drill bit. Measurements are obtained from the tip of the drill to the posterior margin of each vertebral 
body. (b) This depth can then be compared to the implant positioning as tapping occurs to confirm final 
placement of the arthroplasty. Measurements are obtained from the tip of the implant to the posterior margin 
of each vertebral body. (c) A final xray and measurements can be obtained to ensure the final implant has not 
moved after removal of the instrumentation. This will help confirm if any final tamping needs to be performed.
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6. Case studies

6.1 Case 1 C56 ADR C67 ACDF

51 year old female who presents with cervical pains which she describes as 80% 
neck pain and 20% arm/shoulder pain, which is 100% left-sided in a C6 and C7 
distribution. MRI of the cervical spine demonstrated a C5-C6 3 mm disc hernia-
tion with facet arthropathy and severe bilateral foraminal stenosis (Figure 7a,b). 
At C6-C7 a 2 mm left paracentral disc protrusion was noted with severe bilateral 
foraminal stenosis (Figure 7c). For her pain, the patient had tried a prolonged 
course of conservative management in the form of physical therapy, heating pads, 
and ice packs. She had tried medications in the form of NSAID’s, muscle relaxants 
and narcotics. She had consulted with pain management and undergone injec-
tion procedures in the form of transforaminal epidural injections at C56 and later 

Figure 7. 
(a) Sagittal MRI of the cervical spine demonstrated a C5-C6 and C67 disc herniations. (b) Axial MRI of 
the cervical spine demonstrated a C5-C6 bilobed herniation with severe bilateral foraminal stenosis. (c) At 
C6-C7 a 2 mm disc protrusion was noted with severe bilateral foraminal stenosis. (d) AP Xray artificial 
disc replacement at C56 and anterior cervical discectomy and fusion at C67. (e) Lateral Xray artificial disc 
replacement at C56 and anterior cervical discectomy and fusion at C67.
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at C67, which each provided one hundred percent pain relief and lasted for one 
month. Patient underwent an uncomplicated Artificial Disc Replacement at C56 
and Anterior Cervical Discectomy and Fusion at C67, and has since noted complete 
resolution of her symptoms (Figure 7d, e).

6.2 Case 2 C45 ACDF C56 ADR C67 ACDF

48 year-old female who presented with 95% neck pain and 5% shoulder pain, 
which is 50% right-sided and 50% left, sided in a C5, C6, and C7 distribution. 
MRI of the cervical spine demonstrated at the C4-C5 level moderate central spinal 

Figure 8. 
(a, b) Sagittal MRI of the cervical spine demonstrated herniations at the C4-C5, C56, C67. (c) Axial MRI of 
the cervical spine demonstrated C45 large disc herniation with neuroforaminal stenosis. (d) Axial MRI of the 
cervical spine demonstrated 56 eccentric disc herniations with left sided neuroforaminal stenosis. (e) Axial MRI 
of the cervical spine demonstrated C67 eccentric disc herniation with right sided neuroforaminal stenosis. (f) 
AP Xray artificial disc replacement at C56 and anterior cervical discectomy and fusion at C45, and C67. (g) 
LATERAL Xray artificial disc replacement at C56 and anterior cervical discectomy and fusion at C45, and C67.
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canal stenosis, a 4 mm disc protrusion with moderate-to-severe neural foraminal, 
narrowing bilaterally and impingement on the exiting nerve roots bilaterally 
Figure 8a-c. At the C5-C6, level, there was a 4 mm left paracentral disc protrusion 
with severe neural foraminal narrowing on the left and moderate foraminal nar-
rowing on the right. There is impingement on the exiting nerve roots bilaterally 
greater on the left than the right (Figure 8d). At the C6-C7 level, there was a 5 mm 
right paracentral disc protrusion with severe neural foraminal narrowing on the 
right with impingement on the exiting nerve roots on the right (Figure 8e). There is 
moderate neural foraminal narrowing on the left and moderate central spinal canal 
stenosis. For her pain, the patient had tried a prolonged course of conservative 
management in the form of physical therapy, chiropractic treatment, heating pads, 
and ice packs. She had tried medications in the form of NSAID’s, muscle relaxants 
and narcotics. She had consulted with pain management and undergone three injec-
tion procedures in the form of transforaminal epidural injections at C45, C56 and 
later at C67, each of which provided seventy percent pain relief and lasted for one 
to three months. Patient underwent an uncomplicated Artificial Disc Replacement 
at C56 and Anterior Cervical Discectomy and Fusion at C45 and C67, and has since 
noted resolution of her symptoms (Figure 8f, g).

7. Conclusions

In properly indicated patients, with meticulous preoperative planning and 
sound surgical technique, cervical hybrid arthroplasty offers an excellent surgical 
option and is a safe and effective alternative to multilevel fusion for the manage-
ment of cervical radiculopathy and myelopathy.
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Chapter 3

Cervical Arthroplasty
Jason M. Highsmith

Abstract

Technological advances have allowed spine surgery to follow the trend toward 
minimally invasive surgery in general. Specifically, we have seen a corresponding 
rise in the popularity of cervical arthroplasty. For the treatment of cervical disc 
disease, arthroplasty is a less invasive option than the gold standard of cervical 
discectomy and arthrodesis, which by nature is more disruptive to surrounding 
tissues. Arthroplasty preserves the facets, maintains motion, and reduces the rate 
of adjacent segment breakdown. These factors counteract the negative impacts 
of fusion while maintaining the benefits. Arthroplasty implants themselves have 
become more streamlined to implant as well with less native bone destruction, and 
biomechanics more compatible with the native disc. While initial implants were 
ball and socket devices with complex fixation and plane-specific movements, later 
devices incorporated such motions as translation and compression. Viscoelastic 
components and materials more closely resembling native tissues afford a more 
biocompatible implant profile. Until cell-based therapies can successfully repro-
duce native tissue, we will rely on artificial components that closely resemble and 
assimilate them.

Keywords: cervical disc replacement, arthroplasty, cervical fusion, artificial disc, 
implants

1. Introduction

In the trend toward minimally invasive surgery, operations for the cervical spine 
have followed a similar tendency. While microsurgery has been in the lexicon of 
neurosurgery for ages, one of the earliest uses of the term “minimally invasive” in 
spine surgery was used by Probst in 1989 to discuss lumbar microdiscectomy [1]. 
While the term “minimally invasive” has become somewhat of a generic moniker 
for many different approaches, its intent is to be less traumatic to the patient with 
lower complication rates.

In the cervical spine, midline sparing posterior procedures such as lateral [2] and 
far later posterior approaches have afforded the opportunity to use smaller incisions 
and even endoscopic [3] approaches. Anterior foraminotomy, a disc preserving 
approach, has also been proposed [4] with favorable results [5]. However, these 
approaches have given limited access to midline pathologies and offer little benefit 
for cases with central herniation or instability.

Anterior discectomy alone allows central pathology to be addressed with 
reasonable success but high reoperation rates [6]. The addition of fusion stabilizes 
the spine in addition to maintaining distraction and neural foramen patency. 
Interbody grafts were instrumental in providing this indirect decompression and 
additional stability. Fusion halts further disc degeneration, preserves sagittal 
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balance, and eliminates segmental instability. Cervical fusion surgery, particularly 
anterior approaches has followed this minimally invasive trend and become more 
streamlined.

The anterior cervical discectomy and fusion (ACDF) was first reported in 
1955 by Robinson and Smith [7], and this approach quickly became the dominant 
approach. While the competing Cloward technique [8] offered a high cancellous 
surface area for fusion, it had a high rate of graft collapse [9] and subsidence rates of 
up to 9.6% [10]. The shape of the graft provides some intrinsic stability but endplate 
preparation is more invasive requiring significantly more native bone removal which 
also predisposed patients to kyphosis [9, 11] at rates up to 9.6% [10]. Furthermore, 
higher complication rates include up to 4.8% of neurologic injuries [10].

The Smith-Robinson technique [12] is less invasive given that it is endplate spar-
ing and causes minimal vertebral body destruction. It also provides better visualiza-
tion of the decompression, particularly the uncovertebral joints. Arthrodesis by 
either technique has proven an effective treatment for cervical spondylosis and 
disc herniation [9, 13–15]. Anterior discectomy with fusion has been the promi-
nent surgical treatment for symptomatic cervical spondylosis for over 60 years. 
Traditionally, bone dowels or spacers were harvested from autologous iliac crest 
contributing to hip pain rates of up to 39% [16]. This additional procedure has 
contributed to the relatively longer hospital stays of ACDF patients [17].

Allograft iliac crest provided a respite from further surgical trauma at a second 
site and was thus less invasive. However, fashioning an appropriate size graft added 
additional operating time on the back table. Pre-cut fibular strut grafts offered a 
more convenient and efficient option but are limited in terms of footprint size and 
have a high cortical to cancellous bone concentration. Machined structural allograft 
was the next iteration providing greater surface area of the graft and a higher 
percentage of cancellous bone contact, albeit at a greater cost.

Nonunion and graft subsidence still occurred and titanium plating developed as 
a more stable option [18]. The plate and four screw construct provided a solid fixa-
tion for arthrodesis to occur. With fusion rates of up to 100% [19], this technique 
became the gold standard for 20+ years. While the uniplate had some early adopters 
[20], high pseudofusion rates were reported [21].

With load-bearing limitations, limited allograft supply, and concerns over 
disease transmission from cadaveric bone, titanium cages had a simultaneous rise 
in popularity particularly in the lumbar spine. The imaging artifact and subsid-
ence of titanium as well as its limited machining options increased the demand for 
synthetic polymers such as poly ether ether ketone (PEEK). In the cervical spine 
particularly, PEEK offered the ability to have a number of footprint options as well 
as height options for corpectomy and multilevel constructs.

The latest stage of cervical fusion has allowed titanium mini plates to incorpo-
rate with PEEK spacers as a stand-alone option with internal fixation (Figure 1). 
This integral plate allows for less bony exposure and potentially less issues with 
longus colli bleeding, recurrent laryngeal paresis, and sympathetic chain injury at 
lower levels. Furthermore, the zero- or low-profile interbody plate, as opposed to 
an on-lay plate, has been shown to have shorter surgical times and lower rates of 
dysphagia [22]. In addition, these implants have been shown to have lower rates of 
adjacent segment degeneration (ASD) [23–25]. However, these implants have been 
associated with increased rates of kyphosis [26, 27].

While the technological advances in arthrodesis have given rise to faster proce-
dures and shorter stays, there has been a concordant rise in cost from zero-dollar 
autograft to modern-day single-level constructs costing $5–6 K a level. At a time 
when physician reimbursement is diminishing this rise in per case cost is concern-
ing, although the cost–benefit may be worth it for reduced surgeon’s time.
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2. Problems with fusion

Cervical fusion is known to alter spinal biomechanics by creating abnormal 
loads and affecting segmental motion at adjacent vertebrae [28, 29]. These changes 
may accelerate adjacent disc degeneration through the increased stress on the 
adjacent disc [29–31].

Multiple studies have documented evidence of adjacent segment level disease 
including radiographic findings of new anterior osteophyte formation or enlarge-
ment, increased narrowing of an interspace, new DDD, and calcification of the 
anterior longitudinal ligament [31]. Fusion has shown an increased rate of these 
compared to arthroplasty. Similarly, the rate of symptomatic disease along with the 
need for medical treatments related to such was also greater in the fusion cohort.

Multilevel fusion constructs demonstrate even greater stress [32]. These multi-
level procedures had higher rates of reoperation, pseudoarthrosis, and complica-
tions [33, 34] compared to single-level constructs.

3. The case for arthroplasty

While the ACDF has been the gold standard for years, the well-known effects of 
motion loss and adjacent segment breakdown have been driving factors for cervical 
arthroplasty. One such mechanism is the neighboring intradiscal pressure. Fusion 

Figure 1. 
Cervical fusion devices showing zero-profile devicie at C5–6 and standard allograft and four screw plate 
at C6–7.
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constructs produce greater neighboring intradiscal pressure [30] compared to 
arthroplasty which preserves physiologic intradiscal pressures at neighboring levels.

In essence, arthroplasty is itself less invasive than fusion because of maintained 
motion and reducing the need for adjacent level surgery. Like the ACDF, cervical 
arthroplasty has followed a similar trend toward less invasiveness with a more 
streamlined process and less procedural time. The nomenclature for this procedure 
has varied markedly to include: anterior cervical discectomy and arthroplasty 
(ACDA, and abbreviated ACA), artificial disc replacement (ADR), total disc 
replacement (TDR), cervical total disc replacement (cTDR), cervical disc replace-
ment (CDR), and cervical disc arthroplasty (CDA).

4. Design rationale

An arthroplasty device must replicate the native disc as much as possible. Three 
primary considerations include: maintaining intervertebral spacing, allowing for 
motion with the segment, and maintaining stability with the bones neighboring 
the segment. The initial stability with screw fixation was the primary focus of early 
implants while more recent implants relied on press-fit, teeth, and/or keels as well 
as ligamentum taxis for initial stability. Long-term stability involves ingrowth of 
bone into porous endplates while at the same time allowing for revision.

The placement of an artificial disc should be done with limited disruption of 
surrounding anatomy. Arthroplasty by nature relies on the integrity of the neigh-
boring facet joints and ligaments for stability. Likewise, the functioning arthro-
plasty device should not overload the facets nor unload them.

Replicating motion in all planes but also constraining motion means the device 
has to mirror physiologic tissue in terms of biomechanics. In addition to allowing 
loading, flexion/extension, rotation, and lateral bending, the arthroplasty device 
should optimally allow for translation as well (Figure 2). Ideally, the device would 
have some natural shock absorption for axial forces. This proved to be a limiting 
factor in early devices but more modern devices have incorporated this.

Figure 2. 
Flexion/extension views of the Centinel spine ProDisc-C at C5–6 show arthroplasty device flexing and 
extending with the spine.
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The movement within the implant must be balanced by a stable bone-implant 
interface anchoring the implant. While a fusion allows for the remodeling of bone, 
arthroplasty is not afforded such long-term stability. The endplates must allow for a 
proper degree of bony on-growth while maintaining physiologic loads at this inter-
face to reduce implant failure and endplate failure. The resilience of the implant 
over the patient’s life span is also an important factor. In the event of implant failure, 
the design should allow for minimal impact from this failure and ideally offer a 
radiographic cue to its existence.

Implant material is another factor that must be considered in normal usage. 
Materials should be chosen that are biocompatible, durable, minimize wear debris, 
and have a minimal inflammatory response. Additionally, materials should be 
selected that minimize diagnostic imaging artifact at the index level, but certainly 
preserving visualization of the adjacent segments is essential.

5. History of arthroplasty

While fusion has been the gold standard for over sixty years, arthroplasty 
designs have been developing over a similar time frame. Dr. Ulf Fernstrom studied 
a spherical intercorporeal endoprosthesis, or simply a stainless-steel ball, placed 
in the disc space in the late 1950s. He implanted 191 of his “Fernstrom Balls” 
in the cervical and lumbar spines of 101 patients [35]. The procedure was later 
abandoned over high failure rates with subsidence, migration, and hypermobility. 
Methylmethacrylate [36] was used as an alternative to the steel ball but did not gain 
much traction in the spine world.

Arthroplasty progress was somewhat dormant for approximately 30 years until the 
stainless-steel ball and socket implants from Bristol/Cummins were developed [37]. 
These advanced into a ball and trough design that allowed for translational move-
ment to become the commercially available Prestige line from Medtronic. Charite was 
approved in 2004 as the first FDA-approved commercial spinal arthroplasty device 
(lumbar spine). Prestige ST was approved in 2007 as the first cervical arthroplasty 
device. This steel on steel implant was simple but its stainless-steel construction caused 
significant artifact on MR imaging. Some patients reported clicking sounds from the 
saddle joint (personal experience). The esthetics and dysphagia of an on-lay plate 
(Prestige-ST) as well as time-consuming implant procedure with four screw fixation.

Prestige LP was first marketed OUS in 2004 and approved by FDA in 2014. It 
was a less invasive approach in terms of fixation. As named, the LP design relied 
on lower-profile press-fit rales and antimigration teeth for fixation. It also had a 
titanium plasma spray for additional fixation. The implant was also made with a 
titanium ceramic composite material that provided better imaging characteristics. 
Arthroplasty implants designed up to this point allowed motion but no elasticity. 
The elasticity component is key for load-damping properties.

Early arthroplasty devices like the Bristol and Prestige-ST had a prominent 
four screw construct with a locking mechanism. Subsequent revisions like the 
Prestige-LP had a lower profile as so named along with no need for screw fixation.

Similar to the trends toward less invasive, more modern implants have also 
followed the trend toward more physiologic motion. Early arthroplasty devices 
mirrored general orthopedic implants with two articulating surfaces. In this spine, 
these first-generation implants relied on metal articulations attached to the end-
plate above and below the index disc (Bristol and Prestige). The early Bristol disc 
was a ball and socket which allows lateral bending, rotation, and flexion/extension 
but not translation. Prestige was created with a trough on the lower articulating 
surface in order to allow anterior/posterior translation.
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General orthopedic implants evolved to incorporate a plastic spacer in hopes of 
reducing metallic wear debris while also providing better wear characteristics and a 
minor degree of shock absorption. A high molecular weight polyethylene core was 
juxtaposed between the metal surfaces. These second-generation devices reduced 
some of the metal-on-metal concerns but still lacked elasticity like a native disc. The 
ProDisc returned to a ball and socket approach with the bottom half of the polyeth-
ylene core anchored to the inferior endplate. The subsequently released Secure-C 
preserved the superior ball and socket design but had a saddle design on the inferior 
endplate articulating surface. This allowed for translation.

6. Arthroplasty 2.0

The first generation of arthroplasty implants replicated conventional orthopedic 
implants with metal-on-metal articulating surfaces. These types of implants allow 
rotation, lateral bending, flexion and extension, and in some cases (Prestige-ST) 
anterolisthesis.

Implants with a polyethylene core have offered more physiologic movement and 
less concern over metallic deposition and blood levels. These second-generation 
implants like ProDisc offered a fixed core while the subsequently released Secure-C 
offered a sliding arthrodesis.

Figure 3. 
The Zimmer Mobi-C was the first arthroplasty device to gain FDA approval in the United States for two-level 
indications.
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Keel base implants like the ProDisc and Secure-C had no additional fixation 
hardware relaying on press-fit, bony on-growth, and keel anchoring stability. Even 
within the keel-based implants, the Secure-C introduced a shorter, wider keel which 
required even less exposure in a cranial-caudal direction.

The Nuvasive PCM disc allowed similar translation while also incorporating 
an arrow-shaped row of teeth as the primary fixation modality. When Mobi-C 
was released, the mindset was to perform as little endplate preparation as needed. 
Mobi-C went a step further to offer a circumferentially mobile center of rotation 
and obtained FDA approval as a two-level implant in 2013 (Figure 3).

While Mobi-C provided even more range of motion, concerns arose regarding 
hypermobility [38, 39] of the joint and the inability to adequately visualize the 
mobile core. With a mobile core, there was now a superior and inferior articulating 
surface to be concerned with, especially in sheer force loading.

7. Arthroplasty 3.0

Third-generation implants have allowed for translation and compression forces 
that more closely resemble physiologic motion.

The Bryan cervical disc was under development as early as 1997 by Spinal 
Dynamics Corporation. This implant relied on the preservation of the natural 
vertebral concavities with convex titanium shells matching them. The convex 
portion of the implant has a rough porous coating for bony on-growth. The concave 
surface of the implant is surrounded by a flexible membrane and lubricant to reduce 
friction and prevent migration of wear debris. The inner polymer nucleus provides 
a full range of motion while also allowing for a full range of motion but without 
loading. The Bryan disc eliminated the need for chiseling of keels but required a 
complex endplate preparation rig and procedure to shape the vertebral endplates. 
Subsequent implants like M6 likewise require only a small amount of chiseling for 
stability.

The Orthotic M6 implant has additional design components that allow more 
physiologic motions and replicate the physiological phenomenon of progressive 
resistance to motion in all six degrees of freedom (Figure 4). This design enables 
the disc to move in all six degrees, with independent angular rotations (flexion-
extension, lateral bending, and axial rotation) along with independent translational 
motions (anterior–posterior and medial-lateral translations), as well as axial 
compression. This unique compressive ability has been thought to reduce adjacent 
segment disease specifically.

The M6 is a complex, multi-component implant that contains an artificial 
nucleus made of Viscoelastic polymer (PCU) designed to simulate the native 
nucleus structure. It lies adjacent to but is not fixated to two inner titanium end-
plates. This core nucleus is retained circumferentially between the titanium end-
plates by a fiber annulus matrix.

This Ultra High Molecular Weight Polyethylene (UHMWPE) fiber matrix is 
designed to simulate the native annular structure and is wound in a specific pat-
tern, with multiple redundant layers. The matrix is wound around the core and 
through slots in the two Ti6Al4V titanium alloy inner endplates. Surrounding the 
flexible portions of the implant is a jacket of viscoelastic polymer (PCU) designed 
to minimize tissue in-growth and debris migration.

The inner plates are welded to outer plates the surface of which includes low 
profile fins and are coated with titanium plasma spray (TPS).
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8. Arthroplasty benefits

Numerous IDE studies have shown the benefits of arthroplasty over fusion, 
particularly in the cervical spine. In addition to being motion sparing, arthroplasty’s 
perhaps greater value is in the reduction of adjacent segment breakdown. Several 
studies have shown lower rates of ASD in patients having undergone arthroplasty 
compared to their ACDF cohorts. The Secure-C study showed a 4x greater risk of 
having adjacent segment surgery in the ACDF group.

Lower rates of adjacent segment surgery, not only benefit patients could lower 
total health care costs. Ironically, this advantage has not been a motivating factor in 
insurance approval. The author spoke with the Medical Director of one major health 
insurance provider extolling the benefits of arthroplasty for a 24-year-old patient 
for whom a single-level ACDF was already approved. In an attempt to get authoriza-
tion for an artificial disc at C5–6, I said, “I am fighting to get paid less for an opera-
tion that will potentially save the patient another surgery and in the end save you 
money on all accounts.” Their response was, “We don’t care. Our data shows most 
patients will change insurance carriers in the next five or six years and that doesn’t 
help us.” (Jason Highsmith, personal communication January 2009.)

Another potential benefit of this reduction of ASD is the ability to only oper-
ate on a symptomatic or freshly herniated level and leave other levels with some 
pathology untreated. In the past, there was a tendency to fuse everything that was 

Figure 4. 
The Orthofix M-6 implant allows for compressive axial loading.
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abnormal, which of course exacerbates adjacent segment breakdown. This single-
level approach for arthroplasty may lead to lower future costs.

ACDF patients had a higher reoperation rate at the index level in most of the IDE 
studies. Patients underwent a revision for nonunion as well as hardware revisions 
for screw pullout and plate fracture. One possible explanation is that most surgeons 
in the IDE study were highly skilled with ACDF procedures and took more time 
with the ACA procedure with better carpentry and decompression.

One explanation for this is that with arthroplasty there is only one active surface 
the articulating surface, whereas in ACDF there are two active surfaces of fusion to 
account for. Because of the need for additional decompression and resection of the 
uncovertebral joint, more care may be taken during ACA procedures.

Another positive factor for arthroplasty is certainly patient demand and satisfac-
tion. The nomenclature of fusion is rarely a welcome term in clinical practice. At the 
same time, some patients with significant facet arthropathy or spondyloarthropathy 
come wanting disc replacement as the latest innovation regardless of their underly-
ing pathology.

One limitation of the early studies was that the control group consisted of 
allograft spacers with a four-screw on-lay construct. While this was no doubt 
standard of care at the time these studies were initiated, and potentially still is, new 
options exist. Stand-alone devices with a cage and integrated plating are an easier 
construct to implant than a four screw on-lay plates.

While the clinical inclusion criteria for arthroplasty have been fairly stable 
over the last 20 years, the trend clinically has been more aggressive in indications. 
Initially, the ideal candidate was a less than 40-year-old patient with a solitary fresh 
disc, minimal adjacent segment disease, and little spondylosis. Now we are seeing 
older patients with more chronic disc issues, absent of facet pathology, undergo-
ing arthroplasty. Based on my experience as a principal investigator for three IDE 
studies, we are seeing arthroplasty being offered to a broader spectrum of patients 
as surgeons become more comfortable with the procedure (Figures 5 and 6).

Figure 5. 
Sagittal T2 MRI of a 38-year-old woman with worsening neck pain and radiculopathy. Note multi-level 
cervical disc herniations with cord impingement. Given her age, nerve impingement, isolated soft tissue 
pathology, and failure of conservative care patient was an ideal candidate for three-level cervical arthroplasty.
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9. Pearls

Early in the Globus Secure-C study [40], we observed some heterotopic ossifica-
tion in spite of oral NSAIDs. This led many surgeons to try additional measures to 
reduce this phenomenon. Several surgeons sealed the anterior edges of the adjoin-
ing bodies with bone wax, particularly where the anterior longitudinal ligament was 
denuded from the bone. Anecdotally, this appeared to reduce the incidence of HO.

In my experience, I’ve had a lower rate of autofusion by incorporating the same 
technique along the uncovertebral joints. The proximity of neighboring bone in this 
area after aggressive decompression puts it at risk for heterotopic bone formation. 
As such I seal the areas of decorticated bone with a thin layer of bone wax even into 
the joint.

Many devices have keels or teeth that provide initial fixation. I often “set” the 
implant into the neighboring bone by compressing the implant using the Caspar 
pins in compression. This helps reduce overdistraction of the facets as well.

When using a keel-based implant such as ProDisc, I recommend using the mill 
rather than chiseling. There have been case reports [41, 42] of fractures of the verte-
bral body using the chisel even in the low-profile Prestige-LP [43]. Similar findings 
have occurred in lumbar cases with ProDisc-L. [44] where there is no milling rig 
available. Concern over fractures like these should be even greater in multilevel 
cases [45]. Interestingly, all of these cases used the bone chisels to make the keel cut. 
While there is no data to support the use of the milling bit, it appears to be a less 
invasive option (Figure 7).

Figure 6. 
Post-op lateral cervical spine x-ray demonstrating some restoration of lordosis and Orthofix M-6 arthroplasty 
devices at C3–4, C4–5, and C5–6.
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10. Future design implications

A number of other implant designs have been proposed albeit with little clinical 
implementation. The hydrogel Prosthetic Disc Nucleus (PDN) is a hydrogel core in 
a polyethylene shell or jacket meant to only replace the nucleus in the lumbar spine 
while preserving the annulus fibrosis. This technique relied on the compressed core 
to be inserted and absorb fluid over the first four or five days allowing it to expand 
and restore disc height. In the trend toward minimally invasive, there is great poten-
tial to become percutaneous. While stem cells have proven useful in osteobiologics, 
there is still a great need for their development in cartilage and disc replacement. 
Clearly, the future lies in cellular-based disc repair and reconstruction but for now, 
that hope is elusive.

Figure 7. 
Long keels on the Centinel spine ProDisc-C illustrate the intervening vertebral body compromise in patients 
with short vertebral bodies.
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Chapter 4

Safety and Efficiency of Cervical 
Disc Arthroplasty in Ambulatory 
Surgery Centers
Richard N.W. Wohns

Abstract

Introduction Anterior cervical surgeries have been safely performed in ambu-
latory surgery centers since 1995 with the first cases being one level anterior 
cervical discectomies without fusion, then in 1996, one level anterior cervical 
discectomies with fusion (ACDF). When it is was certain that outpatient fusion 
was safe, the number of ACDF levels slowly and methodically were increased to 
the now standard outpatient maximum of four level ACDF. During this evolution, 
with the introduction of arthroplasty surgery, one level arthroplasties were con-
sidered appropriate for outpatient surgery and now two-level outpatient cervical 
arthroplasties are routine and some three level arthroplasties have been performed 
with no additional morbidity compared to one level procedures. The author first 
reported a series of 27 patients in 2010 who underwent cervical disc replacement at 
an ASC. (Wohns, R. Safety and cost-effectiveness of outpatient cervical disc arthro-
plasty. Surg. Neurol. Int. 1, 77, 2010). The average operative time was 40 minutes 
and the patients were observed over a period of three hours prior to discharge. None 
of the patients had major complications and there were no reports of worsening 
or persistent pain. The results of a Delphi study in 2018 compared the safety and 
efficiency of one-level and two-level arthroplasty procedures performed in an 
ASC and in a hospital setting. (Gornet et al. Safety and Efficiency of Cervical Disc 
Arthroplasty in Ambulatory Surgery Centers vs Hospital Settings. Int’l J of Spine 
Surgery. Vol. 12, No.5, 2018, pp. 557-564). The study analyzed outcomes of 145 
ASC patients, 348 hospital outpatients and 65 hospital inpatients and the conclu-
sion was that both one and two-level arthroplasties may be performed safely in an 
ASC. Surgeries in ASCs are of shorter duration and performed with less blood loss 
without increased AEs. At the present time, there does not appear to be any contra-
indication to performing the vast majority of cervical arthroplasties in an ambula-
tory surgery center (ASC). Furthermore, the cost of an outpatient arthroplasty is 
commonly 30% to 50% of the cost of hospital-based procedures.

Keywords: Outpatient, cervical disc arthroplasty, ASC, ambulatory surgery center

1. Introduction

Anterior cervical surgeries have been safely performed in ambulatory surgery 
centers since 1995 with the first cases being one level anterior cervical discectomies 
without fusion, then in 1996, one level anterior cervical discectomies with fusion 
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(ACDF) [1]. When it is was certain that outpatient fusion was safe, the number of 
ACDF levels slowly and methodically were increased to the now standard outpa-
tient maximum of four level ACDF. During this evolution, with the introduction of 
arthroplasty surgery, one level arthroplasties were considered appropriate for out-
patient surgery and now two-level outpatient cervical arthroplasties are routine and 
some three level arthroplasties have been performed with no additional morbidity 
compared to one level procedures. The author first reported a series of 27 patients in 
2010 who underwent cervical disc replacement at an ASC [2]. The average operative 
time was 40 minutes and the patients were observed over a period of three hours 
prior to discharge. None of the patients had major complications and there were no 
reports of worsening or persistent pain. The results of a Delphi study in 2018 com-
pared the safety and efficiency of one-level and two-level arthroplasty procedures 
performed in an ASC and in a hospital setting [3]. The study analyzed outcomes 
of 145 ASC patients, 348 hospital outpatients and 65 hospital inpatients and the 
conclusion was that both one and two-level arthroplasties may be performed safely 
in an ASC. Surgeries in ASCs are of shorter duration and performed with less blood 
loss without increased AEs. At the present time, there does not appear to be any 
contra-indication to performing the vast majority of cervical arthroplasties in an 
ambulatory surgery center (ASC). Furthermore, the cost of an outpatient arthro-
plasty is commonly 30–50% of the cost of hospital-based procedures (Figure 1).

Indications for Cervical Arthroplasty.
The indications for arthroplasty vs. fusion are the same regardless of site of 

service, i.e., hospital inpatient, hospital outpatient (HOPD) vs. ASC outpatient. 
These indications include the following:

Figure 1. 
Lateral cervical x-ray showing successful two-level arthroplasty (C5-6, C6-7).
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1. Skeletally mature patients

2. One or two contiguous levels (C3-7) for intractable radiculopathy with or 
without neck pain or myelopathy due to abnormality localized to the level of 
the disc space

3. Axial cervical pain due to discogenic etiology, proven with concordant 
discography

4. At least one of the following confirmed by MRI or CT/myelogram:

a. Herniated nucleus pulposus

b. Spondylosis with or without Modic endplate changes

c. Visible loss of disc height compared to adjacent levels

5. Failure of at least six weeks of conservative treatment or progressive signs or 
symptoms despite non-operative treatment

2. Contraindications for cervical arthroplasty

The contraindications for arthroplasty vs. fusion are the same regardless of site 
of service, i.e., hospital inpatient, hospital outpatient (HOPD) vs. ASC outpatient, 
with the exception of certain medical co-morbidities which would preclude safe 
outpatient surgery. The medical co-morbidities that would require hospital inpa-
tient arthroplasty include the following:

1. Anti-coagulation that cannot be safely discontinued peri-operatively, and 
therefore bridge anti-coagulation is required

2. Brittle diabetes

3. Significant sleep apnea requiring CPAP

4. Lack of proper post-operative home support by family or friends

5. Chronic opioid dependence with daily morphine equivalent >60

Otherwise, the routine contraindications for arthroplasty, regardless of site of 
service are the following:

1. Acute or chronic infection, systemic or at the operative site

2. Known allergy or sensitivity to the implant materials (cobalt, chromium,  
molybdenum, titanium, hydroxyapatite, or polyethylene)

3. Compromised vertebral bodies at the index level (e.g., ankylosing spondylitis, 
rheumatoid arthritis)

4. Marked cervical instability on resting lateral or flexion-extension x-rays
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5. Osteoporosis or osteopenia (DEXA DMB T-score < −1.5)

6. Severe facet joint disease or degeneration

3. Post-operative care following cervical arthroplasty

The post-operative care following arthroplasty is the same regardless of site of 
service, i.e., hospital inpatient, hospital outpatient (HOPD) vs. ASC outpatient, 
with the exception of the length of stay i.e. time to discharge post-operatively. In the 
ASC setting, the time to discharge is three hours whereas the time to discharge in a 
hospital setting may be 24-48 hours. The care includes the following:

1. Ambulate the day of surgery

2. No lifting, bending (particularly extension), twisting x 4 weeks

3. Soft collar for use only in a car x 4 weeks

4. Meloxicam x 3 weeks

5. Back to work 1-2 weeks

6. Physical therapy, including:

a. Isometric strengthening typically at 2 weeks

b. Dynamic range of motion at 6 weeks as needed

7. Restrict overhead activity, repetitive neck movements, and heavy lifting 
for 6 weeks

4. Clinical benefits of arthroplasty vs. fusion

Cervical arthroplasty is designed to provide maintenance of physiologic motion 
and prevent or mitigate the negative sequelae of fusion as follows:

1. Up to 3.5 times less radiographic adjacent level degeneration

2. Nearly 4 times fewer re-operations

3. Up to 16.5% better disability improvement

4. Maintenance of motion up to 10 years post-operative

5. Up to 3 weeks faster return to work

5. Surgical technique

When cervical arthroplasty devices were first FDA approved and released on the 
market, it was presumed by this author that the procedure would be as safe or safer 
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than ACDF for several reasons. The majority of patients who undergo arthroplasty 
rather than fusion do not require use of a drill with resulting bone bleeding. The 
arthroplasty procedure is performed with removal of the cartilaginous endplates 
but not the bony endplates. The result is less bleeding and an overall faster pro-
cedure than ACDF surgery. Otherwise, the arthroplasty procedure is very similar 
to an ACDF. There have been numerous papers proving safety and efficiency of 
outpatient ACDF surgery [4, 5].

In the author’s personal experience of more than 400 outpatient arthroplas-
ties including both one- and two-level procedures, there have been no major AEs 
(Figure 2).

Figure 2. 
Table graph showing the author’s number of outpatient cervical arthroplasties from 2013 through 2020.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 5

Minimally Invasive Lateral
Approach for Anterior Spinal
Cord Decompression in
Thoracic Myelopathy
Edna E. Gouveia, Mansour Mathkour, Erin McCormack,
Jonathan Riffle, Olawale A. Sulaiman and Daniel J. Denis

Abstract

Myelopathy can result from a thoracic disc herniation (TDH) compressing the
anterior spinal cord. Disc calcification and difficulty in accessing the anterior spinal
cord pose an operative challenge. A mini-open lateral approach to directly decom-
press the anterior spinal cord can be performed with or without concomitant
interbody fusion depending on pre-existing or iatrogenic spinal instability. Experi-
ence using stand-alone expandable spacers to achieve interbody fusion in this set-
ting is limited. Technical advantages, risks and limitations of this technique are
discussed. We conducted a retrospective chart review of all patients with thoracic
and upper lumbar myelopathy treated with a lateral mini-open lateral approach.
Review of the literature identified 6 other case series using similar lateral minimally
invasive approaches to treat thoracic or upper lumbar disc herniation showing
efficient and safe thoracic disc decompression procedure for myelopathy. This
technique can be combined with interbody arthrodesis when instability is
suspected.

Keywords: Expandable, interbody, lateral, minimally invasive,
thoracic myelopathy

1. Introduction

Rapidly progressing myelopathy can result from a thoracic or upper lumbar disc
herniation compressing the anterior spinal cord. With a prevalence of approxi-
mately 6.5%, thoracic disc herniation (TDH) is not routinely diagnosed [1]. This
low incidence contributes to the lack of familiarity with treatment methods and
several factors contribute to a reticence for treating TDH. The calcified or ossified
nature of the pathology, the difficulty to safely access and decompress the anterior
spinal cord without causing worsening myelopathy and the complications
associated with thoracic or thoracolumbar spinal approaches make this condition
challenging for the spine surgeon.

The anterior thoracotomy approach has been traditionally considered as a
treatment of choice to treat thoracic disc pathology. Compared to the posterior

59



approaches, such as the costotransversectomy, anterior approaches can offer
increased visualization and access to safely decompress midline thoracic lesions.
To minimize pain and pulmonary complications associated with thoracotomy,
thoracoscopic [2] and more recently the lateral mini-open technique have been
reported to treat thoracic disc pathology [3–9]. Although considered a lateral
approach, this technique offer direct access to the anterior spinal canal without
requiring retraction of the dural sac. Another significant advantage of the lateral
mini-open approach is it can be performed without depending on a thoracic access
surgeon.

Figure 1.
The lateral decubitus position was used for the thoracic mini-open lateral approach in a patient with T10–11
myelopathy. Note that the tape used to secure the upper body should be positioned closer to the shoulders in the
case of a more rostral thoracic spinal level.
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2. Surgical procedure

Under general anesthesia and without dual-lumen intubation, patients are posi-
tioned on lateral decubitus (Figure 1). Motor and sensory evoked potentials are
monitored intraoperatively. A left or right side approach is chosen to access the
same side of the disc protrusion if lateralized. Careful preoperative review of tho-
racic spine computed tomography (CT) and/or magnetic resonance imaging (MRI)
helped localize the large vessels. Pre-operative hook-wire localization can be
performed to accurately localize the pathology [4]. For midline anterior lesions, the
senior author prefers a right-sided approach to avoid the descending aorta from
T5–6 to T8–9. The location of the descending aorta on the left side of the vertebral
body from T5 to T8 needs to be taken into account if the contralateral annulus needs
to be released during the interbody arthrodesis. Breaking the table is usually not
performed.

Under fluoroscopic localization, the anterior and posterior limit of the vertebral
bodies above and below the pathological level are delineated. A 3–5 cm incision
must span the entire anteroposterior distance of the disc space and is extended
posteriorly over or between the underlying ribs. After blunt dissection of the
intercostal muscles the rib is partially resected using Leksell and/or Kerrisons
rongeurs. The bone is kept as autograft or can be replaced using rib reconstruction
techniques to reduce intercostal wound pain. The retropleural space is then dis-
sected bluntly by retracting the parietal pleura from the thoracic wall using sponge
sticks or endoscopic kittners. Further rib resection posteriorly may help the dissec-
tion if needed. The rib head is then palpated in the retropleural space. Serial dilators
are inserted and the retractor blade length is chosen. Using fluoroscopy in lateral

Figure 2.
Intraoperative fluoroscopic image showing positioning of the retractor. The working space is centered over the
posterior disc space and the anterior spinal canal junction.
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projection the table-mounted 3 blade retractors are centered at the junction of the
posterior disc and the canal (Figure 2). The middle blade is oriented anteriorly
toward the lung to retract the parietal pleura. This leaves a space between the caudal
and cranial blades where instruments can be freely manipulated (Figure 3). In the
case where the parietal pleural is inadvertently torn and the lung is visualized, the
approach becomes transthoracic and a placement of a laparotomy compress
between the lung and the middle blade aids with exposure as well as protects the
visceral pleura.

Using the operating microscope or loupes with a headlight, the parietal pleura
over the rib head and disc space is divided using a long tip cautery tool. Careful
attention is aimed at preserving the exiting nerve root. When identified, the exiting
nerve root can be retracted and protected with the cranial blade of the retractor.
Using a high-speed drill with 16-cm minimally invasive curve attachments
(Stryker, Kalamazoo, MI), the rib head is drilled and bony struts are created in the

Figure 3.
Left-sided approach. The surgeon is facing the back of the patient. The patient head is to the right side of the
picture. The orthostatic retractor is positioned with the middle blade retracting the parietal pleural and lung
away from the surgeon. Instruments are manipulated between the caudal and rostral blades.
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vertebral bodies on each side of the posterior disc space to create a partial
corpectomy space where disc fragments can be dislodged without retracting the
dural sac. Drilling of the superior pedicle of the inferior vertebral body helps to
expose the spinal canal. The posterior disc is removed with pituitary rongeurs.
Ossified disc herniations are drilled laterally just anterior to the dural sac until they
become completely freed from the vertebral bodies and disc space. Then the
remaining osteophytes can be gently dissected from the posterior longitudinal liga-
ment (PLL) and dura in the partial corpectomy space without excessive manipula-
tion of the spinal cord (Figure 4). Resection of the PLL helps to visualize the dura to
assess the decompression. Once the dural sac is fully decompressed anteriorly, an
interbody arthrodesis can be accomplished by mobilizing the retractor in the center
of the disc space in the anteroposterior plane. The discectomy can then be com-
pleted with serial shavers. The contralateral annulus can be released with a Cobb
elevator in order to place an interbody cage which spans the full apophyseal ring of
the vertebral bodies. An expandable stand-alone cage (Rise-L, Globus Medical,
Audubon, PA, USA) filled with autograft and allograft is then positioned. A
Jackson-Pratt or Hemovac drain is left in the retropleural or intrapleural cavity. In
the event of a visceral pleura laceration, placement of a chest tube is preferred
(Figures 5–7).

Figure 4.
Intraoperative images under microscopic visualization. A: The rib head has been resected and bony struts (*)
have been drilled to delineate the posterior disc space. A soft disc herniation (arrow) is encountered once the
spinal canal is entered. B: The dura become more apparent and discectomy anterior to the dura is carried out.
C: A curved curette is placed between the posterior longitudinal ligament (arrow) and the anterior dural sac.
D: The anterior dura has been decompressed.
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3. Experience and review of literature

This technique has been preferred by the author to treat one or two levels
thoracic myelopathy. A total of 15 consecutive cases, 73% males and 27% females,
who underwent a thoracic or thoracolumbar lateral mini-open approach to decom-
press the anterior spinal canal were included (Table 1). Mean age at surgery was
55.8 years (range, 38–76) and mean body mass index was 33.8 kg/m2 (range, 22.8–
50.9). Fourteen patients presented with myelopathy symptoms while only six
patients presented with radicular thoracic pain. A calcified disc was found in two
patients. The most frequent level affected was T10–11. Two patients had two con-
secutive levels treated. Mean estimated blood loss was 400 mL (range, 50–2150)
and mean operative time was 188 minutes (range, 113–328). Mean length of stay
was 8 days (range, 2–23). No positive correlation was found between BMI and ORT,
r = 0.2392, p = 0.2073. Elective surgery was performed in 8 cases with a mean length
of stay of 4 days (range, 2–9). At a mean follow-up of 11.1 months, myelopathy
significantly improved in a majority of patients (Tables 1 and 2).

The mini-open direct lateral approach has gained popularity to perform indirect
decompression and interbody fusion in the lumbar spine [10] (Tables 3 and 4).
Below the L2–3 level, the direct lateral approach is usually not performed to directly
decompress the spinal canal because placement of the retractor more dorsally can
result in direct nerve injury due to the proximity of the lumbar plexus [9]. Above
L1–2, the mini-open lateral approach can be safely performed to remove midline
anterior lesions and directly decompress the spinal cord and ipsilateral exiting nerve

Figure 5.
Preoperative sagittal (A) and axial (B) computed tomography images show an ossified disc herniation at T7–8
in a 72 years old female. Post-operative images (C-D) show complete decompression of the spinal canal.
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root (Table 5). At L1–2 and L2–3, the author experience has shown this approach to
be useful in decompressing the anterior spinal canal but special care needs to be
taken to identify and protect the exiting nerve root.

3.1 Obesity and surgical outcomes

Obesity is a risk factor for lumbar spondylosis [11, 12] and prior studies suggest
that class I obesity is frequently found in patients with symptomatic thoracic or
thoracolumbar spondylosis [7, 9]. The mini-open lateral approach was found to be

Figure 6.
Preoperative sagittal (A) and axial (B) T2-weighted magnetic resonance images of a soft disc herniation at
T12-L1 in a 51 years old male. Post-operative images (C-D) show decompression of the spinal canal. Note that
expandable cage artifacts do not affect interpretation.
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ideal in treating morbid obese patients as the amount of adipose tissue did not
interfere with the approach (Figure 8). The working length is increased in obese
patients, mandating usage of longer retractor blades, but the body mass index is not
associated with increased surgical time.

3.2 Concomitant interbody arthrodesis and supplemental instrumentation

Delayed deformity following thoracic discectomy without instrumented fusion
has been reported as low as <3% [13]. In the case of rapidly worsening myelopathy
caused by extrusion of a soft or partially calcified thoracic disc, concomitant
arthrodesis is often performed as the condition is thought to result from chronic
instability [13, 14]. The extent of the decompression by removing the posterior
longitudinal ligament (PLL), the ipsilateral inferior pedicle and/or the lateral facet
complex can also potentially increase segmental instability. However the natural
history and pathophysiology of TDH presenting with myelopathy is still poorly
understood and large thoracoscopic series has been performed without arthrodesis
with successful long-term outcomes [15, 16].

Expandable lateral interbody cages have been shown to provide immediate
stability, limiting flexion, extension, lateral bending and axial rotation comparable
to static cages [17]. The main advantage is considered to be the small cage height
(7 mm) at implantation, which is thought to minimize vertebral endplate disruption
thus potentially decreasing later implant subsidence. The use of BMP-2 for
interbody arthrodesis or adding supplemental anterior or posterior instrumentation
should be considered when pre-existing factors that can lead to pseudoarthosis are
present.

The author prefers using expendable spacer to decrease the risk of device
migration during insertion. Because the PLL is frequently divided during the
decompression procedure, a larger static cage could accidentally slip posteriorly
during placement in the kyphotic thoracic spine, resulting in cord compression.
This risk is similar to anterior cage migration during implantation of static cages
when anterior longitudinal ligament release is performed for deformity correction
in the lumbar spine [18].

Figure 7.
A: Intra-operative fluoroscopy showing ideal placement of expandable interbody spacer (case no. 7). B:
Example of cage subsidence 6 weeks after surgery in case no. 13.
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3.3 Operative complication

The most frequent reported complication in the literature was intra-operative
cerebrospinal fluid leak (Table 6). This complication was associated with calcified

Case no. Preoperative Postoperative

1 3 3

2 2 3

3 3 7

4 3 3

5 3 4

6 3 3

7 4 5

8 6 7

9 2 3

10 3 6

11 5 7

12 N/A N/A

13 2 3

14 2 3

15 2 2

N/A, not applicable because the patient had radiculopathy without myelopathy.

Table 2.
Motor dysfunction score of the lower extremities by the modified Japanese Orthopedic association scale.

No. Sex (%
female)

Age BMI Myel.
(%)

Rad.
(%)

Cal.
(%)

EBL
(ml)

ORT
(min)

LOS
(days)

Trans.
(%)

Chest
tube
(%)

Myel. stable
or improved

(%)

Present
study

15 27 55.8 33.8 93.3 40 13.3 400 188 8 13 0 100

Bartels
et al. [3]

21 57 58.8 N/A 100 4.7 100 732 222 N/A 100 100 100

Deviren
et al. [4]

12 67 53 N/A 66.7 0 N/A 440 210 5 100 100 100

Kasliwal
and
Deutsch [5]

7 42.9 52 N/A 100 57.1 N/A 180 N/A 2.6 0 0 42.8

Malham
et al. [6]

3 33 61.7 28.6 33.3 33.3 0 <50 N/A 5 66 33 100

Nacar et al.
[7]

33 54 52.9 31 69.7 93.9 57.5 300 174 5 76 76 91

Uribe et al.
[9]

60 47 57.9 31 70 51.6 33 290 182 5 75 22 83.3

Age, BMI, EBL, ORT, LOS values are means. Abbreviations: BMI, body mass index; Cal., calcified disc; EBL, estimated blood loss; LOS, length of
stay; Myel., myelopathy; No., number of cases; N/A, not available; ORT, operative time; Rad., radicular pain; Trans., transpleural.

Table 3.
Literature review on mini-open lateral approach for symptomatic thoracic or upper lumbar disc disease:
Demographic, clinical and surgical data.
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Level Present
study

Bartels
et al. [3]

Deviren
et al. [4]

Kasliwal and
Deutsch [5]

Malham
et al. [6]

Nacar
et al. [7]

Uribe
et al. [9]

T4–5 0 0 0 0 0 0 2

T5–6 1 1 0 0 0 2 1

T6–7 0 3 1 1 1 3 8

T7–8 1 2 1 2 0 8 12

T8–9 0 1 1 2 0 3 12

T9–10 2 3 0 2 1 2 8

T10–11 6 4 1 1 0 5 9

T11–12 4 8 4 0 0 8 14

T12-L1 2 0 4 0 1 6 7

L1–2 0 0 0 0 0 0 1

L2–3 0 0 0 0 0 0 1

Table 5.
Literature review on mini-open lateral approach for symptomatic thoracic or upper lumbar disc disease: Spinal
levels treated.

Figure 8.
Preoperative sagittal (A) and axial (B) T2-weighted magnetic resonance images of a soft disc herniation at
T10–11 in a 42 years old male with body mass index of 43.0. C: Postoperative sagittal x-rays showing
decompression and placement of an expandable interbody cage in the same patient.
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disc herniations and could be successfully repaired [7, 9]. Case no. 1 who had a
calcified thoracic disc herniation had a small intraoperative cerebrospinal fluid leak
repaired with onlay allograft and DuraSeal® (Covidien, Waltham, MA, USA).
Other postoperative complications included 6 pleural effusions, two of which
required interventional radiology placement of chest tube. Costovertebral neuralgia
is usually treated with neuropathic pain medication such as gabapentin or
pregabalin. Topical lidocaine can also be used.

3.4 Limitations

The results of this study need to be interpreted with caution because of its retro-
spective nature and the limited number of cases reported. Although the outcomes
were consistent with the literature, long-term follow-up would be necessary to better
assess the risk of pseudoarthrosis and the persistence of resolution of symptoms.

4. Conclusion

A larger number of case series have reported successful treatment of symptom-
atic TDH using the mini-open lateral technique. With a short length of stay for
elective cases, a relatively low complication rate and improvement of motor func-
tion in the majority of patients, the mini-open lateral approach can be considered a
safe and effective procedure for symptomatic TDH. Arthrodesis using expandable
cages without additional anterior instrumentation can provide satisfactory short-
term outcomes. However supplemental anterior or posterior fixation should also be
considered when significant pre-existing instability is suspected, when multiple
contiguous levels are treated or when significant cage subsidence is noted during
cage expansion.

Present
study

Bartels
et al. [3]

Deviren
et al. [4]

Kasliwal and
Deutsch [5]

Malham
et al. [6]

Nacar
et al. [7]

Uribe
et al.
[9]

Intra-operative
CSF leak

1 2 0 0 0 2 7

New lower
extremity
weakness

0 1 0 0 0 0 1

Neuropathic pain
at incision

2 0 1 0 1 1 1

Pleural effusion 6 N/A 1 0 N/A 2 1

Pneumothorax 0 0 0 0 0 0 1

Post-op chest
tube

2 N/A 1 0 N/A 2 1

Reoperation 1 0 0 0 0 0 3

Cage subsidence 2 N/A N/A N/A N/A N/A N/A

Pseudoarthorosis 1 N/A N/A N/A N/A 0 0

Abbreviation: CSF, cerebrospinal fluid; N/A, not available.

Table 6.
Literature review on mini-open lateral approach for symptomatic thoracic or upper lumbar disc disease:
Complications.
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Chapter 6

Minimally Invasive Laminectomy 
for Lumbar Stenosis with Case 
Series of Patients with Multi-level 
(3 or More Levels) Stenosis
Mick Perez-Cruet, Ramiro Pérez de la Torre  
and Siddharth Ramanathan

Abstract

Lumbar stenosis is the most common pathology seen and treated by spine 
surgeons. It is often seen in the elderly population who frequently have multiple 
medical co-morbidities. Traditional approaches remove the spinous process 
and detach paraspinous muscles to achieve adequate canal decompression. This 
approach can damage the posterior tension band leading to permanent muscle 
damage, scar tissue formation, iatrogenic flatback syndrome, and increase risk of 
adjacent segment disease requiring reoperation. Performing lumbar laminectomy 
in a cost-effective manner is critical in effectively treating patients with lumbar 
stenosis. This chapter reviews a minimally invasive muscle-sparing approach to 
treating lumbar stenosis. The technique is performed through a tubular retrac-
tor. Direct decompression of the spinal stenosis is achieved while preserving the 
paraspinous muscle attachments and spinous process. This technique has multiple 
advantages and can potentially reduce load stress on adjacent levels and subsequent 
adjacent level pathology leading to further surgical intervention. In addition, the 
procedure shows how facet fusion is performed using the patient’s own locally 
harvested drilled morselized autograph to achieve bilateral facet fusion. By fusing 
the facets, we have shown that restenosis at the operative level is less likely to 
occur. This chapter will review a case series of multilevel lumbar stenosis including 
clinical outcomes.

Keywords: Lumbar stenosis, minimally invasive laminectomy, multilevel stenosis, 
muscle and bone preservation, autograph posterolateral fusion

1. Introduction

Over the last two decades, minimally invasive spine surgery has undergone a 
paradigm shift with some procedures garnering increasing favor from the neu-
rosurgical community [1–3]. Outcomes research and an emphasis on improving 
intra- and post-operative outcomes have increased the importance of selecting 
techniques that maximize these parameters. The minimally invasive laminectomy 
for the treatment of spinal stenosis is one such procedure that has gained con-
siderable momentum [2]. Several indications exist for this procedure including 
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primary or secondary lumbar spinal stenosis. The former is the most frequently 
diagnosed spinal disorder in the elderly and is a major cause of disability in this 
population [4].

Lumbar spinal stenosis is defined as a reduced cross-sectional diameter of the 
vertebral canal, usually resulting in compression of neural structures (Figure 1).

There are three types of compression: compression in the central portion of the 
spinal canal (central stenosis); in the lateral recesses of the canal (lateral recess 
stenosis); or a combination of stenosis in both regions. Spinal stenosis may be 
congenital or acquired. Congenital stenosis consists of a group of spine deformi-
ties that often present in patients diagnosed with hereditary syndromes (i.e., 
Achondroplasia). Symptoms of congenital stenosis typically present at a younger 
age than those of acquired spinal stenosis. Secondary lumbar stenosis presents 
with a myriad of pathological changes including hypertrophy of the ligamentum 
flavum, and degeneration of the facet and disc structures [5]. The compression of 
the central canal often leads to debilitating back pain, radiculopathy, and symptoms 
of neurogenic claudication, making acquired spinal stenosis one of the most critical 
factors in the decision for surgical intervention [6]. Lumbar canal stenosis may 
itself arise as a long-term consequence of sagittal balance abnormalities, spondylo-
listhesis, and/or degenerative conditions.

2. Surgical techniques

There have been multiple surgical techniques developed to decompress the 
lumbar spine in patients suffering from lumbar stenosis. The oldest technique is the 
open lumbar laminectomy, which involves the removal of spinous processes, both 
laminae and a partial facetectomy. In performing a decompressive laminectomy, the 
competing forces of adequately decompressing the spine and preventing adjacent 
segment disease must be balanced. Adjacent segment disease describes the constel-
lation of findings that develop as a result of pathological load forces placed on the 
spine. The resulting focal tissue hypertrophy and adjacent level stenosis may require 
additional surgical intervention (Figure 2).

Figure 1. 
A. Sagittal and B. Axial T2 weighted MRI image at the L4-5 level (marked with the green line) showing spinal 
stenosis caused by hypertrophy of the facets and ligamentum flavum.
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Efforts to preserve midline posterior structures have led to the introduction of 
minimally invasive techniques to treat degenerative lumbar stenosis. Minimally 
invasive spine techniques were developed to preserve the normal anatomical 
integrity of the spine [1, 7–9]. Fessler et al., are credited with developing the 
currently used technique for performing a minimally invasive laminectomy in the 
treatment of lumbar stenosis that will be described in this chapter [9]. Over the last 
several years, various improvements in microscopic visualization techniques [10] 
have greatly influenced surgical options. These advancements have made it feasible 
to utilize a unilateral laminectomy to extend instruments to the contralateral side 
and fully decompress the canal without the long-term spinal instability and risk for 
additional surgical intervention associated with traditional open procedures.

Minimally invasive laminectomy outcomes studies have confirmed its benefits 
[1], in patients with and without spondylolisthesis [8]. Several comparative studies 
have addressed minimally invasive laminectomy vs open laminectomy [11, 12], 
bilateral decompressive laminectomy vs muscle-sparing interlaminar approach 
[13], and patient outcomes based on a variety of critical analyses [5, 14, 15]. Further 
evolution in surgical techniques and technology aims to facilitate the minimally 
invasive approach [16].

3. Indications/contraindications

3.1 Patient selection

Patients presenting with lumbar stenosis may present with bilateral or unilateral 
leg pain, weakness, numbness, and/or paresthesias [11]. Many patients suffer from 
neurogenic claudication, a typical complaint where back or leg pain is aggravated 
by standing and walking and relieved by sitting, flexing the spine, or lying down. 
Symptomatic relief with lumbar flexion is often a reliable clinical sign that helps to 
distinguish neurogenic spinal claudication from vascular claudication. The bicycle 
test, in which the patient leans forward while riding a stationary bike, can also help 

Figure 2. 
A. Sagittal and B. Axial CT myelogram showing traditional laminectomy previously performed with removal 
of spinous processes and subsequent development of complete myelographic block at the adjacent L4-5 level 
requiring additional surgical intervention.
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to distinguish the two conditions. The neurological examination can be non-con-
tributory until very late stages of the disease when a fixed motor or sensory deficits 
become evident. Also important in these patients is the varying degrees of walking 
impairment progressing over months or years [17]. Sphincter disturbance is a rare, 
late symptom of this condition and is usually associated with severe compression of 
the cauda equina, which is sometimes the result of an acute disc herniation super-
imposed on preexisting spinal stenosis. There are also some classical syndromic 
descriptions such as footdrop and acute radiculopathy. At some point, the physical 
examination must be able to rule out hip pathology and sacroiliac joint involvement. 
Multiple examinations such as Patrick Test, Faber Test, distraction, thigh thrust, 
compression, and Gaenslen’s test are important to make these distinctions [18].

With an increasing incidence of lumbar stenosis, proper patient selection is 
paramount to achieving good clinical outcomes. Reoperation cases are relatively 
cumbersome and impose a significant burden on the patient and surgeon. As such 
reoperations should not be attempted until the spine surgeon has gained consider-
able experience with minimally invasive laminectomy approaches. In some other 
conditions, such as morbid obesity, there is an increased working distance from the 
skin to the spine, thereby increasing the technical difficulty for the surgeon. These 
cases are best deferred until a high level of experience and comfort with operating 
through a tubular retractor are achieved.

4. Radiographic work-up

The imaging workup for spinal stenosis usually begins with anteroposterior, 
lateral, and flexion/extension plain film X-rays, which often reveal degeneration of 
the anatomic structures manifesting as loss of disc space height, narrowed neural 
foramina, and hypertrophy of the facet joints. In some patients, dynamic films 
can potentially reveal instability. Magnetic resonance imaging (MRI) is the study 
of choice to provide diagnostic images with specific details regarding structure, 
dimensions, and deformities. Typical findings include degenerative disc disease, 
ligamentous and facet hypertrophy, and a triangularly shaped “trefoil” spinal canal. 
The computer tomography myelogram (CT myelogram) study can be particularly 
useful in patients with degenerative scoliosis, multilevel stenosis, or in cases where 
prior surgical intervention with instrumentation was performed. In these scenarios, 
the CT myelogram allows adequate visualization of the stenotic level.

5. Electromyographic studies

Some spinal stenosis patients present with a variety of clinical signs including 
single or multilevel compression. In those cases, the advantage of requesting addi-
tional electrophysiological studies lies in the possibility of confirming compression 
of individual nerve roots for surgical procedure planning [19].

6. Operative set-up and instrumentation

The minimally invasive lumbar laminectomy is performed in a standard oper-
ating room with routinely available equipment. Lateral fluoroscopy is used for 
confirmation of the correct surgical level. The patient is typically positioned on a 
Jackson table which allows normal lumbar lordosis and limits abdominal pressure to 
reduce surgical bleeding.
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7. Incision

The midline of the spine is palpated and marked. Typically, the skin incision 
is made a fingerbreadth lateral to the midline if one level is decompressed and no 
instrumentation is needed. However, for multilevel decompression, percutane-
ous pedicle screws are often utilized to promote fusion. When pedicle screws are 
required, the incision is made 3 cm lateral to the midline at the level of stenosis. This 
allows for adequate access to the canal for decompression and facilitates percuta-
neous pedicle screw placement. Once the incision is made parallel to the spinous 
processes, the One-Step-Dilator (Thompson MIS, Salem, NH) is used to approach 
the spine in a muscle-splitting fashion (Figure 3).

8. Laminectomy

The soft tissue on the lamina/facet surface is then removed with monopolar 
Bovie cautery to the sagittal extent of the tubular retractor. The caudal and 
rostral edges of the lamina and medial aspects of the facet are exposed. A cutting 
M8 match-stick burr is used to perform the ipsilateral laminectomy to expose the 
thickened ligamentum flavum. All drilled bone is collected using the Thompson 
MIS BoneBac Press, which provides excellent morselized autograft thereafter 
used to perform a bilateral facet fusion once adequate decompression has been 
completed. The benefits of morselized autograft bone material include excellent 

Figure 3. 
The One-Step-Dilator (Thompson MIS, Salem, NH) has been developed to eliminate the need for guidewire 
and subsequent muscle dilators. This system allows for a bloodless, muscle-sparing approach to the spine. A., 
Images of One-Step-Dilator closed and B., expanded to dilate apart muscle tissue. C., Intra-operative image 
D–E., with fluoroscopic guided approach to the spine by gentle clockwise rotation, F., counterclockwise opening 
of retractor once on spine, G-H., passing of tubular retractor over dilator, I., and tubular retractor in place for 
performing the procedure.
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handling characteristics, adequate softness for remodeling, cost savings, and 
increased fusion rates [20].

The illustrations below show the steps taken to perform a minimally invasive 
laminectomy for stenosis. Step one, ipsilateral laminectomy shown in Figure 4a–d. 
Step two, tilt the patient slightly away from the surgeon and wand tubular retractor 
to expose the base of the spinous process (Figure 4e). The spinous process, as well 
as contralateral lamina, are then undercut with the high-speed burr. The contralat-
eral lamina is undercut to the facet complex. Preservation of the ligament flavum 
helps protect the dura (Figure 4f–h).

Once bony decompression is completed, the ipsilateral ligamentum flavum 
is removed with an up-biting Kerrison punch. Subsequently, the contralateral 
ligamentum flavum can be removed. To facilitate the removal of the contralateral 
ligament flavum, particularly in cases of severe hypertrophy, we used a CO2 laser 
to facilitate removal along with Kerrison punch, typically number 2 size. In this 
manner, durotomies are extremely uncommon (Figure 5).

Figure 4. 
Illustrations showing a–d, ipsilateral laminectomy with exposure of ligamentum flavum. e, Tilting the table 
away from the surgeon to perform the contralateral decompression. e–h, undercutting the spinous process and 
contralateral lamina to achieve bony decompression. (From, An Anatomical Approach to Minimally Invasive 
Spine Surgery, 2nd edition. Editors MJ Perez-Cruet, RG Fessler, MY Wang, Thieme Publishing Inc, New York, 
New York, 2019).
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Figure 5. 
a. Intraoperative photo showing dura after b. Bone decompression is performed by undercutting the spinous 
process and contralateral lamina with ipsilateral ligamentum flavum removed. c. Steps in removal of the 
hypertrophied ligamentum flavum include removal of ipsilateral ligamentum flavum followed by removal of 
the contralateral ligamentum flavum. This can help to reduce the risk of inadvertent durotomies. Removal of 
the contralateral ligamentum flavum can be aided by the use of a CO2 laser which shrinks the contralateral 
ligamentum flavum making it easier to remove with a Kerrison punch. (Illustrations from, An Anatomical 
Approach to Minimally Invasive Spine Surgery, 2nd edition. Editors MJ Perez-Cruet, RG Fessler, MY Wang, 
Thieme Publishing Inc, New York, New York, 2019).

Figure 6. 
Intraoperative photograph showing surgeon performing bony decompression with a drill (Stryker TPS, 
Kalamazoo, MI) using an M8 cutting burr and the collected B. morselized autograft using the BoneBac Press 
(BoneBac, Salem, NH)
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The morselized autograft collected using the BoneBac press is used with no addi-
tional bone graft material needed (Figure 6). In-situ fusion of the bilateral decorti-
cated facets is performed to reduce restenosis of the decompressed segment (Figure 7). 

Figure 8. 
Preoperative CT myelogram showing lumbar stenosis. B. Post-operative CT showing decompression by performing 
ipsilateral laminectomy followed by undercutting the spinous process and contralateral lamina. C. Six-month 
postoperative coronal and D. Axial CT showing facet fusion and maintenance of spinal canal diameter.

Figure 7. 
A. Intraoperative photo and B. Illustration showing decortication of the contralateral facet and placement 
of morselized autograft into the facet complexes bilaterally. C. Illustration and intraoperative photo showing 
decortication of the ipsilateral facet and placement of surgical site morselized autograft.
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In cases of scoliotic deformity of spondylolisthesis (Figure 8) or multilevel decompres-
sion, (Figure 9) percutaneous pedicle screw instrumentation is applied to improve 
fusion rates.

The collected morselized autograft is then placed via the tubular retractor into the 
bilaterally decorticated facet complexes to achieve a bilateral posterior facet fusion. 
Facet fusion reduces the rates of restenosis by stabilizing the segment (Figure 8).

With complete hemostasis, the fascia is reapproximated with 2-0 vicryl suture, fol-
lowed by multilayer subcutaneous closure. Final skin closure is accomplished with the 
application of Prineo adhesive dressing and Dermabond (Johnson & Johnson). This 
avoids the need for skin staple or suture removal and leaves a cosmetically pleasing scar.

9. Post-operative care

Post-operatively, the patient is transferred to the floor for recovery. Drainage, if 
utilized, can usually be removed within 24 hours. Patients are counseled regarding 

Figure 9. 
Illustrative case of patient who presented with neurogenic claudication from four-level lumbar stenosis. a. 
Sagittal and corresponding axial MRI showing lumbar stenosis at L2-3, L3-L4, L4-L5, and L5-S1 levels. b. 
Post-operative sagittal and corresponding axial CT showing decompression at each level with postoperative 
incisions and anteroposterior and lateral x-rays. Note adequate central canal decompression with preservation 
of the spinous processes.
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proper wound care and instructed to return if they have any signs of infection or 
deterioration in neurological status. The initial follow-up visit is most often sched-
uled for 2 weeks after surgery and at 3 and 6 months post-operatively. Physical 
therapy is also initiated as needed, generally beginning 2 weeks after surgery. Most 
individuals can be sent home the same day of the procedure when they are freely 
ambulating, tolerate an oral diet, and are able to void spontaneously. Standard 
information, including universal signs of infection, is conveyed in a regularized 
form for patient information and record keeping.

10. Complication avoidance

• Confirmation of the correct surgical level is done utilizing C-arm fluoroscopy.

• Initial opening of the ligamentum flavum and contralateral ligamentum flavum 
removal is often the most difficult portion of the procedure. Delicate and care-
ful manipulation is mandatory to avoid dural defects. If dural injuries occur, 
the majority of them can be conservatively treated with a Gelfoam to cover 
the defect.

• Proper marking of the midline and identification of relevant anatomical struc-
tures is paramount to avoid difficulties with orientation. The ligamentum fla-
vum may be utilized to assure the surgeon of the orientation of the procedure.

• Slightly tilt the operative table away from the surgeon and wand the tubular 
retractor to view the base of the spinous process to perform the contralateral 
decompression.

• Shrinking the contralateral ligamentum flavum with a CO2 laser or CUSA can 
facilitate removal with a Kerrison punch and reduce the risk of durotomy.

• When working toward the contralateral side, the smooth base of the Kerrison 
rongeur should be kept against the dura to reduce the risk of dural laceration.

• Approach each level separately when treating patients with multi-level stenosis. 
This allows direct visualization and facilitates adequate decompression.

• Percutaneous pedicle screw fixation reduces the rates of recurrent spinal steno-
sis at the level of decompression by assuring adequate arthrodesis.

11. Clinical case series

A retrospective analysis was performed of patients undergoing 3 or more levels 
of minimally invasive laminectomy for lumbar stenosis as seen in Figure 10.

Thirty-three consecutive patients were analyzed with clinical characteristics 
as seen below (Table 1). The most common levels treated are seen in Table 2 and 
medical co-morbidities are seen in Table 3. The average estimated blood loss 
was 190 cc. Surgical time averaged 3 hours. Hospital stays averaged 3-4 days. 
Complications rates were relatively low (Table 4). Visual analog score (VAS) back 
and leg pain and Oswestry disability index (ODI) improved as seen in Figure 11. 
These improvements were found to be statistically significant at 24-month follow-
up compared with pre-operative values. One patient (3%) underwent adjacent level 
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Figure 10. 
Pre and post-operative T2 weighted sagittal and corresponding axial MRI images of patient who underwent 
L2-3/L3-4/L4-5 minimally invasive laminectomy for stenosis. Note on post-operative MRI preservation of 
spinous process and paraspinous muscle anatomy while achieving adequate canal decompression.
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Table 1. 
Clinical characteristics of patients undergoing minimally invasive laminectomy (3 or more levels).

Table 3. 
Medical co-morbidities seen in patients treated with 3 or more levels of lumbar stenosis.

Table 2. 
Levels treated with lumbar stenosis. Most common levels treated were L2-3, L3-4 and L4-5.
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Figure 11. 
Visual analogue score (VAS) back and leg pain and Oswestry disability index (ODI) improved as seen above.

Table 4. 
Operative characteristics, complication rates, and reoperations of patients undergoing multi-level (3 or more levels) 
minimally invasive laminectomy for stenosis. There was a relatively low rate of complications in these patients.
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laminectomy, decompression, and instrumentation for adjacent level disease. This 
patient had multilevel degenerative disc disease of the lumbar spine. He initially 
underwent a L2-3, L3-4, and L4-5 MIS laminectomy, fusion, and pedicle screw 
instrumentation for multi-level stenosis. He subsequently developed L5-S1 lumbar 
stenosis and underwent adjacent level decompression, fusion and instrumentation. 
He has since returned to work and has normal activities of daily living.
This series shows the benefits of minimally invasive laminectomy for stenosis. We 
feel that preservation of the normal anatomy (i.e., spinous process and paraspi-
nous muscle) improves long-term outcomes, fusion rates, and complications of 
patients suffering from lumbar stenosis and reduce adjacent level disease requiring 
reoperation.

12. Conclusion

With an increased incidence of lumbar spinal stenosis and a commensurate rise in 
the number of operations performed to treat this condition, the minimally invasive 
laminectomy for lumbar stenosis represents an incredible opportunity to improve 
existing surgical outcomes. Completing the surgical procedure through a microscopic 
technique affords smaller incision, less postoperative pain, and overall quicker recov-
ery. Additional benefits include excellent long-term outcomes and an sextremely low 
rate of additional surgical intervention at the operative or adjacent levels.
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Abstract

Extreme lateral interbody fusion (XLIF) is a popular surgical technique to 
address a wide variety of spinal pathologies. The purpose of this chapter is to 
explore the XLIF procedure, including indications for its use, post-fusion operative 
outcomes, intraoperative considerations, and advantages and disadvantages over 
similar fusion techniques.

Keywords: spinal fusion, extreme lateral interbody fusion, lateral lumbar interbody 
fusion, minimally invasive spine surgery, lumbar spine surgery

1. Introduction

Instrumented fusion of the spine is a proven method for treating a variety of spi-
nal pathologies, such as deformity, instability and iatrogenic instability. Historically, 
instrumented fusion has been an open procedure, with various approaches to the 
spinal column including anterior lumbar interbody fusion (ALIF), posterior lumbar 
interbody fusion (PLIF), transformainal lumbar interbody fusion (TLIF), and 
posterior intertransverse fusion (PLF) [1–8]. However, advancements in minimally 
invasive surgery (MIS) have changed the landscape of instrumented spinal fusion 
procedures, and the focus of contemporary clinical practice emphasizes MIS fusion 
techniques because of their lower rate of complications, shorter recovery time, 
smaller incisions, and reduced intraoperative blood loss [9].

Extreme lateral interbody fusion (XLIF [NuVasive, San Diego, CA, USA]) is a 
novel minimally invasive technique in which the disc space is accessed laterally using 
a lateral transpsoatic approach [10]. The XLIF approach, which was introduced by 
Pimenta in 2001 and further developed in the same decade [11, 12], has been success-
fully shown to treat degenerative disc disease (DDD), deformity, trauma, tumor, and 
infection [13]. The purpose of this chapter is to explore the XLIF procedure, includ-
ing indications for its use, post-fusion operative outcomes, intraoperative consider-
ations, and advantages and disadvantages over similar fusion techniques.

2. Surgical terminology

While the MIS lateral interbody fusion technique is referred to as XLIF in this 
chapter, several other names exist for the same surgery. As of late, a general name for 
the surgery, lateral lumbar interbody fusion (LLIF), has emerged and increased in 



Minimally Invasive Spine Surgery - Advances and Innovations

94

popularity within the literature [14, 15]. Similarly, comparable industry-sponsored 
surgical techniques have been coined, including the direct lateral interbody fusion 
(DLIF [Medtroinic, Memphis, TN, USA]) [15]. Although the term XLIF is chosen to 
described the MIS lateral interbody fusion technique in this chapter, it is important 
for readers to understand that the same surgical technique may be referenced with 
other names in the larger scope of the literature.

3. Anatomy

The XLIF approach is a retroperitoneal, transpsoas approach to the spinal 
column. The retroperitoneal space bordered by the posterior part of the transver-
salis fascia and the posterior parietal peritoneum, and encompasses critical organs 
including kidneys, adrenal glands, ureters, ascending, and descending segments of 
the colon, neurovascular structures including the aorta, inferior vena cava (IVC), 
lumbar plexus, and sympathetic trunk. In addition, spinal levels located in the 
posterior retroperitoneal space include T12 to the sacrum, and the psoas muscle is 
also located within this span.

Several muscular structures and layers are traversed during the XLIF procedure. 
First, the lateral abdominal muscle layers, starting superiorly from the external 
abdominal oblique, internal abdominal oblique, transversus abdominis, and rectus 
abdominis muscles, must be carefully dissected. Critical neurological structures to 
be mindful of during dissection include the iliohypogastric and ilioinguinal branches 
of L1, which supply sensation to skin over the lateral gluteal and hypogastric regions.

The psoas muscle, which is the major muscle encountered during the XLIF 
approach, acts as a hip abductor, lateral rotator, and flexor. The superficial part and 
origin of the psoas muscle begins at the T12 and L1 to L4 vertebrae, overlying the 
lumbar plexus. The deep part of the psoas muscle takes origin from the transverse 
processes of lumbar vertebrae L1 to L5, and the entire psoas muscle crosses the pelvic 
brim and inserts on the lesser trochanter of the femur. Of particular anatomical 
importance is the femoral nerve which is derived from the anterior rami of nerve 
roots, L2, L3 and L4. The femoral nerve is the largest branch of the lumbar plexus. The 
femoral nerve lies within the posterior 1/4th of the disc space at L4/5. Intraoperative 
nerve monitoring is helpful in reducing the risk of nerve injury [16, 17].

Furthermore, the diaphragm, and associated lumbar attachments of the right 
and left crura, pose an anatomical consideration during an XLIF procedure. 
Namely, adequate mobilization of the diaphragm around the thoracolumbar junc-
tion allows for improved disc exposure and a wider window through which a lateral 
XLIF corpectomy may be performed [18]. In addition, angled approaches may allow 
for successful XLIF completion with avoidance of the diaphragm.

4. Indications for XLIF

There are multiple indications for the XLIF procedure, including [19]:

• Spondylolisthesis

• Herniated Disc

• DDD

• Post-laminectomy instability
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• Adjacent Segment Disease

• Degenerative Scoliosis

• Thoracic disc herniations

• Need for corpectomy for trauma or tumor

Oftentimes, the XLIF surgical approach is considered in patients with symptoms 
refractory to other treatments, including physical therapy, pain medication, and 
steroid injections. Additionally, specific spinal levels are best treated with the XLIF 
technique. High-risk patients with complicated histories may further benefit from 
XLIF surgery due to its minimally invasive nature. Minimal blood loss, tissue dam-
age, and post-operative discomfort make it a viable option for complicated patients.

Furthermore, several patient conditions exclude the consideration of XLIF as a 
viable surgical technique. These conditions include, but are not limited to:

• Fusion below the pelvic brim (L5-S1), which inhibits access to the disc space 
from the lateral position

• Bilateral retroperitoneal scarring

• Complicated and/or high-grade spondylolisthesis

• Low riding L4-L5 space, with limited access to the disc space

• Spinal deformities resulting in significant spinal rotation

• Poor bone stock due to osteoarthritis, reducing the probability of successful 
vertebral fusion

5. Procedure

Following endotracheal anesthesia and intravenous line placement, the patient is 
positioned on their side in a true 90-degree lateral decubitus position [11]. The side 
through which the XLIF is performed is determined based on anatomical and clini-
cal consideration. X-ray imaging is performed using a cross-table anterior–posterior 
(AP), and lateral technique to locate and confirm the disc of interest, and plan 
the surgical incision. The skin is aseptically treated and patient’s spine is placed in 
flexion to achieve sufficient distance between the ribcage and iliac crest. Next, the 
pathway for instrumentation is calculated using a k-wire and lateral fluoroscopic 
imaging to identify the mid-position of the lumbar disc. This position is marked on 
the patient’s lateral side at the level of the diseased disc and will serve as the work-
ing portal throughout the operation [11].

Prior to the introduction of surgical instruments, a second mark is made poste-
rior to the working portal at the intersection of the erector spinae and abdominal 
oblique muscles. A 3–4 cm lateral incision is made here, large enough to allow the 
entry of the surgeon’s index finger, which will be inserted anteriorly and advanced 
until the retroperitoneal space and peritoneum are identified [11]. Placement 
of the surgeon’s finger will help protect the peritoneum, in which the visceral 
organs are encased, from injury while instruments are passed into and out of the 
 working portal.
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Next, the primary 3–4 cm incision is made at the mark of the working portal 
and the initial tubular dilator is introduced laterally, with the index finger guiding 
it towards the psoas muscle and away from neurovasculature and the peritoneal sac. 
Electromyography (EMG) is performed at the psoas muscle to steer clear of lumbar 
nerve roots and branches of the lumbar plexus. The psoas muscle is delicately 
parted between the middle and anterior third of the muscle, allowing for direct 
manipulation of the spine with minimal risk of damage to nervous structures and 
large vessels coursing anterior to the operative corridor. Additional tubular dilators 
are introduced to further increase the dimension of the working portal, throughout 
which nerve monitoring and X-ray imaging are continued to ensure safety and 
precision at the level of the damaged disc. Once the working portal is dilated to 
an appropriate diameter, a retractor is inserted and expanded in a cranio-caudal 
direction to the appropriate aperture [11]. The aperture of the retractor may be 
adjusted periodically during the operation on an as-needed basis to provide appro-
priate visualization and access to the spinal column. A light and camera may then be 
inserted and fusion may now begin.

At this point, discectomy is performed in a standard fashion and using stan-
dard surgical instruments. The diseased disc is removed with preservation of the 
posterior annulus, and the interbody implant is able to be accommodated in the 
space, resting on the lateral margins of the epiphyseal ring to increase end plate 
support [11]. To close the surgical site, the operative site is irrigated and hemostasis 
is achieved. The facial and subcutaneous layers are sutured closed, with some skin 
glue to close the most superficial layers. Depending on the individual patients’ 
status, additional support including pedicle screws, plates, or rods may be inserted 
to stabilize the patient.

6. Intraoperative risks

The XLIF surgical approach has been associated with a unique set of complica-
tions involving multiple neurovascular structures and visceral organs that may be 
iatrogenically damaged during soft tissue dissection or surgical instrumentation.

6.1 Nerve injury

Nerve injury is among the most commonly cited complications following XLIF 
procedures. Recent reviews have suggested that neurological injury - specifically 
ipsilateral sensorimotor deficits of the groin and/or thigh - may be experienced 
transiently by 30–40% of patients postoperatively and permanently by 4–5% of 
patients [15, 20]. Structures that may be damaged during the surgical approach 
and instrumentation include the sympathetic chain located in the lateral aspect of 
vertebral body, the lumbosacral plexus containing the genitofemoral nerve located 
on the anterior surface of psoas muscle, and the superior hypogastric plexus.

The femoral branch of the genitofemoral nerve provides sensation to the 
scrotum in males, mons pubis in females, and anterior thigh in both sexes while 
the genital branch provides motor innervation to the cremaster muscle in males. 
Radiographic studies have demonstrated the close proximity of the genitofemoral 
nerve to the L2/L3 disc space [21] while cadaveric studies suggest anatomic varia-
tion in the course of the genitofemoral nerve in 40–50% of individuals [22]. These 
anatomical factors place the nerve at high risk of trauma with no zone of absolute 
safety during the XLIF approach [23], so surgeons must carefully navigate the surgi-
cal interval to avoid neurological injury. Furthermore, prolonged muscle retraction 
time over 20–40 minutes per level has been shown to greatly increase the risk of 
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nerve injury [24], and electromyographic monitoring has been shown to reliability 
predict nerve dysfunction [25], highlighting the importance of reducing operative 
time. Newer retractor systems and more refined surgical techniques may eventually 
decrease the incidence of retractor-related nerve damage [26, 27].

More recent studies have also demonstrated small (1.7–4.8%) risks of femoral 
and obturator nerve neurapraxia and/or axonotmesis in the immediate post-
operative period, though full recovery is expected within 3 months [28, 29]. Of 
note, femoral nerve injury is almost exclusively observed at the L4-L5 lumbar 
levels as anatomic studies have demonstrated that the femoral nerve lies more 
proximal to the ideal discectomy site at L4-L5, placing it at increased risk within 
that region [30, 31]. Several studies have also noted the risk of contralateral 
femoral nerve injury secondary to overzealous endplate removal and osteophyte 
 distraction [32, 33].

Additional nervous structures that may be damaged intraoperatively include 
the ilioinguinal, iliohypogastric, and lateral femoral cutaneous nerves that course 
through the retroperitoneal space and lateral abdominal wall, though the literature 
is scarce on these complications. Retrograde ejaculation is also theoretically possible 
if there is damage to the superior hypogastric plexus, but there has yet to be a report 
of this complication following XLIF. Finally, bowel and bladder dysfunction may be 
a rare complication associated with lumbosacral plexus injury.

6.2 Vascular injury

Vascular injury is extremely rare in XLIFs compared to approaches such as the 
ALIF, as great vessels such as the aorta and iliac arteries are avoided. However, 
dissection of segmental arteries can result in serious complications that may 
occur during or shortly after an XLIF procedure. In one case, a large retroperito-
neal hematoma was detected five days following an L3-L4 and L4-L5 XLIF [34]. 
Arteriography identified active bleeding from the L2 segmentary artery as the 
underlying etiology. This branch was promptly embolized with fibre coils, and 
the patient suffered no further complications. A similar case by Santillan et al. 
described the development of a retroperitoneal hematoma 48 hours after an 
uneventful L2-L3 XLIF [35]. An angiogram showed iatrogenic arterial wall disrup-
tion of the L2 lumbar artery and a traumatic pseudoaneurysm, both of which were 
successfully embolized with no further sequelae. Finally, a fatal case of bleeding 
was reported by Assina et al. in a 50-year old patient undergoing XLIF for an L4-L5 
degenerative disc [36]. Imaging showed that the anterior detachable blade tip 
(Scoville type retractor) had transected the right common iliac vein and was within 
the lumen of the left common iliac vein. Furthermore, multiple perforations along 
the distal IVC were noted. Despite 29 units of packed red blood cells, multiple other 
heroic measures, and a 4-week intensive care unit stay, the patient developed a ret-
roperitoneal abscess with bacteremia that ultimately led to hemodynamic instability 
and fatal multiple organ failure secondary to septic shock.

6.3 Visceral structures

Injury to non-neurovascular structures is uncommon in the setting of XLIFs 
and described primarily in case reports. The ureter traverses the retroperitoneal 
space close to XLIF surgical corridor in approximately 16% of cases [37] and may be 
damaged by retractors or retroperitoneal dissection particularly at the L2-L3 level 
[38], though no cases of urological injury have been reported on XLIFs specifically. 
However, ureteral complications have been reported in several patients undergoing 
OLIF, which utilizes a similar surgical approach to the XLIF [39–42].
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Peritoneal damage following XLIF is exceedingly rare and has been described 
in just a few case reports. Balsano et al. reported an iatrogenic perforation of the 
splenic curvature of the colon following an L3-L4 and L4-L4 XLIF for degenerative 
disc disease [43]. The patient experienced peritonitis and underwent an exploratory 
laparotomy that identified the colonic perforation, and a colostomy was maintained 
for 3 months after which the patient fully recovered. Tormenti et al. described a 
cecal perforation during the transpsoas approach of an XLIF for treating adult 
degenerative thoracolumbar scoliosis [44]. The patient underwent an emergency 
exploratory laparotomy and segmental bowel resection and recovered uneventfully.

Finally, delayed incisional hernias have been described following XLIF. Plato-
Bello et al. reported the development of an abdominal pseudohernia requiring 
surgical repair 5 months after an uneventful L3-L4 LLIF [45]. Similarly, Gundanna 
and Shah presented a patient who exhibited herniation of abdominal contents 
through the original incision site 2 years after an L3-L4 XLIF and required laparo-
scopic hernia repair surgery [46].

7. Postoperative course and recovery

The postoperative course of XLIF surgery has been shown to minimize compli-
cations and recovery time. A prospective study of 600 patients treated with XLIF 
surgery revealed an average inpatient length of stay (LOS) of 1.21 days, and empiri-
cal evidence suggests that many patients may be able to ambulate within a day of the 
operation [47]. A similar study with a smaller cohort of 84 patients demonstrated 
a mean LOS of 2.6 days, with robust evidence of successful fusion on follow-up 
imaging [48].

On a comparable note, patient pain outcomes have been shown to significantly 
improve following the XLIF procedure. Improvements in two independent pain 
scoring metrics, the first being the visual analog scale (VAS) and the second being 
the Oswestry Disability Index (ODI), have been demonstrated in the literature. 
Specifically, a 2010 study by Youssef et al. reported a 77% and 56% increase in 
VAS and ODI respectively following XLIF at one-year follow-up [48]. Similarly, a 
2011 study by Rodgers et al. demonstrated a 65% immediate improvement in VAS 
following XLIF, with 86.7% of patients satisfied with their operation at one-year 
follow-up [47]. The findings of both studies, with respect to improvements in 
patient-reported pain outcomes following XLIF, have been explored further and 
confirmed in several contemporary studies with similar conclusions [49, 50].

However, a major complication to consider following XLIF is graft subsidence, 
which threatens the long-term efficacy of the procedure. Several studies have dem-
onstrated high rates of cage subsidence, as defined as >2 mm of cage settlement into 
the vertebral body, following the XLIF procedure [51, 52]. In many of these cases, 
18-mm-wide and 22-mm-wide cages are used, and although previous studies have 
demonstrated their relative safety and efficacy, the rates of reported cage subsid-
ence at these dimensions is suboptimal. A recent study by Lang et al. demonstrated 
that 26-mm-wide may reduce rates of cage subsidence while achieving excellent 
outcomes on both radiologic and clinical follow-up evaluation [53].

8. Advantages and disadvantages over similar techniques

The XLIF is a relatively new technique that is being quickly added into the tool-
kits of spine surgeons around the world. However, despite the rapid adoption of this 
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surgical approach, there are both advantages and disadvantages to this technique 
compared to conventional approaches such as ALIF, TLIF, PLIF, and OLIF.

8.1 Advantages

One of the primary advantages to MIS surgery is the usage of smaller inci-
sions compared to the large posterior or anterior approaches, resulting in reduced 
soft tissue damage, faster recovery times, and less postoperative pain. Multiple 
studies have described average hospital stays of just over 1 day and relatively few 
complications with XLIF [47, 49, 54, 55]. Additionally, unlike the ALIF, the XLIF 
is associated with less intraoperative blood loss [48] and lower risk of vascular 
injury, as major vessels such as the aorta are altogether avoided. For this reason, the 
XLIF conveniently eliminates the need for a vascular surgeon to either perform the 
ALIF approach or be on standby, which may translate to significant cost-savings. 
Furthermore, while there is increased risk of vascular damage in obese patient 
undergoing ALIF, this complication can be largely avoided by using the XLIF [56]. 
The XLIF also theoretically places the superior hypogastric plexus at risk, but there 
have been no cases of retrograde ejaculation compared to ALIF [57, 58]. Finally, the 
XLIF has been radiographically shown to have high rates of fusion, patient satisfac-
tion, and patient-reported outcomes in several large studies [49, 54].

8.2 Disadvantages

Several reviews have noted that XLIFs are associated with a far higher rate 
of lumbar nerve root/plexus injury compared to alternatives [59], though other 
studies suggest that these rates are statistically comparable in XLIFs and ALIFs [60]. 
Furthermore, the XLIF approach requires dissection of the psoas muscle unlike 
in similar alternatives such as the OLIF or ALIF. The transpsoas approach leads to 
traumatic soft tissue damage, and coupled with the proximity of the genitofemo-
ral nerve, likely explains the prevalence of transient thigh numbness/weakness. 
However, this complication has been largely shown to be temporary and clinically 
insignificant. Smaller studies have cited higher rates of prolonged hospital stay or 
complications [61], but these findings are out of the norm and may reflect surgeon 
inexperience or the learning curve associated with newer MIS techniques. Finally, 
studies have suggested that XLIFs are susceptible to intervertebral cage settling, 
which may lead to poorer long-term surgical correction and necessitate wider cages 
[62]. Even so, however, XLIFs are at significant risk of anterior and lateral protru-
sion, suggesting the need to reduced cage length whenever possible [63]. The XLIF 
is still a procedure in its early stages of implementation and higher quality evidence 
is needed to further differentiate it from alternative surgical approaches.

9. Patient perceptions

While more research is needed to further quantify the advantages and disad-
vantages of XLIF compared to conventional approaches, patient perceptions and 
expectations play an important role in the utilization of this newer technique. 
Presently, no study has investigated the role and impact of patient requests and 
perceptions in the decision-making process for which specific surgical approach 
is ultimately performed for lumbar spine pathologies. However, a recent study 
conducted by Narain et al. [64] found that prospective spine surgery patients 
with degenerative spine disorders overwhelmingly preferred a minimally invasive 
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approach. These patients perceived open surgery to be more painful, having a higher 
complication rate, having prolonged recovery time, more expensive, and requiring 
heavier sedation compared to MIS. While this study clearly suggests that offering 
minimally invasive procedures is a highly marketable skill for spine surgeons, it also 
highlights the importance of setting realistic patient expectations for the operative 
and postoperative course. Spine surgeons will need to attenuate patient perceptions 
in the clinic with unbiased discussions on the advantages and disadvantages of XLIF 
compared to alternative approaches in the joint decision-making process to ensure 
proper clinical management.

10. Conclusion

The presence of minimally invasive spine surgery techniques in all practice 
settings has greatly increased over the past decade and will likely continue to rise in 
popularity due to patient requests/perceptions, marketability of MIS procedures, 
improving technology, and increased surgeon comfort. As MIS spine procedures 
become a standardized part of spine training, it will be important to continue moni-
toring the long-term advantages and disadvantages of procedures such as the XLIF 
compared to conventional approaches. Far more research is needed to determine the 
role of MIS techniques in a spine surgeon’s armamentarium and whether specific 
surgery-related risks are justified by improved surgical and patient-reported 
outcomes. In the meantime, spine surgeons offering MIS procedures will need to 
provide transparent information regarding these surgeries to their patients, setting 
the expectation that these newer techniques may not necessarily result in superior 
outcomes compared to classic approaches.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

The primary aim of this chapter will be to present an overview of the  
functionality and efficacy of the Aspen MIS spinous process fusion system, 
including a review of recent multicenter randomized data.

Keywords: Aspen, spinous process, posterior, lumbar, thoracic, spinal fusion, 
minimally invasive

1. Introduction

Over the last couple of decades, there has been a growing trend in the use of 
minimally invasive techniques in spine surgery because of low rates of complica-
tions, reduced hospital length of stay, lower estimated blood loss, and minimal 
soft tissue trauma [1]. With the growing prevalence of low back pain and lumbar 
degenerative spine disease, spine surgeons have found the need to expand their 
surgical armamentarium in treating degenerative spondylosis and spondylo-
listhesis [2]. Current surgical techniques to fuse two vertebral levels include 
posterolateral fusion, posterior lumbar interbody fusion (PLIF), transforaminal 
lumbar interbody fusion (TLIF), and extreme lateral interbody fusion associated 
with pedicle-screw fixation/instrumentation [3–7]; however, all these methods 
have drawbacks, such as increased operative time, risk of serious complications, 
and increased stiffness of the fused motion segment which may cause pathologic 
stresses at the adjacent levels [7]. These drawbacks of pedicle screw fixation (PSF) 
techniques have necessitated surgeons to explore novel and even more minimally 
invasive methods to achieve comparable levels of stability and fusion rates. Spinous 
process fixation (SPF)/interspinous process fixation (ISPF) achieved through the 
use of interspinous fusion devices (IFD) is not as widely used or known in the spine 
surgical community as PSF. Such devices aim to secure plates to the lateral aspects 
of two adjacent spinous processes thereby preventing motion at that segment. It is 
imperative that IFDs are not mistaken for similar other interspinous devices that 
offer “dynamic stabilization” such as X-STOP or DIAM etc. IFD placement has 
been successfully applied as an adjunct to posterolateral fusion and anterior fusion 
techniques and has shown similar rates of stability and fusion rates as PSF and has 
also been associated with improved or comparable patient-outcome scores [8].

In this chapter, we present the current evidence behind interspinous process 
fixation/fusion devices. We describe the primary biomechanical evidence and 
then present a discussion on clinical evidence of some case–control, case-series, 
and outcome studies. We then discuss the results of a recently completed random-
ized control trial of the Aspen® MIS Spinous Process Fusion System (Zimmer 
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Biomet Spine, Westminster, Colorado) and their implications in the use of IFDs in 
the future. At the end of the chapter, we describe in detail the components of the 
Aspen® MIS Spinous Process Fusion System and outline the basic surgical tech-
nique of placing this IFD successfully.

2. Evidence behind interspinous fusion/fixation devices

Ex-vivo biomechanical studies have demonstrated that IFDs provide comparable 
rigidity to PSF in flexion-extension [9]. The data are less clear in lateral bending and 
axial rotation. Techy et al. in 2013 specifically studied the Aspen interspinous device 
in comparison to pedicle screw fixation and found that the stability provided by 
the device was statistically equivalent to both bilateral or unilateral pedicle screw/
rod construct in flexion-extension; however, lateral bending and axial rotation tests 
showed pedicle screw fixation to have significantly greater stability [9]. In contrast, 
an earlier biomechanical study by Karahalios et al. in 2010 showed no difference in 
stability provided by IFDs compared to PSF in flexion-extension, lateral bending or 
axial rotation [10]. Papp et al. showed IFDs preserve adjacent facet joint anatomy 
[11]; other studies have even suggested IFDs may reduce load on intervertebral discs 
and potentially reduce the risk of adjacent segment disease [12, 13]. Yu et al. in 2014 
studied their own novel IFD and found that interspinous process fixation combined 
with posterior lumbar interbody fusion (PLIF) was equivalent in biomechanical 
stability to bilateral pedicle screw/rod fixation with PLIF [14]. In short, it seems 
that cadaveric studies have shown IFDs to fare pretty well in restricting motion 
through flexion-extension comparable to the current gold-standard pedicle screw 
fixation but are likely unable to stabilize a motion segment against shearing forces.

Tomii et al. studied the S-plate (Kisco DIR, Osaka, Japan) in a series of 15 
patients who underwent PLIF and subsequent IFD placement and found no com-
plications and increase in mean JOA scores from 12.1 to 21.9 with a study follow-up 
period of 1.5–4 years [15]. Kim et al. showed decreased operative time for IFD place-
ment and PLIF versus PS fixation and PLIF (135.8 minutes versus 170.8 minutes) 
and lower blood loss. The same study also showed decreased visual analog scale 
(VAS) scores in the immediate post-operative period of IFD and PLIF compared 
with PS and PLIF (4.6 vs. 7.0) [13]. However, VAS scores at 1 year follow-up showed 
no significant differences between the two groups. The Korean Oswestry Disability 
Index (ODI) scores also showed no significant differences between the two  
techniques [13].

To assess the value of IFDs in fusion rates, Vokshoor et al. [16] analyzed a 
sub-cohort of 50 patients who underwent IFD with PLIF or TLIF and showed 94% 
of them showed interspinous process fusion and 86% of those levels showed solid 
interbody fusion based on Burkus criteria [17]. Kim et al. [13] also studied fusion 
rates in their paper by either looking at 6-month post-operative flexion-extension 
films and/or assessing for trabecular bone on the 6 month post-operative CT scan; 
they found that IFD with PLIF showed a 92.5% fusion rate, which was similar to 
91.6% fusion rates for PLIF with PS fixation. The same paper also reported adjacent 
segment disease in 12.5% of patients who underwent PLIF with IFD versus 36% in 
PLIF with PS fixation.

Lastly, Panchal et al. [8] in 2016 reported results from the first randomized, 
prospective, controlled, multi-center trial comparing outcomes from patients 
receiving anterior (ALIF) or lateral (LLIF) interbody fusion with adjunctive 
interspinous fusion with the Aspen® MIS device or pedicle screw fixation. Patients 
were followed pre-operatively and post-operatively at 6 weeks, 3 months, 6 months, 
12 months, and even 24 months. The primary study endpoint was the comparison 
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of the Oswestry Disability Index (ODI) score from the pre-operative time period 
to that of the 12-month post-operative time period. The primary hypothesis of the 
trial was noninferiority of the ODI score change by the Aspen® MIS IFD group 
(investigation) compared to the pedicle screw fixation group (control).

103 subjects underwent single-level interbody fusion via ALIF or LLIF approach. 
Sixty-six of them underwent adjunctive interspinous fusion with Aspen MIS 
spinous process fixation device. Thirty-seven of them were supplemented with 
pedicle screw fixation. All patients had degenerative disc disease and/or Grade 1 or 
2 spondylolisthesis. The trial demonstrated no significant differences between the 
two groups with respect to patient-reported outcome scores (ODI, SF-36, or VAS) 
at 1.5, 3, 6, or 12-month time points. Interbody fusion was assessed at 12 months 
by evaluating computed tomography (CT) scans and scoring them according to 
the Brantigan, Stelfee, Fraser (BSF) criteria [18]; the authors found no significant 
difference in the BSF scores, even after adjusting for potential confounders such 
as anterolateral plating and/or interbody technique. Furthermore, 92% of the 
patients who had the Aspen® MIS device placed showed bone formation between 
the device plates bridging the spinous processes [8]. Operative times (47.6 minutes 
vs. 70.2 minutes), fluoroscopy times (12.2 seconds vs. 58.4 seconds), and blood loss 
(57.5 cc versus 103.7 cc) were also significantly less between the groups. Notably, no 
device breakage or dislodgement occurred in the study; however, 6 patients (3.1%) 
did have spinous process fractures and 3 patients (1.5%) needed to be reoperated 
due to new or worsening postoperative back and/or leg pain that may have been 
related to IFD placement.

In short, Panchal et al. was the first randomized multi-center trial to report that 
interspinous rigid fixation used as a supplement to anterior or lateral interbody 
fusion techniques is comparable to adjunctive pedicle screw fixation in terms of 
fusion rates and patient-reported outcomes and has a better intra-operative risk 
profile.

3. Aspen® MIS spinous process fusion system

The Aspen® Minimally Invasive Fusion System is a collection of spinous process 
fixation devices that are designed for rigid posterior fixation from T1 to S1 levels 
(see Figure 1). Each device consists of spinous process plates that come in three 
configurations (standard, medium, “Flared 5-1”), a “post plate” (a cylindrical 
device that is threaded in between the interspinous ligament and eventually joins 

Figure 1. 
Aspen® MIS fusion system standard size spinous process plate [19].
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the two spinous process plates) and a set screw that locks the system together. The 
cylindrical barrel in between the two plates can also hold approximately 0.5 cc 
to 3 cc of bone graft material. The system also has its own set of surgical tools to 
facilitate the insertion.

The final assembled Aspen® Minimally Invasive Fusion System interspinous 
fixation device is shown in Figure 2. The system is FDA approved and indicated for 
use in the United States as an adjunct to interbody and/or posterior fusion or as a 
standalone fixation device from T1 – S1 levels [8] in degenerative, traumatic, and 
deformity pathologies.

4. Surgical technique

The Aspen MIS system is placed with a patient in prone position through a 
3–5 cm incision, enough to expose the length of the spinous process. Subperiosteal 
dissection is used to elevate the paraspinal muscles of the spinous process and 
lamina. The fusion site should be clear of connective and soft tissue then decorti-
cated. The supraspinous ligament (SSL) can be removed or kept intact. Keeping the 
SSL intact helps preserves the natural anatomy and can prevent over distraction. The 
interspinous ligament is pierced as anterior as possible with a dilator (Figure 3).

A fluoroscopy image can be taken at this point to confirm anterior placement 
and appropriate level of dilator. The interspinous space is opened with a lamina 
spreader and measured to determine implant size. The interspinous space is decor-
ticated with a rasp (Figure 4).

The barrel diameter is selected based on the fit of the rasp or spreader. The barrel 
length comes in a standard 21 mm size, appropriate for thick spinous processes 
or medium 18 mm when there are hypertrophied facets. The post plate implant is 
attached first to the left of the spinous process, then the barrel which is packed with 
graft material through the interspinous space, and finally the locking plate to the 
right of the spinous process (Figure 5).

Autograft and/or allograft can be placed posterior to the graft between the 
spinous process and across the lamina. The device should sit in the proper anterior 

Figure 2. 
Aspen® minimally invasive fusion system fully assembled [19].
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Figure 3. 
Dilator is used to create space between the interspinous ligament [19].

Figure 4. 
Rasp for decortication [19].

Figure 5. 
Attachment of the post plate [18].
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placement and not protrude above the lumbodorsal fascia before compressing the 
plates and tightening the set screw. If the implant is placed too far posterior there is 
an increased risk of spinous process fracture. The spikes should be fully seated into 
the bone, but care should be taken to not over-compress and weaken the cortex.

The Aspen® MIS Fusion System should be removed in the case of nonunion or 
if any components loosen or break. The provided set-screwdriver or a T10 Torque 
driver can be used to loosen the locking set screw. The plates can then be lifted with 
a Cobb elevator and removed from the spinous process. Figure 6 shows lateral and 
antero-posterior radiographs of a full assembled Aspen® MIS Fusion System.

5. Conclusion

Until recently, IFDs have had only biomechanical and some prospective clinic 
studies in evaluating their role as an adjunct to thoracolumbar fusion. However, 
the randomized control trial by Panchal et al. [8] showed outcomes of interspinous 
process fixation to be comparable and even, in some cases, more favorable to those 
of pedicle screw fixation. The relative ease with which a surgeon can minimally 
invasively implant this device combined with a relatively short operative times, low 
blood loss, and reduce hospital length of stay provides an attractive alternative to 
pedicle screw fixation.

Figure 6. 
A/P and lateral images of Aspen MIS fusion system at L4-L5.
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Chapter 9

Application of Bone 
Morphogenetic Protein in Spinal 
Fusion Surgery
Siavash Beiranvand and Farshad Hasanzadeh-Kiabi

Abstract

Lumbar and cervical fusions are one of the most common types of spine 
surgeries performed globally with approximated 450,000 spinal fusion surgeries 
performed annually. (give reference) Bone Morphogenetic Proteins (BMPs) are 
secreted cytokines with several functions, within the TGF-b superfamily. BMP act 
as a disulfide-linked homo- or heterodimers and have been recognized as strong 
and effective regulators of important biological processes like formation and repair 
of osteocytes and chondrocytes, cell proliferation during embryonic development. 
Recombinant human bone morphogenetic protein 2 (rhBMP-2) is a very effective 
osteogenic growth factor that has been demonstrated to be effective in different 
types of spinal fusions and reduces the reliance on the use autologous iliac crest 
bone graft. In recent years there have been limitations regarding the use of rhBMP-2 
because of issues like high costs, benefits, and safety issues about rhBMP-2. In 
this review, a comprehensive overview about the application of rhBMP-2 in spinal 
fusion surgery is given.

Keywords: Recombinant Bone Morphogenetic Proteins, Spinal fusion surgery, 
TGF-b, cytokines

1. Introduction

The use of osteobiologics to improve the outcome of spinal fusion has contrib-
uted to an increase in spinal fusion surgical procedures worldwide [1]. There are 
many different types of bone graft fusion materials currently on the market, how-
ever there is still a need for a cost effective biological material to achieve a successful 
permanent arthrodesis [2]. Presently iliac crest autograft, used for spinal fusion 
surgeries, is desirable as it possess osteo-biological properties with reduced risk of 
diseases transmission and graft rejection [3]. However, according to some studies, 
autograft has been linked to longer surgery time, few donor site availability [4], and 
chronic donor site pain [5, 6]. These limitations and disadvantages have led to novel 
therapeutic bone graft options for spinal fusion surgery [5, 7], like BMPs.

Marshall Urist was the first to describe BMP in 1965. It belongs to the trans-
forming growth factor-ß family. There are various types of BMP molecules that 
exist, however few of them have been associated with osteoblast differentiation 
and bone development [7]. Recombinant rhBMP-2 is the market available form of 
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BMP-2 FDA approved for anterior lumbar interbody fusion (ALIF) [8]. There have 
been several clinical studies on the anterior lumbar interbody fusions and all have 
reported effective fusion rates, reduced operative time, reduced blood loss, and 
reduced hospital duration with the administration of rhBMP-2 when compared to 
iliac crest bone graft (ICBG) [9]. However, there have been conflicting reports as to 
whether rhBMP-2 is efficient in spinal fusion. A well-done study was performed by 
Papakostidis et al., who investigated the benefits of rhBMP-2 in promoting postero-
lateral fusion. They concluded in their report that rhBMP-2 significantly increases 
rates of fusion, reduced hospital stay with the administration of BMP-2, compared 
to autologous iliac crest bone graft [10]. Lee et al. also confirmed the efficacy of the 
administration of rhBMP-2 in elderly patients undergoing posterolateral lumbar 
fusion at a single operative level [11]. Similarly, researchers like Meisel and col-
leagues also reported a 95–100% successful arthrodesis with use of BMP-2 when 
performing posterior lumbar interbody fusion [12]. However, recent systematic 
reviews question the efficacy and use of BMP-2 over iliac crest bone graft as noted 
in the Yale University Open Data base (YODA) Project and FDA reports. Including 
13 randomized-controlled and 31 cohort studies, the study reported that for spinal 
fusion, rhBMP and iliac crest bone graft have similar efficacy. However, incidence 
of adverse event might be greater in anterior lumbar-body fusion and anterior 
cervical spine fusion. Furthermore, rhBMP can increase 24-month cancer risk [8]. 
These reports concluded that there were no substantial clear benefits of the admin-
istration of BMP-2 in spine fusion over autologous bone graft, and in fact there were 
more complications linked with BMP-2 use [13] (Figure 1).

2. Types of BMPs

There are about 20 different BMPs, however only BMP-2 is presently FDA 
approved for human spinal surgery [14, 15]. In addition, BMP-7 has been 
investigated for human use but is not FDA approved.

Figure 1. 
Lateral radiograph of the cervical spine demonstrating massive soft- tissue swelling (arrows) following anterior 
cervical diskectomy and fusion surgery using rhBMP-2. Image was culled from.
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2.1 Different applications of rhBMP-2 in spinal fusion

2.1.1 Anterior lumbar interbody fusion

Burkus and colleagues demonstrated that patients administered with 
recombinant rhBMP-2 inside a Lumbar Tapered Fusion Device (LT-CAGE) had 
statistically significant lower length of surgery, lower duration of hospitalization 
and higher fusion rates at 6 months, 1 year and 2 years, compared to patients 
administered with the conventional ICBG [16]. In another clinical study, Burkus 
and co-worker compared the administration effect of rhBMP-2 in ALIF with 
structural cortical allografts and the INTER FIX Threaded Fusion Device to ICBG 
[17]. They concluded that patients administered with rhBMP- 2 exhibited better 
clinical and radiographic results, compared to ICBG patients [18]. Furthermore 
Burkus and colleagues reported that they recorded a superior and higher rates of 
radiographic fusion compared to the control group, in addition they demonstrated 
that rhBMP- 2 resulted into an improved ODI outcomes, enhanced radiographic 
fusion rate, compared to the ICBG control group. Table 1 shows a summary of 
different available clinical studies demonstrating the potency of rhBMP-2 in 
increasing fusion rates of various spine surgeries.

2.2 Posterolateral lumbar fusion

The efficacies of rhBMP-2 have been studied and reported over the past few 
years. Boden et al. in their prospective randomized multicenter clinical trials 
demonstrated that the administration of rhBMP-2 in posterolateral lumbar fusion 
(PLF) [19]. They compared the effect of rhBMP-2 in patients with suffering from 
degenerative disc disease following PLF [20]. The patients were divided into three 
groups: autograft with pedical screw fixation, rhBMP-2 with pedical screw fixation, 
and rhBMP-2 without pedical screw fixation [21]. They concluded that they 

Anatomical location of 
rhBMP-2

Adverse events % Of 
fusion

Reference

Posterolateral lumbar None reported 100% [18]

Anterior lumbar None reported 94.5% [13]

Posterolateral lumbar None reported 95% [19]

Posterolateral lumbar None reported 96% [20]

Posterolateral lumbar None reported 88% [21]

Anterior lumbar There were reports of retrograde ejaculation NA [22]

Posterior cervical There were evidences of large seroma with 
recurrence after surgery

NA [23]

Posterior lumbar 
interbody

Osteolysis 83% [24]

Posterior lumbar 
interbody

There were reports of increased incidence of 
radiculitis

96.5% [25]

Posterior lumbar 
interbody

There were reports malignancy at 5 years NA [26]

Culled from [27].

Table 1. 
Showing the rates of fusion and adverse events associated with the application of rhBMP-2.
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recorded a 100% fusion rate in the rhBMP-2 groups compared to the 40% fusion 
rate in the autograft group was 40.

Carreon and colleagues in their study, compared the application of autograft 
and higher dose rhBMP-2 in single-level of PLF case was carried out [22]. They 
concluded in their study that they recorded an 89% and 96% fusion rate in the 
autograft group and rhBMP- 2/CRM group respectively at 2 years follow-up. 
However they also recorded no similar clinical outcome measures between the 
two compared groups [23]. There have also been few smaller studies that reported 
related results of high fusion rates with the use of rhBMP-2 in PLF compared to 
ICBG [24].

2.3 Posterior lumbar interbody fusion

Haid and co-worker reported the efficiency of rhBMP-2 in posterior lumbar 
interbody fusion (PLIF), however there is a possibility for heterotopic bone 
formation. Haid and co-workers reported that they recorded 92.3% and 77.8% 
fusion rate with rhBMP-2 group and control group respectively, however there was 
an insignificant difference in clinical progress between the two compared groups 
[25]. They also reported via CT imaging that there was formation of ectopic bone 
around the PLIF [26].

2.4 Anterior cervical fusion

Baskin and colleague reported that there was a 100% fusion rate with the 
administration rhBMP-2 when compared with autograft [28]. Furthermore, they 
reported that the efficiency of rhBMP-2 was further improved when collagen 
sponges, PEEK cages, bioab- sorbable spacers, and allograft rings were added to it 
[29]. However, the positive results have been marred by reports of the incidence 
of soft-tissue related complications including potentially life-threatening airway 
compromise from tissue swelling. Cole, Veeravagu [30] conducted a MarketScan 
database-based retrospective study regarding the use of rhBMP in anterior cervical 
discectomy and fusion procedure. The outcomes of the study indicated that the use 
of drug is associated with increased incidence of hematoma, seroma, dysphagia, 
and pulmonary complications. Low dose rhBMP is also not associated with reduced 
incidence of the postoperative complications [31]. The FDA has placed a black box 
warning on the use of rhBMP-2 in the anterior cervical spine indicating that the 
risk of use may outweigh the benefit and therefore, its use is not recommended in 
anterior cervical fusion.

2.5 Transforaminal lumbar interbody fusion

There have been studies to investigate the efficiency of rhBMP-2 on 
transforaminal lumbar interbody fusion (TLIF, Figure 2). Villavicencio et al., 
in their clinical study on 74 patients, underwent single and multiple- level TLIF 
administered with rhBMP-2 and combined with auto- graft [33]. They recorded 
that there was radiographic evidence of fusion in all 74 patients after 10 months 
[34]. Furthermore, they recorded few adverse events in the rhBMP-2 group noting 
two patients developed postoperative radiculitis. In another similar study by Rihn 
et al., 48 patients underwent single-level TLIF administered with rhBMP-2 [35]. 
They concluded radiographic fusion, improved clinical outcomes and satisfaction 
with surgical results in 95.8%, 83% and 84% of the patients, respectively. However, 
27.1% of their patients had complications like transient postoperative radiculitis and 
symptomatic ectopic bone formation (Table 2).
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3. Conclusion

The use of rhBMP-2 offers an alternative therapeutic option when iliac crest 
autograft is either unavailable or may result in severe side effects. There are various 
clinical studies investigating how the use of rhBMP-2 can be effective in achieving 
spinal fusion. However, though rhBMP-2 is effective at achieving spinal fusion 
patients need to be informed of the possible formation ectopic bone requiring 
additional surgery and seroma formation when preforming transforaminal lumbar 
interbody fusion. There is a need for further study to minimize or lower the rates of 
complication linked with the application of rhBMP-2.

Conflict of interest

The authors deny any conflict of interest in any terms or by any means during 
the study.

Figure 2. 
An axial CT scan of the lumbar spine demonstrating ectopic bone formation (arrow) in the left neural 
foramen impinging on the exiting nerve root in a patient who underwent a transforaminal lumbar interbody 
fusion with rhBMP-2. Culled from [32].

Type of fusion Recommendations

Anterior Lumbar 
Interbody Fusion (ALIF)

There have been reports of insignificant difference between the 
administration of rhBMP-2 and ICBG. It is recommended that in the absence 
of an autograft procedure, rhBMP-2 administration can be opted for.

Posterolateral Fusion 
(PLF)

There have been reports of no significant difference between the 
administration of rhBMP-2 and ICBG. It is recommended that in the absence 
of an autograft procedure, rhBMP-2 administration can be opted for.

Posterior Interbody 
Lumbar Fusion (PLIF)

The use of rhBMP-2 has been linked with formation of ectopic bone resulting 
into neurological deficit, as such ICBG procedure is preferred.

Transforaminal Interbody 
Fusion (TLIF)

The use of rhBMP-2 has been linked with seroma formation and neurological 
deficits. Judicious administration of rhBMP-2 is adviced

Culled from [36].

Table 2. 
Showing alternative therapies to the use of rhBMP-2.
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Chapter 10

Minimally Invasive 
Transforaminal Lumbar Interbody 
Fusion: A Novel Technique  
and Technology with Case Series
Mick Perez-Cruet, Ramiro Pérez de la Torre  
and Siddharth Ramanathan

Abstract

Minimally invasive spine surgery (MIS) transforaminal lumbar interbody 
fusion (MI-TLIF) has been utilized to treat a variety of spinal disorders. Like other 
minimally invasive spine surgery techniques and technology, the MI-TLIF approach 
has the potential to limit the morbidity associated with larger exposures required 
for open surgery. The MI-TLIF approach has a number of advantages over many 
other minimally invasive spine surgery approaches including direct decompression 
of neural elements, collection of morselized autograph from the surgical site to 
achieve high fusion rates, restoration of spinal canal diameter, foraminal diameter, 
disk height, and reduction of spondylolisthesis. In this chapter, we discuss a novel 
technique for performing MI-TLIF developed by the senior author who is a leading 
minimally invasive spine surgeon. The technique and technology illustrated in this 
chapter were developed out of a recognition of a need to reduce the learning curve 
for performing MI-TLIF, as well as need for a cost-effective method that provides a 
high fusion rate, excellent clinical outcomes, and low complication rate. The indica-
tions, surgical planning, postoperative care, complications, and patient outcomes in 
a large series will be reviewed using this novel MI-TLIF technique.

Keywords: minimally invasive spine surgery (MIS), minimally invasive 
transforaminal lumbar interbody fusion (MI-TLIF), degenerative disk disease, 
spondylolisthesis, lumbar stenosis, recurrent disk herniation

1. Introduction

Over the last two decade, the use of spine instrumentation options has become 
the standard of care for the treatment of a variety of spinal disorders [1–6]. Lumbar 
spine surgery indications continue to evolve as more clinical outcomes studies 
become available [7–10]. Indications include lumbar stenosis, lumbar spondylolis-
thesis with and without stenosis, degenerative disk disease (DDD), lumbar scolio-
sis, and recurrent disk herniations. There are a variety of surgical options including 
open fusion and instrumentation, posterior lumbar interbody fusion (PLIF), 
minimally invasive transforaminal lumbar interbody fusion (MI-TLIF), oblique  
lateral interbody fusion (OLIF), abdominal lumbar interbody fusion (ALIF), 
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extreme lateral interbody fusion (XLIF), and others. In this chapter, we will review 
a novel MI-TLIF technique, discuss surgical nuances related to the procedure, and 
review a large clinical series using this technique and technology.

MI-TLIF is a minimally invasive spine technique that has gained tremendous 
acceptance in the surgical community. The number of publications utilizing the 
MI-TLIF technique testifies to its popularity compared with other minimally 
invasive spine surgery (MIS) fusion techniques [11–13]. The rationale behind the 
MI-TLIF procedure is the advantage of direct neural decompression, reduced neural 
retraction during the procedure, and compression of interbody graft material to 
promote arthrodesis [14–16]. Additionally, the posterior approach permits collec-
tion of drilled morselized autograph bone for fusion material, which when placed 
into the intervertebral disk space promotes arthrodesis (Figure 1). Further, the 
technique and instrumentation that have been developed preserve the disk annulus 
and contain the injected bone graft material. By placing this bone graft material 
under load, arthrodesis is promoted according to Wolff ’s law. On comparative 
studies, MI-TLIF was shown to be superior to other techniques in terms of bone 
fusion rates, complications rates, and biomechanical properties [17–23]. Most of the 
proponents of this approach support the concept of preserved anatomical struc-
tures avoiding instability, while restoring sagittal alignment [24]. Using the same 
posterior approach, percutaneous pedicle screws can be applied bilaterally which 
further promotes fusion rates.

2. Indications for MI-TLIF

Indications for fusion and instrumentation include degenerative disk disease 
(DDD), spondylolisthesis with or without stenosis, lumbar stenosis, scoliosis, and 
instability due to trauma/tumor resection (Figure 2) [25].

Figure 1. 
Preoperative A. sagittal and B. axial T2-weighted MRI images showing L4–5 grade 1 spondylolisthesis with 
associated stenosis. Postoperative C. sagittal, D. axial CT, and E. postoperative incision following MI-TLIF 
approach showing adequate central canal decompression, restoration of disk height, and normal sagittal alignment.
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There a number of relative contraindications for selecting this approach including 
severe osteoporosis, active infection, and uncontrolled bleeding disorders. However, 
we have found that patients with osteoporosis can be effectively treated using this 
technique. Obesity was initially a relative contraindication; however, as more clini-
cal outcomes studies, including our series, have become available, this can now be 
considered as an accepted indication when other techniques are not appropriate [26].

3. Surgical procedure

3.1 Preoperative planning

A thorough preoperative patient history and examination is performed. 
Preoperative radiographic workup includes plain X-rays with AP, lateral, flexion, 
and extension views. Magnetic resonance imaging (MRI) of the lumbar spine is 
performed. In reoperation cases or in patients with scoliosis, a computed tomog-
raphy (CT) myelogram can be helpful in defining bony anatomy, foraminal, and 
central canal stenosis better. In patients without significant neural compression and 
relatively preserved disk height, lumbar diskography with post-diskography CT 
confirming annular tears can be a method to identify the origin of discogenic back 
pain that can respond favorably to interbody fusion [27].

3.2 Patient positioning

We prefer general anesthesia with endotracheal intubation for most patients as 
these cases average 3 hours. Once the patient is intubated, a Foley catheter is placed 
and the patient is log-rolled onto a Jackson table in the prone position (Figure 3). 
The Jackson table is helpful, because it allows unencumbered fluoroscopic visual-
ization of the spine along with easy removal of the fluoroscopic unit from the surgi-
cal field. All pressure points are adequately padded. A time-out is called to confirm 
surgical level and procedure, proper padding of patient, etc.

3.3 Spinal approach

3.3.1 Incision

The patient is prone-positioned with appropriate padding, prepping, and drap-
ing in sterile surgical fashion. The midline is marked to help orient the surgeon. An 

Figure 2. 
Lateral plain X-ray radiograph and illustration of spondylolysis with pars interarticularis defect.
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18-gauge spinal needle is used with lateral fluoroscopy to identify the proper level. 
A 3–3.5 cm incision is made lateral to the midline directly over the disk space in 
which the MI-TLIF is to be performed. This distance from the midline allows access 
to the base of the spinous process for adequate minimally invasive laminectomy 
for direct decompression of the spinal canal. If no decompression is required, the 
incision is made 3.5 cm distance from the midline. This distance facilitates interbody 
implant placement within the disk space. After the fascial incision is made parallel 
to the spinous processes, the one-step-dilator is brought into the operating field 
(Figure 4). With the support of a holder and using fluoroscopic guidance, the dila-
tor is advanced toward the facet in a clockwise fashion. After docking the dilator on 
the facet, counterclockwise rotation of the handle opens the flanges of the dilator, 
separating the muscle tissue. A tubular retractor of the appropriate depth is then 
placed. The procedure is performed under direct microscope visualization through 
the tubular retractor. The approach is bloodless and obviates the need for K-wires 
or serial dilation, avoiding the potential complications that can be seen when using 
these instruments (Figure 4).

3.3.2 Lumbar exposure and decompression

After positioning the tubular retractor, the microscope is brought into the 
surgical field. AP and lateral fluoroscopy can be used to ensure proper retractor 
placement. Soft tissue is excised to the extent of the facet laterally and the ipsilateral 
lamina medially, and a high-speed drill and M8 cutting burr are used to drill the 
lamina. All drilled bone is collected using the BoneBac™ Press (Thompson MIS, 
Salem, NH). This bone is used for fusion material, avoids graft site morbidity, and 
if needed, can be combined with other biologic material (Figure 5). If significant 
spinal stenosis coexists, a minimally invasive laminectomy is performed allowing 
circumferential decompression of the spinal canal. We are strong believers that 
decompression needs to be addressed before percutaneous screws are placed, as 
most of the surgical steps are done in a logical stepwise fashion.

Figure 3. 
Intraoperative images showing patient positioned prone on a Jackson table, fluoroscopic unit in place, and 
pneumatic arm used to holds the tubular retractor for easy repositioning at the press of a button.
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3.3.3 Interbody fusion

Upon decompressing the spinal canal, the tubular retractor is repositioned to 
expose the facet complex. In every case, lateral fluoroscopy is used to confirm the 
appropriate level. An ipsilateral facetectomy is then completed using a high-speed 

Figure 4. 
a. Intraoperative images showing the use of one-step-dilator to approach the spine and b. eliminate K-wire and 
multiple muscle dilators. c. Illustration of the one-step-dilator retractor used to approach the spine in a muscle 
sparing fashion.

Figure 5. 
a. Intraoperative view showing the use of microscope. b. Illustration, and c. intraoperative photos showing 
decompression of lamina with high-speed cutting burr and d. collection of drilled morselized bone graft 
material e. using the BoneBac™ press.
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cutting burr, and an annulotomy is performed to enter the disk space. A series of 
disk space reamers, curettes, and rongeurs are used to prepare the disk space and 
vertebral endplates for interbody arthrodesis. Care must be taken to adequately 
remove the cartilage endplates to improve interbody arthrodesis. Once preparation 
of the disk space is completed, the implant is selected based on trials. The most 
commonly used implant size is 7 mm wide by 11 mm or 12 mm tall and 26 mm in 
length. This size appears to be appropriate in the majority of cases and provides for 
adequate disk and foraminal height restoration. In many cases, partial reduction of 
spondylolisthesis occurs with restoration of the disk height. Lateral fluoroscopic 
images identify the proper location of the implant within the disk space. Once 
the implant is within the disk space, the tubular retractor is positioned medially 
to help seat the implant within the center of the disk space. The relatively small 
width of the implant design and bulleted nose allows for ease of placement within 
the interbody disk space. The implant is then rotated 90 degrees thus restoring 
disk space and foraminal height to 11 or 12 mm, respectively. With the implant 
properly positioned, BoneBac™ TLIF bullets are filled with morselized autograph 
bone collected during the procedure using the BoneBac™ Press. The bone is then 
pushed down the handle of the implant to allow filling of the disk space as the bone 
is pushed out around the implant and contained by the intact annulus fibrosis of the 
disk. Typically, 10–12 bullets of drilled morselized autograph are used to completely 
fill the disk space. This process allows for off-loading of the interbody implant while 
allowing the compression of the morselized autograph to improve fusion rates 
via Wolff ’s law. If more bone graft material is needed, the morselized autograph 
is mixed with additional bone graft material (i.e. allograft, demineralized bone 
matrix, etc.). Once the disk space is packed with bone graft, the implant is released 
and deployed into the disk space. The disk space is inspected with a ball-ended 
probe under microscope visualization to assure that all bone graft material is within 
the disk space and that adequate direct neural decompression has been achieved. 
Additionally, bone graft material can be used to reconstruct the resected facet 
complex allowing for circumferential bone fusion (Figure 6). With complete and 
adequate hemostasis, the tubular retractor is removed allowing the paraspinous 
muscles to return to their normal anatomical position. Postoperative CT confirms 
adequate filling of disk space with morselized autograph.

3.3.4 Percutaneous pedicle screw instrumentation

Upon completion of decompression and interbody fusion, the tubular retractor 
is removed, and the paraspinous muscles are allowed to return to their normal ana-
tomical position. A contralateral incision is made equidistant from the midline, and 
AP and lateral fluoroscopy are used to target the pedicles for percutaneous pedicle 
screw fixation. Alternatively, image-guided robotic navigation can be used for this 
purpose [28, 29]. To avoid parallax distortion on fluoroscopic imaging, the target 
vertebrae is centered on the image, the endplate is made as one single line, and the 
spinous process is oriented between the pedicles. Intraoperative electrophysiologic 
monitoring with EMG is performed (Figure 6). To ensure proper positioning after 
K-wire and pedicle screw placement, these constructs are stimulated with a probe. 
Stimulation thresholds less than 8 mAmps necessitate repositioning of K-wire and/
or pedicle screw. Typically, percutaneous screws are placed bilaterally and segmen-
tally at each MI-TLIF section to ensure adequate fixation and promote arthrodesis. 
To reduce radiation exposure, we use the MinRad™ arm (Thompson MIS, Salem, 
NH) to hold the Jamshidi needle in place. This device also facilitates percutaneous 
pedicle screw placement by allowing for small adjustments of the pedicle targeting 
needle, thereby improving pedicle screw placement accuracy (Figure 7).
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Figure 6. 
Preoperative MRI showing A. midline and B. lateral sagittal images of grade 1 spondylolisthesis with severe 
foraminal stenosis causing patient’s symptoms of debilitating back pain. Intraoperative fluoroscopic images 
showing C. tubular retractor in place, D. placement of 7 wide PEEK implant into the interbody space, E–F. 
rotation of the implant to restore disk height to 11 mm, G–H. injection of drilled morselized autograph into 
the disk space, I. deploying implant into the disk space, J. photo showing intraopertive stimulation of K-wires 
and percutaneous pedicle screws to assure adequate placement, K–L. reduction of the spondylolisthesis using 
percutaneous pedicle screw reduction methods, and M. final lateral fluoroscopic image using Thompson MIS 
BoneBac™ TLIF system. Note restoration of disk height, sagittal alignment, and foraminal and canal diameter.
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If concomitant vertebral subluxation is present, reduction of the spondylolisthe-
sis is attempted to restore sagittal alignment (Figure 6). This technique significantly 
increases the neural foraminal size and central canal diameter while also ensuring 
sufficient surface area between adjacent vertebrae for arthrodesis (Figure 8).

After wound irrigation, a 2–0 vicryl suture is used to close the fascial layer in an 
interrupted fashion. A subcuticular stitch and skin glue adhesive are used to close 
the skin. Drainage and wound dressing are generally not required, and the infection 
rate is negligible. Excellent long-term clinical outcomes using this MI-TLIF tech-
nique have been achieved (Table 1) [26].

Excellent long-term patient-generated outcome results have been achieved 
using the MI-TLIF technique described. Source: Quality-of-Life Outcomes With 
Minimally Invasive Transforaminal Lumbar Interbody Fusion Based on Long-Term 
Analysis of 304 Consecutive Patients. Mick J. Perez-Cruet, MD, MS, Namath S. 
Hussain, MD, G. Zachary White, BS, Evan M. Begun, BS, Robert A. Collins, DO, 
Daniel K. Fahim, MD, Girish K. Hiremath, MD, Fadumo M. Adbi, BS, and Sammy 
A. Yacob, SPINE Volume 39, Number 3, p E191 - E198, 2014.

Adjacent segment disease over a 5-year postoperative period has been 
approximately 2% compared to 13.6% in traditional open lumbar arthrodesis 
series [8, 30].

3.3.5 Postoperative care

Patients typically stay in the hospital for 2–3 days after surgery and ambulate 
the day after surgery. Postoperative pain is managed initially with IV and oral pain 
medications and muscle relaxers as needed. Consultation with physical therapist or 
occupational therapist is arranged before discharge. Patients are discharged with 
postoperative care guidelines and follow-up plans. The follow-up is performed at 

Figure 7. 
Intraoperative photo and images of MinRad used to hold pedicle access needle for.
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2 weeks, 3 month, 6 month, and 1 year from the day of surgery. Patients are advised 
to wear a LSO brace when ambulating for the first 3 months postoperatively. 
Outpatient physical therapy is typically started 2 weeks after surgery, and the 
patient is taught exercise programs to improve core muscle strength and function.

Figure 8. 
a. Intraoperative lateral fluoroscopic images using unique design of the BoneBacTM TLIF device to reduce 
grade 1 spondylolisthesis to grade 0 and thus b. restore foraminal height allowing adequate decompression of the 
exiting nerve root. c. Reduction of multi-segmental spondylolisthesis with percutaneous reduction screws.

Baseline Follow-up time

12 mo* 24 mo* 47 mo*

Back pain visual analog 
scale

7.0 ± 2.4 4.2 ± 3.0 (2.8, 
40%)

4.5 ± 3.0 (2.5, 
35.7%)

3.5 ± 2.8 (3.5, 
50%)

Oswestry Disability 
Index

43.1 ± 15.7 29.7 ± 18.8 (13.4, 
31.1%)

30.2 ± 20.4 (12.9, 
29.9%)

28.2 ± 21.7 (14.9, 
34.6%)

SF-36 physical 
component score

30.6 ± 7.8 38.3 ± 11.3 (7.7, 
25.2%)

38.1 ± 11.7 (7.5, 
24.5%)

39.6 ± 11.7 (9, 
29.4%)

SF-36 mental 
component score

43.8 ± 11.0 48.3 ± 13.0 (4.5, 
10.3)

49.7 ± 12.9 (5.9, 
13.5%)

49.7 ± 11.2 (5.9, 
13.5%)

P <0.001 <0.001 <0.05

The values are given as the mean and the standard deviation.
SF-36 indicates Short-Form 36.*Net change and percent improvement from baseline, respectively, are in parenthesis.

Table 1. 
Long-term results.
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3.3.6 Management of complications

Our patients tolerate this MI-TLIF procedure exceptionally well. Potential peri-
operative complications include infection, hematoma, hardware malposition or fail-
ure, neurological injury, and cerebrospinal fluid leakage. Perioperative antibiotics, 
meticulous wound closure, and appropriate dressing changes can prevent wound 
infections. Proper utilization of fluoroscopic imaging and stimulation of K-wires 
and pedicle screws minimize the risk of instrumentation malposition and nerve 
root impingement. A small durotomy can be successfully treated with Gelfoam to 
cover the defect, followed by fibrin glue, followed by meticulous wound closure 
using a running locking nylon stitch. Complications can be limited by adequate 
surgical training and critical patient selection. Most postoperative would infections 
are superficial and above the fascial plane and can be treated with a week’s course of 
oral antibiotics.

4. Clinical series

Using this technique, the following represents our MI-TLIF clinical series com-
prised 405 consecutive cases. The clinical characteristics are seen in Table 2. The 
average age of patients in the series was 64 years with most being female (60%). 
Forty-five percent of patients were classified as obese. The primary condition was 
treated with spondylolisthesis and spinal stenosis most commonly at the L4–5 level 
with back pain as the primary complaint. High blood pressure, diabetes, and high 
cholesterol were the most commonly seen co-morbidities.

Parameter Patient data

  Age (years) 64.1 ± 12.5

  Sex (males:females%) 39.9%: 60.1%

  Symptoms duration 92.3 ± 16.5 months

BMI categorization

  BMI less than or equal to 30 kg/m2 55.8%

  BMI 30.1–34.9 kg/m2 (Class I Obesity) 22.6%

  BMI 35.0–39.9 kg/m2 (Class II Obesity) 14.4%

  BMI ≥40.0 kg/m2 (Class III Obesity) 7.2%

Diagnosis Total L4/L5 L5/S1 L3/L4

  Spondylolisthesis 262 (65.1%) 28.03% 20.1% 16.9%

  Spinal stenosis 261 (64.7%) 44.7% 11.2% 19.3%

  Foraminal stenosis 226 (56.1%) 48.1% 20.3% 16.9%

  Degenerative disk disease 95 (23.8%) 11.7% 11.4% 4.9%

  Herniated disk 135 (33.5%) 6.9% 5.7% 1.2%

  Synovial cyst 18 (4.4%)

  Degenerative scoliosis 149 (36.9%)

Presenting symptoms

  Back pain 367 (91.1%)

  Neurogenic claudications 165 (40.9%)

  Leg pain 145 (35.9%)
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5. Minimally invasive TLIF series

Patients had a significant improvement in visual analog scores (VASs), Oswestry 
Disability Index (ODI), and Short Form-36 (SF36) over the 5-year follow-up period 
(Table 3, Figure 9).

ODI: Oswestry Disability Index, VAS: visual analog scale, SF: Short Form, PhF: 
physical function, RLPh: role limitation due to physical health problem, RLE: role 
limitation due to emotional health problem.

Complication rates in these series were low with cerebrospinal fluid (CSF) leak/
dural tear experienced in only 0.5% of patients. Fusion rates based on the Bridwell 

Parameter Patient data

  Others 80 (19.9%)

Comorbidity Patient data

  Hypertension 95 (23.6%)

  Diabetes 62 (15.4%)

  High cholesterol 33 (8.9%)

  Cardiovascular disease 29 (7.2%)

  Smoking 33 (8.9%)

  Urinary incontinence 11 (2.7%)

  Stroke history 12 (2.9%)

  Osteoporosis 8 (1.9%)

  Hypothyroidism 41 (10.2%)

  Fibromyalgia 10 (2.5%)

  Cancer 50 (12.4%)

  Rheumatoid arthritis 11 (2.7%)

Table 2. 
Patient characteristics (n = 405).

Parameter.

Preop Postop 3 
mon

Postop 
1 year

Postop 
2 years

Postop 
3 years

Postop 
4 years

Postop 
5 years

ODI 45.9 ± 16.4 29.3 ± 19.3 21.9 ± 17.8 25.9 ± 15.6 24.6 ± 18.9 24.7 ± 13.7 22.3 ± 17.6

P 0.0002 0.0001 0.047 0.015 0.008 0.012

VAS 6.9 ± 2.2 3.1 ± 2.2 2.3 ± 1.9 2.7 ± 1.8 2.2 ± 1.4 1.3 ± 1.5 2.8 ± 1.6

P 0.0001 0.0001 0.0082 0.0001 0.0001 0.0026

PhF 17.5 ± 11.9 62 ± 20.3 58.4 ± 26.5 56.8 ± 27.2 50.5 ± 26.7 66.9 ± 18.5 83.3 ± 10.3

P 0.13 0.17 0.03 0.21 0.003 0.003

RLPh 9 ± 10.3 53.7 ± 26.6 53.9 ± 31.7 59.4 ± 30.7 59.4 ± 24.7 67.3 ± 23.4 75 ± 22

P 0.046 0.007 0.002 0.025 0.025 0.026

RLE 43.7 ± 4.1 85.8 ± 19.5 85.9 ± 15.4 96.9 ± 4.2 65.8 ± 31.04 76.65 ± 25.2 87.5 ± 19.5

P 0.019 0.08 0.0002 0.36 0.03 0.03

Table 3. 
VAS, ODI, and SF36 (v2) scores (5-year follow-up).
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fusion criteria was extremely high with 97% achieving Grade I (Table 4). This was 
felt to be in large part because of the novel method of injecting the patient’s own 
drilled morselized autograph into the properly prepared disk interspace. With load-
ing of the filled disk space autograph bone material, according to Wolff ’s law, very 
high fusion rates can be achieved.

Figure 9. 
Line graph demonstrating mean VAS of back pain, ODI and SF36 (v2) scores over 5 years follow up 
time. PhF: Physical function, RLPh: Role limitation due to physical health problem, RLE: Role limitation due 
to emotional health problem. PO: Post-operative. Op: Operative.

Postoperative complications Neurological (<3 Months) Non-neurological (%)

  PO pain 2.9% —

  PO weakness 0.3% —

  Neurological PO deficit 0.5 —

  Diaphragm injury — 0.3%

  Dysphagia — 0.5%

  Malpositioned screws — 0.5%

  Pulmonary embolism/thrombosis — 0.7%

  Ileus — 1.2%

  Wound problem (infection/hematoma) 0.9%

  Arrested — 0.3%

  Bone graft and cage — 0.3%

  CSF leak/dural tear — 0.5%

Postoperative fusion rates11

Description Grades Percentage

  Fusion with remodeling and trabeculae I 97.3%

  Graft intact, not fully remodeled, no 
radiolucencies

II 1.7%

  Graft intact, but a definite lucency III 1%

  Definitely not fused, collapsed IV —
PO: postoperative, CSF: cerebrospinal fluid.

Table 4. 
Postoperative complications and fusion rates %, (n = 405).
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6. Complication rates in minimally invasive TLIF series

Based on monthly recorded morbidity and mortality data, complications rates in 
this series were extremely low (Figure 10).

7. Conclusion

The novel MI-TLIF approach and technology reviewed in this chapter afford 
significant short- and long-term improvements for patients suffering from debili-
tating low back pain. Long-term benefits include a reduced rate of adjacent segment 
disease requiring reoperation, high rates of fusion, and low complication rates. 
Clinically, our patients have been extremely satisfied in the treatment of their 
chronic back pain disorders. The majority of our patients are completely pain-free 
and have returned to work full time and are able to resume activities of daily living.
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Figure 10. 
Morbidity and mortality: 5-year follow-up.



Minimally Invasive Spine Surgery - Advances and Innovations

138

Author details

Mick Perez-Cruet1,2*, Ramiro Pérez de la Torre2 and Siddharth Ramanathan1

1 Department of Neurosurgery, Oakland University William Beaumont, School of 
Medicine, Rochester, MI, United States

2 Department of Neurosurgery, Michigan Head and Spine Institute, Royal Oak, MI, 
United States

*Address all correspondence to: perezcruet@yahoo.com

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



139

Minimally Invasive Transforaminal Lumbar Interbody Fusion: A Novel Technique…
DOI: http://dx.doi.org/10.5772/intechopen.105187

[1] Allain J, Dufour T. Anterior lumbar 
fusion techniques: ALIF, OLIF, DLIF, 
LLIF, IXLIF. Orthopaedics & 
Traumatology, Surgery & Research. 
2020;106(1S):S149-S157

[2] Patel D, Yoo J, Karmakar S, 
Lamoutte E, Singh K. Interbody options 
in lumbar fusion. Spine Surgery. 
2019;5(Suppl. 1):S19-S24

[3] Choudri T, Mummaneni P, Dhall S, 
Eck J, Groff M, Ghogawala Z, et al. 
Guideline update for the performance of 
fusion procedures for degenerative 
disease of the lumbar spine. Part 4: 
Radiographic assessment of fusion 
status. Journal of Neurosurgery. Spine. 
2014;21(1):23-30

[4] Babu MA, Coumans JV, Carter BS, 
Taylor WR, Kasper EM, Roitberg BZ, 
et al. A review of lumbar spinal 
instrumentation: Evidence and 
controversy. Journal of Neurology, 
Neurosurgery, and Psychiatry. 
2011;82(9):948-951

[5] Yoshihara H. Surgical options for 
lumbosacral fusion: Biomechanical 
stability, advantage, disadvantage and 
affecting factors in selecting options. 
European Journal of Orthopaedic 
Surgery and Traumatology. 2014; 
24(Suppl. 1):S73-S82

[6] Kerolus M, Turel MK, Tan L, 
Deutsch H. Stand-alone anterior 
lumbar interbody fusion: Indications, 
techniques, surgical outcomes and 
complications. Expert Review of 
Medical Devices. 2016;13(12):1127-1136

[7] de la Torre RA P, Kelkar PS, Beier A, 
et al. Decompression, transforaminal 
lumbar interbody fusion, reduction, 
and percutaneous pedicle screw 
fixation. In: Perez-Cruet MJ, Beisse RW, 
Pimenta L, Kim DH, editors. Minimally 
Invasive Spine Fusion: Techniques and 
Operative Nuances. St. Louis: Quality 
Medical Publishing; 2011. pp. 345-367

[8] Perez-Cruet MJ, Hussain NS, 
White GZ, Begun EM, Collins RA, 
Fahim DK, et al. Quality-of-life outcomes 
with minimally invasive Transforaminal 
lumbar interbody fusion based on 
long-term analysis of 304 consecutive 
patients. Spine. 2014;39(3):E191-E198

[9] Khechen B, Haws BE, Patel DV, 
Narain AS, Hijji FY, Guntin JA, et al. 
Comparison of postoperative outcomes 
between primary MIS TLIF and MIS 
TLIF with revision decompression. 
Spine (Phila Pa 1976). 2019;44(2): 
150-156

[10] Teng I, Han J, Phan K, Mobbs R. A 
meta-analysis comparing ALIF, PLIF, 
TLIF and LLIF. Journal of Clinical 
Neuroscience. 2017;44:11-17

[11] Hammad A, Wirries A, Ardeshiri A, 
Nikiforov O, Geiger F. Open versus 
minimally invasive TLIF: Literature 
review and meta-analysis. Journal of 
Orthopaedic Surgery and Research. 
2019;14(1):229

[12] Garg B, Mehta N. Minimally 
invasive transforaminal lumbar 
interbody fusion (MI-TLIF): A review of 
indications, technique, results and 
complications. Journal of Clinical 
Orthopaedics & Trauma. 2019;10 
(Suppl. 1):S156-S162

[13] Momin A, Steinmetz M. Evolution 
of minimally invasive lumbar spine 
surgery. World Neurosurgery. 
2020;140:622-626

[14] Mummaneni P, Bisson E, 
Kerezoudis P, Glassman S, Foley K, 
Slotkin J, et al. Minimally invasive versus 
open fusion for grade I degenerative 
lumbar spondylolisthesis: Analysis of the 
quality. Neurosurgical Focus. 
2017;43(2):E11 Outcomes Database

[15] Ghogawala Z, Dziura J, Butler WE, 
Dai F, Terrin N, Magge SN, et al. 

References



Minimally Invasive Spine Surgery - Advances and Innovations

140

Laminectomy plus fusion versus 
laminectomy alone for lumbar 
spondylolisthesis. The New England 
Journal of Medicine. April 14,  
2016;374(15):1424-1434

[16] Wang B, Hua W, Ke W, Lu S, Li X, 
Zeng X, et al. Biomechanical evaluation 
of Transforaminal lumbar interbody 
fusion and oblique lumbar interbody 
fusion on the adjacent segment: A finite 
element analysis. World Neurosurgery. 
2019;126:e819-e824

[17] Villavicencio A, Nurneikiene S, 
Roeca C, Nelson L, Mason A. Minimally 
invasive versus open transforaminal 
lumbar interbody fusion. Surgical 
Neurology International. 2010;1:12

[18] Habib A, Smith ZA, Lawton CD. 
Fessler RG minimally invasive 
transforaminal lumbar interbody 
busion: A perspective on current 
evidence and clinical knowledge. Minim 
Invasive Surgery. 2012;2012:657342

[19] Scheufler KM, Dohmen H, 
Vougioukas VI. Percutaneous 
transforaminal lumbar interbody fusion 
for the treatment of degenerative 
lumbar instability. Neurosurgery. 
2007;60(4, suppl. 2):203-212

[20] Dhall SS, Wang MY, 
Mummaneni PV. Clinical and 
radiographic comparison of mini-open 
transforaminal lumbar interbody fusion 
with open transforaminal lumbar 
interbody fusion in 42 patients with 
long-term follow-up: Clinical article. 
Journal of Neurosurgery: Spine. 
2008;9(6):560-565

[21] Peng CWB, Yue WM, Poh SY, 
Yeo W, Tan SB. Clinical and radiological 
outcomes of minimally invasive versus 
open transforaminal lumbar interbody 
fusion. Spine. 2009;34(13):1385-1389

[22] Schizas C, Tzinieris N, Tsiridis E, 
Kosmopoulos V. Minimally invasive 
versus open transforaminal lumbar 

interbody fusion: Evaluating initial 
experience. International Orthopaedics. 
2009;33(6):1683-1688

[23] Wang J, Zhou Y, Zhang ZF, Li CQ , 
Zheng WJ, Liu J. Comparison of one-
level minimally invasive and open 
transforaminal lumbar interbody fusion 
in degenerative and isthmic 
spondylolisthesis grades 1 and 2. 
European Spine Journal. 
2010;19(10):1780-1784

[24] Champagne P, Walsh C, Diabira J, 
Plante M, Wang Z, Boubez G, et al. 
Sagittal balance correction following 
lumbar interbody fusion: A comparison 
of the three approaches. Asian Spine 
Journal. 2019;13(3):450-458

[25] Mobbs R, Phan K, Malham G, 
Seex K, Rao P. Lumbar interbody fusion: 
Techniques, indications and comparison 
of interbody fusion options including 
PLIF, TLIF, MI-TLIF, OLIF/ATP, LLIF 
and ALIF. Journal of Spine Surgery. 
2015;1(1):2-18

[26] Terman SW, Yee TJ, Lau D, 
Khan AA, La Marca F, Park P. Minimally 
invasive versus open transforaminal 
lumbar interbody fusion: Comparison 
of clinical outcomes among obese 
patients. Journal of Neurosurgery Spine. 
June 2014;20(6):644-652. DOI: 
10.3171/2014.2.SPINE13794. [Epub Apr 
18, 2014]

[27] Xi MA, Tong HC, Fahim DK, 
Perez-Cruet M. Using provocative 
discography and computed tomography 
to select patients with refractory 
discogenic low back pain for lumbar 
fusion surgery. Cureus. Feb 27,  
2016;8(2):e514

[28] Staub BN, Sadrameli SS. The use of 
robotics in minimally invasive spine 
surgery. Journal of Spine Surgery. 
2019;5(Suppl. 1):S31-S40

[29] Vo CD, Jiang B, Azad TD, 
Crawford NR, Bydon A. Theodore N 
robotic spine surgery: Current state in 



141

Minimally Invasive Transforaminal Lumbar Interbody Fusion: A Novel Technique…
DOI: http://dx.doi.org/10.5772/intechopen.105187

minimally invasive surgery. Global 
Spine Journal. 2020;10(Suppl. 2): 
34S-40S

[30] Sears WR, Sergides IG, Kazemi N, 
Smith M, White GJ, Osburg B. Incidence 
and prevalence of surgery at segments 
adjacent to a previous posterior lumbar 
arthrodesis. The Spine Journal. 
2011;11:11-20





143

Section 4

Minimally Invasive 
Treatment of Spinal 

Malignancy





145

Chapter 11
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Eric R. Mong and Daniel K. Fahim

Abstract

Advancements in the treatment of systemic cancer have improved life expectancy 
in cancer patients and consequently the incidence of spinal metastasis. Traditionally, 
open spinal approaches combined with cEBRT (conventional external beam radia-
tion therapy) allowed for local tumor control as well as stabilization and decompres-
sion of the spine and neural elements, but these larger operations can be fraught with 
one complications and delayed healing as well as additional morbidity. Recently, 
minimally invasive spine techniques are becoming increasingly popular in the 
treatment of spinal metastasis for many reasons, including smaller incisions with less 
perioperative complications and potential for expedited time to radiation therapy. 
These techniques include kyphoplasty with radiofrequency ablation, percutaneous 
stabilization, laminectomy, and epidural tumor resection through tubular retractors, 
as well as minimally invasive corpectomy. These techniques combined with highly 
conformal stereotactic radiosurgery have led to the advent of separation surgery, 
which allows for decompression of neural elements while creating space between 
neural elements and the tumor so adequate radiation may be delivered, improv-
ing local tumor control. The versatility of these minimally invasive techniques has 
significantly improved the modern management of metastatic disease of the spine by 
protecting and restoring the patient’s quality of life while allowing them to quickly 
resume radiation and systemic treatment.

Keywords: minimally invasive spine, spinal tumors, spinal metastasis, separation 
surgery, spinal stabilization

1. Introduction

The spine is the most common site of bony metastases [1]. Significant improve-
ments in treatment modalities in the form of chemotherapy, immunotherapy, and 
radiation therapy have led to increased life expectancy for cancer patients [2]. 
Consequently, the incidence of metastatic cancer has been increasing. Twenty to 
seventy percent of patients with metastatic cancer are expected to develop spinal 
metastases during the course of their disease [3, 4]. The increased incidence of 
spinal metastases has increased the need for surgical treatment of its complications 
including symptomatic cord compression and mechanical instability. The goal of 
neurosurgical treatment includes addressing mechanical instability, correcting 
deformity, halting or reversing neurologic deficit, and improving pain and qual-
ity of life [5]. Traditionally, open surgical approaches have been used for surgical 
management of spinal metastatic disease. Through the advances made in mini-
mally invasive spine surgery (MISS) for trauma and deformity, MISS for tumors 
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is becoming more common due to decreased perioperative morbidity in cancer 
patients with similar efficacy to traditional open approaches.

2. Evaluation of patients with spinal metastases

Patients with metastatic spinal cancer often have significant comorbidities and 
complex clinical scenarios that require multidisciplinary evaluation and treatment. 
The NOMS (neurologic, oncologic, mechanical, systemic) framework, developed 
at the Memorial Sloan-Kettering Cancer Center, assesses neurologic, oncologic, 
mechanical, and systemic factors during the decision-making process for the 
treatment of spinal tumors across multiple specialties. The oncologic factors include 
the predicted responses and durability of available treatment modalities including 
chemotherapy, immunotherapy, and radiotherapy [5, 6]. The systemic consid-
eration predicts both the patient’s ability to tolerate multimodal treatments and 
overall survival based on the grade and stage of disease as well as the overall health 
of the patient [5]. The neurologic and mechanical criteria are of particular interest 
to the neurosurgeon involved in the patient’s care.

The neurologic component of the NOMS framework assesses the presence of 
myelopathy or radiculopathy and is related to epidural compression of the spinal 
cord and nerve roots. It is estimated that symptomatic cord compression occurs 
in up to 20% of patients with metastatic cancer and may be the initial symptom 
in 5–10% [7, 8]. Cord compression above the conus may present with myelopathy, 
weakness, numbness, urinary urgency. Below the level of the conus, compression 
of the cauda equina may present with lower motor neuron symptoms of unilateral 
or bilateral motor weakness, radiculopathy, numbness, or urinary retention. Such 
symptoms require urgent neurosurgical intervention to either stabilize or improve 
neurologic function.

The mechanical criteria concerns the stability of the vertebral column affected 
by metastatic tumor and can be further analyzed by the SINS (spinal instability 
neoplastic score) criteria [9]. The SINS criteria assess the location of the spine 
affected including junctional areas, the presence of mechanical pain, type of bony 
lesions, spinal alignment, amount of vertebral body collapse, and posterolateral 
involvement [9]. Scores of 0–6 are deemed stable, whereas 7–12 are indeterminate 
but suggest the possibility of instability, 13–18 are unstable. SINS scores of 7–18 
warrant neurosurgical consultation. Overall, the sensitivity and specificity of the 
SINS criteria for potentially unstable and unstable spinal lesions are 95.7% and 
79.5%, respectively [9].

3. Traditional/open operative intervention

Historically, symptomatic metastatic spine disease has been treated with open 
surgical approaches. Traditional open approaches provide adequate visualiza-
tion of tumor as well as spinal anatomy. The wide exposures allow for sufficient 
decompression of the spinal cord and nerve roots, stabilization for mechanical 
instability, and the opportunity for gross total resection, if indicated. However, 
the larger incisions with open approaches often lead to prolonged wound heal-
ing, which may delay postoperative chemotherapy and radiation. Larger surgical 
incisions also involve greater blood loss, which is concerning given the high rate 
of bone marrow toxicity and anemia in metastatic cancer patients, essentially all 
of whom exhibit preoperative anemia. Larger incisions also have higher inci-
dence of wound breakdown and infections. Greater tissue damage contributes 
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to greater postoperative pain, opioid requirements, and poor quality of life in 
patients with limited life expectancy.

4. The evolving role of MISS

The advent of MISS techniques, initially for the treatment of degenerative 
conditions followed by applications in trauma, has led to the adoption of these 
techniques for oncological disease of the spine as well. MISS offers the opportunity 
to treat mechanical instability and epidural spinal compression in patients who 
otherwise may not tolerate a more extensive surgical approach due to heavy sys-
temic disease burden [4, 10]. When considering the need for radiation and systemic 
chemotherapy, one postoperative barrier to adjuvant treatment is proper healing of 
the surgical incision. Smaller incisions involved with minimally invasive approaches 
may offer expedited time to chemotherapy and radiation therapy [4].

Many benefits of MISS can be attributed to minimizing tissue damage. Less 
tissue damage may also allow for quicker pain relief, decreased intake of opioids 
during the postoperative period, which may translate to early mobilization, func-
tional recovery, and improvement in quality of life [4, 11]. Smaller incisions are also 
associated with less perioperative blood loss and transfusion requirements [12, 13].

Other benefits of MISS include preservation of the posterior elements, including 
the multifidus, which is one of the largest contributors of the posterior tension band 
and overall stabilization of the spine [14]. Given that many patients with spinal 
metastases frequently have compromised integrity of the spine, preservation of the 
tension band may prevent postoperative instability, kyphosis, and forms of instru-
mentation failure including screw pullout [14].

Disadvantages of MISS techniques include difficulty recognizing microsurgi-
cal anatomy given distortion by pathology in smaller spaces, as well as highly 
vascularized pathology that may lead to bleeding that is difficult to control. Both of 
these difficulties may require conversion to open approach [15]. Furthermore, the 
intricacy involved with MISS may lead to longer operative times [15]. Despite these 
risks, the ability for MISS techniques to offer preservation of function, symptom-
atic and palliative treatment for metastatic cancer with lower perioperative morbid-
ity remains of great interest.

5. Evolving role of radiation

Both cEBRT (conventional external beam radiation therapy) and SBRT  
(stereotactic body radiation therapy) and SRS (stereotactic radiosurgery) have 
been heavily involved in the treatment of MESCC (metastatic epidural spinal cord 
compression). Historically, palliative radiation in the form of cEBRT was used and 
has been shown to have stronger outcomes in pain relief, neurologic status, and 
local control in patients with radiosensitive tumors compared with radioresistant 
tumors [16, 17]. Additionally, the rate of local control was found to be inversely pro-
portional to tumor size for patients undergoing cEBRT [18]. The advent of SRS and 
SBRT has significantly improved the treatment of MESCC by its ability to deliver 
high doses of radiation to smaller targets, minimizing damage to adjacent neuro-
logic structures (Figure 1). Compared with cEBRT, SRS is able to provide local 
control independent of tumor histology [19]. Tumor recurrence in patients that 
have undergone SRS has been shown to be dependent on the amount of radiation 
delivered rather than radiosensitivity of the tumor [5]. Furthermore, for patients 
undergoing epidural spine decompression followed by SBRT, the majority of tumor 
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recurrence arose from the portion of the tumor in the epidural space adjacent to the 
spinal cord that invariably receives an inadequate dose, due to the need to protect 
the neural structures from the potential damage of radiation [18, 20, 21]. Clearly, 
the benefits of radiation therapy must be balanced against the risks of damaging 
normal tissue.

6. Advent and benefits to separation surgery

It has been well established that radiation therapy is highly effective for local 
tumor control. A landmark study by Patchell et al. showed that direct decompres-
sive surgery followed by conventional radiation for symptomatic epidural cord 
compression was superior to radiation alone [22]. This finding established the 
essential role of surgery in the management of MESCC. At the same time, advances 
in stereotactic radiosurgery made radiation alone an attractive alternative to surgery 
once again. However, cord tolerance always constrains the dose of radiation deliv-
ered to the tumor close to the spinal cord, in order to avoid irreversible neurological 
damage (radiation myelopathy). Radiation failure and tumor recurrence of epidural 
metastatic disease most often occur adjacent to the spinal cord and dura mater, 
given this is where the radiation dose is limited to prevent injury to important neu-
rological structures. Continued advancements in microsurgical and radiosurgery 
techniques have led to the advent of separation surgery, which has decreased the 
need for aggressive approaches for gross total resection [3, 8, 12, 21].

The goal of separation surgery is to create space between the neural elements 
and the tumor, so an adequate radiation dose can be delivered to the tumor. The 
surgical technique involves circumferential dissection around the dura to create 
an ablative target for SRS while preserving or restoring neurologic function and 

Figure 1. 
(A) Axial, (B) coronal, (C) sagittal images showing a highly conformal stereotactic radiosurgery treatment 
plan to a C2 metastatic lesion secondary to thyroid cancer. The isodose lines can be seen around C2 and the 
structures at risk are also outlined (the oropharynx and upper esophagus in green and the spinal canal in 
purple). (D) Shows the relative isodose lines in graphic form, with the tumor dose curve on the far right and 
the overlapping green and purple dose curves in the middle of the graph representing the dose to the oropharynx 
and spinal canal, respectively.
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providing local tumor control [8, 21]. This strategy is most beneficial to radioresis-
tant tumors such as metastatic renal cell carcinoma, melanoma, thyroid carcinoma, 
colorectal carcinoma as well as previously radiated tumors and may decrease 
surgical-related complications of gross total resection or en bloc resection [11, 23].

The shift toward separation surgery has allowed for the introduction of subtotal 
resection with tubular or expandable retractors through a minimally invasive 
approach [8, 12]. Furthermore, the small incisions associated with MIS approaches 
may allow for earlier radiation therapy [11]. The most common approach for separa-
tion surgery is the posterolateral approach, which allows for posterior instrumenta-
tion and stabilization as well as circumferential decompression [11, 24]. The use 
of tubular retractors with ventral decompression via a transpedicular approach is 
growing in popularity [8]. Surgical access from a tubular retractor has the ability 
to create enough space ventral to the dura to allow for delivery of an adequate dose 
of radiation without harming the neural structures. This less invasive technique is 
also associated with a relatively low rate of hardware failure. Amankulor cited 2.8% 
incidence of hardware failure that may be associated with inadequate reconstruc-
tion of the anterior column following minimally invasive tumor debulking [25].

7. Laser interstitial therapy

Laser interstitial thermal therapy is an alternative method for treatment of epi-
dural cord compression that may be performed via a percutaneous minimally invasive 
approach. This technique may achieve both epidural decompression and local control 
when combined with radiosurgery with less morbidity than surgery [26]. However, 
the time it takes for the tumor to respond to the treatment and shrink away may 
preclude widespread adoption of this technique. Compared with open decompres-
sion, there may be shorter interval to resume systemic treatment averaging 7.8 days 
[26]. Small, early studies suggest noninferiority of laser interstitial thermal therapy 
plus XRT compared with open decompression plus XRT in select patients [26].

8. MISS techniques for treating mechanical instability

Metastatic disease to the vertebral column requires assessment for mechanical 
instability via the SINS criteria. SINS score of 7–12 signifies potential instability and 
may require bracing, kyphoplasty, percutaneous stabilization, or a combination of 
the three. Higher SINS scores involve more serious deformity including translation, 
significant vertebral body collapse, and bilateral pedicle involvement, which require 
more extensive approaches including vertebrectomy with instrumentation.

8.1 Vertebral augmentation

Compression fractures of the anterior column and combination of anterior and 
middle columns with preservation of the posterior elements are amenable to percu-
taneous kyphoplasty. High-level evidence supports kyphoplasty and vertebroplasty 
as highly effective for stabilizing symptomatic pathologic compression fractures 
[12, 27, 44] and may be done via an extrapedicular or transpedicular approach. 
Kyphoplasty may be combined with radiofrequency ablation and biopsy, which 
allows for diagnosis as well as oncological treatment (Figure 2). Minimal incision 
provides the ability for expedited recovery without interruption of radiation and 
chemotherapy. Patients often experience improvement in pain and functional status 
after these minimally invasive outpatient procedures [14].
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8.2 Percutaneous stabilization

Indications for percutaneous stabilization include mechanical instability or 
as an adjunct to a decompressive surgery for neurologic deficit [10]. Instability is 
an indication for surgical stabilization regardless of radiosensitivity of the tumor 
[10, 23]. Percutaneous instrumentation can be performed via MISS or mini open 
approach over the levels of interest. MISS and mini-open approaches share the 
advantages of quicker healing time, decreased pain, and the potential for expedited 
time to administration of chemotherapy and radiation [28].

When considering components of the SINS criteria, compression fractures in 
junctional areas, as well as fractures with more than 50% loss in height, are subject to 
additional mechanical stress that may exacerbate fracture, deformity, and mechanical 
pain. These lesions may benefit from kyphoplasty with additional percutaneous sta-
bilization. Furthermore, compression fractures with involvement of the posterior ele-
ments benefit from percutaneous stabilization and kyphoplasty. Burst fractures with 
significant retropulsion may require decompression with percutaneous stabilization.

Many cancer patients are predisposed to instrument-related complications given 
the metastatic nature of vertebral bodies combined with osteoporosis from systemic 
steroids and prior radiation. Combining fenestrated screws and cement augmentation 
with shorter constructs may lessen the cantilever effect on the spine and reduce inci-
dence of screw pullout or pedicle fracture and proximal junctional kyphosis [12, 29, 30].

Patients with spinal instability and limited life expectancy may undergo per-
cutaneous fixation without fusion. Silva and colleagues conducted a multicenter 
retrospective study that observed low implant failure rate in short and medium 
term without fusion [31]. Percutaneous screws may at times be placed with chemo-
therapeutic agents in attempt to reduce tumor size prior to resection. A case report 
describes the use of percutaneous screw stabilization with denosumab 6 months prior 
to en bloc spondylectomy for a spinal giant cell tumor associated with instability [32]. 
The tumor shrunk during this period, allowing for easier resection. This may be a 
consideration for a primary bone tumor, which requires aggressive total resection.

8.3 MISS decompression

Primary indications for surgical decompression of spinal metastasis are cord 
compression from radioresistant tumors as well as mechanical radiculopathy that 
can be localized to nerve root compression on imaging studies [6].

Figure 2. 
(A) MRI shows multiple painful metastatic lesions at T10, T11, T12 despite treatment with fractionated 
radiation. (B) Lateral and (C) AP intraoperative images showing pedicle cannulation at all three levels and 
radiofrequency ablation probe in position of the T11 level.
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Tubular retractors may be used primarily for decompression of the poste-
rior elements, but may also be used for ventral decompression as well as lateral 
decompression.

Figure 3. 
Patient presenting with worsening back pain lower extremity paresthesias. (A) CT axial (B) CT showing lytic 
lesion with three column involvement, including unilateral pedicle involvement. (C) T1 MRI axial precontrast 
and T1 MRI sagittal post contrast shows epidural compression. Patient underwent thoracic laminectomy with 
unilateral transpedicular corpectomy with percutaneous stabilization two levels above and below the affected 
vertebrae.

Figure 4. 
MIS percutaneous screws and expandable retractor system for a unilateral transpedicular corpectomy.
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8.4 Corpectomy with stabilization

Higher-grade SINS criteria involve significant vertebral body and posterior  
element compromise, which may require corpectomy with stabilization.

Mini-open and MIS approaches have been described for corpectomy with 
vertebral reconstruction. Such approaches are not as commonly utilized compared 
with the open approach. The open approach is often met with high morbidity, 
which has the potential to be especially detrimental to a cancer patient. A retrospec-
tive analysis of cohort of 49 adult patients with thoracic metastasis conducted by 
Lau et al. showed miniopen approach for thoracic transpedicular corpectomy with 
instrumentation had significantly less blood loss and hospital stay with no signifi-
cant difference in complications or ASIA grade compared with the traditional open 
approach [33].

Extension of metastatic disease into pedicle or facet can cause mechanical 
radiculopathy as well as further destabilization of the spinal column [34]. If the 
lesion involves the anterior and middle columns and one pedicle, then unilateral 
approach tubular or expandable retractor may be used (Figures 3–5). If more 
extensive disease involves both pedicles, then bilateral tubular or expandable 
retractors can be used.

9. Expanding role of MISS management of spine tumors

There is essentially no role for MISS in primary vertebral body tumors, which 
require an en bloc spondylectomy for wide marginal resection [35]. There are multiple 

Figure 5. 
Some expandable retractor systems used in minimally invasive unilateral decompression may be attached to the 
spinal fixation system used for percutaneous pedicle screw placement. Pictured is the space-D© retractor system 
by Medtronic.
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reports of both expandable and nonexpendable tubular retractors [36, 37] for extra-
dural intraforaminal and intradural extramedullary tumors. Most reports use MISS 
techniques on lesions that span no more than two vertebral levels [38]. Combined 
approaches with tubular retractors have also be described to resect thoracic dumbbell-
shaped ganglioneuroma in which tubular retractors were used for intraspinal compo-
nent and robotic-assisted thoracoscopic resection for the extraforaminal intrathoracic 
component [39].

An interlaminar approach has been described for resection of intradural 
extramedullary lesions in the lumbar spine. With this technique, the pathology 
is approached through the center of the interlaminar space, where the space is 
the largest. This paramedian, bone-sparing approach theoretically preserves the 
posterior tension band and decreases postoperative instability [40].

Additionally, reports of flexible endoscopes via mini open incisions have been 
reported for the resection of intradural schwannomas at the cauda equine [41]. UT 
southwestern reports using a flexible endoscope through a minimal durotomy for 
aspiration of a dermoid tumor that spanned from T10-sacrum leading to functional 
recovery and remained asymptotic at 3 years despite small recurrence [42].

In general, treatment of intramedullary spinal cord tumors is associated with 
high neurologic morbidity. Given the need for GTR (gross total resection) in many 
of these tumors compared with metastatic tumors, which may undergo STR with 
separation surgery, GTR cannot be sacrificed for the previously mentioned benefits 
of MISS. A review of keyhole approaches for intradural tumors showed that only 
5.3% of intramedullary lesions could be accessed [41]. MIS management of intra-
medullary tumors is limited to mini open approach with hemilaminectomy and 
laminotomy for which GTR may still be achieved with benefit of smaller incision 
and preservation of vertebral stability [41, 42]. A retrospective study by Kahyaoglu 
et al., who treated 168 intramedullary tumors via hemilaminectomy, showed that 
neurologic complications increased when intramedullary tumors extended greater 
than three spinal segments, especially in thoracic spine compared with the cervical 
spine [43].

10. Conclusion

Advances in minimally invasive spine surgery techniques and concomitant 
advances in highly conformal stereotactic radiosurgery capabilities have revolution-
ized the approach to symptomatic metastatic disease involving the spine. The role 
of surgery is to create a safe distance between the tumor and the neural structures 
for the safe delivery of a tumoricidal radiation dose and to treat mechanical instabil-
ity of the spine. Versatility in the use of MISS techniques is essential for the modern 
management of metastatic disease of the spine to protect and restore the patient’s 
quality of life and allow them to resume radiation and systemic treatment when 
indicated.
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Abstract

Minimally invasive spine surgery (MISS) continues to evolve, and the advent 
of robotic spine technology may play a role in further facilitating MISS techniques, 
increasing safety, and improving patient outcomes. In this chapter we review early 
limitations of spinal robotic systems and go over currently available spinal robotic 
systems. We then summarize the evidence-based advantages of robotic spine sur-
gery, with an emphasis on pedicle screw placement. Additionally, we review some 
common and expanded clinical applications of robotic spine technology to facilitate 
MISS. The chapter concludes with a discussion regarding the current limitations 
and future directions of this relatively novel technology as it applies to MISS.

Keywords: minimally invasive spine surgery, robotic spine surgery, spinal robotics, 
minimally invasive surgery

1. Introduction

Spine surgery has continued to evolve over the past several decades and signifi-
cant advancements have been made in operative techniques, biomaterials, implant 
design, and intraoperative imaging. Many of these advances have been catalyzed 
by the advent and progression of minimally invasive spine surgery (MISS). MISS 
allows for less muscle dissection, smaller incisions, decreased post-operative pain, 
faster recovery, and potentially improved functional outcomes [1–4]. While MISS 
has evolved from the time of its inception, in part due to advancements in retrac-
tors, instruments, and intraoperative imaging, the goals have remained the same: 
adequate decompression of neural elements with or without vertebral column 
stabilization, while minimizing soft tissue trauma.

The unique challenge of MISS is that accurate identification of complex three-
dimensional landmarks, decompression, and instrumentation all rely substantially 
on intraoperative imaging, given that anatomic landmarks are often not easily 
visualized or palpable. The reliance on intraoperative imaging and the resultant 
occupational radiation exposure to the surgeon and perioperative staff during MISS 
has been met with concern [5–7], and has contributed to the limited adoption of 
MISS techniques by some surgeons [8].

Partly in response to these concerns, the use of real-time image guidance and 
navigation technologies - not dependent on traditional static fluoroscopic imaging - 
have rapidly evolved over the past two decades. So too have the clinical applications 
for robotic technology in MISS in an attempt to further improve accuracy, decrease 
complications, and improve patient-reported outcomes.
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2. Robotic spine surgery

Robot-assisted surgery has been performed in multiple surgical sub-specialties 
including urology, gynecology, and general surgery. Spine surgeons, however, 
have been relatively late adopters of robotic technology. This may be due to the fact 
that spine procedures are often technically demanding and rely upon refined fine 
motor skills when working around neural and vascular elements, all of which can 
be even more challenging when utilizing small incisions and working corridors 
with MISS. However, robot-assisted MISS may play a role in allowing surgeons to 
improve manual dexterity, decrease tremors, and provide stability for instrumen-
tation by providing a fixed working angle that increases accuracy and precision. 
While there are many purported benefits for robot-assisted spine surgery, many 
early attempts at integration of this technology into MISS were met with significant 
challenges.

Early problems with robot-assisted spine surgery involved errors in synchroni-
zation of intraoperative fluoroscopic images with preoperative three-dimensional 
(3D) imaging, deflection of the robotic arm resulting in decreased accuracy of 
navigation and instrumentation, challenges with the user interface, and software 
crashes [9]. One early study documented technical or clinical errors in over 50% of 
spine procedures performed using robotic assistance [10]. In the setting of these 
early challenges, the lack of initial clinical benefit, significant infrastructure cost, 
and a steep learning curve, widespread adoption was not initially seen for this 
potentially beneficial technology [11, 12]. Over recent years, however, the integra-
tion of 3D computer-assisted navigation, improvements in the software and user 
interface, and automation of the robotic arm have driven a resurgence of interest in 
the use of robotic technology in MISS.

Currently there are three United States (US) Food and Drug Administration 
(FDA) approved robots for spine surgery. The Mazor X (Medtronic Spine, 
Memphis, TN, USA) was launched commercially in 2016 and has recently been 
integrated with Stealth Navigation (Medtronic Navigation Louisville, CO, USA), 
which allows for real-time instrument tracking intraoperatively. The ExcelsiusGPS 
(Globus Medical, Inc., Audubon, PA, USA) launched in 2017 and was one of the 
first robotic spine systems with fully integrated navigation, also allowing for real-
time instrument tracking. The ROSA Spine (Zimmer Biomet, Montpellier, France) 
is the third and final US FDA-approved robot to assist in spine surgery. It was origi-
nally approved in 2016, and a recent upgrade - the ROSA ONE - was approved in 
2019. Compared to the previously mentioned robots, the ROSA platform allows for 
navigation and instrumentation across cranial, spine, and total knee arthroplasty 
procedures, making it a multi-purpose technology with hospital-wide applications. 
A fourth offering, the TiRobot (TINAVI Medical Technologies, Beijing, China), was 
approved in China as of 2016, and can also be used for other orthopedic applications 
outside of spine surgery.

3. Advantages of robotic spine surgery

In MISS, robotic technology is most commonly employed to place percutane-
ous pedicle screws without direct visualization of anatomic landmarks. The use 
of robot-assisted pedicle screw placement has been widely researched in terms of 
accuracy, proximal facet violation rates, radiation, operative time/efficiency, clini-
cal outcomes, and complications as compared to traditional 2D fluoroscopic and 3D 
navigated pedicle screw placement.
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3.1 Pedicle screw placement accuracy

Traditionally placed free-hand pedicle screws have relied on the identification 
of anatomic landmarks and intraoperative fluoroscopy. Misplaced screws can result 
in neurovascular complications, continued low back pain, and the potential for 
earlier-onset adjacent segment disease. In MISS surgery, the absence of directly 
visualized bony anatomy traditionally mandated even further reliance on fluo-
roscopic imaging, however 3D intraoperative real-time navigation has improved 
over the last decade and is readily available for most MISS procedures. While 3D 
navigation was a significant advancement in MISS, intraoperative navigation is not 
without its limitations, as it still relies upon surgeons’ hand-eye coordination and 
focus, which can be compromised and fatigued with repetitive tasks (as is the case 
with multi-level fusion cases). The use of a robotic arm may allow for more accu-
rate, precise, and reproducible pedicle screw placement by minimizing both human 
error and the mental/physical burden on surgeons [13, 14].

One of the first papers investigating the accuracy of robotic assisted pedicle 
screw placement demonstrated 91–98% accuracy depending on the plane assessed 
[15]. Since then, several studies have documented a 94–98% accuracy of pedicle 
screw placement with robotic systems [16–21]. Specifically comparing robotic-
assisted to free-hand pedicle screw placement, two studies demonstrated signifi-
cantly higher accuracy with robot-assisted placement [22, 23], and a third study 
demonstrated similar accuracy between the two pedicle screw techniques [21]. 
However, one prospective study did demonstrate decreased accuracy with robotic-
assisted screw placement as compared to fluoroscopic-guided screws [24]. Given 
the varying results in the literature comparing robotic-assisted versus free-hand or 
fluoroscopically based pedicle screw placement, three recent high-quality meta-
analyses have been performed based on published randomized controlled trials. 
Two of the meta-analyses demonstrated equivalent accuracy between the two 
techniques [25, 26], and a third demonstrated more superior accuracy with robotic 
assistance [27].

Studies comparing robotic-assisted pedicle screw placement versus 3D naviga-
tion techniques are fewer in number. Retrospective studies have demonstrated 
slightly higher accuracy with robotic-assisted screw placement compared to 
navigation-assisted screw placement. Laudato et al. demonstrated 79% versus 70% 
accuracy for robotic versus navigated screw placement, respectively [28]. Similarly, 
Roser et al. demonstrated 99% versus 92% accuracy for robotic versus navigated 
screw placement, respectively [29]. A recent meta-analysis demonstrated similar 
reduction in intraoperative and postoperative screw revision risk using robot or 
navigated screw placement, as compared to freehand techniques [30].

3.2 Proximal facet violation

The use of robotic-assisted pedicle screw placement can allow for precise 
preoperative or intraoperative planning of pedicle screw trajectories and accurate 
execution of the planned trajectory with assistance from the robotic arm. The abil-
ity to plan pedicle screw placement not only allows for optimization of the size and 
diameter of pedicle screws, but also allows for trajectories that avoid violation of the 
superior facet joint at the upper instrumented vertebral level. Violation of this joint 
can result in an increased risk of adjacent segment disease, which may compromise 
long-term clinical outcomes [31–33].

To date, three randomized-controlled trials [34–36] and one non-randomized 
prospective study [37] have demonstrated a reduced risk of superior facet joint 
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violation when using robotic-assisted pedicle screw placement as compared to free-
hand or fluoroscopically based techniques. Two meta-analyses also demonstrated 
similarly decreased violation of the superior facet joint when robotic assistance was 
utilized [27, 38].

3.3 Radiation

Radiation exposure is another area of concern for MISS surgeons, and significant 
exposure can occur when fluoroscopy is used in the absence of image guidance and 
navigation. Compared to freehand instrumentation techniques, most studies have 
demonstrated significantly decreased radiation exposure with robotic-assisted pedicle 
screw placement [18, 21, 29, 39]. Only two studies have demonstrated no significant 
difference in radiation exposure between the two instrumentation techniques [24, 28]. 
When broken down by source of radiation exposure, robotic assistance may result in 
higher doses to the patient [24], but lower doses to the surgeon [23]. Ultimately, inter-
pretation of these studies is challenging because there can be significant variability in 
imaging acquisition protocols, surgeon experience, source of radiation detection, and 
specific freehand instrumentation techniques. Overall, however, the general body of 
evidence seems to support decreased radiation exposure with robot-assisted instru-
mentation compared to traditional techniques that rely on fluoroscopy.

3.4 Operative time/efficiency

Several studies have attempted to compare the total operative time and time per 
screw insertion when using robot-assisted versus freehand techniques [18, 21, 29, 40].  
However the comparative results of these studies can be confounded by variables 
related to approach (open versus percutaneous), the definition of operative time, and 
surgeon experience. Specific studies applicable to MISS have compared percutane-
ous pedicle screw placement using a robot versus fluoroscopy-based techniques, but 
unfortunately they did not report operative time [41, 42]. A cadaveric study by Vaccaro 
et al. demonstrated that overall surgical time was similar between MISS pedicle screw 
placement using conventional fluoroscopy versus robot assistance [43]. The actual 
robot-assisted time per screw was actually lower, but this was offset by a longer setup 
time [43].

3.5 Impact on clinical outcomes and complications

Studies investigating the additive clinical benefit for robotic assistance in MISS 
compared to traditional fluoroscopically or 3D navigated MISS are lacking. Most 
of the literature compares traditional open procedures to robot-assisted MISS, 
and some of these studies have demonstrated decreased length of stay and faster 
postoperative recovery with the latter [44, 45]. Other studies comparing open 
procedures to MISS robot-assisted procedures have demonstrated lower infection 
rates and dural tear rates in the robot-assisted cohorts, but these studies were not 
powered to detect a significant difference [18, 23]. A recent study by Menger et al. 
projected robotic surgery to be more cost-effective secondary, in part, due to fewer 
revision surgeries and less postoperative complications [46]. As stated previously, 
none of these studies have specifically compared the additive benefit of robotic-
assistance to traditional MISS procedures. If utilizing a robot allows surgeons who 
traditionally perform open surgery to convert to some MISS surgery with similar 
or improved instrumentation accuracy, decreased radiation, improved operative 
time, and potentially lower complications, the previously reported benefits of MISS 
surgery may become available to a greater number of patients.
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4. Minimally invasive spine surgery robotic applications

4.1 Robotic-assisted transforaminal lumbar interbody fusion

Transforaminal lumbar interbody fusion (TLIF) allows for circumferential 
fusion, restoration of disc space height, and both direct and indirect neural decom-
pression. Open TLIF has been associated with significant early postoperative mor-
bidity secondary to extensive muscle retraction and dissection, which may result 
in increased postoperative pain, decreased mobility, and impaired overall function 
[47, 48]. In response to the limitations of open TLIF, the MI-TLIF was developed and 
has been shown to cause less postoperative pain, faster recovery, shorter hospital-
ization, and comparable functional outcomes to the open TLIF [49–51].

Traditionally, pedicle screws were placed percutaneously under fluoroscopic 
guidance for the MI-TLIF, resulting in potentially decreased accuracy and 
increased radiation exposure, as discussed in previous sections of this chapter. 
Until recently, the integration of spinal robotics into MI-TLIF has largely been con-
fined to facilitating pedicle screw placement, and previous studies have reported 
on the feasibility and integration of robotics into the MI-TLIF workflow as well as 
the high pedicle screw placement accuracy [52–54]. Comparative studies assessing 
broader benefits of spine robot utilization versus traditional fluoroscopic or 3D 
navigation are lacking in the literature. De Biase et al., compared robot-assisted 
versus fluoroscopy-guided MI-TLIF procedures and reported no difference in 
operative time [55]. The study was limited by lack of comparative radiation, 
radiographic or functional outcomes between the two treatment groups [55].

A previous limitation of robotic MI-TLIF, as compared to 3D navigation, was 
that older robotic platforms did not allow for real-time navigation outside of pedicle 
screw placement. However, newer robotic software platforms now enable pre−/
intra-operative planning and navigation for tube placement, interbody cage place-
ment, and disc space preparation (Figure 1). Evidence-based benefits of these 
real-time navigated features have yet to be established in the spinal literature. 
As robotic integration into MI-TLIF procedures continues to evolve and expand, 
further research is needed to investigate the possible additive benefit with regards 
to instrumentation accuracy, operative efficiency, radiation exposure, clinical 
outcomes, and fusion rates.

4.2 Robotic-assisted lateral and oblique lumbar interbody fusion

Lateral lumbar interbody fusion (LLIF) and oblique lumbar interbody fusion 
(OLIF) are minimally invasive techniques that can avoid some of the risks asso-
ciated with anterior or posterior interbody approaches to the spinal column. 
Traditionally, after the interbody device is placed in LLIF and OLIF procedures in 
the lateral position, the patient is “flipped” to the prone position for pedicle screw 
instrumentation and posterior stabilization. Recent studies have begun to inves-
tigate the placement of posterior instrumentation in the lateral position, to avoid 
the “flip,” and initial studies have demonstrated improved operative efficiency, less 
blood loss, and less postoperative ileus with single position lateral circumferential 
fusions [56].

One of the challenges of performing MISS posterior fixation in the lateral posi-
tion is pedicle screw instrumentation. Interpreting fluoroscopic imaging, establish-
ing accurate navigation, and the ergonomics of placing the down-sided pedicle 
screws can be difficult. Placement of robot-assisted pedicle screws in these proce-
dures may offer a significant advantage as the robotic arm acts as a steady holding 
device, locking the trajectory of the planned pedicle screw, and thereby mitigating 
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some of the ergonomic challenges of placing these screws. The accuracy of pedicle 
screws with robot-assistance in the lateral position has been recently investigated 
and initial studies demonstrate 98% accuracy [57]. Images demonstrating this 
technique are shown in Figure 2.

As described in the MI-TLIF section, the latest iterations of software in some 
spinal robotics systems can allow for real-time navigation during tube placement, 
interbody cage placement, and disc space preparation. An additional benefit in the 
lateral or oblique position is that the robotic arm can be used to stabilize the retrac-
tion system, avoiding the need for a table mounted retractor (Figure 3). As these 
are all relatively recent advancements for robot-assisted LLIF and OLIF procedures, 
studies demonstrating a clinical benefit have yet to be performed.

4.3 Robotic-assisted MISS deformity correction

The majority of research on MISS has focused on addressing degenerative 
pathology, but as MISS continues to evolve, the utilization of MISS principals to 
address adult spinal deformity, without compromising outcomes, continues to be 
investigated. The traditional goals of adult spinal deformity surgery encompass 
restoration of sagittal and/or coronal balance, adequate neural element decom-
pression, and achieving a solid arthrodesis. These goals may be achieved through 
MISS techniques – for example, lordosis can be restored through anterior column 
realignment procedures such as the LLIF and OLIF or posterior-based procedures 
such as MI-TLIF. Fixation can of course be achieved through percutaneous pedicle 
screw placement [58, 59]. In multi-level constructs, robotic assistance may have a 
cumulative benefit as the time saved at each subsequent level will have an additive 
benefit in longer deformity constructs. As discussed above, the use of a spinal 
robot may assist in executing these MISS procedures, just as is the case for patients 
with primarily degenerative pathology. However, evidence demonstrating the 
additive benefit of robotic-technology in MISS deformity procedures is sparse.

Figure 1. 
Intraoperative planning using a spine robot’s integrated navigation platform. This particular platform 
allows for intraoperative planning of pedicle screw trajectories, diameter, and length. Additionally, interbody 
placement can be planned, and navigated instruments can allow for targeted intraoperative disc preparation 
prior to interbody cage placement. Lastly, tube trajectories (if applicable) can also be planned.
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One aspect of area robotic utilization within the field of adult spinal deformity 
that has received research interest is the safe and accurate placement of pelvic screw 
fixation. MISS percutaneous pelvic screw fixation using traditional fluoroscopy allows 
for less soft tissue dissection, as compared to the traditional open technique, which 
may result in a quicker recovery and less postoperative complications [60]. The addi-
tive use of robotic-assistance allows for preoperative planning, may increase accuracy, 
and decrease the technical difficulty in placing MISS pelvic fixation. A recent study 
demonstrated high accuracy with no intra- or postoperative complications using 
robotic-assistance for pelvic screw fixation in adult deformity patients [61].

Figure 3. 
The intraoperative navigation platform for this spine robot is used to plan the interbody placement in a 
multilevel lateral lumbar interbody fusion (A). The spine robot arm is then used to localize the trajectory of the 
planned retractor placement and the stabilized arm can be used to secure the retractor, avoiding the need for a 
table-mounted retractor (B).

Figure 2. 
Intraoperative placement of pre-planned pedicle screws for a multilevel lateral lumbar interbody fusion. In this 
image the down-sided pedicle screws are being placed based on the planned trajectory. The stabilized robotic 
arm facilitates the challenging placement of these screws, eliminates the need for interpretation of fluoroscopic 
imaging in the lateral position and improves the overall ergonomics and ease of placing these screws.
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5. Current limitations of robotic spine surgery

Over the past decade, robot-assisted surgery has played a significant role in the 
advancement of MISS, but there are limitations preventing its widespread adoption. 
These hurdles range from technical issues, cost, and operating room efficiency, to 
the learning curve associated with safely incorporating the robot into the operating 
room. Initial iterations of spine robots were met with concerns regarding instru-
ment skiving and tool deflection, registration failures, and a lack of real-time 
navigation. Newer software iterations, as well as advancements in the robotic arm 
and its associated end-effectors have partly addressed these concerns. With regards 
to cost, there is no denying the significant capital expenditure required to obtain 
a spine robot; however, there may be a cost savings stemming from decreased 
postoperative complications secondary to improved instrumentation accuracy [46]. 
Further cost-effectiveness studies are needed, however, particularly with regards to 
MISS [62]. Lastly, there is a learning curve associated with performing safe robotic 
spinal surgery, but that learning curve may not be as high as previously conceived. 
One study demonstrated that 30 screws would need to be placed before a noticeable 
improvement in efficiency was observed [63], and two other studies demonstrated 
that between 13 and 20 cases may be needed to obtain proficiency in robotic screw 
placement [64, 65].

6. Future of robotic spine surgery

The safe implementation of robotic-assisted spine surgery in MISS continues to 
make progress and newer generations of spinal robots with improved software and 
real-time navigation will allow for the robot to be utilized for more than just pedicle 
screw instrumentation. Spine robots with real-time navigation currently allow for 
surgeons to plan tubular retractor trajectories, interbody placement, and navigated 
disc preparation. As the software continues to improve, magnetic resonance imag-
ing (MRI)-based registration and navigation may allow for robot-assisted disc and 
ligamentum flavum resection as well as soft tissue tumor resection. Additionally, 
as burrs become compatible with the spinal robot, pre-operative planning and 
precise intra-operative execution of bony decompressions may become possible. 
Even in the domain of instrumentation, there is room for further advancement. 
While current spine robots only allow for assisted pedicle screw placement, future 
iterations may allow for fully automated pedicle screw placement. Yet another pos-
sibility is the syncing of intra-operative data from multiple robotic systems, which 
may one day enable machine learning and artificial intelligence algorithms to make 
real-time, intra-operative suggestions to surgeons based on previous surgeries. 
These future directions for robot-assisted MISS will likely continue to promote an 
increased integration and utilization of robotics into MISS.
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