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v

 This volume is designed to meet the need for a practical, well-illustrated guide to the normal 
anatomy of surgical approaches to the spine—the most fundamental information for spinal 
surgery. Most of the basic approaches, anterior and posterior, are covered for each level of the 
spine. The specifi c pathology and the operative procedure indicated for any particular patient 
will naturally infl uence the choice of approach. While we have illustrated only normal anat-
omy as seen through the surgical incision, we hope to have given the reader a sound basis for 
choosing the most appropriate surgical approach for various clinical conditions. 

 The illustrations are accompanied by a methodical description of operative technique for 
spinal exposure, emphasizing the critical anatomical landmarks. The bibliography accompa-
nying each chapter is not comprehensive, nor does it necessarily cite the original reports of 
each technique: rather, we have chosen to include good descriptive reports of each approach. 
It is our hope that an improved understanding of surgical anatomy and operative approaches 
will free the spinal surgeon to implement the optimal treatment plan for each patient.  

     Robert     G.     Watkins, MD     

  Preface to the  First Edition   
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 In the years since the publication of the fi rst edition of  Surgical Approaches to the Spine , a 
revolution has taken place in spinal surgery. Spinal technology has exploded, thereby increas-
ing the need for multiple access sites to the spine. The book was originally written because the 
spinal surgeon sometimes lacked the ability to approach the spine with the ideal procedure. As 
a result, spinal problems were often handled with a posterior approach when the treatment 
theories and biomechanical considerations of the spine dictated an anterior approach. Then 
John O’Brien and other anterior surgeons began to emphasize the need to perfect the approach 
so that the ideal operation was provided for each individual patient. Through our work over the 
last 20 years, with surgeons such as Salvador Brau, a spinal access surgeon, surgeons are now 
dedicated to providing a safe, pain-free approach to the spine. This will ultimately be to the 
patient’s great advantage. Advances in intradiscal devices, prostheses, and fusion techniques 
have mandated a safe and effective anterior approach to the spine. An operation to relieve spi-
nal pain cannot exist if the approach produces more pain than the original problem. 

 This second edition contains chapters on very complicated operations, such as the approaches 
to the sacrum and pelvis, the total vertebrectomy, transclavicular cervicothoracic approach, and 
anterior approach to the clivus of C1–C2. It is these major operations that put the patient’s life 
in jeopardy and require expertise in the approach. The text also discusses minimally invasive 
approaches, such as the laparoscopic fusion. Minimally invasive surgery is the future of spinal 
surgery and represents a major advance in protection of the patient, with lower morbidity than 
that associated with the minimally invasive approaches. The challenge of the next decade will 
be adapting minimally invasive computer-assisted, image-guided approaches to the patient’s 
pathology and perfecting the available technology for solving that pathology. 

 The fi rst edition of  Surgical Approaches to the Spine  was appreciated by its audience for its 
simple step-by-step, how-to method of presenting the surgical approach. The emphasis on how 
to avoid complications, what specifi c steps to take, and what specifi c tools to use was a distinct 
advantage over publications with the more broad-stroke type of “expose the spine.” The use of 
color illustrations and photographs and the emphasis on a clear-cut presentation in a step-by- 
step fashion have been preserved. 

 This book is intended for all spinal surgeons and for the newer category of spinal access 
surgeon. Certainly, some spinal surgeons are very confi dent in performing their own surgical 
approaches to the spine. As the expertise of spinal access surgeons increases, the spinal sur-
geon may fi nd this, as we have, to be a distinct advantage in producing a safe, effective opera-
tion. The secondary market for this text is for all professionals involved in treating the spine. 
Decision making in spinal surgery depends on a risk–benefi t ratio. Everyone participating 
needs to understand the approach to the spine to determine if surgery is a viable option or not. 

 I would like to acknowledge Katherine Williams for her tireless work on this project. Her 
contribution began in 1983 and has continued through this edition. Her dedication to this project 
is indicative of her dedication to health and proper care of all spinal patients. Surgeons and 
patients owe a debt of gratitude to her for the effort in this book and other similar publications.  

     Robert     G.     Watkins, MD     

  Preface to the  Second Edition   
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 Spinal surgeons from all over the world have expressed gratitude and appreciation for the assis-
tance provided by the fi rst two editions of this book. The primary purpose of this new edition is 
to provide current step-by-step procedural details in order to perform approaches to the spine. 
Spinal surgeons should be able to approach the spine from multiple directions. Armed    with the 
ideal approach for each patient’s pathology, surgeons can provide the best medical care. 

 The fi eld of spinal surgery continues to advance and push the boundaries of different ways 
to solve pathologies of the spine. Minimally invasive techniques have become more prevalent, 
in part due to the development of biologic substitutes, improved hardware, and better visual-
ization. At the same time, complications from minimally invasive surgeries often bring the 
fi eld of surgery back around to the original building blocks. The goal of all spinal surgeries is 
to correct the pathology with the safest and least complicated approach. 

 The original edition helped pioneer and advance the use of the anterior approach. This edi-
tion refl ects the worldwide movement toward tubular retractors for a multitude of approaches. 
In our practice, the evolution from the anterior approach to tubular lateral approach for the 
thoracolumbar spine has signifi cantly decreased the morbidity of anterior column reconstruc-
tive procedures. We appreciate the contributions of our coauthors, mentors, and pupils in the 
development of this book and we hope it helps fellow surgeons provide better and safer care 
for their patients.  

  Marina del Rey, CA     Robert     G.     Watkins  ,   III, MD   
      Robert     G.     Watkins  ,   IV, MD    

  Preface to the  Third Edition   
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  The signifi cant anatomical landmarks for differentiating 
the approaches to the cervical spine presented in Table  1.1  
are the sternocleidomastoid muscle, the carotid sheath, and 
the longus coli muscle (Fig.  1.1 ) [ 1  –  8 ]. Categorization is 
based on the direction of approach relative to these specifi c 
structures, as demonstrated in the table. For example, 
approach no. 1 is medial to the sternocleidomastoid muscle 
(therefore, retracting it laterally) and medial to the carotid 
sheath (therefore, retracting it laterally as well). Approach 
no. 7 is directed lateral to the sternocleidomastoid muscle 
and lateral to the carotid sheath. A signifi cant aspect of these 
approaches is whether to approach the carotid sheath medi-
ally or laterally. Approaching the carotid sheath medially 
and retracting laterally often requires sacrifi ce of vessels 
coursing from the carotid sheath to the medial musculovis-
ceral column. Nerves running from lateral to medial also 
must be retracted. Approaching the carotid sheath laterally 
and retracting it medially, as in the anterolateral approaches 
[ 1  –  5 ] produces a more avascular plane but may also result in 
a more limited exposure. Both the anteromedial and the 
anterolateral approaches have common points of dissection 
and anatomy.

    The skin incision must be cosmetically acceptable but 
effi cient (Fig.  1.2 ). Superfi cial landmarks used to place the 
incision over the appropriate level of the spine are (1) C3–
C4, which is 1 cm above the thyroid cartilage; and (2) C5–
C6, which is at the cricoid cartilage [ 6 ]. Other superfi cial 
landmarks to be identifi ed are the angle of the jaw, the ster-
nocleidomastoid muscle, the hyoid bone, the cricoid carti-
lage, the superior border of the thyroid cartilage, and the 
insertion to the sternocleidomastoid to the clavicle. For best 
cosmesis, make a 3-cm transverse incision in a skin crease. 
A longer transverse incision from midline to anterior border 
of the sternocleidomastoid muscle will allow adequate expo-
sure for three vertebral bodies and two disc levels. The exact 
pathology and the technical demands of the operation 

determine the size of the exposure and the structures that 
must be transected rather than retracted.  

 After the skin incision has been made, when a well- 
developed platysma muscle is visible, it is best to open the pla-
tysma muscle along the line of its fi bers. The platysma muscle 
should be elevated with Adson pick-ups and opened carefully 
to, avoid damage to underlying veins and the sternocleidomas-
toid muscle [ 6 ]. (A well-developed platysma muscle should be 
closed as one individual layer.) Under the platysma is the exter-
nal jugular vein, which courses on the external surface of the 
sternocleidomastoid muscle, and the anterior jugular vein, 
which is in a more anteromedial location over the sternocleido-
mastoid–strap muscle interval or on the lateral aspect of the 
strap musculature. The anterior and external jugular veins must 
be divided and ligated when their presence interferes with 
the procedure. The sternocleidomastoid must be identifi ed 
as the initial key to the approach; for anteromedial approaches, 
the medial border of the sternocleidomastoid; for the lateral 
approaches, the lateral border of the sternocleidomastoid. 
The second landmark, the carotid sheath, is fi rst identifi ed by 
fi nger palpation of the carotid pulse. The carotid sheath con-
tains the carotid artery, internal jugular vein, the vagus nerve, 
and sometimes the sympathetic plexus. 

 The third landmark structure is the longus coli muscle, 
which must be identifi ed under the prevertebral fascia over 
the spine. Palpate for the spine. Often the anterior tubercle of 
the transverse process is mistaken for the vertebral body. 
Inadvertent dissection in this more lateral area can damage 
the sympathetic plexus and cause bleeding from the longus 
coli. The more avascular area of the spine is the midline. 
Opening the prevertebral fascia in this area allows lateral 
retraction of the longus coli and causes less bleeding. Special 
note should be taken of the esophagus in any approach to 
the cervical spine; it is frequently a fl at, ribbon-like structure 
lying over the anterior prevertebral fascia. A nasogastric tube 
aids in identifi cation of the esophagus. 

      Anterior Cervical Approaches 
to the Spine 

          Robert     G.     Watkins  ,   III          
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   Table 1.1     Approaches to the Cervical Spine    

 Sternocleidomastoid Muscle  Carotid Sheath  Longus Coli 

 Medial  Lateral  Medial  Lateral  Medial Lateral 

 1. Anterior medial C1–C3 [ 6  –  9 ]  X  X  X 
 2. Anterior medial  X  X  X 
 midcervical spine [ 6  –  9 ] 
 3. Supraclavicular approach [ 4 ]  X  X  X 
 4. Anterolateral approach to  X  X  X 
 C1–C3 [ 2  –  5 ] 
 5. Anterolateral approach to  X  X  X 
 midcervical spine [ 2 ] 
 6. Lateral approach to  X  X  X 
 midcervical spine [ 10 ] 
 7. Lateral approach to  X  X  X 
 midcervical spine 1  

  X = direction of the approach.  

Submandibular
Gland

Anterior Belly
of Digastric Muscle

Parotid Gland
Facial Artery
and Vein

Stylohyoid Muscle

Posterior Belly
of Digastric
Muscle

Lingual Artery

Facial Artery
Hypoglossal Nerve
Hyoid Bone
Superior Thyroid
Artery and Vein
Omohyoid Muscle
Sternohyoid Muscle
External
Carotid Artery
Internal
Jugular Vein
Vagus Nerve
Ansa Cervicalis

Inferior Thyroid Artery
and Vein
Vertebral Artery

Recurrent
Laryngeal
Nerve

Thyroid
Cartilage

Cricoid
Cartilage

Thoracic
Duct

Sternocleidomastoid Muscle

Phrenic Nerve

Scaleneus Anterior Muscle

  Fig. 1.1    The numerous soft tissue structures of the anterior neck. Note the relatively avascular area between the superior thyroid artery and the 
inferior thyroid artery. The standard approach to the anterior aspect of the spine is lateral to the thyroid gland and medial to the carotid artery       
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    Retraction of Neurovascular Structures 

 Vessels may be either ligated or retracted, usually depending 
on their exact size and location. The retraction of nerves and 
arteries varies, but general guidelines can be used. For more 
cephalad exposures, retract the hypoglossal nerve, glosso-
pharyngeal nerve, and the digastric muscle cephalad. The 
superior laryngeal nerve and superior thyroid artery and vein 
are often retracted caudad for C1–C3 approaches and cepha-
lad for C4–C7 approaches. The middle thyroid vein is 
ligated. The inferior thyroid artery and vein are retracted 
caudally for C7 and above, often cephalad for levels distal to 
C7. In addition, the omohyoid muscle crosses above C6 and 
is divided or retracted for C5–C6 and below.  

    Right or Left Approach? 

 To determine whether to approach the spine from the right or 
the left, consider the following. Approaches from the left in 
the supraclavicular area must beware of the point of entry 
of the thoracic duct into the jugular vein–subclavian vein 
junction (Fig.  1.3 ). A large fatty meal the day before surgery 
in this area is an aid to identify the duct, but the majority of 
approaches will be well medial to this area and do not require 
defi nitive identifi cation. Approaches from the right from 
C4 and below require identifi cation of the right recurrent 
laryngeal nerve (Fig.  1.3 ). This nerve passes from the area of 
the carotid sheath to the medial musculovisceral column in 
the C5–C7 area. As to whether the head should be turned 
with the approach, it is standard to rotate the head away from 
the side of the approach, but it is possible to perform most of 
the approaches described without rotating the head. This is 
especially true when the sternocleidomastoid muscle is taken 
down as in the anterolateral approach to C1, C3. In the original 
description of the operation, the head was rotated [ 10 ], but its 
feasibility without rotating the head is now considered an 
indication for use of this approach [ 5 ].   

    Traction During Surgery 

 Head halter traction is standard during the interbody grafting 
operations to allow distraction of the interspace and resulting 
compression after the bone graft has been placed. If the hal-
ter obscures the approach to the more cephalad levels of the 
cervical spine, tong traction must be used. Position the 
patient supine. An infl atable cervical pillow provides ade-
quate immobilization of the neck during the surgery, or a roll 
of towels can be used. The head should rest on an occipital 
pad with head halter traction or tong immobilization as 
indicated.  

    Cervical Anatomy 

    Muscles and Anatomical Landmarks 

 The hyoid bone is situated at approximately C3 and serves as 
a dividing area for the musculature of the anterior neck (see 
Fig.  1.1 ). The suprahyoid region is covered by the suprahy-
oid portion of external investing fascia. The musculature 
includes the digastric muscle that lies inferior to the mandi-
ble and extends from the mastoid process to the symphysis 
mente. The sling around the tendonous midportion of the 
digastric muscle separates its posterior from anterior belly. 

  Fig. 1.2    The approximate skin areas for approaches to specifi c spinal 
levels are usually indicated by palpable subcutaneous structures. C1–C2 
lies under the angle of the jaw, C3–C4 a centimeter above the thyroid 
cartilage in the region of the hyoid bone, C4–C6 at the level of thyroid 
cartilage, C5–C6 at the cricoid cartilage, and C7–T1 in the supraclavicu-
lar area. For best cosmesis, make a transverse skin incision. A trans-
verse incision from midline to anterior border of the sternocleidomastoid 
muscle will allow adequate exposure for three vertebral bodies and two 
disc levels. A vertical incision along the anterior border of the sterno-
cleidomastoid muscle, as seen on the  dotted line , may be used for long 
exposures of the cervical spine       
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It holds the midportion of the muscle to the greater cornu of 
the hyoid bone. The digastric helps form the carotid triangle, 
which is bordered superiorly by the posterior belly of the digas-
tric muscle, inferiorly by the omohyoid muscle, and posteriorly 
by the sternocleidomastoid muscle (see Figs. 5.1, 5.4). It is 
essentially through this triangle that the approach is made. 

 The stylohyoid muscle lies anterior and superior to the 
posterior belly of the digastric and rises from the styloid pro-
cess passing to the hyoid bone. The stylohyoid ligament is a 
ligamentous band that passes with the stylohyoid muscle 
from the styloid process to the hyoid bone. The mylohyoid 
muscle and sternohyoid muscle run from the mandible to 
the hyoid bone. Structures coursing from the mastoid to the 
hyoid and from the mandible to the hyoid must be either 
retracted in a cephalad direction or severed. The sequential 
branches of the external carotid from caudad to cephalad are 
the superior thyroid artery, the lingual artery, and the facial 
artery. The external carotid artery continues coursing through 
the parotid gland and terminates as the superfi cial temporal 
artery (see Fig. 6.5), the pulse of which can be felt just in front 
of the ear, and the maxillary artery, which crosses anteriorly 

through the parotid gland. The occipital artery arises from the 
posterior aspect of the carotid artery at the level of the facial 
artery. It crosses under the posterior belly of the digastric 
and stylohyoid muscles through the loop of the hypoglossal 
nerve and ascends in the interval between the transverse pro-
cess of C1 and the mastoid process.  

    Nerves 

 In addition to the hypoglossal nerve, the superior laryngeal 
nerve also arises from the inferior ganglion of the vagus and 
crosses caudally and medially under the internal carotid 
artery to the superior border of the thyroid cartilage, where it 
joins the superior thyroid artery. The superior laryngeal 
nerve has external and internal branches; the external branch 
crosses at a more caudad level. The recurrent laryngeal nerve 
on the right side loops under the subclavian artery, passing 
dorsomedial to it to the side of the trachea and esophagus 
(see Fig.  1.3 ). It is vulnerable to damage as it passes from the 
subclavian artery to the right tracheoesophageal groove. 

Vagus Nerve

Vagus Nerve

Left Recurrent
Laryngeal Nerve

Inferior
Thyroid Artery

Vertebral
Artery

Ansa Subclavian

Right Subclavian Artery

Left Subclavian
Artery

Thoracic
Duct

Vertebral Artery

Left Common Carotid

Right
Common
Carotid

Inferior Thyroid Artery

Recurrent
Laryngeal Nerve

Ascending Aorta

  Fig. 1.3    Neurovascular 
structures of the base of the neck. 
In approaching the spine from 
the right side of the neck, the 
prominent recurrent laryngeal 
nerve must be identifi ed in the 
area between the musculovisceral 
column medially and the carotid 
sheath laterally. When one is 
approaching the spine from the 
left side, the thoracic duct may 
be damaged at the base of the 
neck as it enters the subclavian 
vein. A large fatty meal the day 
before surgery may help with 
identifi cation of the thoracic duct. 
Both vagus nerves seen here are 
in the carotid sheath       
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 On the left side, the recurrent laryngeal nerve loops 
under the arch of the aorta and is much more protected in 
the left tracheoesophageal groove. Both recurrent laryngeal 
nerves enter the larynx through the cricothyroid membrane 
with the inferior thyroid artery and therefore should not be 
present in more cephalad exposures. The seventh cranial 
nerve (facial nerve) emerges from the stylomastoid fora-
men and crosses anteriorly into the parotid gland across the 
external carotid artery (see Fig. 6.5). Although this is in a 
very superior position in the dissection, care must be taken 
to avoid the facial nerve with any cephalad retraction. 
Important bony  landmarks are the mastoid process and the 
smaller, more pointed, styloid process, which projects off 
the temporal bone just medial to the mastoid process. The 
styloid process is the origin of the stylohyoid muscle and 
ligament. The stylomastoid foramen is just medial to the 
styloid process and serves as the exit for the facial nerve. 
The jugular foramen lies between the occipital bone and the 
temporal bone and is the exit for the glossopharyngeal, 
vagus, and accessory nerves (see Fig. 6.5). The hypoglossal 
canal in the occipital bone is the exit foramen for the hypo-
glossal nerve.      
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            1.    Preoperative preparation of the patient should include 
oral and nasal cultures. Preoperative antiseptic gargles 
and tetracycline, which were used in the past, 1  are not 
needed. No special antibiotic coverage is used for normal 
oral fl ora. 2  Standard prophylactic antibiotics are used.   

   2.    After intubation and anesthesia, perform a tracheos-
tomy. 1  Insert the short cuff tube. Position the patient 
supine with the head slightly fl exed on occipital pads. A 
more upright position can be used with certain 
precautions.   

   3.    Insert the Boyle-Davis or Mclver ENT retractor to allow 
depression of the tongue and self-retaining retraction of 
the mouth. Be certain there is adequate padding for the 
lips and teeth (Fig.  2.1 ). Place a collagen sponge into the 
nasopharynx to control drainage. For adequate visual-
ization of the posterior pharynx, usually the soft palate 
must be retracted fi rst. Retract the soft palate with soft 
rubber tubes placed through the nasal cavity and out the 
oral cavity and tie with adequate padding on the lips 
(Fig.  2.2 ).     

   4.    If adequate soft palate retraction is not obtained, the soft 
palate is incised in a curvilinear incision around the 
uvula and the cut edges are retracted with stay sutures to 
the lateral walls of the oropharynx. 1,3    

   5.    Prep the oropharynx with Betadine solution and 
 reculture.  2    

   6.    Inject the posterior pharyngeal tissue with a solution of 
lidocaine and epiphrine, which aids hemostasis.   

   7.    After palpation and X-ray confi rmation of the ring of 
C1, make a vertical incision from approximately 1 cm 
cephalad to the tip of the odontoid to 2 cm distal to the 
anterior tubercle of the ring of C1. Incise the four lay-
ers (posterior pharyngeal mucosa, superior constrictor 

muscle of the pharynx, the prevertebral fascia, and the 
anterior longitudinal ligaments) directly to bone 
(Fig.  2.3 ).    

   8.    Bluntly dissect the soft tissue off the body of C2 below 
the odontoid and off the anterior tubercle of C1 
(Fig.  2.4 ).  
   Caution:   Venous bleeding may arise from the recesses 
just lateral to the base of the odontoid. The longus coli 
muscle inserts on the anterior tubercle of C1, and sharp 
dissection may be needed to remove it.    

   9.    When needed, bluntly dissect the bone both transversely 
and vertically to expose the lateral masses of C1–C2 
(Fig.  2.5 ). Retract the cut edges of the wound with a 
blunt straight retractor to allow stay suturing or silver- 
clip attachment of the edges of the wound to the lateral 
pharynx. Self-retaining retractors may be used. 2   
   Caution:   Avoid plunging lateral to the facet joints  ( Fig.  
  2.6  ) . To avoid vertebral artery damage, do not pass a 
stay suture too deeply into the lateral pharyngeal wall.     

   10.    Closure: After the bony work is completed and good 
hemostatis is obtained, close the posterior pharynx in a 
single layer with absorbable suture.     

   Remember: 
   1.    Secure the head, pad the retractor, and do a 

tracheostomy.   
   2.    Culture and reculture.   
   3.    Palpation of the anterior tubercle of C1 may be deceptive. 

Have an X-ray cassette set up.   
   4.    Stay on the bone. Bleeding may be encountered cephalad 

to C1, lateral to the facet, and in the recesses beside the 
odontoid.   

   5.    Be careful with retractor tips and stay suture location.       

      Transoral Approach to C1–C2 

          Robert     G.     Watkins  ,   III    

 2

        R.  G.   Watkins,   III ,  MD    (*) 
  Marina Spine Center ,   Marina del Rey ,  CA, USA    
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  Fig. 2.1    The Boyle-Davis or Mclver ENT retractor is inserted to allow 
adequate retraction of the tongue. The soft palate may be incised to 
allow stay suture retraction or retracted with naso-oral soft rubber 
tubes. The posterior pharynx is opened longitudinally and bluntly dis-
sected transversely to reveal the anterior tubercle of C1       

Rubber Stay
Retractor
(Optional)

Padding
of Retractor

Uvula May
Be IncisedPacking in

Hypopharynx

Posterior
Pharyngeal
Wall

ENT Retractor

  Fig. 2.2    The operative fi eld showing the packing in the hypopharynx 
and the exposed posterior pharyngeal wall       
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  Fig. 2.3    Incise directly through the posterior pharyngeal wall, the pha-
ryngeal constrictor muscle, and the prevertebral ligaments directly to 
the anterior tubercle of C1       

Uvula

Opened
Posterior
Pharynx

Anterior
Tubercle
of C1 Sponge

  Fig. 2.4    Bluntly dissect the vertical incision laterally to expose the 
anterior tubercle of C1. The pharyngeal wall composite tissue may be 
retracted with special curved Homan-type retractors or stay sutures       

Pharyngeal Packing

C1-C2|Facet|Joint

C2-C3 Facet Joint

Body C3

Body C2

Base of|Odontoid

Ring of C1

Anterior Tubercle C1

  Fig. 2.5    The base of the odontoid and anterior tubercle of C1 visualized in the depths of the wound after suffi cient soft tissue dissection       

  

 

2 Transoral Approach to C1–C2



10

  Fig. 2.6    Vertebral arteries lateral to the facet joints       
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            1.    Preoperative otolaryngologic evaluation of upper airway 
anatomy and velopharyngeal competence using a fl exi-
ble nasopharyngoscope is obtained. Magnetic reso-
nance imaging (MRI) and computerized tomography 
(CT) scanning of the craniocervical junction (CCJ) are 
done to defi ne the location and extent of the lesion as 
well as cervicomedullary junction compression 
(Fig.  3.1 ). Dynamic fl exion and extension radiographs 
of the cervical spine are used to document preoperative 
instability. Vertebral artery angiograms are not per-
formed routinely.    

   2.    The patient is placed in a supine position on the operat-
ing table with a May-fi eld headrest with the head slightly 
fl exed. The electrodes for somatosensory evoked poten-
tial monitoring are attached to the patient. Orotracheal 
intubation is performed using an oral RAE tube, which 
is secured in the midline. Rarely, tracheotomy is per-
formed if oral intubation cannot be done. Nasotracheal 
intubation under fl exible endoscopic guidance is 
avoided, as the nasotracheal tube compromises surgical 
exposure. [ 4  ,   5 ]   

   3.    The face and neck are prepared in the usual sterile fash-
ion. During draping no metal clamps are used because 
they may interfere with identifi cation of the interverte-
bral spaces by intraoperative radiographic imaging. 
The oral cavity and oropharynx are rinsed with Peridex 
using a sterile toothbrush. A specially designed retrac-
tor (Spetzler/Sonntag Transoral System; Aesculap, San 
Francisco, CA) is used for this approach (Fig.  3.2 ). 
The ball-and-socket joint of the assembly is secured to 
the bedrail, near the level of the neck-shoulder inter-
face. The two-piece vertical bar from the fi xation bar 

 assembly is attached through the ball-and-socket joint. 
The horizontal bar is inserted into the vertical bar. 
The mouth gag with ratchet is carefully inserted into the 
oral cavity without causing injury to the mucosa, teeth, 
lips, or gum (Fig.  3.3 ). A tongue blade of appropriate 
size is inserted into the mouth gag with the ratchet por-
tion of the blade interfacing with the ratchet portion of 
the mouth gag. The endotracheal tube is placed in the 
groove of the tongue blade. The tongue blade is released 
every half- hour during the entire procedure to prevent 
ischemia and edema of the tongue. Patients receive 
perioperative antibiotics and decadron to reduce the 
chances of oropharyngeal edema. If the transoral system 
is not available, a Dingman mouth gag can be used for 
adequate exposure.     

   4.    The soft palate, posterior portion of the hard palate, and 
the posterior pharyngeal wall are infi ltrated with 1 % 
lidocaine with 1:100,000 epinephrine. Using a scalpel, 
the soft palate is divided in its midline extending from the 
hard palate to the base of the uvula, and then deviating to 
one side of the uvula (Fig.  3.4a ). Bleeding is controlled 
by using bipolar cautery. Alternatively, splitting of the 
soft palate is done by using bipolar scissors (Ethicon; 
Johnson & Johnson, Somerville, NJ) [ 6 ]. Unipolar cau-
tery is never used to split the palate as this may interfere 
with restoration of palatal function and may increase the 
chance of wound dehiscence. The split soft palate is then 
retracted laterally using 2–0 silk stay sutures, exposing 
the posterior pharyngeal wall widely.    

   5.    The openings of both eustachian tubes in the lateral pha-
ryngeal walls are identifi ed. Using a #15 blade on a long 
handle, an “H” incision is made on the posterior pharyn-
geal wall (Fig.  3.4b ). Care is taken not to injure the eusta-
chian tubes. The vertical limbs of the H incision are placed 
as far lateral as possible. These limbs are not parallel, 
because the upper part of the posterior pharyngeal wall at 
the level of the Eustachian tube openings is narrower. 
The horizontal limb of the H incision is placed at the level 
of the soft palate. The incisions are then carried through all 

      Transoral–Transpharyngeal Approach 
to the Cervical Spine 

          Uttam     K.     Sinha       and     Srinath     Samudrala    
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the layers of the pharyngeal wall. Two broad- based 
 pharyngeal myomucosal fl aps are then elevated superiorly 
and inferiorly (Fig.  3.4c ). The upper fl ap is elevated up to 
the pharyngeal tubercle in the midportion of the clivus. 
The inferior fl ap is elevated up to the level of the inferior 
border of the body of C3. Meticulous hemostasis is 
achieved with bipolar cautery and irrigation. The upper 
fl ap is isolated from the surgical fi eld in the nasopharynx 

with two silk stay sutures, which are brought out with red 
rubber catheters through the nostrils and tied lightly 
against the anterior nasal septum. The lower fl ap is pro-
tected under the tongue blade (Fig.  3.4d ).   

   6.    The fi xation bar joints of the transoral system are now 
loosened to allow repositioning for alignment to the cou-
pler on the mouth gag. The mouth gag is then assembled 
to the fi xation bar using the quick-connect coupling 

  Fig. 3.1    Magnetic resonance imaging (MRI) of the cervical vertebra 
shows a metastatic lesion at the craniocervical junction with compres-
sion of the spinal cord       

  Fig. 3.2    Spetzler/SonntagTransoral System.  1  = Mouth gag with 
ratchet (2);  3   =  tongue blade;  4   =  a pair of adjustable, low-profi le pha-
ryngeal retractors;  5  = clamps on the mouth gag for holding the pharyn-
geal retractors in position;  6   =  a portion of the mouth gag that is attached 
to the fi xation bar (not shown) using quick-connect coupling       

  Fig. 3.3    The mouth gag with 
ratchet is carefully inserted into 
the oral cavity without causing 
injury to the mucosa, teeth, lips, 
or gum       
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(Fig.  3.3 ). Care is taken not to press the patient’s chest 
with the mouth gag. The fi xation bar joints are tightened 
for stable fi xation of the head. The adjustable, low- profi le 
pharyngeal retractors are placed in the mouth, and the 
length is adjusted by turning the set screw at the proximal 
end of the retractor. The retractors are positioned to 
retract the cheeks and lateral pharyngeal walls [ 7  ,   8 ].   

   7.    Positions of the intervertebral spaces are identifi ed and 
confi rmed by radiographic imaging after placement of 

spinal needles in these spaces (Fig.  3.5 ). Under the 
 operating microscope, attachment of the longus coli 
muscle and the anterior longitudinal ligament is released 
by blunt and sharp dissection. The dissection is contin-
ued until the inferior clivus, lateral masses of C1–C2, 
and body and transverse processes of C3 are exposed.    

   8.    The pharyngeal arms of the transoral system are reposi-
tioned to retract the prevertebral soft tissue. All bleeding 
sites (particularly venous bleeding from the lateral 

  Fig. 3.4    Schematic diagram shows the steps of the modifi ed transoral-
transpharyngeal approach to the craniocervical junction.  1  = midline 
curvilinear incision through the soft palate;  2  = “H” incision on the pos-
terior pharyngeal wall with the horizontal limb at the level of the soft 

palate;  3   =  interiorly and superiorly based myomucosal fl aps are ele-
vated to expose the craniocervical junction; 4 = the fl aps are isolated in 
the nasopharynx and under the tongueblade       
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recesses just lateral to the base of the odontoid) are 
meticulously cauterized using bipolar cautery and irri-
gation. Drilling of the arch of the atlas and the odontoid 
process is performed with an ultrapower diamond burr 
and continuous irrigation. Soft tissue or tumor, as indi-
cated, is removed by sharp and blunt dissection until 
decompression of the CCJ is complete. If the dura is 
opened, primary closure is performed, followed by 
placement of fascia and fi brin glue deep to the myomu-
cosal closure.   

   9.    Both the upper and lower myomucosal pharyngeal fl aps 
are released from the nasopharynx and retractor, respec-
tively. The horizontal limb of the H incision is closed 
fi rst in a watertight fashion using interrupted absorbable 
sutures followed by the vertical limbs.   

   10.    The soft palate is approximated carefully in three layers. 
The mucosa of the naso- and oropharyngeal surfaces 
and the muscles are sutured by interrupted absorbable 
stitches (Fig.  3.6 ). Fibrin glue is applied to the pharyn-
geal suture lines. A feeding tube is carefully introduced 
nasally under direct visualization through the area of the 
closed incisions.    

   11.    On the basis of assessment of airway edema, the patient 
is either extubated in the operating room or transported 
to the intensive care unit, with subsequent extubation 
when deemed appropriate. Neurologic function and 

airway are observed in the intensive care unit. 
Intravenous antibiotics are given for 24 hours after sur-
gery, and nasogastric nutritional support is started the 
morning of the fi rst postoperative day.   

   12.    Head immobilization, if necessary, is achieved with a 
hard or soft cervical collar or halo. Postoperative stability 
is later assessed by fl exion-extension radiologic studies. 
A staged posterior stabilization, if indicated, is planned 
accordingly. If the likelihood of postoperative instability 
is high, the posterior stabilization is performed immedi-
ately after completion of the anterior approach with the 
patient under the same anesthetic.   

   13.    Speech pathology evaluation and modifi ed barium swal-
low studies are performed to assess velopharyngeal 
competence 1 week after surgery (Fig.  3.7 ). Oral feeding 
is resumed if these studies do not show velopharyngeal 
insuffi ciency or aspiration.         

  Fig. 3.7    Postoperative modifi ed barium swallow study shows no evi-
dence of velopharyngeal incompetence or aspiration       

  Fig. 3.5    Positions of the intervertebral spaces are identifi ed and con-
fi rmed by radiographic imaging after placement of spinal needles in 
these spaces       

  Fig. 3.6    The soft palate is approximated carefully in three layers, and 
a nasogastric tube is carefully placed       
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        Lesions placed anterior to the neuraxis are best approached 
anteriorly to minimize traction and further trauma on what 
may well be an already compromized structure. Although 
this concept is applied regularly in most spinal pathology, 
there has been understandable reluctance to apply this prin-
ciple to pathology of the clivus, craniocervical junction, and 
upper two cervical vertebrae. The advent of microsurgical 
techniques, instruments designed specifi cally for transoral 
approaches (in particular), improvements in critical care and 
anesthesia, and perhaps most important, modern imaging 
have facilitated an anterior approach. 

 This chapter briefl y discusses the relevant anatomy, 
appropriate investigation, and anterior approaches in gen-
eral. The majority of the discussion centers on transoral 
 surgical techniques, the approach most frequently used for 
the ventral midline pathology referred to this unit. 

    Surgical Anatomy 

 A thorough knowledge of the anatomy of the craniocervical 
junction and its variations is vital to operative success in this 
area, and the reader is urged to study some of the many 
detailed anatomical reviews available in the literature [ 1  –  4 ]. 

 The craniocervical junction is bounded by the ventral rim 
of the foramen magnum, the occipital condyles, the arch of 
C1, the odontoid peg, and the base of the second cervical 
vertebra (Fig.  4.1 ). At the arch of C1, the vertebral artery is 
24 mm from the midline, whereas at the C2–C3 disc and the 
ventral rim of the foramen magnum it lies 11 mm from 
the midline. The distance between the foramen magnum and 
the base of C2 is about 40 mm and that between the lateral 
masses of C1 is 27 mm. The wedge-shaped clivus is 

38–42 mm long, 22 mm wide, and 4 mm thick at the foramen 
magnum and 20 mm thick dorsal to the pituitary fossa 
(Fig.  4.2 ). Rostrally, the unprotected “knuckle” of the carotid 
as it leaves the petrous canal to enter the cavernous sinus is 
11 mm from the midline arch of C1 (Fig.  4.3 ). To this are 
attached the longus coli muscles and the anterior longitudi-
nal ligament. A midline raphe can be seen extending to the 
tubercle. Above this are attached the longus capitis and rec-
tus capitis anterior muscles; dorsal to them lies the pharyn-
gobasilar fascia. The vertebral arteries run about 14 mm on 
each side lateral to the tubercle. Deep to the bones are the 
tectorial membrane, the posterior longitudinal ligament, 
and the dura, which is often attached to the ventral rim of the 
foramen magnum. Within this exposure,  provided that 
there is no rotation of C1 , there are no major neural or vas-
cular structures that cross the operative fi eld (it should be 
noted, however, that venous bleeding can be encountered 
from the dural marginal sinus and bony diploic channels in 
the clivus).     

    Basic Indication 

 Details of each surgical procedure are discussed later, but 
broad defi nitions follow. In the absence of basilar invagina-
tion, a transoral approach with elevation of the soft palate will 
allow access to the arch of C1 and the odontoid peg. A mid-
line split of the soft palate will gain the access to the anterior 
aspect of the foramen magnum. A division of the hard and 
soft palate will gain access to the lower half of the clivus but 
has such limited lateral extension because of the upper teeth 
that it is now used very little. The extended “open door” max-
illotomy (a combination of the Le Fort 1 osteotomy and a 
midline palatal split) will provide access from the sphenoid 
down to C3; this surgical procedure was developed in 
response to the challenge posed by basilar invagination. 
A transmandibular, transglottic approach is combined with a 
posterior approach for 360-degree eradicational surgery for 
tumors of the upper cervical spine.  

      Ventral Approaches to the Clivus, 
C1, and C2 
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    Radiologic Investigations 

 Plain lateral fi lms of the craniocervical junction in fl exion 
and extension (Fig.  4.4 ), together with an anteroposterior 
view (including a good view of the peg), allow for  assessment 
of the bony limitations of the surgical fi eld and provide a 
baseline for subsequent rapid offi ce assessment. Magnetic 
resonance imaging (MRI) provides exquisite soft tissue 
images (Fig.  4.5 ), but computed tomography (CT) and par-
ticularly computed myelography [ 5 ] still provide the most 
accurate means of identifying bony abnormalities and also 
provide absolute measurements of the structures involved. 
These methods also afford easy assessment of the craniocer-
vical angles and the angle of the neuraxis. New software 
packages now allow the generation of sophisticated three- 
dimensional surfaces, rendering images that can be evaluated 
from any angle. Vertebral angiography is required to outline 
tumor circulation or as part of a trial vertebral artery occlu-
sion by balloon.    

    Preoperative Assessment for Transoral 
Surgery 

    The Mouth 

 Paramount to success in transoral surgery is the careful preop-
erative assessment of the oral cavity and its contents. The most 
important of these factors is the amount of mouth opening; 

  Fig. 4.1    Surgical anatomy of the 
craniocervical junction. If there 
is no rotation or signifi cant lateral 
mass destruction, a direct midline 
approach will not encounter 
major hazards       
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  Fig. 4.2    Normal craniocevical junction: the clivoaxial angle is about 
130 degrees       
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if the interdental distance is less than 25 mm with the patient’s 
mouth as wide open as possible, then a conventional transoral 
procedure is unlikely to be successful. In such a case, transoral 
surgery may be accomplished by splitting the symphysis of 
the mandible in the midline and laterally retracting the two 
parts of the mandible to allow inferior retraction of the tongue. 
An alternative is bilateral division of the mandibular ramus 
and subsequent titanium plate fi xation. The patient’s dentition 
is a potential source of sepsis, a situation analogous to cardiac 
valve surgery, and a preoperative referral for dental assess-
ment and treatment is often required, particularly in the case of 
patients with rheumatoid arthritis. 

 Before surgery, bacteriologic swabs of the nasal and oro-
pharyngeal cavity are taken. Should an unusual organism be 
identifi ed or postoperative infection occur, the results of 
these swabs are used for initial guidance. In the absence of 
such an event, this unit’s policy is to administer Cefuroxime 
and Metronidazole with the induction of anesthesia and for 
48 hours postoperatively. Long-term pre- or postoperative 
antibiotic use increases the risk of fungal and bacterial super-
infection and should be avoided. The problem posed by the 
edentulous patient is discussed later.  

    General Physical Evaluation 

 Many of the patients presenting for surgery have multiorgan 
disease (particularly those with rheumatoid arthritis), and a 
detailed assessment of their general condition is important. 

  Fig. 4.3    Dissection of the craniocervical junction. The anterior arch of 
the atlas and most of the clivus and dura have been removed. The close 
relationship of the vertebrobasilar system, the lower cranial nerves, and 
the carotid arteries can clearly be seen       

  Fig. 4.4    Plain lateral radiographs of the cervical spine in a patient with rheumatoid arthritis show atlantoaxial subluxation and a step at the C2–C3 
junction       
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Pulmonary function may be impaired by direct pressure on 
the brainstem or the effects of the disease or its treatment 
directly on the lung parenchyma. For this reason, we rou-
tinely assess the vital capacity, arterial blood gases, and oxy-
gen saturation of our patients. Sleep studies are often 
performed. In general terms, those patients with a vital 
capacity less than 1.2 L may have problems coming off arti-
fi cial ventilation postoperatively. Cardiac and renal function 
also require careful assessment, and again the possible effect 
of the patient’s medication on these organ systems is stressed, 
for example, steroids and cytotoxic agents in rheumatoid 
arthritis.  

    Electrical Studies 

 Somatosensory evoked potentials (SSEP) and motor evoked 
potentials (MEP) have been performed on some patients, but 
generally very large changes have not been seen in central 
conduction time despite marked radiologic compression and 
striking postoperative recovery of function. Perioperative 
assessment remains diffi cult and of more value in posterior 
upper cervical spine surgery.   

    Anesthesia 

    Airway 

 The key to success in managing the airway during and after 
a transoral procedure is the development of a policy that 
refl ects local experience and best practice. Although nearly 

100 % of this unit’s early transoral cases underwent a 
 tracheostomy, this fi gure is now closer to 15 %. The Phoenix 
group consistently use an orotracheal tube [ 6 ], but our own 
preference is a nasotracheal airway [ 7 ]. The main objection 
to orotracheal intubation is not obstruction of the operative 
fi eld but rather the need to remove it postoperatively because 
it causes extreme discomfort in the conscious patient, we 
remain unhappy about changing from one form of airway to 
another in the immediate postoperative period. With any 
instability of the craniocervical junction, fi beroptic nasotra-
cheal intubation is employed in the awake patient. A trache-
ostomy is used only in those patients for whom long-term 
ventilatory problems are expected or in those for whom an 
extended maxillotomy is planned.  

    Ventilation 

 Tidal volume, respiratory rate, oxygen saturation, and end- 
tidal CO 2  have proved to be the most immediate indices of 
brainstem compression. Thus, during critical anterior and 
posterior surgical maneuvers muscle relaxation is reversed 
and the patient is allowed to breathe spontaneously.  

    Diversion of Gastric Contents 

 A nasogastric tube is inserted preoperatively, fi rst because it is 
easier to do so before pharyngeal surgery and second to allow 
emptying of the stomach in the immediate postoperative 
period to prevent gastric contents from soiling the wound. 
In the extended “open door” maxillotomy, a pharyngogastric 
tube has been used in place of the nasogastric tube; it is passed 
into the stomach in the usual way and a stab incision made into 
the lateral fauces to one side through which the tube is pulled. 
More recently, we have used a per entral gastrotomy tube 
(PEG) passed 2 to 3 days before the operation.   

    Surgery 

    Positioning and Instrumentation 

 The lateral position with the head held in a Mayfi eld retractor 
[ 8 ] confers several advantages. Blood and washings drain 
away from the operative site, the operator may be seated and 
comfortable for an exacting procedure, and it is possible to 
perform an anterior decompression and a posterior fi xation 
with the patient fi xed in one position, minimizing risks to the 
neuraxis. This position does require some “relearning” of the 
anatomy, and it may be advisable to evaluate any doubtful 
anatomy with the patient supine and the aid of needle mark-
ers. If the head can be placed in slight extension, this will 

  Fig. 4.5    Axial T 2  weighted magnetic resonance imaging (MRI) shows 
a skull base chordoma compressing the brainstem       
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make the craniocervical junction slightly more accessible in 
patients with complex congenital malformations or tumor. 

 An integrated transoral system of gags and retractors 
(Codman and Shurtleff, Randolph, MA) with bayoneted 
instruments of the appropriate length has allowed the proce-
dure to become routine in many centers. The advantages 
conferred by the use of an operating microscope (coaxial 
lighting and stereoscopic vision) are essential for all but the 
simplest transoral procedures.  

    Transoral Odontoidectomy 

 The mouth is cleaned with an aqueous solution of chlorhexi-
dine. Hydrocortisone ointment (1 %) is applied liberally to 
the mouth and lips to prevent postoperative swelling; follow-
ing this the transoral retractor is inserted with a tongue 
blade of suitable length. If the patient’s dentition is defi cient 
in the upper jaw (or loose teeth are present), a gum guard 
made from fl exible dental cement may be fashioned to fi t 
over the teeth. The edentulous patient with mandibular 
resorption is a diffi cult problem in that the retractor may keep 
slipping; in these cases placing packing under the handle of 
the tongue blade may help. It is important to ensure that the 
tongue is not caught between the lower teeth and the tongue 
retractor and that the mouth is opened as far as possible. 
The soft  palate is now “hooked up” on its nondependent 
aspect (the patient is in the lateral position) using the curved 
soft palate retractor, which is in turn fi rmly attached to the 
transoral retractor with a locking nut. The other soft palate 
retractor (modifi ed specially to a right angle) is used to 
retract the nasotracheal and nasogastric tube out of the oper-
ative fi eld into the dependent tonsillar fauces. 

 The surgical key to this area is the  tubercle on the anterior 
surface of C1.  If diffi culty is encountered in defi ning this 
structure by its surface landmarks, the surgeon should not 
hesitate to request intraoperative radiography. The area to be 
incised is infi ltrated with lidocaine and a 1:200,000 solution 
of adrenaline to reduce mucosal bleeding and separate out 
the tissue planes. A midline incision centering on the tuber-
cle of C1 is now made and the edges of the incision separated 
with the pharyngeal retractor, converting the slit into a hexa-
gon (Fig.  4.6 ). It can now be seen that the two blades of the 
pharyngeal retractor, the tongue blade, and the soft palate 
blades form a “ring of steel” to protect the pharyngeal 
mucosa from inadvertent injury during surgery; undamaged 
pharyngeal mucosa remains the key to good postoperative 
healing. Using the cutting monopolar diathermy or the 
Nd-Yag laser, the longus coli muscles and the anterior longi-
tudinal ligament are separated from their attachments to the 
arch of C1. An angled, high-speed air drill with a 3- to 4-mm 
cutting burr is used to remove cancellous bone, switching to 
a diamond burr when cortical bone appears. To expose the 

odontoid peg, 12 to 15 mm of the anterior arch of C1 is 
removed; if the pathology is below C1 or the odontoid peg is 
defi cient, then the arch of C1 may be left intact to prevent 
lateral displacement of the C1 lateral masses and subsequent 
craniocervical instability. Even if the arch of C1 is removed, 
the transverse ligament can be maintained as a “tie beam” to 
hold the ring together and thus avoid lateral displacement of 
the lateral masses.  

 With the arch removed, the odontoid peg is now defi ned 
and removed by fi rst hollowing it out until “transparent” and 
then using the 1- and 2-mm Kerrison upcuts to remove the 
rest of the thinned-out bone (Fig.  4.7 ). If the posterior liga-
mentous structures are exposed too early, soft tissues may 
herniate through the dura, distended epidural veins may 
bleed, and there is risk of a dural tear. If there is only slight 
translocation, excision of some of the rim of the foramen 
magnum may not be necessary; head extension may allow 
presentation of the tip of the dens. Alternatively, the peg may be 
divided at its base, grasped with specially designed forceps, 
and pulled down into the operative fi eld out of the foramen 
magnum; these forceps are also used to hold the unstable dens 
while it is being drilled out. The apical and alar ligaments are 

  Fig. 4.6    Transoral incision showing the structures exposed and the 
protective “ring of steel” provided by the retractor system       
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stretched and divided because they are attached to the tip of 
the dens. Bony decompression may be continued down to the 
C2–C3 disc space; if this space is entered, the disc must be 
removed and cortical bone exposed on the upper surface of 
C3. It is important to note that at this level of dissection the 
vertebral artery is at risk of injury.  

 In general terms, a reasonable decompression has been 
effected when the surgeon can see around the “equator” of 
the dural sac on both sides. The tectorial membrane and the 
posterior longitudinal ligament are removed if they are thick-
ened and distorting the dura, although if good dural  pulsations 
are seen after the bony decompression, they are left intact. 
Extradural tumor is removed piecemeal using suction, bayo-
neted curettes (Carlin), and the angled dissector (Crockard). 
The laser has a role to play in excision and hemostasis, but 
the currently available ultrasonic dissectors remain too bulky 
to be of use in this area. Closure below the foramen magnum 
is with two layers of interrupted Vicryl sutures, one for the 
muscle layer (the superior constrictor and the pharyngobasi-
lar fascia) and the other for the mucosa. An incision into the 
midline raphe of the soft palate, sparing the uvula to one 
side, will allow good exposure of the anterior rim of the fora-
men magnum. This incision should be carefully closed in 
two layers.  

    Extended “Open Door” Maxillotomy 

 The extended “open door” maxillotomy was designed for 
access to the most severe examples of basilar invagination 
and for radical excisions of tumors of the clivus and upper 
cervical spine (Fig.  4.8 ). A Le Fort 1 horizontal mucoperi-
osteal incision is made in the upper gingival margin to 

expose the maxillary buttress and the bone above the dental 
apices; this extends from the fi rst molar tooth on each side. 
A preoperative orthopantomogram will accurately identify 
the dental roots. Titanium miniplates, held in position with 
titanium screws (Leibinger, Muhlheim-Stetten, Germany) 
are screwed into the maxillary buttress and the alveolar mar-
gin such that they avoid the dental apices. Two additional 
plates may be inserted posteriorly at the third molar buttress 
of bone. The plates are then removed and a saw cut made 
along the line described. The upper alveolar margin and pal-
ate are downfractured into the mouth, the vomer divided, and 
the inferior turbinates incised and refl ected laterally or, if 
particularly large, removed. The two halves of the palate 
survive on blood supply derived from the mucosa and the 
alveolar branches    of the maxillary artery on both sides; 
retraction on the palatal fl aps is released from time to time to 
ensure vascular perfusion. As much mucosa as possible is 
preserved to act as cover in the postoperative period. The 
oscillating saw is used to divide the hard palate in the mid-
line between the upper two medial incisors. The hard palate 
retractor is now inserted and the maxillotomy plate applied 
to the transoral upper gum guard, allowing it to act as coun-
tertraction on the cut surface of the maxilla, with the tongue 
retractor pulling down on the tongue and lower jaw. The pha-
ryngeal retractors are inserted to hold apart he soft palate and 

  Fig. 4.7    Excision of the odontoid peg following division of the inser-
tion of longus coli and the anterior longitudinal ligament into the C1 
tubercle       

  Fig. 4.8    View of the craniocervical junction following an extended 
maxillotomy       
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the pharyngeal incision. The mucosa over the clivus is 
divided, separated laterally, and protected behind the hard 
palate and pharyngeal retractors to ensure that there is ade-
quate tissue for closure. The angled high-speed air drill and 
Kerrison upcuts are used as was described for removal of the 
dens to thin down the clivus and expose the dura. Diploic 
channels may be encountered, leading to brisk bleeding that 
can be controlled with bone wax. 

 The mucosa is apposed in a single layer of interrupted 
absorbable sutures above the foramen magnum and in two 
layers below it. The palate is now repositioned and held in 
place with the titanium miniplates. The two portions of the 
posterior hard palate are wired together, and further com-
pression achieved by wiring the upper medial incisor teeth. 
The soft palate is closed in two layers and the mucosa over 
the hard palate is one layer.  

    Transmandibular Transglottic Approach 

 Occasionally, a transmandibular approach (splitting the man-
dible at its symphysis), often used in combination with a 
transglottic approach, is required to gain access to tumor at 
C1 or C2 (Fig.  4.9 ). Division of the tongue in the midline 
with cutting diathermy controls the blood loss that would 
otherwise considerably obscure the operator’s view of the 

operative fi eld. In combination with a posterior approach, 
this technique allows a total vertebrectomy for tumor of the 
upper cervical spine.    

    Technical Problems 

    Bleeding 

 Epidural bleeding, bleeding from venous sinuses, and bleed-
ing from any cut bone surface can be troublesome. Rapid and 
widespread exposure of the area will take the pressure off 
these veins and allow them to be coagulated by diathermy or 
laser. Bleeding may also be controlled with bone wax, the 
use of the diamond burr, and Surgicel when appropriate. 
Bleeding from inadvertent straying into the vertebral artery 
can be a major problem, but control can be achieved in the 
vertebral foramen with bone wax and Surgicel. Ultimately, 
an endovascular balloon occlusion may also be necessary. 
Intradural bleeding is extremely diffi cult to control and is to 
be avoided if at all possible.  

    Intradural Surgery 

 Cerebrospinal fl uid (CSF) leakage may occur, particularly in 
the severely translocated odontoid peg, which may have 
transgressed the dura or, in the case of a tumor, may exhibit 
some element of intradural extension. If there is a possibility 
of a breach of the dura, it is advisable to insert a wide-bore 
lumbar drain after the induction of anesthesia (after a CSF 
leak the catheter may be very diffi cult to insert). Lumbar 
drainage is continued for up to 5 days if a leak occurs (10–
20 mL/h), primarily to reduce the hydrostatic pressure on the 
wound and second to remove blood and surgical debris 
[ 10  ,  11 ]. If there is a very large hole in the dura, the drain is 
converted into a shunt about 1 week after surgery. The reduc-
tion of CSF pressure over the period of 1 month is usually 
enough to produce permanent waterproof closure. Dural clo-
sure is very important if meningitis is to be avoided but is 
diffi cult because of the poor quality of the dura in the area of 
the rostral clivus, especially when stretched or breached by 
tumor. Our unit has tried a variety of approaches [ 12 ], and 
the current policy is as follows: a multilayer closure with 
thrombin fi brin glue (Tisseal; Immuno, Austria), dermal fat, 
and fascia is fi rst constructed. Over this multilayer closure, 
mucosal fl aps carefully mobilized from the nasal septum are 
trimmed and rotated to cover a denuded sphenoid sinus and 
the upper one- third to one-half of the exposed clival area; the 
mucosal fl aps are approximated over with Vicryl sutures and 
held in place with nasal packs. Elsewhere, the presence of 
good mucosal layers allows the pharyngeal tissues to be 
closed in one or two layers over the dural graft.  

  Fig. 4.9    Transmandibular transglottic approach       

 

4 Ventral Approaches to the Clivus, C1, and C2



24

    Accurate Replacement of the Upper Jaw 

 Accurate replacement of the upper jaw is critical if the 
patient is to be spared the considerable discomfort and dis-
tress that will result from dental malocclusion. This accuracy 
is achieved as a result of positioning the titanium miniplates 
before making the saw cut in the maxilla.  

    Craniocervical Stability 

 Postoperative stability remains an important question. In some 
cases, such as translocation in rheumatoid arthritis, it is obvi-
ous that the lesion is unstable at the time of the procedure; in 
such cases our practice is to perform a posterior fi xation at the 
same time as the anterior decompression [ 8 ] In other condi-
tions where stability seems reasonable, such as some congeni-
tal malformations, the anterior procedure is performed and 
then after 2 or 3 weeks dynamic scanning is carried out to 
assess craniocervical junction stability. These examinations 
are repeated every 3 and 6 months in case there is late acquired 
instability. 

 Whether fi xation or fi xation and fusion is used remains 
controversial; anterior bone grafting and fusion is recom-
mended by some authors [ 13  ,   14 ] In our experience little 
or none of the bone that has been grafted anteriorly is iden-
tifi able by computed tomography (CT) 1 year later. As a 
result, the policy is now to perform some form of posterior 
procedure. If the problem is atlantoaxial subluxation in an 
“end- stage” rheumatoid patient, then the occiput is 
included in the fi xation that employs a Ransford loop 
(Surgicraft, Stoke on Trent, UK) or a Ti frame (Codman) 
(Figs.  4.10 ,  4.11 ), with sublaminar titanium wires around 
C1, C2, and perhaps C3 and through holes made in the 
occiput (this is safer than passing wires around the rim of 
the foramen magnum). In view of the high incidence of 
nonfusion of bone graft observed in these patients (even in 
posterior fusion), the additional trauma of harvesting the 
graft did not seem justifi able, and a policy of fi xation with-
out bone fusion has been pursued successfully in these 
patients for more than 10 years [ 8 ]. In patients with a prog-
nosis longer than 1 year, then bone grafting would be rou-
tinely used.   

 In patients with good quality bone posteriorly, a C1–C2 
fi xation using lateral mass/transarticular screws (combined 
with a Gallie fusion) or a Ti frame is commonly used. 
Occasionally, bone graft is inserted without instrumentation 
and the patient is placed in a halo body jacket for 3 months. 
Stiffness remains a major problem with the Ransford loop, 
although another problem posed by instrumentation, that of 
interference with follow-up on magnetic resonance imaging 
(MRI) may soon be overcome with the advent of titanium 
implants.  

  Fig. 4.10    Transarticular screws with interspinous wiring       

  Fig. 4.11    A Ti frame used for postoperative stabilization of the cervi-
cal spine       
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    Dislocation of the Mandible 

 The mandible may become dislocated during the procedure, 
this problem should be checked at the end of the procedure 
when it is easily corrected, thus avoiding discomfort for the 
patient and the need for another general anesthetic.  

    Pharyngeal Function 

 Velopharyngeal dysfunction (VPD) manifesting as a hyper-
nasal voice, nasal regurgitation, and dysphagia may be a sig-
nifi cant problem. Although not well understood, this sequela 
is related at least in part to an increased pharyngeal dead 
space after tumor resection and also scarring of the soft pal-
ate and pharynx [ 12  ,   15 ] Many patients present with some 
degree of bulbar dysfunction caused by their underlying 
pathology; these should be investigated preoperatively with a 
video swallow as they may deteriorate signifi cantly postop-
eratively and require a tracheostomy/gastrostomy for some 
months. Patients with signifi cant VPD should be identifi ed 
and treated early with velopharyngeal surgery or prostheses 
in an attempt to minimize long-term instability.   

    Postoperative Management 

    General Mouth and Nasal Care 

 Great care is taken with the mouth and nose. Hydrocortisone 
cream is applied at the end of the procedure and every 6 hours 
for the fi rst 2 postoperative days. General mouth care is given 
every 4 hours; no food is given by mouth for 5 days, and gas-
tric and tracheal secretions are diverted. Oronasal fi stulae 
may occur, particularly at the junction of the hard and soft 
palate, but these heal well with regular applications of 
Whitehead's varnish. Any nasal packs should be left in place 
for 5 days.  

    The Airway 

 The airway is not removed if there is any problem with 
respiration or with tracheal secretions. The tube can usually 
be removed after 24 to 48 hours when a lateral cervical X-ray 
has confi rmed the lack of posterior pharyngeal swelling.  

    Nasogastric/Pharyngogastric Tube 

 The tube is kept for at least 5 days for feeding and diversion 
of gastric contents; feeding is commenced on the resumption 
of bowel sounds.  

    Antibiotics 

 Cefuroxime and Metronidazole are continued for 2 days.  

    Antiemetics 

 Metoclopramide is administered every 6 hours for 2 days, 
and an H 2  antagonist is used to reduce gastric acidity.  

    Analgesia 

 An infusion pump is used to deliver a slow continuous 
 morphine dose with a careful check on respiratory rate.  

    Physiotherapy 

 Chest physiotherapy and mobilization are most important, and 
the patient is usually sitting up out of bed within 48 hours.   

    Conclusion 

 Transoral procedures, although uncommon, have an important 
role in the treatment of craniocervical junction anomalies 
and are best performed by a team of surgeons and anesthe-
tists who are familiar with this complex and demanding form 
of skull base surgery.     
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            1.    The standard approach is from the left side to avoid the 
recurrent laryngeal nerve. Rotate the head to the right 
and infl ate the cervical pillow to support the head and 
neck. The necessity for intraoperative traction is deter-
mined by the pathologic lesion. When necessary, use 
Gardner Wells tong traction rather than the halter.   

   2.    Make the skin incision transversely starting one fi nger-
breadth from the midline below the mandible and pro-
ceed laterally, curving around the angle of the mandible 
posteriorly across the mastoid process (Fig.  5.1 ). For a 
pathologic process that extends to C3 or below, make the 
skin incision along the anterior border of the sternoclei-
domastoid muscle, extending it cephalad and curving in 
a similar manner across the mastoid process.    

   3.    Incise the layer of the platysma muscle, inserting small 
spring retractors in the subcutaneous tissue. Open the 
platysma muscle along the line of the incision and retract 
it in a similar manner. The greater auricular nerve and 
anterior cervical nerve are branches of the ansa cervica-
lis that course around from the posterior edge of the ster-
nocleidomastoid muscle, crossing the muscle for 
distribution to the auricular and mandibular skin. 
Preserve these nerves when possible [ 1 ].   

   4.    Identify the medial border of the sternocleidomastoid 
muscle. To facilitate this identifi cation use scissors to 
incise the superfi cial investing fascia. To locate the 
carotid sheath, palpate the carotid pulse. Use fi nger dis-
section and blunt right-angle blade retraction to develop 
the incision medial to the sternocleidomastoid muscle 
and the carotid sheath and lateral to the musculovisceral 
column (strap muscles, esophagus, and trachea).   

   5.    If needed for additional exposure, divide the anterior 
third of the insertion of the sternocleidomastoid muscle 
from the mastoid process. Leave suffi cient fascial tissue 
to reattach the muscle when closing the wound [ 2 ].   

   6.    Palpate the carotid pulse and deepen the incision medial 
to the carotid sheath and the sternocleidomastoid muscle 
through the middle cervical fascia with blunt, longitudinal 
fi nger dissection and scissors.   

   7.    The neurovascular structures crossing from lateral to 
medial are found in this layer.   

   8.    Identify the superior thyroid artery and vein. The supe-
rior thyroid artery arises from the external carotid artery 
at approximately the level of the hyoid bone. It crosses 
through the carotid triangle, arches deep to the strap 
muscles, and enters the lateral superior aspect of the thy-
roid gland. Retract the superior thyroid artery and vein 
inferiorly (Fig.  5.2 ).    

   9.    Identify and retract the hypoglossal nerve (Fig.  5.3 ). 
The hypoglossal nerve is found passing from lateral to 
medial superfi cial to the external carotid, lingual, and 
facial arteries. The hypoglossal nerve exits the skull in 
close proximity to the vagus nerve and courses between 
the internal carotid artery and internal jugular vein, 
becoming superfi cial at the angle of the mandible. After 
its usual point of identifi cation over the arteries, it passes 
deep to the tendon of the digastric muscle and stylohy-
oid muscle for distribution to the muscles of the tongue. 
The hypoglossal nerve is retracted cephalad, and the 
superior thyroid artery and vein are usually retracted 
caudad.  
   Caution:   Be positive of the identifi cation of the hypo-
glossal nerve before ligation of any structure. It is a 
superfi cial structure fi rst coursing vertically and paral-
lel to the carotid sheath, then horizontally, crossing 
medially over the carotid and its branches (Fig.    5.4   ) .    

   10.    Identify the lingual artery. This artery arises from the 
external carotid. From the level of the hyoid it crosses 
under the digastric and stylohyoid muscles in its ascent 
to the oral pharynx. Ligate the lingual artery (Fig.  5.4 ).   

   11.    Identify and ligate the facial artery. The facial artery 
next leaves the external carotid artery, coursing under 
the ramus to the mandible within the carotid triangle. 
It passes deep into the digastric muscle and enters the 
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face at the anterior edge of the mastoid after crossing on 
the submandibular gland.   

   12.    Identify the digastric muscle (Figs.  5.5 ,  5.6 ). This muscle 
is easily retracted cephalad with the hypoglossal nerve. 
When necessary, divide the stylofascial band  running 
from the stylohyoid process to the posterior pharynx.     

   13.    Diffi culties may be encountered with the superior laryn-
geal nerve, both external and internal branches, and the 
pharyngeal branches of the vagus nerve; these should 
be identifi ed and retracted but frequently suffer from the 
retraction (Fig.  5.4 ). Continue to use fi nger palpation to 
identify the spine and the carotid artery.   

  Fig. 5.1    The skin incision is made under the angle of the mandible from posterior sternocleidomastoid muscle toward the midline       
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  Fig. 5.2    Dissection of the cephalad portion of the anterior neck shows 
the carotid triangle area, which is bordered superiorly by the posterior 
belly of the digastric muscle, inferiorly by the omohyoid muscle, and 
posteriorly by the sternocleidomastoid muscle. The digastric muscle 
lies inferior to the mandible and extends from the mastoid process to 
the symphysis mente. The sling around the tendonous midportion of 
the digastric muscle separates its posterior from its anterior belly, 
and holds the midportion of the muscle of the comu of the hyoid bone. 

The stylohyoid muscle (retracted by hook) lies anterior and superior to 
the posterior belly of the digastric, passing from the styloid process to 
the hyoid bone. Within the carotid triangle the lingual artery, the facial 
artery, and the hypoglossal nerve course from lateral to medial. The 
hypoglossal nerve is usually retracted cephalad, for the cephalad 
approach to C1–C2, and the lingual and facial arteries are sacrifi ced. 
 Caution:  Always identify the hypoglossal nerve before any ligation of 
structures in this area       
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  Fig. 5.3    Dissected anatomy of 
the carotid triangle and area just 
below emphasizes the importance 
of identifi cation of the 
hypoglossal nerve before ligation 
of the arterial structures in this 
area. The most common 
approach is cephalad to the 
superior thyroid artery and 
caudad to the digastric muscle, 
medial to the sternocleidomastoid 
muscle (SCM)       
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  Fig. 5.4    Further retraction 
reveals the plane of dissection 
medial to the sternocleidomastoid 
muscle. Pharyngeal branches of 
the sympathetic plexus are 
frequently damaged by retraction 
without major consequence, 
Avoid damage to the superior 
laryngeal nerve and retract it with 
the superior thyroid artery. The 
fi brous tissue sling around the 
hypoglossal nerve may be 
divided to allow further retraction       
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  Fig. 5.5    A more detailed look at 
the structures of the carotid 
triangle running from lateral to 
medial shows the relationship of 
the digastric muscle, the 
stylohyoid pharyngeus muscle, 
and the stylohyoid muscle. The 
glossopharyngeal nerve, 
dissected free here, usually is not 
identifi ed in approaches in this 
area. The hypoglossal nerve is 
again the predominate neural 
structure of the area and must be 
protected. Sternocleidomastoid 
muscle (SCM)       
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  Fig. 5.6    Dissection of the soft 
tissue in the area to emphasize 
the point of entry caudal to the 
digastric muscle and hypoglossal 
nerve, medial to the transverse 
process of C1. The transverse 
process of C1 frequently can be 
palpated in the more lateral 
aspect of the anterior approach to 
this area       

   14.    Retract the carotid sheath and the ligated stumps of lin-
gual and facial arteries laterally and the musculovisceral 
column medially with deep right-angle, handheld blunt 
retractors.   

   15.    Dissect bluntly with a Kitner dissector, slowly at this 
point, to identify the prevertebral fascia. Be sure the 
esophagus and pharynx have been retracted suffi ciently 
with the medial column. Palpate and X-ray to confi rm the 
midline of C2. Identify the prevertebral fascia in the mid-
line to avoid unnecessary bleeding. Insert the long, deep, 
smooth-tip bladed Cloward retractor under the carotid 
sheath laterally and the esophagus and pharynx medially. 
Insert a second Cloward retractor longitudinally to retract 
the hypoglossal nerve and digastric muscle cephalad and 
the superior thyroid artery and vein distally.   

   16.    Elevate the fi bers of the longus coli muscle and fascia 
off the vertebral body in a lateral and cephalad direction. 
Replace the retractor blades of the transverse Cloward 
retractor with the sharp claw blades and insert these 
under the longus coli muscle. The smooth-tipped blades 
can be used if fi rm fi xation cannot be obtained under the 

longus coli [ 3 ]. Deep handheld retractors are also quite 
effective (Figs.  5.7 ,  5.8 ).     

   17.    Cephalad exposure of the superior tip of the odontoid 
process is made by careful blunt dissection on the spine 
in the retropharyngeal space. The upper extent of the 
pharyngeal retraction is limited by the pharyngeal tuber-
cle of the occiput to which the pharynx is attached [ 4 ]. 
Incise the prevertebral tissue in the midline and dissect 
from the midline laterally (Fig.  5.8 ).   

   18.    Closure: The soft tissue falls together without deep 
sutures. Close the platysma muscle separately and 
always drain the wound with closed suction drains.     

   Remember: 
   1.    Avoid the superfi cial cutaneous nerves on the sternoclei-

domastoid muscle.   
   2.    Identify the medial edge of sternocleidomastoid.   
   3.    Know where the carotid pulse is at all times.   
   4.    Isolate the hypoglossal nerve before ligating any arteries.   
   5.    Identify the superior laryngeal nerve and its internal and 

external branches.   
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   6.    Dissect carefully to retract the esophagus from the spine.   
   7.    Incise the prevertebral fascia in the midline.   
   8.    Dissect in a lateral cephalad direction to remove longus 

coli in this area.        
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  Fig. 5.8    Spine exposed with deep retractor blades       

  Fig. 5.7    Dissect the fi bers of the longus coli muscle fascia off the verte-
bral body in a lateral and cephalad direction. Placement of the sharp blade 
claw of the transverse. Cloward retractors under the longus coli muscle 
produces fi rm fi xation. Blunt-tip blades can be used. The cephalad expo-
sure is enhanced by use of similarly placed Cloward retractors vertically       
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        The anterior lateral approach is medial to the sternocleido-
mastoid muscle and lateral to the carotid sheath. For 
approaches to C1, C2, and C3, in which the head should 
not be turned or rotated, and for surgeons who do not feel 
comfortable with the neurovascular structures medial to the 
carotid sheath, this approach offers a relatively bloodless 
fi eld.
    1.    Position the patient supine. Use the neurosurgical head- 

holding frame with skeletal skull fi xation for better 
exposure and stability.   

   2.    Incise the skin and subcutaneous tissue beginning on the 
medial border of the sternocleidomastoid muscle at the 
superior edge of thyroid cartilage and extend this cepha-
lad to the mastoid process and curve posteriorly across 
the process [ 1 ] (Fig.  6.1 ).    

   3.    Open the external investing fascia along the line of the 
incision. Place superfl cial spring retractors and obtain 
hemostasis. Avoid the cutaneous sensory nerves cross-
ing the sternocleidomastoid muscle.   

   4.    Palpate the transverse process of Cl and the mastoid pro-
cess. Delineate the medial edge of the sternocleidomas-
toid muscle with scissors (Fig.  6.2 ). Incise the fascia and 
sternocleidomastoid muscle at the insertion of the ster-
nocleidomastoid and mastoid portion of the splenius 
capitus on the mastoid process. Leave a fascial edge 
suitable for reattachment. The splenius capitis is deep in 
the wound. Incise the superfi cial medial portion. 
Remember that the mastoid process is just posterior to 
the styloid process (Fig.  6.3 ). Between the two is the sty-
lomastoid foramen from which exits the facial nerve 
(Fig.  6.4 ). The jugular bulb enters the skull anteromedial 
to the mastoid and stylohyoid processes. The jugular 
foramen from which exit cranial nerves XI (accessory), 
X (vagus nerve), IX (glossopharyngeal nerve), and XII 
(hypoglossal) is medial to the jugular bulb (Fig.  6.3 ). 

The accessory nerve courses laterally under the internal 
jugular vein to reach the sternocleidomastoid muscle 
(Fig.  6.5 ).       

   5.    Identify the accessory nerve. It enters the sternocleido-
mastoid muscle two to three fi ngerbreadths below the 
mastoid tip. l  Care must be taken to identify the accessory 
nerve and avoid the internal jugular vein in immediate 
medial proximity. Dissect the accessory nerve proxi-
mally to allow lateral retraction with the sternocleido-
mastoid muscle (Fig.  6.6 ). For approach to only C1–C2, 
the accessory nerve may be retracted medially with the 
internal jugular vein and carotid [ 2  ,   3 ].    

   6.    Identify the transverse process of C1 as a large, palpable 
bony prominence in the wound. By careful palpation dis-
tinguish the transverse process of C1, the transverse 
process of C2, and the anterior tubercle of C1 (Fig.  6.7 ).    

   7.    Retract the carotid sheath and musculovisceral column 
medially with a blunt, angled retractor (Fig.  6.8 ). During 
medial retraction of the internal jugular vein and carotid 
sheath, remember the origin and location of the vagus 
and hypoglossal nerves. Although the vagus nerve enters 
the carotid sheath cephalad to C2 and should be retracted 
with the sheath, if it does appear to be a direct tether to 
medial retraction, dissect it distally from the sheath. 
The hypoglossal nerve may be exposed but should easily 
retract medially. The internal jugular vein is in a vulner-
able position with medial anterior retraction of the carotid 
sheath and should be protected in the approach.    

   8.    Develop the retropharyngeal space anterior to the spine 
and behind by dissecting the sagittal fi bers connecting 
the visceral fascia to the prevertebral fascia. 1  Avoid dis-
section within the longus coli muscle and proceed to the 
midline disc and vertebral body. Palpate the anterior 
tubercle of C1.   

   9.    Incise the prevertebral fascia and anterior longitudinal 
ligament in the midline. Although this approach begins 
far laterally, exposure of the spine is now aided with the 
double-curved Hodgson retractor placed on the right side 
of the spine.   
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   10.    Closure: Drain the wound; reattach the sternocleidomas-
toid muscle; and close the platysma muscle, subcutaneous 
tissue, and skin.     

   Remember: 
   1.    Remove the sternocleidomastoid and a portion of the 

splenius capitus muscles from the mastoid process, but 
leave enough for reattachment.   

   2.    Beware of the facial nerve in the cephalad portion of the 
wound.   

   3.    Identify the accessory nerve, which enters the sternoclei-
domastoid muscle two fi ngerbreadths below its insertion.   

   4.    The styloid process is superfi cial to the jugular foramen, 
from which exit cranial nerves X, XI, XII, and IX. Beware 
of damaging these nerves.   

   5.    Retract the XIth cranial nerve laterally or dissect cepha-
lad on the accessory nerve toward the jugular foramen to 
allow medial retraction of this nerve.   

   6.    Retract the larynx, internal jugular vein, carotid artery, 
and cranial nerves IX, X, and XII anteromedially.   

   7.    Open the prevertebral fascia in the midline when possible.        

  Fig. 6.1    With the ear lobe retracted medially by a stay suture, make a 
longitudinal incision along the anterior border of the sternocleidomas-
toid muscle, posteriorly curving across the mastoid process. The  dotted 
line  is the incision in the insertion of the sternocleidomastoid muscle       
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  Fig. 6.2    After palpation of the 
transverse process of C1 and the 
mastoid process, delineate the 
medial and lateral edges of the 
sternocleidomastoid with 
scissors. Incise the fascia and the 
sternocleidomastoid muscle and 
the mastoid portion of the 
splenius capitis muscle on the 
mastoid process. Leave a fascial 
edge suitable for reattachment       
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  Fig. 6.3    The structures exiting 
the jugular bulb are the 
hypoglossal nerve, vagus nerve, 
spinal accessory nerve, and 
glossopharyngeal nerve. The 
jugular bulb is the entry point of 
the jugular vein and carotid 
artery. Cranial nerve VII exits 
from the stylomastoid foramen. 
Sternocleidomastoid muscle 
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  Fig. 6.4    After identifi cation of 
the mastoid process, remember 
that just medial to the mastoid 
process is the styloid process. 
Between the two is the 
stylomastoid foramen, from 
which exits cranial nerve 
VII. Un-needed cephalad 
dissection or too vigorous 
retraction may damage cranial 
nerve VII at this point. The 
jugular bulb enters the skull 
anteromedial to the mastoid and 
stylohyoid processes. Medial to 
the jugular bulb is the jugular 
foramen from which exit cranial 
nerves XI (accessory), X (vagus 
nerve), XII (hypoglossal nerve), 
and IX (glossopharyngeal nerve). 
The accessory nerve courses 
laterally over the internal jugular 
vein to reach the 
sternocleidomastoid muscle. 
The other cranial nerves course 
medially in the medial 
musculovisceral column       
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  Fig. 6.5    The accessory nerve 
may be dissected medially 
toward the jugular foramen to 
allow greater freedom of 
retraction of the 
sternocleidomastoid muscle. The 
styloid process is prominent in 
the wound, with the stylohyoid 
ligament attached to its tip. The 
more medially placed IXth, Xth, 
and X11th cranial nerves should 
be retracted immediately and 
dissection carried posterior to 
these structures. Cranial nerve X 
is incorporated in the carotid 
sheath, and XII and IX course 
considerably more distally in the 
neck       
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  Fig. 6.6    After dividing the 
sternocleidomastoid insertion 
from the mastoid process, retract 
the sternocleidomastoid caudally 
and identify the spinal accessory 
nerve, which enters the muscle 
approximately two fi ngerbreadths 
from the mastoid process. Care 
must be taken to identify the 
spinal accessory nerve and to 
avoid injuring the internal jugular 
vein in immediate medial 
proximity. Dissect the accessory 
nerve proximally to allow lateral 
retraction of the 
sternocleidomastoid muscle 
(SCM)       
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  Fig. 6.7    After retraction of the 
soft tissue, identify the transverse 
process of C1 as a large palpable 
bony prominence in the wound. 
By careful palpation distinguish 
the transverse process of C1, the 
transverse process of C2, and the 
anterior tubercle of C1. After 
identifi cation of these structures, 
more medial midline palpation 
reveals the intervertebral disc and 
vertebral bodies. The transverse 
process may be mistaken for the 
anterior aspect of the spine       

  Fig. 6.8    The structures exiting 
from the jugular foramen are now 
retracted, the XIth nerve laterally 
and the IXth, Xth, and XIIth 
nerves along with the carotid 
sheath medially. After having 
developed the retropharyngeal 
space anterior to the spine and 
dissecting the sagittal fi bers 
connecting the visceral fascia to 
the prevertebral fascia, open the 
longus coli muscle in the midline 
for dissection of longus coli 
muscle and proceed to the 
anterior midline aspect of the 
prevertebral body and disc. 
Palpate the anterior tubercle of 
C1. Incise the prevertebral fascia 
and anterior longitudinal 
ligament in the midline and 
dissect the spine free of soft 
tissue       
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            1.    Position the patient supine on the operating table. Turn 
the head to the right.   

   2.    Usually, the incision goes from the midline to the medial 
sternocleidomastoid muscle (SCM). After the transverse 
skin incision (Fig.  7.1 ), at the appropriate level, dissect 
through subcutaneous tissue to the platysma muscle. Open 
the platysma muscle in the line of its fi bers when possible. 
Elevate the platysma muscle with Adson  pick-ups and 
open carefully. Beware of damage to veins and the sterno-
cleidomastoid muscle [ 1  ,   2 ]. Insert spring retractors.    

   3.    Open the superfi cial, cervical fascia and identify the 
medial border of the sternocleidomastoid muscle [ 3 ]. 
“The fi rst key to successful exposure is adequate identi-
fi cation of the medial border of the sternocleidomastoid 
so that may be retracted laterally [ 4 ]. With identifi cation 
of this medial border, bluntly develop the interval 
between the sternocleidomastoid muscle and the sterno-
hyoid and sternothyroid muscles (Figs.  7.2 ,  7.3 ). Retract 
the posterior cutaneous nerves. Bluntly dissect and 
spread the soft tissue vertically in this interval.     

   4.    Retract the sternocleidomastoid laterally and the strap 
musculature medially with angled retractors. Identify 
the middle cervical fascia. The omohyoid muscle crosses 
from proximal medial to lateral distal through the mid-
dle cervical fascia at C6–C7 (Figs.  7.3 ,  7.4 ,  7.5 ). (The 
omohyoid arises from the scapula. Its inferior belly 
crosses ventromedially through a sling of deep cervical 
fascia that attaches to the clavicle. The muscle passes 
under the sternocleidomastoid muscle close to the lateral 
border of the sternohyoid muscle and inserts into the 
body of the hyoid bone.) Retract the omohyoid; when 
necessary divide it laterally.     

   5.    Maintain retraction with the angled retractors and incise 
and split vertically the middle cervical fascia just medial 
to the carotid sheath [ 4 ]. Use fi nger dissection, spreading 
vertically and horizontally [ 5 ]. Identify, ligate, and divide 

the inconstant middle thyroid vein crossing at approxi-
mately C5. Insert the right-angled retractors directly to 
the spine but beware of entering the tracheoesophageal 
groove (and thereby damaging the recurrent laryngeal 
nerve with the retractor tip). 6    

   6.    Distally retract the inferior thyroid artery and vein at the 
C6–C7 level and proximally retract the superior thyroid 
artery and vein with the superior laryngeal nerve at 
C3–C4 (Figs.  7.4 ,  7.6 ).    

   7.    Identify the spine with a fi nger. Palpate the anterior 
surface of the vertebral body. 
  Caution:   Do not mistake the transverse process for the 
anterior surface of the vertebral body, as an incision deep 
in this area will damage the longus coli muscle, the sym-
pathetic chain, and possibly the vertebral artery. An inci-
sion into the longus colli muscle produces bleeding.    

   8.    Palpate a disc in the midline of the spine and open the 
prevertebral fascia with a small dissector longitudinally 
until the disc can be identifi ed. The empty esophagus is 
only a soft, fl at, ribbon-like structure simulating the mus-
culature over the anterior portion of the spine. Always 
use either an esophageal stethoscope or a nasotracheal 
tube to help identify the esophagus.   

   9.    Insert a needle for lateral X-ray confi rmation of the level.   
   10.    Retract the esophagus, trachea, and anterior strap muscles 

medially and the carotid sheath and sternocleidomastoid 
muscle laterally.   

   11.    Incise the prevertebral tissue in the midline on the disc 
and dissect with a sharp periosteal elevator in a lateral 
direction. With the Cloward deep self-retaining retractor, 
the clawed blades are inserted into the longus coli on both 
sides of the spine. Use the blunt-tipped Cloward vertically 
if needed to expose the desired disc [ 5 ]. (Fig.  7.7 ).    

   12.    Closure: After hemostasis has been achieved, the deep 
wound closes with removal of retractors. Close the 
platysma muscle very carefully to prevent superfi cial 
scarring of subcutaneous and skin layers. Use subcuticu-
lar skin closure and always use a closed suction wound 
drainage system.     
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   Remember: 
   1.    Plan skin incision for proper spine level.   
   2.    Open platysma muscle along the line of its fi bers and 

close carefully for cosmesis.   
   3.    Identify medial border of sternocleidomastoid muscle.   
   4.    Ligate middle thyroid vein.   
   5.    Retract and do not damage the superior thyroid artery and vein 

cephalad and the inferior thyroid artery and vein caudad.   
   6.    Palpate carotid pulse and the spine.   
   7.    Dissect bluntly to the spine.   
   8.    Open prevertebral fascia in midline.        

  Fig. 7.1    The more cosmetically suitable transverse incision is made at 
the appropriate level and should allow exposure of as many as two discs 
and three vertebrae. A vertical incision can be used for an even greater 
exposure       

Interval
For Dissection

SCM

Deep Strap Muscles

Medial Border of
Sternocleidomastoid Muscle

Superficial Platysma
Muscle Layer

  Fig. 7.2    After the skin incision, 
dissect through subcutaneous 
tissue to platysma muscle, which 
in this specimen is very thin. 
Open the platysma muscle 
carefully in line with its fi bers. 
Beware of damage to veins and 
the sternocleidomastoid muscle 
(SCM). Insert spring retractors       
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Sternocleidomastoid
Muscle

Trapezius
Muscle

Anterior
Scalene Ornohyoid

Muscle

Stemohyoid
Muscle

Sternothyroid
Muscle

  Fig. 7.3    The key to the 
dissection at this point is to 
identify the medial border of the 
sternocleidomastoid muscle. 
With lateral retraction of the 
sternocleidomastoid, the interval 
between this muscle and the 
medial strap muscles is 
delineated       
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External Carotid

Internal Carotid

Internal Jugular
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Middle Thyroid
Vein

Thyrocervical Trunk

Subclavian Artery and Vein

Vertebral
Artery

Inferior
Thyroid
Artery

Thyroid
Gland

Superior
Thyroid
Vein

Superior
Thyroid
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  Fig. 7.4    After retracting the 
sternocleidomastoid muscle 
laterally and the strap 
musculature medially, the 
arteriovenous structures of the 
middle cervical fascial layer must 
be identifi ed. Palpate the carotid 
pulse. Open the midline cervical 
fascia medial to the carotid 
artery. Ligate and tie the medial 
thyroid vein. Retract the superior 
thyroid artery cephalad and the 
inferior thyroid artery caudad to 
expose the midcervical spine       

  Fig. 7.5    The midcervical fascia 
layer. The omohyoid muscle 
crosses from proximal medial to 
lateral distal through the middle 
cervical fascia at C6–C7       

 

 

R.G. Watkins, III



43

Carotid Sheath

Superior Thyroid Artery

Retrovisceral Space

Prevertebral Fascia
Vertebral Body

Medial Musculovisceral Column

Anterior
Ornohyoid

Longus Coli Muscle

Posterior

SCM

  Fig. 7.6    For the approach to C5–C6 enter the retropharyngeal space 
cephalad to the omohyoid. Retract the superior thyroid artery cephalad. 
After retracting the sternocleidomastoid muscle and carotid sheath lat-
erally and the medial musculovisceral column medially, locate the 
spine with fi nger palpation. Palpate the anterior surface of the vertebral 

body. Open the prevertebral fascia with a small dissector longitudinally 
until the disc can be seen. Blunt dissection and fi nger palpation will 
allow the esophagus to move easily with the medial musculovisceral 
column. Insert angle retractors to the full depth of the wound before 
vigorous medial retraction       

  Fig. 7.7    Incise the prevertebral tissue in the midline on the disc and 
dissect with a sharp periosteal elevator in a lateral direction. Insert the 
Cloward self-retaining retractor with the clawed blades into the longus 
coli on both sides of the spine. Use the blunt-tipped Cloward vertically 
if needed to expose the desired disc space. Remember that the disc 
spaces are the prominent raised areas of the spine and the vertebral bod-
ies the more sunken areas. Passing the needle tip into the area after it is 
fully exposed often helps delineate the extent of the disc space, differ-
entiating it from the vertebral body       
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        This lateral approach is a direct approach to the spinal nerve 
and the vertebral artery in the intervertebral foramen [ 1 ].
    1.    Position the patient supine with a slight roll under the 

shoulders. The head is not rotated.   
   2.    Incise the skin with a transverse collar-type incision for 

one- or two-level disease and with a longitudinal incision 
along the medial border sternocleidomastoid for multi-
level disease. With retraction of the skin and subcutane-
ous tissue, the platysma muscle is divided longitudinally 
in line with its fi bers. The superfi cial layers of the invest-
ing cervical fascia are opened to identify the medial 
border of the sternocleidomastoid muscle and the inter-
val between sternocleidomastoid and the medial strap 
muscles. Angled retractors are used by the assistant to 
open this interval.   

   3.    Identify the great auricular nerve and the anterior cuta-
neous nerve. These cutaneous branches of the cervical 
plexus penetrate the deep fascia on the posterior surface 
of the sternocleidomastoid muscle at approximately 
midbelly. The great auricular nerve crosses in a cephalad 
direction on the surface of the sternocleidomastoid mus-
cle toward the ear. The anterior branch of the greater 
auricular nerve innervates the skin over the face in the 
area of the parotid gland. The anterior cutaneous nerve 
takes a more horizontal course across the sternocleido-
mastoid before dividing into ascending and descending 
branches. The ascending branch of the anterior cutane-
ous nerve pierces the platysma muscle and is distributed 
to the skin overlying the mandible. Loss of sensation 
from damage to this nerve can result in decreased sensa-
tion over the mandible [ 2 ].   

   4.    Retract the sternocleidomastoid muscle laterally. When 
retraction is diffi cult, the sternocleidomastoid muscle is 
separated from its attachment to the mastoid process. 
In any separation of the proximal mastoid, cranial nerve XI 

must be identifi ed entering the sternocleidomastoid two 
to three fi ngerbreadths below the mastoid tip and the 
proximal third of the muscle. The spinal accessory nerve 
exits the muscle obliquely caudally, passing across 
the posterior triangle of the neck to the ventral border of 
the trapezius.   

   5.    With lateral retraction of the sternocleidomastoid mus-
cle, identify by fi nger palpation the carotid sheath. Open 
the middle cervical fascia with Metzenbaum scissors 
and dissect longitudinally with fi ngertips to expand the 
interval between the sternocleidomastoid muscle and the 
carotid sheath laterally and musculovisceral column 
medially. Retract the medial structures with a blunt- 
angled retractor, and palpate the carotid pulse and the 
anterior tubercle of the transverse process. Ligate and 
divide any tethering vessel. Divide the omohyoid muscle, 
if needed.   

   6.    Identify the anterior tubercle of the transverse process 
(Figs.  8.1 ,  8.2 ). This prominent process is suitable for 
insertion of longus coli, longus capitis, and anterior sca-
lene muscles, and is the key to dissection. 1 , 3 , 4  Palpation 
of the spine under the prevertebral fascia reveals the disc 
spaces, the anterior tubercle of the transverse process, 
and, medial to the tubercle, the longitudinal groove of the 
costotransverse lamellae (Figs.  8.1 ,  8.2 ). It is approxi-
mately the size of a small fi ngernail, joins the anterior 
tubercle to the vertebral body, and is the roof of the 
foramen transversarium covering the vertebral artery [ 3 ]. 
The prominent Chassaignac’s tubercle, the anterior tuber-
cle of C6, is a relatively consistent landmark, but every 
level should be identifi ed with X-ray control after exposure 
of the anterior tubercle of the transverse process.     

   7.    Open the prevertebral fascia with scissors and extend it 
longitudinally. Visualize the longus coli and longus 
capitis muscles on the spine. The longus coli muscle, a 
three-belly muscle broad in the middle and narrow at 
the end running from C2 to T3, consists of a vertical 
and an oblique portion. The vertical portion arises and 
inserts on the anterior surface of the vertebral bodies. 
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Vertebral Artery
Insertion Anterion
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Transverse
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Intervertebral
Disc

Uncovertebral
Joint

  Fig. 8.1    A large expansile 
approach of the anterolateral 
aspect of the cervical spine with 
soft tissue removal to reveal the 
vertebral artery passing through 
each foramen transversarium. 
The anterior tubercle of the 
transverse processes with its 
muscular attachment and the 
costotransverse lamellae are a 
protective covering over the 
vertebral artery and nerve. Note 
the relationship of the vertebral 
artery anterior to the spinal nerve 
at each level       

Posterior Tubercle Anterior Tubercle C5 Vertebral Body

Uncovertebral
Joint C5-C6
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C6 Vertebral⏐Body

C5 Nerve
Root

C4 Nerve
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Medial
Musculovisceral Column

SCM

  Fig. 8.2    After exposure of the anterior tubercle of the transverse pro-
cess at the desired level, palpate medially and identify the prominent 
disc space and the depressed area of the vertebral body at the level 

above and below. The bony covering between the transverse process 
and the vertebral body is the costotransverse lamella. This bony curved 
depression is approximately the size of the tip of the index fi nger       
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The oblique portion inserts with the longus capitis 
 predominantly on the anterior tubercles of the trans-
verse processes. The sympathetic chain is anterior to 
the transverse process; it is either embedded in the pos-
terior carotid sheath or lies on the connective tissue 
between the sheaths and longus coli. The superior cer-
vical ganglion at C1 and the middle cervical ganglion at 
C6 should be included with the sympathetic chain as it 
is retracted from lateral to medial together with the lon-
gus coli muscle.   

   8.    Remove the muscular insertions on the anterior tubercle 
and dissect sharply to bone, carefully avoiding the nerve 
root laterally and the vertebral artery medially. The ver-
tebral artery is in an exposed position medially in the 
areas between the bony grooves on each vertebra 
(Figs.  8.1 ,  8.3 ,  8.4 ). Dissection of the longus coli off the 
bone in this area will produce bleeding. Control bleed-
ing with electrocautery and hemostatic gauze. Strip the 
longus coli muscle above in a superiorly directed motion 
while inferior to C4–C5 and in an inferiorly directed 
motion when superior to C4–C5 [ 3 ]. Remove the bone 
of the anterior tubercle with a needle-nose rongeur; 

delineate the cephalad and caudad margins of the bony 
groove of the costotransverse lamellae with a curette or 
dissector (Fig.  8.5 ). The vertebral artery need not be 
exposed above and below the involved costotransverse 
lamellae (Fig.  8.6 ). If the venous plexus surrounding the 
vertebral artery or the vertebral artery itself is damaged, 
direct fi ngertip pressure usually allows adequate hemo-
stasis for control of the vessels. Control by ligature pres-
sure at the levels above and below the lesion may be 
necessary in the event of a major transection of the ver-
tebral artery.       

   9.    Remove the bone of the costotransverse lamellae and the 
anterior wall of the foramen transversarium. The nerve 
root lies posterior to the vertebral artery at the level of the 
foramen transversarium and intervertebral foramen 
(Fig.  8.7 ). At the superior medial position of the costo-
transverse lamellae is the joint of Luschka and the later-
almost extent of the intervertebral disc. Remember that 
the main vertebral veins draining the vertebral body 
and the spinal cord are attached to bone in the foramen 
transversarium. 23  Removing this bone without damaging 
the veins is usually impossible. Again, obtain hemostasis 

Uncovertebral Joint C5-C6

C4 Nerve Root

C5 Nerve Root

Venous Plexus

Vertebral Artery
SCM

Foramen Transversarium

Medial
Musculo
viscotal
Column 

Anterior

Longus ColiC5C6 Disc

Posterior

  Fig. 8.3    Expose the vertebral artery by removal of costotransverse 
lamellae and the anterior tubercle of the transverse process. Remove the 
bone of the anterior tubercle with a needle-nose ronguer and delineate 
the cephalad and caudad margins of the costotransverse lamellae with a 
dissector. If the venous plexus surrounding the vertebral artery or the 
vertebral artery itself is damaged, direct fi ngertip pressure usually 
allows adequate hemostasis for control of the vessels. The vertebral 
artery need not be routinely isolated above and below the involved cos-
totransversectomy, but control by ligature pressure at the levels above and 
below the lesion could be necessary in the face of a major transection of 
the vertebral artery. The majority of the bone of the costotransverse 

lamellae and anterior tubercle has been removed. The nerve root lies 
posterior of the vertebral artery at the level of the foramen transversar-
ium and intervertebral foramen. Remember that the main vertebral 
veins draining the vertebral body and the spinal cord are attached to 
bone in the foramen transversarium. Removing this bony wall of the 
foramen transversarium without damaging the veins is usually impossi-
ble. The vertebral artery is gently moved laterally a few millimeters and 
the spinal nerve identifi ed adjacent to the disc space in the intervertebral 
foramen. Vigorous retraction and major mobilization of the vertebral 
artery are dangerous       
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  Fig. 8.4    A dissected specimen demonstrating presence of vertebral artery above and below the foramen transversarium of C4, the costotransverse 
lamellae, the anterior and posterior tubercles of the transverse processes, and the nerve roots exiting at each level       
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  Fig. 8.5    Removal of the costotransverse lamellae and anterior wall of the foramen transversarium       
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with hemostatic gauze and direct pressure packing. It is 
through this interval that the vertebral artery is gently 
moved laterally only a few millimeters and the spinal 
nerve root is identifi ed medially along with the lateral 
aspect of the disc space.  

  Caution:   Bleeding is caused by fully mobilizing and 
retracting the vertebral artery. Protect the radicular artery 
leaving the vertebral artery just inferior to the nerve [  4 ].   

   10.    Closure: Remove retractors, drain the wound, and close 
skin and subcutaneous tissue.    

  Fig. 8.6    The vertebral artery has 
been exposed. The prominent 
venous plexus is not visible in 
this specimen, but venous 
bleeding follows removal of the 
bone of the wall of the foramen 
transversarium. The spinal nerve 
is posterior to the vertebral artery, 
and there are often dense fi brous 
adhesions between the spinal 
nerve and the vertebral artery at 
each level       
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  Fig. 8.7    Gentle lateral retraction 
of only a few millimeters of the 
vertebral artery will expose the 
spinal nerve in the intervertebral 
foramen and the impingement of 
the uncovertebral joint on the 
spinal nerve       
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    Remember: 
   1.    Approach medial to the sternocleidomastoid muscle and 

carotid sheath.   
   2.    Identify and expose the anterior tubercle of the transverse 

process and the costotransverse lamellae.   
   3.    Remove the anterior tubercle and expose the vertebral 

artery with its venous plexus.   
   4.    Approach the spinal nerve, which is posterior to the ver-

tebral artery, medially.   
   5.    Avoid venous bleeding by pressure, hemostatic gauze, 

and minimal vertebral artery retraction.        
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        The lateral approach to the cervical spine, when combined 
with the more proximal detachment of the sternocleidomas-
toid muscle, as in the anterolateral C1–C3 approach, and 
with the more distal partial detachment of sternocleidomas-
toid muscle from the clavicle, as in the Nanson supraclavicu-
lar approach, allows good exposure from C1 to T2. The 
standard midcervical approach to the lateral spine C3–C7 as 
described by Hodgson is lateral to the sternocleidomastoid 
muscle and lateral to the carotid sheath. The approach is in a 
relatively avascular plane avoiding the medial neurovascular 
structures but is more restrictive in its exposure.
    1.    Position the patient with the head turned to the left. Make 

a transverse incision in a skin crease at an appropriate 
level in the neck to correspond with the level of the spine. 
The approach is from the right side and extends from the 
posterior border of sternocleidomastoid approximately 
4 inches toward the midline [ 1 ] (Fig.  9.1 ).    

   2.    Divide subcutaneous tissue and platysma muscle. Ligate 
any large branches of the external jugular vein present in 
the wound and retract cutaneous nerves when possible.   

   3.    Identify the medial and lateral borders of the sternoclei-
domastoid muscle and retract its lateral border medially 
(Fig.  9.2 ). If there is an impediment to retraction, the 
sternocleidomastoid can be wholly or partially divided.    

   4.    Identify the fat pad of the posterior triangle [ 1 ] (Fig.  9.3 ). 
Blunt dissection and fi nger palpation should follow the 
fat pad through the posterior triangle to the spine.    

   5.    Beware of the supraclavicular nerve, which is out of 
view in the lower portion of the fi eld. The brachial 
plexus is not seen, as the dissection is anterior to the 
anterior scalene muscle (Fig.  9.3 ).   

   6.    Identify and avoid the sympathetic plexus on the lateral 
portion of the prevertebral musculature [ 1 ]. Direct 
 palpation will identify the transverse process. Blunt soft 
 tissue dissection should be carried to the anterior aspect 
of the spine. 

  Caution:   The vertebral artery enters the foramen trans-
versarium of C6. Chas-saignac’s tubercle is the anterior 
tubercle of the transverse process of C6. The anterior sca-
lene and longus coli muscles insert on the transverse pro-
cess. Stay superfi cial to these insertions and to the 
anterior tubercle of the transverse process to avoid dam-
aging the vertebral artery or the nerve root.    

   7.    At this point, the approach is still somewhat lateral. 
Bluntly dissect with a sponge-covered elevator across to 
the left side of the spine (Fig.  9.4 ).  Carefully  insert a 
curved Hodgson retractor or Cobra-type curved retractor 
on the medial left side of the spine and retract the carotid 
sheath. Retract the remaining portion of sternocleidomas-
toid muscle and the musculovisceral column medially.    

   8.    Obtain a marker fi lm to identify the level.   
   9.    Make a direct midline incision on the disc itself. Bluntly 

dissect the prevertebral fascia and longus coli muscle off 
the spine from the midline laterally (Fig.  9.5 ).    

   10.    The recurrent laryngeal nerve need not be identifi ed with 
this medial retraction of the carotid sheath and musculo-
visceral column, but it is in a vulnerable position as it 
enters the tracheoesophageal groove on the right.   

   11.    Closure: Drain the wound and close subcutaneous tissue 
and skin.     

   Remember: 
   1.    Identify the lateral border of the sternocleidomastoid 

muscle.   
   2.    Identify the fat pad of the posterior triangle.   
   3.    Stay superfi cial and anterior to the anterior tubercle of the 

transverse process.   
   4.    Identify the sympathetic plexus.   
   5.    Make a midline prevertebral incision and dissect the longus 

coli muscle medial to lateral.        
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  Fig. 9.1    The lateral approach to the cervical spine can be used for 
C3–C7. The transverse incision is made at the appropriate level, and 
dissection is carried through the skin and platysma muscle as in any of 
the standard approaches to this area       

  Fig. 9.2    Identify the medial and lateral borders of the sternocleidomas-
toid muscle and retract its lateral border medially. If there is an impedi-
ment to retraction, the sternocleidomastoid can be wholly or partially 
divided. Identify the fat pad of the posterior triangle       
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  Fig. 9.3    In the lateral portion of the wound are the scalene muscles and brachial plexus, the fat pad of the posterior triangle, and, medially, the 
carotid sheath and medial musculovisceral column. Sternocleidomastoid muscle (SCM)       
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  Fig. 9.4    Blunt dissection and fi nger palpation through the area of the 
posterior fat pad with medial retraction of the fat pad and carotid sheath 
leads to the prevertebral fascia and longus coli muscle covering the 
spine. Avoid damaging the sympathetic plexus on the lateral preverte-
bral musculature. First palpate the transverse process. The anterior 

tubercle transverse process of C6 is the prominent Chassaignac’s tuber-
cle. It serves as the insertion of the anterior scalene and longus coli 
muscles and is the entry point for the vertebral artery into the spine. 
Stay superfi cial to these structures and bluntly dissect medially to the 
midline. Palpate the midline for the intervertebral disc       
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  Fig. 9.5    Use ofthe curved Hodgson or Cobra-type retractor medially allows adequate retraction of the prevertebral tissue and medial musculovis-
ceral column and allows adequate exposure for work on intervertebral discs and vertebrae       
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            1.    Position the patient supine. Slightly hyperextend the 
neck, rotated away from the side of the approach. Use 
the infl atable cervical pillow for support; a small roll 
under the shoulder often helps to extend the neck. 
Location of the thoracic duct and recurrent laryngeal 
nerve becomes even more important at this level. 
Approaches from the left for C6 through T2 are directly 
in the vicinity of the thoracic duct. Identify the thoracic 
duct when possible and protect it. A large fatty meal 
the day before surgery will help. If the thoracic duct is 
inadvertently divided, double ligate both ends well. 
The approach to the right should defi nitely identify the 
recurrent laryngeal nerve and protect it. We recommend 
the right supraclavicular approach with identifi cation of 
the recurrent laryngeal nerve.   

   2.    Make a transverse incision approximately one fi nger-
breadth above the clavicle from the midline to the posterior 
border of the sternocleidomastoid muscle (see Fig.   9.1    ). 
After division of the skin and subcutaneous tissue and 
the placement of small skin self-retaining retractors, incise 
the platysma muscle in the line of the incision. As with the 
higher approaches, identifi cation of the medial border of 
the sternocleidomastoid is imperative.   

   3.    In addition, identify and defi ne the anterior and posterior 
borders of the sternocleidomastoid muscle. The external 
jugular vein, although somewhat variable, is usually 
directly in the operative fi eld and the anterior jugular 
vein is positioned more medially. Divide if necessary.   

   4.    Incise the external investing fascia. Pass a probe or fi nger 
laterally from the medial border of the sternocleidomas-
toid to clear off the venous structures underneath the 
clavicular head of the sternocleidomastoid.   

   5.    Divide the sternocleidomastoid laterally to medially, 
watching for the internal jugular vein [ 1 ]. If required 
for visualization, remove the sternal head of the ster-
nocleidomastoid muscle in the same fashion. Eventual 

reattachment depends on suturing the fascial coverings 
of the muscle.   

   6.    Retract the divided sternocleidomastoid in a cephalad- 
caudad direction with self-retaining blunt retractors. 
The fl oor of the incision, at this point, consists of the 
middle cervical fascia, which contains the omohyoid 
and the sternohyoid muscles (see Fig.   7.3    ).   

   7.    Enter the middle cervical fascia lateral to the carotid 
sheath. Bluntly dissect to the surface of the anterior sca-
lene muscle (Fig.  10.1 ). The superfi cial surfaces of the 
anterior scalene are composed of the outer layer of the 
prevertebral fascia, the third and deepest of the fascial 
layers addressed in this approach. Lying on the surface 
of the anterior scalene is the phrenic nerve. The phrenic 
nerve crosses lateral to medial, cephalad to caudal 
(Figs.  10.2 ,  10.3 ). Retract the phrenic nerve medially 
after freeing it from the surface of the anterior scalene 
muscle. Identify the large internal jugular vein medially 
and feel the carotid pulse (Fig.  10.4 ). Although there are 
standard approaches to retract the carotid sheath later-
ally [ 2 ] (Fig.  10.5 ), attempt to retract the internal jugular 
vein and carotid sheaths medially (Figs.  10.1 ,  10.6 ). 
Retract the phrenic nerve to obtain good visualization of 
the anterior scalene muscle. The brachial plexus courses 
under the anterior scalene, between it and the middle 
scalene. The brachial plexus and suprascapular nerves 
are more superfi cial at the lateral border of the anterior 
scalene (Fig.  10.3 ).         

   8.    Delineate the medial and lateral borders of the anterior 
scalene muscle. The fascia on the deep surface of the 
anterior scalene is Sibson's fascia, a continuation of the 
prevertebral fascia that encloses this muscle. The apex 
of the parietal pleura and lung form the undersurface of 
Sibson’s fascia.   

   9.    Retract the anterior scalene laterally (Fig.  10.1 ). Bluntly 
dissect medially under the retracted carotid sheath. Stay 
on the prevertebral fascia to the spine.   

   10.    If exposure is inadequate, carefully dissect under the 
anterior scalene without violating the major portions of 
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Anterior
Scalene Muscle

Inferior
Thyroid Artery

SCM (Cut)

Common
Carotid Artery

Vertebral Artery

Internal
Jugular Vein

Subclavian Artery

Phrenic Nerve

Brachial Plexus

Vertebral Column

Vagus Nerve

  Fig. 10.1    After a transverse 
incision approximately one 
fi ngerbreadth above the clavicle 
from the midline to the posterior 
border of the sternocleidomastoid 
muscle, as described in Staicnc 
Muscle, as described in Chapter   7    , 
delineate the medial and lateral 
borders of the 
sternocleidomastoid muscle 
(SCM). Divide the 
sternocleidomastoid muscle, 
avoiding damage to the internal 
jugular vein and muscular venous 
branches under the 
sternocleidomastoid, by passing a 
peon or angled retractor medial 
to lateral under the muscle before 
cutting with electrocautery. This 
composite picture shows the cut 
and retracted sternocleidomastoid 
muscle, the laterally retracted 
anterior scalene muscle and 
phrenic nerve, and a medially 
retracted internal jugular vein       

Anterior
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Muscle

Phrenic Nerve

Entry Medial to Carotid Sheath

Medial Musculovisceral Column

Carotid Artery

Posterior AnteriorClavicle

Entry Lateral To Carotid
Sheath

Internal Jugular Vein

  Fig. 10.2    After division and retraction of the sternocleidomastoid 
muscle, three basic areas of approach are seen. (1) By retracting the 
phrenic nerve and resecting the anterior scalene muscle approach from 
the most lateral direction medially, an approach standardly used for a 
sympathectomy. (2) Lateral to the carotid sheath and medial to the ante-

rior scalene muscle is an approach that allows medial retraction of the 
internal jugular vein and carotid sheath. (3) A more conventional 
approach medial to the carotid sheath and internal jugular vein may 
require division and ligation of the inferior thyroid artery as described 
in Chapters   6     and   10           
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Sibson’s fascia and divide the anterior scalene muscle 
(Fig.  10.5 ). Retract it cephalad–caudad with self- retaining 
blunt retractors. The wound now consists of Sibson’s 
fascia in the fl oor of the wound, the large internal jugular 

vein and the carotid sheath medially, the apex of the lung 
beneath Sibson’s fascia in the fl oor of the wound, and 
laterally the brachial plexus as it courses superfi cial to the 
scalenus medius. The proximal portion of the anterior 

Medial

SCM

Lateral

Phrenic
Nerve

Carotid
Sheath

Brachial
Plexus

Middle Scalene
Muscle

Anterior Scalene
Muscle

  Fig. 10.3    The approach from 
lateral to the carotid sheath, as 
originally seen in Figure  10.1        

Carotid Sheath

Division of Anterior
Scalene Muscle

Phrenic Nerve

Brachial Plexus

Sibson’s Fascia

  Fig. 10.4    Division of the anterior scalene muscle after retraction of 
the phrenic nerve. The anterior scalene muscle originates from the 
anterior tubercles of the transverse processes and inserts on the 1st rib. 
The phrenic nerve courses from cephalad lateral to caudad medial on 
the superfi cial surface of the anterior scalene muscle. The brachial 
plexus lies under the anterior scalene muscle, between it and the middle 

scalene. The brachial plexus and supraclavicular nerves are superfi cial 
at the lateral border of the anterior scalene. The fascia on the deep 
surface of the anterior scalene muscle is Sibson’s fascia. Under 
Sibson's fascia is the apex of the lung. Protect the undersurface of the 
anterior scalene and divide it transversely at the level of the wound, or 
it may be resected from the transverse processes at multiple levels       
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scalenus muscle may be dissected from the anterior 
tubercle of the transverse processes to allow greater expo-
sure of the spine or brachial plexus [ 3 ].   

   11.    Incise Sibson’s fascia at the transverse processes and 
bluntly retract inferiorly; this retracts the pleura of the 
lung, which is usually at the T1 level. The recurrent 
laryngeal nerve is mobilized medially with the carotid 
sheath and medial visceral column. The spine is exposed 
by opening the fascia in the midline over the body. 
Continue the caudal exposure of the transverse processes 
and rib heads [ 4 ].   

   12.    Dissect to the 2nd and 3rd rib heads, producing a rather 
lateral exposure of the spine from the rib heads that 
must be carried medially to enter the all-important ret-
ropharyngeal fascial cleft on the anterior surface of the 
spine without having to dissect the longus coli muscle [ 4 ]. 
The vertebral artery enters the spine at C6 and can be 
identifi ed (Fig.  10.7 ). The subclavian vein courses on 
the fl oor of the wound.    

   13.    If the approach is done from the left, the junction of the 
internal jugular veins and the subclavian veins will con-
tain the thoracic duct (Fig.   1.3    ). Identify the thoracic 
duct. In case of damage, double-tie proximally and dis-
tally. Chylothorax can be prevented with proper ligation. 
Often a more judicious approach involves blunt dissec-
tion, progressing cephalad to caudad, as has been 

C5

C6

Carotid
Artery

Internal Jugular Vein

Longus Coli
Muscle

  Fig. 10.5    The most medial supraclavicular approach demonstrates a 
lateral retraction of the carotid sheath and internal jugular vein and the 
approach medial to these structures. The recurrent laryngeal nerve must 
be identifi ed in this area. The longus coli muscle is opened in the mid-
line and dissected from medial to lateral       
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  Fig. 10.6    The anterior scalene 
muscle is removed, the phrenic 
nerve is lateral, and the carotid 
sheath and jugular vein are 
retracted medially       
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described for the transverse processes of C5, C6, and C7 
to the rib head of the 1st rib down on the spine; this 
will sweep most of these structures cephalad to caudad. 
The danger, of course, lies in cutting restraining struc-
tures that cross the fi eld. The sympathetic chain (stel-
late ganglion at C7) lies on the rib heads in a lateral 
position. Avoid damage by dissecting more medially.   

   14.    Closure: Drain and suture sternocleidomastoid fascia, 
subcutaneous tissue, and skin.     

    Additional Anatomy 5  

     1.    The external investing fascia forms the anterior and pos-
terior sheaths of the sternocleidomastoid muscle and the 
fascial covering of the visceral structures of the neck. 

 This investing layer of cervical fascia is attached inferi-
orly to the acromion, clavicle, and manubrium of the ster-
num in an outer and inner layer superiorly to the hyoid 
bone, posteriorly to the mandible and mastoid processes, 
and superior to the nuchal line. The interval between the 
two laminae of the external investing fascia is called the 
suprasternal space or the space of Burns. 5  This space con-
tains the anterior jugular veins and sternal head of the ster-
nocleidomastoid muscle. The lateral extension of the space, 
deep to the heads of the sternocleidomastoid, is referred to 
as the cul-de-sac of Bruger. Communication between the 
anterior and external jugular veins is channeled through 
this inner laminar area.   

   2.    The middle cervical fascia attaches to the carotid sheath 
and joins the external investing fascia at the posterior 
border of the sternocleidomastoid muscle. Inferiorly the mid-
dle cervical fascia attaches to the posterior surface of the 

sternum, as do the muscles that they cover. It is the middle 
cervical fascia that attaches to the clavicle and forms 
the loop for the inferior belly of the omohyoid muscle.   

   3.    The prevertebral fascia is continuous with the endotho-
racic fascia caudally and laterally covers the levator 
 scapuli and splenius muscles. It extends posteriorly to 
attach to the spinous processes of the vertebrae. In the 
neck and throughout the spinal column it covers the longus 
coli and capitis muscles and is secured to the tips of the 
transverse processes.   

   4.    The origin of the anterior scalene muscle rises from the 
anterior tubercles of the transverse processes of C3, C4, 
C5, and C6. It inserts into the scalene tubercle on the inner 
border of the 1st rib and into the ridge on the cranial sur-
face of the rib ventral to the subclavian groove. The scale-
nus medius originates from the posterior tubercles of the 
transverse processes of the last six cervical vertebrae and 
inserts into the 1st rib.   

   5.    The scalenus medius is a muscular reenforcement of 
Sibson’s fascia. These fascial connections and the scalenus 
minimus connect the transverse processes of the seventh 
cervical vertebra to the 1st rib. Sibson’s fascia, as a por-
tion of the prevertebral fascia, becomes continuous with 
the endothoracic fascia on the inner surface of the 1st rib. 
Extending medially between the anterior scalene muscle 
and the spine is the all-important retropharyngeal fascial 
cleft. This is the space beneath the visceral structures, 
superfi cial to the prevertebral fascia, and it is in this space 
that retraction and work on the anterior portion of the 
spine take place.   

   6.    Identify the thyrocervical trunk off the subclavian artery in 
the lateral aspect of this subanterior scalene plane (Fig.  10.7 ). 
The thyrocervical trunk consists of the vertebral artery, 
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Transversarium
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  Fig. 10.7    The vertebral artery 
dissected free       
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which courses medially to enter the foramen transversarium 
at C6, the anterior cervical artery, which progresses ceph-
alad lateral to the vertebral artery, and the transcervical 
artery, which courses posterior across the posterior cervi-
cal triangle. The inferior thyroid artery, usually a branch 
off the carotid at about C7–T1, in certain cases arises from 
the thyrocervical trunk. Although it passes at the level of 
the operative fi eld, it usually need not be ligated.     

   Remember: 
   1.    Identify the medial and lateral borders of the sternoclei-

domastoid muscle.   
   2.    Protect the venous structures on the undersurface of the 

sternocleidomastoid and the internal jugular vein medially.   
   3.    Identify the inferior thyroid artery and the vertebral artery.   
   4.    Identify the phrenic nerve on the surface of the anterior 

scalene muscle.   
   5.    Retract the internal jugular vein, phrenic nerve, and 

carotid sheath medially.   

   6.    If the anterior scalene is divided, dissect cephalad to 
 caudad Sibson’s fascia and the apex of the lung.   

   7.    Stay medial toward the spine and superfi cial to the sym-
pathetic plexus and longus coli muscle as you approach 
the midline surface of the spine.         

   References 

   1.    Henry AJ: Extensive Exposure. Baltimore, Williams & Wilkins, 
1959, pp 53–72.  

   2.   Robinson RA: Approaches to the cervical spine Cl–Tl. Chapter 22 
in Schmidek HH, Sweet WH (eds): Current Techniques in 
Operative Neurosurgery. New York, Grune & Stratton, 1978, 
pp 205–302.  

   3.    Riley L: Surgical approaches to the anterior structures of the cervical 
spine. Clin Orthop 91 (16): 10–20, 1973.  

    4.    Nanson EM: The anterior approach to upper dorsal sympathectomy. 
Surg Gynecol Obstet 104:118–120, 1957.  

    5.   Goss CM (ed): Gray’s Anatomy of the Human Body, 29th edn. 
Philadelphia, Lea & Febiger, 1973.    

R.G. Watkins, III



61R.G. Watkins, III and R.G. Watkins, IV (eds.), Surgical Approaches to the Spine,
DOI 10.1007/978-1-4939-2465-3_11, © Springer Science+Business Media New York 2015

        Occasionally the need arises for maximally expanded exposure 
of the cervical spine. For exposure of multilevel anterior cer-
vical disease from C1 to T2 [ 1 ]; Riley expanded the basic 
anterior medial Robinson approach. Various aspects of the 
approach, seen in Chapters   4    ,   6    , and   9    , are combined into one 
extensive exposure.
    1.    The skin incision is a modifi ed Shoebringer incision 

described by Rile y. 1  It begins under the mandible at the 
midline and extends posteriorly under the angle of the 
mandible to the tip of the occiput, down the posterior 
border of the sternocleidomastoid muscle, and swings 
anteriorly into a modifi ed hemithyroid approach to the 
sternal notch (Fig.  11.1 ).    

   2.    Open the skin, subcutaneous tissue, and platysma mus-
cle in line with the incision. Open the full extent of the 
wound through the superfi cial cervical fascia dissecting 
the fl ap lateral to medial.   

   3.    Identify the anterior border of the sternocleidomastoid 
muscle (Fig.  11.2 ). As with all the anterior medial 
approaches, this is the key to proper orientation at this 
level. Develop the interval between the medial border of 
sternocleidomastoid and the strap muscles (Fig.  11.3 ). 
Spread longitudinally the entire length of the anterior 
sternocleidomastoid border. Reware of the mandibular 
branch of the facial nerve in the cephaladmost extent of 
the exposure.     

   4.    After the borders of the sternocleidomastoid and strap 
musculatures have been delineated, palpate for the 
carotid pulse. Incise the middle cervical fascial layer 
medial to the carotid pulse in the midportion of the neck 
(Fig.  11.4 ). Gently retract the carotid laterally and 
develop the interval between the medial musculovisceral 
column and the carotid artery. The middle thyroid vein 
should be identifi ed, tied, and ligated. Continue to 
develop this interval, aided by deep digital palpation in 

the wound for the spine. It is important to attempt to 
 dissect directly to the spine before placement of angled 
retractors, which could slip into the tracheal/esophageal 
groove and damage the recurrent laryngeal nerve. 
Bluntly spread longitudinally, dissection at this point 
should be caudad to the superior thyroid artery and 
cephalad to the inferior thyroid artery in the relatively 
avascular plane. The esophagus may be lying as a fl at 
ribbon on the spine; this should be bluntly dissected off 
the prevertebral fascia with the musculovisceral column 
(Fig.  11.5 ).     

   5.    Angled blunt retractors should be used to allow identifi -
cation of the longus coli muscle and the prevertebral 
fascia. Palpate for the disc surface, which is a raised, 
softer area of the spine, to allow a more midline exposure. 
Do not mistake the anterior tubercle of the transverse pro-
cess for the midline anterior structures of the cervical 
spine. A Kitner dissector will allow blunt dissection for 
positive identifi cation of an intervertebral disc.   

   6.    Having reached the prevertebral plane of dissection in 
the midcervical spine, open the more superfi cial middle 
cervical fascia in a cephalad direction (Fig.  11.6 ). 
The superior thyroid artery and vein should be the fi rst 
major vascular structures encountered. Identify and 
 dissect out suffi ciently this artery and vein. Continue the 
cephalad dissection to identify fi ve major structures: (1) 
the superior laryngeal nerve; (2) the hypoglossal nerve; 
(3) the facial artery; (4) the lingual artery; and (5) the 
digastric muscle. The superior laryngeal nerve should 
be preserved. Its more caudad external branch enters the 
medial musculovisceral column in close proximity with 
the superior thyroid artery. Isolate and preserve this nerve. 
Progressing in a cephalad direction, the hypoglossal 
nerve, described well in Chapter   4    , courses superfi cially 
across the external carotid artery and its branches from 
lateral to medial. Identify and isolate the hypoglossal 
nerve before ligation of the lingual or facial arteries; this 
will prevent inadvertent transection of the hypoglossal 
nerve. With identifi cation, ligation, and division of the 
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lingual and facial arteries, the carotid can be laterally 
retracted with greater ease.    

   7.    Use angled retractors in the cephalad portion of the 
wound to separate the carotid sheath and the medial 
musculovisceral column. The hypoglossal nerve and the 
superior laryngeal nerve are preserved when crossing 
the wound. Maintain the depth of the dissection in the 
prevertebral area. Identify each intervertebral disc level 
as you progress cephalad (Fig.  11.7 ).    

   8.    A marker fi lm for level of the spine should be obtained. 
The cephalad musculotendonous structures passing from 
lateral to medial are principally the digastric muscle, the 
stylohyoid ligament, and stylohyoid muscle. These may 
be divided in the midportion of the wound. The glosso-
pharyngeal nerve is cephalad, under the digastric muscle 
and stylohyoid muscle. Care should be taken to avoid 
damaging this nerve. Palpate the tip of the styloid process 
to identify the stylohyoid ligament. Remember the facial 
nerve exits from the stylomastoid foramen. This dissec-
tion should be medial to the jugular foramen and the jugu-
lar bulb. Maintain the prevertebral tissue plane level.   

   9.    It may be necessary to expand the exposure by closed 
dislocation of the temporal mandibular joint. A large 
submandibular gland may be resected, if necessary; 
this will allow an exposure of the clivus and tip of the 

  Fig. 11.1    Total exposure to the cervical spine from C1 to T2. A curvilin-
ear incision producing a fl ap on the anterior lateral aspect of the neck may 
be used. Incise through the skin and subcutaneous tissue, divide the pla-
tysma muscle in line with the incision, and carefully retract the skin mar-
gins. When necessary, divide and ligate prominent external jugular veins       
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  Fig. 11.2    As in the standard 
anteromedial approach to 
cervical spine (Chapter   6    ), 
identify the medial border of the 
sternocleidomastoid muscle 
(SCM), and delineate this border 
throughout the length of the 
incision       
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odontoid process. With a standard approach to the base of 
the odontoid at the C1–C2 junction, it is not necessary 
to dislocate the mandible.   

   10.    For the caudal extent of the wound, continue the dissec-
tion in the prevertebral plane to the inferior thyroid 
artery and vein. Identify, tie, and ligate.   

   11.    The standard approach is from the left. If approached 
from the right because of a particular aspect of the pathol-
ogy, the recurrent laryngeal nerve must be identifi ed as it 
courses from lateral to medial in the C7–T1 area.   

   12.    Divide the mylohyoid muscle in its belly and retract the 
ends. Further exposure from this point may consist of 
division of the sternal and/or clavicular heads of the ster-
nocleidomastoid and identifi cation of the phrenic nerve 
and anterior scalene muscle. Total resection of the ante-
rior scalene may be needed (see Chapter   9    ). Remember, 
the apex of the lung is medial under Simpson’s fascia, 
under the anterior scalene muscle.   

   13.    The vertebral artery enters the spine at C6. Maintain the 
prevertebral plane on the midline of the vertebral body 
and disc. Exposure of the entrance of the vertebral artery 
into the spine is not necessary, but with lateral dissection 
at the C7–T1 area such as in resection of the anterior sca-
lene muscle, the vertebral artery must be identifi ed. 
Osteotomy of the sternoclavicular joint may be needed to 
allow distal extension of the wound to easily include T3.   

   14.    Closure: The muscular planes fall together with removal 
of the retractors. Drainage should be used with an incision 
this large. Close the platysma in a separate layer.    
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  Fig. 11.3    Retract the 
sternocleidomastoid muscle 
laterally and develop the plane 
between the carotid sheath and 
the medical musculovisceral 
column       
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  Fig. 11.4    The omohyoid muscle crosses the middle cervical fascial 
layer approximately at C6–C7. Fibers of the ansa cervicalis may course 
with the muscle. The omohyoid may be divided       
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Mandible
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  Fig. 11.5    The omohyoid muscle 
in place, blunt dissection in the 
caudal aspect of the wound 
deepens the appropriate interval 
between carotid sheath and 
medial musculovisceral column 
to the longus coli muscle on the 
spine. The esophagus, which may 
be only a fl at ribbon of tissue on 
the spine, is retracted medially 
with the medial musculovisceral 
column. Make positive 
identifi cation of the longus coli 
muscle before any incision       
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  Fig. 11.6    Visualize the 
midportion of the cervical spine, 
open the longus coli muscle in 
the midline, and dissect from 
medial to lateral. The approach to 
the more cephalad portion of the 
wound is described in Chapter   2    . 
The approaches of Chapters   2    ,   6    , 
and   8     may be combined here in 
this Lincoln Highway exposure 
of the entire cervical spine. This 
is an extension of the most useful 
standard Robinson anteromedial 
approach       

 

 

R.G. Watkins, III

http://dx.doi.org/10.1007/978-1-4939-2465-3_2
http://dx.doi.org/10.1007/978-1-4939-2465-3_2
http://dx.doi.org/10.1007/978-1-4939-2465-3_6
http://dx.doi.org/10.1007/978-1-4939-2465-3_8


65

    Remember: 
   1.    Extend the incision laterally to the posterior border of 

the sternocleidomastoid muscle and distal medially to 
the sternal notch.   

   2.    Avoid the mandibular branch of the facial nerve in the 
cephalad extent of the wound.   

   3.    Expose the spine in the safer midcervical spine region.   
   4.    Identify the superior laryngeal nerve and the hypoglos-

sal nerve and isolate these structures before division of 
arteries and veins.   

   5.    Do not include the glossopharyngeal nerve with any 
division of the digastric and stylohyoid muscles.   

   6.    Dislocate the mandible and resect the submandibular 
gland, but only when needed for exposure.   

   7.    Identify the inferior thyroid artery and vein and the 
recurrent laryngeal nerve on the right side.   

   8.    Identify and protect the vertebral artery entering the 
spine at C6.   

   9.    Avoid damage to the apex of the lung under Simpson’s 
fascia.   

   10.    Identify and protect the phrenic nerve and Simpson’s 
fascia with any division of the anterior scalene 
muscle.   

   11.    Osteotomize the sternoclavicular joint after adequate 
clearance of soft tissue, but only if necessary for distal 
exposure.        

   Reference 
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  Fig. 11.7    Good visualization of 
the medial portion of the spine 
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with retraction of soft tissue both 
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        The anteromedial approach is an extension of the Smith–
Robinson approach. It is medial to the sternocleidomastoid 
muscle and medial to the carotid sheath. This method allows 
exposure from C1 to T2 [ 1 ] and can be combined with an 
osteotomy of the sternoclavicular joint to allow a greater 
exposure at T2. The thoracic duct must be avoided with the 
left anteromedial approach. The recurrent laryngeal nerve 
should be identifi ed with the right-side approach. The inferior 
thyroid artery and vein may need ligation, and the apex of the 
lung must be avoided. 

 The anterolateral approach to the cervicothoracic junction 
is an extension of the Hodgson approach [ 2 ] combined with 
the Nanson supraclavicular approach [ 3 ], in which the sterno-
cleidomastoid is removed from the clavicle. The spine is 
approached from the right side, lateral to the carotid sheath 
and vessels. With the carotid sheath and internal jugular vein 
retracted medially, the anterior scalene muscle may be divided 
and the phrenic nerve retracted for greater exposure. 

 The 3rd rib resection allows good exposure to T1–T3. 
When there is a thoracic kyphosis deformity, exposure of 
C6–T3 is possible [ 4 ]. The morbidity associated with divid-
ing the scapular muscle attachments can be signifi cant. 
The operating space can be enhanced by removal of both 
the 2nd and 3rd ribs. 

 By cephalad extension of the posterior proximal limb of 
the 3rd rib incision, cutting the rhomboid and trapezial 
attachments to the scapula and sweeping the scapula later-
ally, the 1st, 2nd, 3rd, and 4th ribs can be removed for maxi-
mum exposure. One rib, usually the 3rd, is left to support 
the scapula [ 5 ]. 

 Although the axillary approach has very limited exposure, 
it does allow biopsy of the T1–T3 area and limited spinal 
work. The morbidity associated with dividing the pectoralis 
major is less than that occurring when dividing the scapular 
muscle attachments.    
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        Anterior exposure of the cervicothoracic spine (C7 to T2) 
presents a signifi cant challenge because of the limited access 
afforded by anatomical considerations. The junction of the 
cervical and thoracic spine not only represents the apex of 
two physiologic curvatures but is also crowded by important 
neurovascular structures, the trachea and the esophagus at 
the narrowed thoracic outlet. Median sternotomy as well as 
partial resection of the manubrium and part of the clavicle on 
one side have been described but may not be necessary for 
adequate exposure because of recent improvements in instru-
mentation and technique. In addition, the increasing famil-
iarity of many surgeons with the anatomy of the area makes 
less radical approaches more desirable. We present a step-
wise approach to the area that may obviate resection of the 
clavicle or the manubrium, depending on how much expo-
sure can be obtained before proceeding with those steps.
    1.    Under general endotracheal anesthesia, the patient is 

placed supine with a bolster between the scapulae with 
the head turned to the right and the neck slightly extended. 
A slight reverse Trendelenburg position may help reduce 
venous distension. The vocal cords should be evaluated 
by the anesthesiologist at the time of intubation to con-
fi rm their integrity, and a nasogastric tube is inserted to 
help localize the esophagus.   

   2.    An inverted L-shaped incision is marked off on the skin 
with the transverse limb 1 to 2 cm above the left clavicle, 
extending from the lateral border of the sternomastoid 
muscle to the midline just above the suprasternal notch. 
From there the vertical limb is marked in the midline 
extending to the bottom of the manubrium (Fig.  13.1 ). 
The skin is initially incised only along the transverse 
plane, with the vertical portion reserved for use only if 
exposure is not adequate without resection of the clavicle 
and part of the manubrium. Subplatysmal fl aps are then 
elevated. These fl aps should be wide enough to expose 
the lower one-third of the sternomastoid and strap muscles 

superiorly and extend inferiorly 3 to 4 cm below the clavicle 
(Fig.  13.2 ).     

   3.    Dissection between the medial border of the sternomas-
toid and the strap muscles is carried superiorly to the 
extent of the fl ap exposure and inferiorly to the insertion 
at the clavicle. Blunt dissection is then used to create a 
plane posterior to the sternoclavicular joint to expose the 
superior mediastinal fat pad. The dissection then mobi-
lizes the sternomastoid muscle with the jugular vein later-
ally and the strap muscles medially to expose the avascular 
plane between the carotid sheath laterally and the trachea 
and esophagus medially (Fig.  13.3 ). This plane is then 
developed down to the prevertebral fascia. Very careful 
dissection in this area is necessary to possibly identify the 
recurrent laryngeal nerve, which lies in the tracheoesoph-
ageal groove.    

   4.    The plane between the esophagus and the prevertebral 
fascia is then developed to mobilize the trachea and 
esophagus to the right (Fig.  13.4 ); this is a clear vascular 
plane, and careful fi nger dissection can be used to develop 
it as far inferiorly as possible. A spinal needle is then 
inserted into at least two of the disc spaces visualized at 
this point and an X-ray is taken to corroborate their iden-
tity. This step helps determine whether this exposure will 
be suffi cient without proceeding to resection of the distal 
third of the clavicle or manubrium (Fig.  13.5 ).     

   5.    Further dissection to expose the anterior surface of the 
spine is then carried out with cautery and blunt dissection 
as far inferiorly and superiorly as possible. Selfretaining 
retractors are placed under the prevertebral muscles to 
complete the exposure. Depending on the pathology, this 
may provide suffi cient visualization to carry out the nec-
essary work (Fig.  13.6 ).    

   6.    If exposure is not adequate at this point, the next step 
would be to extend the skin incision along the vertical 
plane and resect the medial one-third of the clavicle. 
To do this, the sternal and clavicular heads of the sterno-
mastoid muscle are detached from their insertions 
by cautery and retracted superiorly and laterally. 
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The strap muscles (sternothyroid and sternohyoid) are 
sectioned just above the clavicle and sternal notch and 
retracted superiorly and medially. The sternal origin of the 
pectoralis major muscle is stripped laterally off the body 
of the sternum and the inferior border of the medial 

third of the clavicle. The clavicle is stripped subperioste-
ally and then sectioned using a Gigli saw (Fig.  13.7 ). This 
segment of clavicle is then disarticulated from the manu-
brium and the joint here is resected with rongeurs. Great 
care must be exercised here to prevent injury to the 
innominate vein. This maneuver may now afford ade-
quate exposure to the affected area by allowing wider lat-
eral mobilization of the vessels and more medial 
mobilization of the esophagus and trachea (Fig.  13.8 ).     

   7.    If more room is needed, progressive resection of the 
manubrium can then be carried out using a power saw or 
drill to carve away as large a window as necessary. 

  Fig. 13.1    The skin incision extension has been marked off with ana-
tomical relationships highlighted. Incision extends from just lateral to 
the sternomastoid to the midline about 1 to 2 cm above the clavicle       

  Fig. 13.2    Skin fl aps have been elevated superiorly and inferiorly, 
exposing the distal one-third of the sternomastoid and the distal end of 
the clavicle       

  Fig. 13.3    The sternomastoid has been mobilized laterally and away 
from the strap muscles, which go medially. The carotid sheath is 
exposed and mobilized laterally with the internal jugular vein       

  Fig. 13.4    Clear demonstration of the avascular plane anterior to the 
prevertebral fascia and the esophagus. Finger dissection superiorly and 
inferiorly is easy here and should be used to expose the anterior surface 
of the spine       
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The inferior thyroid vein can be ligated and the innominate 
vein mobilized inferiorly. The thymus and surrounding 
fat behind the manubrium can be dissected and mobilized 
to the right or resected if necessary.   

   8.    We have been able to perform partial vertebrectomy and 
tumor resection at T2–T3, with fusion using a strut graft, 
without resection of either the clavicle or the manubrium. 
This procedure allows for much quicker recovery with less 
morbidity than if the bony structures must be resected.   

   9.    Closure: Anatomical layers including the platysma can be 
approximated with running absorbable sutures. If the 

clavicle is transected, it can be replaced in situ if not used 
as a strut graft. The strap muscles should be reapproxi-
mated with running absorbable sutures, and the sterno-
mastoid can be reattached to the periosteum in similar 
fashion. Suction drains may be used under the fl aps as 
necessary, and the skin is closed with staples.     

  Fig. 13.5    Exposure before taking X-rays to verify the level       

  Fig. 13.6    After X-rays have documented the levels, the paravertebral 
muscles are elevated and further exposure carried out as far distally as 
necessary. Note that the T1–T2 disc space is accessible at this point 
without taking the clavicle or the manubrium       

  Fig. 13.7    Skin incision has been extended and preparation for resection 
of the clavicle is complete       

  Fig. 13.8    After resection of the clavicle, exposure can now be carried 
out to the T2–T3 level       
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   Remember: 
   1.    Adequate exposure may be obtained through a transverse 

supraclavicular incision alone, but plan to extend vertically 
if necessary.   

   2.    Try to identify the recurrent laryngeal nerve at the tra-
cheoesophageal groove.   

   3.    Watch out for the innominate vein beneath the 
manubrium.   

   4.    Try to stay within the avascular plane between the prever-
tebral fascia and the esophagus.       

S.A. Brau
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        The cervicothoracic junction represents one of the more 
complex areas of the spine because of the proximity of vis-
ceral and vascular structures at the thoracic inlet. With the 
introduction of magnetic resonance imaging (MRI), it is 
apparent that most tumors, infections, and degenerative pro-
cesses result in compression of the cord from a ventral direc-
tion. Logically, therefore, direct anterior approaches offer 
the best exposure for direct decompression of the spinal 
cord. In the majority of cases, restoration of spinal stability 
by reconstruction of the resected segments represents an 
equally important goal of surgery. Such reconstruction 
should be carried out in conjunction with instrumentation to 
achieve rigid and immediate internal fi xation. 

 In 1957, Cauchoix and Binet described a direct approach 
to the cervicothoracic region through median sternotomy. 1  
In their classic approach, the skin incision included two 
parts: a cervical component along the anterior border of the 
sternomastoid muscle and a thoracic incision in the midline, 
carried down to the xyphoid process. The sternum was com-
pletely split and retracted. Although median sternotomy pro-
vides complete access to the cervicothoracic segments from 
C4 down to T4, complete median sternotomy is not always 
indicated for standard approaches. During the past decade, 
we and others have described a variety of modifi cations to 
this original operative procedure [ 2  –  8 ]. 

 Clinical indications for this operative exposure include 
not only lesions involving the spine but also tumors of the 
superior mediastinum (thymomas), as well as the manage-
ment of vascular injuries involving the innominate artery 
[ 7  –  9 ]. For spinal lesions, this approach is indicated for 
tumors, tuberculosis involving the cervicothoracic junction, 
trauma with collapse of the upper thoracic vertebra, and the 
correction of cervicothoracic kyphosis. 

    Surgical Anatomy 

 The thoracic inlet is kidney shaped with an average antero-
posterior diameter of 5 cm and a transverse diameter of 
10 cm. It is bounded by the fi rst thoracic vertebra posteriorly, 
the top of the manubrium anteriorly, and the 1st ribs on each 
side. Its plane slopes forward and downward, but there is 
considerable variation in the size, shape, and obliquity of 
the inlet. The sternomastoid muscle arises from the sternum 
and clavicle by two heads (Fig.  14.1 ). The sternal head is a 
rounded fasciculus that is tendonous and arises from the 
upper part of the anterior surface of the manubrium. The 
clavicular head is more fl eshy and arises from the superior 
border and anterior surface of the medial third of the clavicle. 
The infrahyoid strap muscles lie more posteriorly. The sterno-
hyoid muscle arises from the posterior surface of the medial 
end of the clavicle, the posterior sternoclavicular ligament, 
and the posterior surface of the manubrium and medial end 
of the 1st rib. Important vascular structures in the superior 
mediastinum include the innominate, common carotid, and 
left subclavian arteries arising from the arch of the aorta. The 
innominate artery originates from the convexity of the aortic 
arch and passes obliquely upward, backward, and to the right. 
A high-riding arch with a more distal origin of the innominate 
artery may necessitate considerable retraction if a right-sided 
approach is used.  

 The vagus nerve and its branches are the most important 
nerves to identify in the neck (Fig.  14.2 ). The vagus nerve is 
(1) motor to all smooth muscle, (2) secretory to all glands, 
and (3) afferent from all mucous surfaces in the following 
parts: the pharynx (lowest part), larynx, trachea, bronchi, and 
lungs; esophagus (entire), stomach, and gut down to the left 
colic fl exure; liver, gallbladder, and bile passages; pancreas 
and pancreatic ducts; and perhaps spleen and kidney; (4) 
motor to all muscles of the larynx, all muscles of the pharynx 
(except the stylopharyngeus), and all the muscles of the pal-
ate (except the tensor veli palatini); (5) the conveyor of taste 
from the few taste buds about the epiglottis; (6) inhibitory to 
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cardiac muscle; and (7) sensory to the outer surface of the 
eardrum, the external acoustic meatus, and the back of the 
auricle. In the neck, the vagus nerve gives (1) a pharyngeal 
branch to the superior and middle constrictors and muscles 
of the soft palate; (2) the superior laryngeal nerve, via the 
internal laryngeal nerve, is sensory to the larynx above 
the vocal cords and to the lowest part of the pharynx and, via 
the external laryngeal nerve, motor to the inferior constrictor 
and cricothyroid and (3) a twig (sinus nerve) to the carotid 
sinus, and (4) two cardiac branches.  

 The recurrent laryngeal nerve arises from the vagus and 
courses around the subclavian artery on the right and around 
the aortic arch on the left. It traverses the operative fi eld 
obliquely at a higher level on the right; on the left side, it 
reaches the tracheoesophageal groove more caudally and is 
thus less liable to injury with a left-sided exposure. In addi-
tion, the recurrent laryngeal nerve may occasionally be 
 nonrecurrent on the right side and take a more direct course. 
On the left side, no such anatomical variations are seen. 
For this reason, a left-sided approach to the cervicothoracic 
region is generally recommended. 

 Another important structure that is potentially vulnerable 
to injury is the thoracic duct (Fig.  14.3 ). At this level, it usually 
lies to the left of the midline and empties at the junction of the 
internal jugular and subclavian veins posteriorly. Occasionally, 
it may divide into two branches, one emptying on the left side 
and the other into the right subclavian vein with the right lym-
phatic duct. The right lymphatic duct is much less prominent 
and should not be encountered during this dissection.   

  Fig. 14.1    Muscular and tendonous attachment of the origin of the 
sternocleidomastoid muscle is shown on the sternum and the clavicle. 
The sternal head is tendonous and arises from the anterior superior part 
of the manubrium. (From O’Shea J, Sun-daresan N, Stein Berger A, 
Moore F. In Menezes A, Sonntag VKH (eds): Principles of Spinal 
Surgery. New York, McGraw-Hill, 1996, p 1254, with permission.)       
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  Fig. 14.2    The branches of the 
vagus nerve in the neck include 
the recurrent layngeal nerve, the 
superior clavicular nerve, the 
superior laryngeal nerve, and 
inferior cervical cardiac and 
cardiac branches from the 
recurrent laryngeal nerve. (From 
O’Shea J, Sundaresan N, Stein 
Berger A, Moore F. In Menezes 
A, Sonntag VKH (eds): 
Principles of Spinal Surgery. 
New York, McGraw- Hill, 1996, 
p 1255, with permission.)       
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    Operative Approach 

 The operation is performed under general endotracheal 
anesthesia with the patient placed in the supine position. 
In patients with unstable spines, awake nasotracheal intubation 

may be performed at the discretion of the surgeon. Arterial 
lines and wide-bore intravenous lines are used, as well as 
compression stockings for the lower extremities. The neck is 
extended slightly using a folded sheet under the shoulders 
and a doughnut under the head. The range of extension and 
fl exion of the neck is tested preoperatively with the patient 
awake. In patients with obvious instability, a halo traction 
device is applied and traction maintained intraoperatively. 
We currently monitor somatosensory evoked potentials 
(SSEP) routinely, as well as an image intensifi er that is draped 
in place. Both arms are positioned by the sides, and traction 
bands are applied to both wrists to pull the arms down for 
lateral radiographic imaging during the procedure.
    1.    Two different skin incisions may be used: a vertical inci-

sion along the medial aspect of the sternomastoid 
extending along the midline of the sternum down to the 
xyphoid, or a transverse incision 1 cm above the clavicle 
that is then extended in the shape of a T over the sternum 
(Figs.  14.4a ,  14.4b ).     

   2.    After the skin incision is made, it is deepened with cau-
tery through the platysma, and subplatysmal fl aps are 
elevated and retained by sutures (Figs.  14.5a – 14.5c ). 
Alternatively, the skin fl aps may be retracted by fi sh-
hooks. Several veins (the anterior jugular veins and the 
jugular venous arch) and the medial supraclavicular nerve 
may cross the operative site and need to be sectioned and 
securely ligated with silk sutures.   

   3.    The sternal and clavicular heads of the sternomastoid 
are detached from their bony origins by cauteiy, as 
shown in Figure  14.6a . Figures  14.6b  and  14.6c  demon-
strates detaching the sternomastoid from the manubrium 

  Fig. 14.3    The thoracic duct was to the left of the midline and empties 
into half the junction of the internal jugular subclavian veins posteri-
orly. (From O’Shea J, Sundaresan N, Stein Berger A, Moore F. In 
Menezes A, Sonntag VKH (eds): Principles of Spinal Surgery. 
New York, McGraw-Hill, 1996, p 1255, with permission.)       

  Fig. 14.4    (a) The vertical incision extends along the medial border of 
the sternocleidomastoid to the midline of the sternum extending down 
the xyphoid process. (b) The transverse incision is 1 cm above the 
clavicle and then is extended in the shape of a “T” over the sternum. 

(From O’Shea J, Sundaresan N, Stein Berger A, Moore F. In Menezes 
A, Sonntag VKH (eds): Principles of Spinal Surgery. New York, 
McGraw-Hill, 1996, p 1256, with permission.)       
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and left clavicle by cautery. This muscle is retracted 
superiorly and laterally. The strap muscles (sternohyoid 
and sternothyroid muscles) on the ipsilateral side are 
sectioned just above the clavicle and retracted superiorly 
and medially (Fig.  14.7 ). All fatty and areolar tissues in 
the suprasternal space are cleaned.     

   4.    The clavicle should be stripped of its muscle attach-
ments so that it can be removed; these muscles include 
the pectoralis major inferiorly, the subclavius posteri-
orly, and the trapezius laterally. The sternal origin of the 
pectoralis major muscle is stripped subperiosteally, as 
far laterally as possible. Great care should be taken to 
protect the undersurface of the clavicle to prevent injury 

to the subclavian vein (Fig.  14.8 ). The medial half of 
the clavicle should then be resected. The lateral cut can 
be done with either a Gigli saw or a microsagittal saw 
(Figs.  14.9a ,  14.9b ). To free the medial end, the carti-
lage of the sternoclavicular joint must be removed 
piecemeal with rongeurs (Fig.  14.9c ). The resected 
clavicle (Fig.  14.9d ) can be fashioned into an excellent 
strut graft to replace the resected vertebral bodies. 
Resection of the clavicle enhances the overall exposure 
and allows vascular control of the innominate arteries 
of the ipsilateral side.     

   5.    At this juncture, a decision must be made as to the necessity 
of sternal resection: the sternum can be removed partially 

  Fig. 14.5    (a) The skin incision for the transverse “T” is demonstrated with skin markings. (b) The development of the subplatysmal fl aps shows 
the clavicle visible in the wound. (c) The strap muscles with their insertion into the clavicle and sternum       
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(manubrium alone), or completely split (sternotomy). 
Manubrial resection may not always be necessary in thin 
patients with long necks, and others without kyphosis, in 
whom the second thoracic segment can be reached by 
the transcervical exposure alone. To remove the manu-
brium, a fi nger is inserted underneath the inner surface 
and all soft tissue structures are bluntly dissected from its 
undersurface. To remove a portion of the manubrium, as 
shown in the inset in Figure  14.10 , we use the B1 cutting 
bit of the Midas Rex (craniotomy bit). Alternatively, a 

small portion of the manubrium may be drilled out 
with a round bur. Brisk bleeding may accompany this 
maneuver, and all bone edges must be waxed. The most 
important vascular structure that traverses the superior 
mediastinum is the innominate vein, which is generally 
higher in young infants and children. The thymus and 
surrounding fat may obscure the operative approach and 
may be resected.    

   6.    The avascular plane between the carotid sheath laterally 
and the trachea and esophagus medially is identifi ed and 

  Fig. 14.6    (a) The anterior throat with the strap muscles and their 
incursions onto the clavicle and sternum. The thyroid cartilage and 
gland are visible in the depth of the wound. (From O’Shea J, Sun-
daresan N, Stein Berger A, Moore F. In Menezes A, Sonntag VKH 

(eds): Principles of Spinal Surgery. New York, McGraw-Hill, 1996, 
p 1257, with permission.) (b) The insertions of the muscular tendon of 
the clavicle and manubrium are removed, revealing the underlying 
bony structure. (c) The clavicle is marked for resection       
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developed down to the prevertebral fascia (Fig.  14.11 ). 
Once the prevertebral fascia and longus coli muscles are 
identifi ed, handheld Cloward retractors are inserted and 
the plane expanded in the cephalocaudal direction. In a 
left-sided exposure, an attempt must be made to identify 
the recurrent laryngeal nerve, which lies in the tracheo-
esophageal groove on the left. On the right, it generally 
crosses the prevertebral area and is more liable to injury. 
The level of dissection can now be confi rmed by intraop-
erative radiography. The level may be diffi cult to visual-
ize from lateral views alone, and we generally place a 
needle at a higher interspace and then count downward 
to confi rm the correct level.    

   7.    After identifying the correct spinal levels, the longus 
coli muscles are stripped from the front of the spine 
using cautery. In addition, the ligaments and periosteum 
overlying the vertebral bodies are stripped laterally as 
far as possible. Self-retaining retractors are then placed 
with the sharp edges underneath the longus coli mus-
cles (Fig.  14.12 ). The disc spaces above and below the 
level of involvement are identifi ed and removed with 
angled curettes and rongeurs. Occasionally, a high-
speed drill may be required to drill the bodies if they are 
sclerotic. All involved bone including the posterior lon-
gitudinal ligament should be removed with Kerrison 
rongeurs. In patients with tumors, the posterior longitu-
dinal ligament is invariably involved by tumor and 
should be removed. Dissection should be extended 
laterally to free involved nerve roots that may be com-
pressed by bone fragments. Meticulous hemostasis is 
obtained using bipolar cautery under constant saline 
irrigation.    

   8.    Following decompression, stabilization is accomplished 
in several ways. Following single-level vertebrectomies 
in cancer patients, immediate stability can be achieved 
using methyl methacrylate constructs held in place by 
Steinman pins. In others, bone fusion may be necessary. 
The resected clavicle is an excellent strut graft; this is 
cut to an appropriate length with an oscillating saw and 
positioned in the defect. We currently use titanium plates 
(Orion or Morscher) in virtually all patients to supple-
ment the bone graft (Fig.  14.13 ). The correct positioning 
of intraoperative implants is checked by intraoperative 
X-rays.    

   9.    The wound is closed in anatomical layers. We recom-
mend drainage of the wound with soft suction drains and 
generally close the skin with staples (Fig.  14.14 ).    

   10.    In patients with three-column involvement, a second- 
stage or simultaneous posterior fi xation is necessary; 
this can be accomplished by segmental fi xation using 
hook constructs or sublaminar wiring. In some patients, 
following laminectomy, pedicle, screws (3.5-mm diam-
eter) are used. Pedicle screws in the cervicothoracic 
region are technically more diffi cult to place, and we 
recommend the use of a frameless stereotaxy system 
such as the Stealth to achieve correct intraoperative 
placement.      

    Postoperative Management 

 The length and complexity of the surgery determine the 
duration of intubation. In long, complicated cases, especially 
in elderly patients, it may be prudent to leave the  endotracheal 
tube in place for about 12 to 24 hours to allow postoperative 
laryngeal swelling to subside. Patients undergoing shorter 

  Fig. 14.7    The sternomastoid is resected from the manubrium and left 
clavicle by cautery, the muscle is retracted superior and laterally, and 
the strap muscles on the ipsilateral section just above the clavicle are 
retracted superior and medially       

  Fig. 14.8    The medial half of the clavicle is removed with the Gigli 
saw, and the underlying tissue is protected       
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procedures can be extubated early. Many patients may have 
temporary hoarseness from traction of the recurrent laryn-
geal nerve. Older patients with prolonged surgery may have 
superior laryngeal nerve weakness (with inability to clear 
their secretions and the danger of possible aspiration). 
Postoperative mobilization is usually begun with patients in 
a Philadelphia collar, which is kept on for 8 to 12 weeks.

  Remember: 
   1.    Always try to perform this exposure from the left side 

to minimize the possibility of injury to the recurrent 
laryngeal nerve.   

   2.    Remember that the innominate vein lies underneath the 
clavicle and is potentially vulnerable to injury.   

   3.    This operative exposure provides as much access as the 
complete median sternotomy. Several modifi cations of 
this procedure have been proposed, the major feature of 
which is sparing of the clavicle; the alternative is perform-
ing a complete sternotomy. Kurtz et al. have proposed sev-
eral modifi cations of our approach, which are reasonable 
[ 10 ]. Instead of a T-shaped incision, the horizontal limb is 
made only on the side of the approach. They leave the 
manubrium intact and use a combination of methyl meth-
acrylate and bone graft. Nazzaro et al. have described an 

  Fig. 14.9    (a) The strap muscles are detached from the clavicle and the 
Gigli saw is used to section the clavicle. (From O’Shea J, Sundaresan 
N, Stein Berger A, Moore F. In Menezes A, Sonntag VKH (eds): 
Principles of Spinal Surgery. New York, McGraw-Hill, 1996, p 1257, 
with permission.) (b) The clavicle is osteotomized and the cartilage of 

the sternoclavicular joint exposed. (c) The cartilage of the sternocla-
vicular joint is removed and the piece of clavicle is freed. (d) The clav-
icle with its articular cartilage. Removal of this articular cartilage 
allows use of the clavicle as graft       
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extension of this procedure that combines a partial medial 
sternotomy with an anterolateral thoracotomy but requires 
the services of a thoracic surgeon [ 11 ]. Their approach 
may be appropriate for tumors with extensive anterolateral 
soft tissue involvement.   

   4.    If there is signifi cant kyphosis with collapse of the vertebra, 
it may be necessary to remove the normal vertebra above 
the collapse to reverse the kyphosis and decompress 
the cord.         

  Fig. 14.10    Clavicle, sternohyoid 
clavicular, and manubrium have 
been sectioned and removed. 
(From O’Shea J, Sundaresan N, 
Stein Berger A, Moore F. In 
Menezes A, Sonntag VKH (eds): 
Principles of Spinal Surgery. 
New York, McGraw- Hill, 1996, 
p 1258, with permission.)       

  Fig. 14.11    (a) Prevertebral fascia and longus coli exposed. (From 
O’Shea J, Sundaresan N, Stein Berger A, Moore F. In Menezes A, 
Sonntag VKH (eds): Principles of Spinal Surgery. New York, McGraw-

Hill, 1996, p 1258, with permission.) (b) The avascular plane between 
the carotid sheath laterally and the trachea and esophagus medially is 
identifi ed and developed down to the prevertebral fascia       
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  Fig. 14.12    (a) Self-retaining retractors are positioned under the longus 
coli. (From O’Shea J, Sundaresan N, Stein Berger A, Moore F. In 
Menezes A, Sonntag VKH (eds): Principles of Spinal Surgery. 

New York, McGraw-Hill, 1996, with permission.) (b) The jugular vein 
is clearly visible       

  Fig. 14.13    (a) After resection, stabilization is performed with the 
 clavicle as bone graft and anterior plates (Orion or Morscher). If three- 
column involvement is present, a second-stage or simultaneous 
posterior instrumentation is performed. (From O’Shea J, Sundaresan N, 

Stein Berger A, Moore F. In Menezes A, Sonntag VKH (eds): Principles 
of Spinal Surgery. New York, McGraw-Hill, 1996, with permission.) 
(b) The spinal plate is inserted through the exposed area, the  self-retained 
retractors demonstrate the spine clearly       
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      For female patients, and for males of slender build, the 
 transaxillary transthoracic approach is an alternative to the 
posterior parascapular approach to the upper dorsal spine. 
The highest dorsal vertebra reached through this approach is 
the body of T1, although the C7–T1 interspace is often acces-
sible at the extreme apex of the thoracic inlet. The most sig-
nifi cant advantage of this approach is that no major muscle 
groups are sectioned during the procedure, and there is rapid 
functional recovery of shoulder girdle mobility. The principal 
disadvantage of the approach is its limited exposure com-
pared with that obtained by complete mobilization of the 
scapula. The approach is not indicated in obese individuals or 
in males of substantial muscular build with hypertrophic pec-
toralis major and latissimus dorsi muscles. The approach 
described here is from the right side, although the left-side 
approach is commonly used.
    1.    Position the patient with the right side of the torso elevated 

60 degrees or more. The complete left lateral decubitus 
position can be used. Carefully protect the wrist and fore-
arm to the elbow with padded circular dressings. Abduct 
the upper extremity and fl ex the elbow. Affi x the padded 
forearm to an “L” bar at the anesthesiologist’s end of the 
table. Do not cover the arm with a sterile stockinette, as the 
operative fi eld can be satisfactorily prepped and draped 
using standard orthopedic technique, excluding the portion 
of the upper extremity distal to the midbiceps (Fig.  15.1 ).    

   2.    Place the incision transversely at the base of the natural 
axillary hairline, and deepen it by electrocautery in the 
most direct manner to the chest wall. Divide the pectora-
lis musculature (Fig.  15.2 ).  
  Caution:   It is important to avoid undermining the succu-
lent axillary soft tissues by oblique dissection.    

   3.    Once the chest wall is reached, dissect upward to the apex 
of the thorax in an avascular plane. By palpation, identify 
the tight circle of the 1st rib within the circle of the 2nd 
rib. The 3rd rib is of principal surgical interest for gaining 
access to the upper dorsal spine.   

   4.    The relatively large sensory intercostobrachial nerve 
emerges from the second intercostal space and contrib-
utes innervation to the inner aspect of the entire upper 
arm, as well as a minor sensory “twig” that penetrates 
he pectoralis major muscle and innervates a patch of 
prepectoral skin (Figs.  15.3   15.4 ). Avulse this sensory 
nerve at its point of emergence from the intercostal 
space and excise a 4- to 5-cm peripheral segment of the 
nerve. Of course, you should inform the patient preop-
eratively that this procedure will be done and that there 
will be postoperative numbness of the denervated area. 
The altered sensation that follows surgery is not bother-
some to most patients and is gradually overcome within 
several months by sensory ingrowth from adjacent neu-
ral segments.   

 Avulsion of this sensory nerve on a regular basis is 
preferable to attempting its preservation, because approx-
imately 2%–3% of patients undergoing transaxillary sur-
gery without taking the nerve suffer the late complication 
of intercostobrachial neuralgia, which is an extremely 
incapacitating condition requiring frequent axillary 
blocks and often late neurectomy.    

    5.    After positively identifying the 3rd rib, score the overly-
ing lateral periosteum with electrocautery as far in each 
direction as possible. Standard periosteal elevators, such 
as Alexander, Matson, and Doyen instruments, are used 
to facilitate subperiosteal resection of so long a segment 
of rib as can be visualized. Use handheld Deaver retrac-
tors to maximize exposure between the two major mus-
cles (see Chapter   16    ).   

   6.    Excise the segment of mobilized rib with Bethune rib 
shears and smooth the rib ends with box-end Sauerbruch 
rongeurs. Enter the thorax through the bed of the 
resected 3rd rib, taking care to avoid injury to the under-
lying lung. As soon as the parietal pleura is breached 
(Fig.  15.5 ), the upper lobe of the lung will drop away 
(Fig.  15.6 ), complete the pleuroperiosteal incision with 
scissors.     

      Transaxillary Approach to the Upper 
Dorsal Spine 
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   7.    Widen the aperture between the 2nd and 4th ribs with a 
pediatric rib spreader, or even a sternal spreader. Have the 
anesthesiologist temporarily interrupt positive pressure 
insuffl ation of the lung to permit packing of the upper 
lobe downward with moist laparotomy pads.   

   8.    Carefully incise the pleura overlying the lateral vertebral 
bodies of T1–T5. Retract the open parietal pleura and 
dissect bluntly with a Kitner the raised, softer, white 

intervertebral disc. The intercostal arteries and veins 
cross the middle of the vertebral body. Dissect out and 
ligate the intercostal arteries and veins at each level 
required. Mobilize and retract or divide and oversew the 
azygous vein (Fig.  15.4 ; also see Chapter   16    ).   

   9.    Closure: Attempt to close the parietal pleura over the 
spine. Fully expand the right lung by positive pressure 
inhalation via the endotracheal tube. Gentle digital mas-
sage of the subpleural tissues helps eliminate remaining 
“islands” of patchy atelectasis. Insert a pleural drainage 
tube through the 9th intercostal spine to the apex.    
  To avoid the rare occurrence of postoperative pleural “her-

nia” through the bed of the missing 3rd rib, resulting in a 
tender “bursa-like” structure within the axilla, one can loosely 
tack a patch of Marlex or Mersilene mesh over the rectangular 
defect between the cut ends of the 3rd rib and the 2nd and 4th 
ribs. Close the rib bed with interrupted permanent- type 
sutures of braided Dacron. Monofi lament sutures are not rec-
ommended. No routine muscular closure is required in the 
axilla, as no muscles are cut in this approach except for the 
infrequent need to section partially the pectoralis major mus-
cle for improved anterior exposure. Approximate loosely the 
axillary soft tissues with interrupted or continuous sutures of 
the polyglycolic acid type. It is important to leave a suction 
drain in the depths of the axillary space because of pro-
nounced drainage from transected lymphatic channels during 
the fi rst 48 to 72 hours following operation. Bring the drain 
out through a small stab wound inferior to the principal inci-
sion. Connect the suction drains to a renewable evacuator of 
the Jackson–Pratt type. Close the skin with subcuticular 3–0 
Prolene. 

  Fig. 15.1    The transaxillary approach to the upper dorsal spine. Position 
the patient with the left side of the torso elevated 60 degrees or more 
after protecting the wrist and forearms to the elbow with padded circu-
lar dressings. Abduct the upper extremity and fl ex the elbow. Drape the 
portion of the upper extremity distal to the midbiceps. The incision is 
transverse at the base of the natural axillary hairline       
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  Fig. 15.2    Division of the 
pectoral muscles is not 
debilitating and responds to 
postoperative rehabilitation. 
Avoid tangential dissection into 
the succulent axillary tissue and 
cut directly to the chest wall       
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  Fig. 15.3    The major 
arteriovenous structures are 
retracted medial and cephalad. 
With direct palpation, feel the 
ribs and enter the plane just 
superfi cial to the chest wall       

Intercostal
Brachial Nerve

T2

T3

  Fig. 15.4    The relatively large sensory intercostal brachial nerve 
emerges from the second intercostal space and contributes innervation to 
the inner aspect of the entire upper arm, as well as a minor sensory twig 
that penetrates the pectoralis major muscle and innervates a patch of 
prepectoral skin. Avulse this nerve at its point of emergence from the 

intercostal space and excise a 4- to 5-cm peripheral segment of the nerve. 
Removal of the nerve avoids the late complication of intercostal brachial 
neuralgia, which is an extremely incapacitating condition. The vertebral 
bodies are visualized in the depth of the wound after removal of parietal 
pleura and intercostal vessels over the vertebral bodies       
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    Additional Anatomy 

 Important anatomical features that will be noted in the region 
of primary orthopedic interest are the right innominate vein 
superiorly; the esophagus, trachea, and superior vena cava 

medially; and the large azygous vein joining the superior 
vena cava just above the takeoff of the right mainstem bron-
chus. The supreme intercostal vein lies just lateral to the 
insertion of the longus coli muscle, which covers the upper 
dorsal bodies; sacrifi ce this vein as the longus coli is refl ected 
(see Fig.   16.3    ). Identify the prominent dorsal sympathetic 

Parietal
Pleura

2nd and 3rd
Ribs Removed Lung Retracted

  Fig. 15.5    Once the chest wall is 
reached, identify the 2nd and 3rd 
ribs, and remove the midportion 
of the 3rd rib using standard 
thoracotomy technique (Chapters 
  15     and   16    ). After removal of the 
rib, the rid bed consists of 
periosteum, fascia, parietal 
pleura, and sometimes adherent 
lung       

3rd Rib
Resected  

Apex of Lung and
Parietal Pleura

  Fig. 15.6    Enter the thorax 
through the bed of the resected 
3rd rib. In opening the parietal 
pleura, take care to avoid injuring 
the underlying lung. Identify the 
lung. Bluntly dissect the apex of 
the lung and extend the opening 
of the parietal pleura to the full 
extent of the wound. Pack the 
upper lobe of the lung downward 
with moist laparotomy pads. 
Visualization of the parietal 
pleura covering and the exposure 
of the spine is the same as 
described in Chapters   15     and   16           
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chain, seen easily through the translucent posterior pleura as 
it courses over the necks of the upper ribs. The ganglia are 
easily palpated, and injury to them may be avoided without 
diffi culty; however, the medial rami may have to be sec-
tioned to approach the spinal column.

  Remember: 
   1.    Avoid oblique dissection in the axilla.   
   2.    Cut the pectoralis muscles as needed.   
   3.    Identify the 3rd rib in the plane of the chest wall.   

   4.    Identify and avulse the intercostobrachial nerve.   
   5.    Remove the 3rd rib.   
   6.    Incise the parietal pleura over the spine and ligate vascular 

structures over the vertebral bodies.    

        Reference 
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        The 3rd rib resection is used for the transthoracic approach 
to the T1–T4 area. Resection of the 3rd rib allows greater 
spreading of the intercostal area than does 2nd rib resection 
[ 1 ]. The cephalad extension of the exposure is enhanced with 
kyphosis deformity of the cervicothoracic junction area. 
Exposure of the 3rd rib allows additional removal of the 2nd 
rib if the operative exposure is inadequate.
    1.    Place the patient in the lateral decubitus position with 

the left side up. Prep and drape the entire left upper 
extremity, draping it sterilely out of the operative fi eld.   

   2.    Incise the skin and subcutaneous tissue from the lateral 
paraspinous area at T1, along the medial caudal border 
of the scapula, under the axilla to the costal cartilage of 
the 3rd rib (Fig.  16.1 ).    

   3.    Carefully divide each subsequent muscle layer down to the 
level of the rib, sectioning portions of the trapezius, latis-
simus dorsi, rhomboid major, and serratus posterior 
(Fig.  16.2 ,  16.3 ), as needed. Careful dissection with elec-
trocautery and meticulous cauterization of each muscle 
bleeding point allows exposure to the outer periosteum of 
the 3rd rib with a minimal amount of bleeding. As the 
muscle layers are divided, retract the scapula cephalad and 
medially to tense the muscle tissue for easier cutting. 
Palpate cephalad for identifi cation of the 3rd rib (Fig.  16.3 ). 
Remember that the 1st rib is situated inside the 2nd; this is 
important for reaching the correct rib level.     

   4.    For pathology such as large tumors of the cervicothoracic 
junction, several ribs, including the 1st can be resected, 
allowing for a large working area to C6. The limiting 
 factor is that a stable rib must be left for support of the 
scapula [ 2 ].   

   5.    Dissect the external periosteum off the 3rd rib with the 
rib periosteal elevators (see Chapter   16    ). Excise the 3rd 
rib from the angle of the rib to the costal cartilage 
(Fig.  16.4 )    

   6.    Open the rib bed as in the standard thoracotomy approach, 
having provided protection for the lung.   

   7.    Open the intercostal area with the Feochetti rib spreader 
and retract the lung with the spatula-type lung retractor.   

   8.    Identify in the wound the aorta, the spine, ribs, parietal 
pleura, and veins under the parietal pleura. The highest 
intercostal vein is usually well visualized in this area 
(Fig.  16.5 ).    

   9.    Open the parietal pleura delicately with Adson’s pick- ups 
and Metzenbaum scissors over the costovertebral articu-
lations (Fig.  16.6 ).    

   10.    Identify the prominent soft or white tissue of the inter-
vertebral disc; this is a relatively avascular, safer plane 
for dissection than the surface of the vertebral body.   

   11.    Dissect, tie, and ligate each intercostal vessel over the 
vertebral body.   

   12.    Bluntly elevate the soft tissue from the vertebral body.   
   13.    Closure: Visualize the lung fully expanded in all areas. 

Close the parietal pleura over the spine whenever possible. 
Place the chest tube through a separate aperture, prefera-
bly in the 9th intercostal spine. Protect the lung during 
 closure. Close the chest with the rib approximator. Close 
the rib bed with interrupted permanent braided Dacron 
sutures. The chest tube connects to the water seal. With 
the lung reexpanded the chest tube can usually be removed 
within 48 to 72 hours, depending on drainage and expan-
sion of the lung.    

     Additional Anatomy 3  

 The venous drainage of the upper thorax is predominantly 
supplied by the highest intercostal vein. On the left side, this 
vein drains from the 1st to the 5th or 6th intercostal space. 
It varies in size inversely to the accessory hemiazygos vein, 
which is just caudal to this area. The highest intercostal vein 
passes across the arch of the aorta and left subclavian vein to 
drain into the left brachiocephalic vein. Variations of venous 
structures may produce a large, very prominent highest 
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intercostal vein that will need careful ligation. Arterial supply 
consists of intercostal branches off the aorta posteriorly and 
anterior intercostal arteries from the internal thoracic artery. 
The highest intercostal artery ascends under the pleura across 
the 1st and 2nd ribs in the area of their base to anastomose 
with the fi rst aortic intercostal. The thoracic sympathetic 
chain and its ganglia include the fi rst thoracic ganglion, 
which usually combines the inferior cervical ganglion into a 
satellite ganglion that lies over the neck of the 1st rib, and the 
2nd through 12th cervical ganglia, which lie closer to the 
intervertebral disc area over the spine.

  Remember: 
   1.    Cut the muscles binding the scapula to the chest wall and 

retract the scapula cephalad.   
   2.    Identify and remove the 3rd rib carefully.   
   3.    Incise the pleura and ligate veins over the vertebral 

bodies.         

  Fig. 16.1    Place the patient in the lateral decubitus position with the left 
side up. Prep the entire extremity. Drape it out of the sterile operative 
fi eld. Incise the skin and subcutaneous tissue from the lateral paraspi-
nous area of T2 under the scapula to the costal margin of the 3rd rib       
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Arm

Rhomboid Muscle

Latissimus Dorsi

  Fig. 16.2    Carefully divide with 
electrocautery each subsequent 
muscle area down to the level of 
the 3rd rib. Section portions of 
the trapezius, latissimus dorsi, 
rhomboid major, and posterior 
serratus as needed. Control the 
intermuscular bleeding points       

 

 

R.G. Watkins, III



Scapula
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Muscle

  Fig. 16.3    Elevation of the 
scapula aids in the division of the 
muscles attached to the scapula 
and allows visualization of the 
3rd rib. Palpate cephalad on the 
chest wall for positive 
identifi cation of the 3rd rib. 
Remember, the 1st rib is located 
inside the 2nd rib and is 
sometimes missed       
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  Fig. 16.4    Excise the 3rd rib 
from the angle of the rib to the 
costal cartilage, using the 
technique described in Chapter   16    . 
The rib bed consists of 
periosteum, endothoracic fascia, 
and parietal pleura. Incise this 
parietal pleura, carefully avoiding 
damage to the underlying lung. 
Use small forceps to pick up the 
rib bed and carefully open it with 
a knife. If necessary, dissect the 
lung from the undersurface of the 
pleura and extend the incision 
with scissors. Insert the rib 
spreader and retract the lung with 
the spatula-type lung retractor       
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  Fig. 16.5    After insertion of the 
spreader and retraction of the 
lung, identify the parietal pleura. 
Palpate the larger, more 
prominent white surface of the 
intervertebral disc, remembering 
that the major intercostal vessels 
course over the vertebral bodies, 
which are the valleys between the 
discs. As the venous drainage is 
different on the right side than on 
the left side of the body, these 
veins should be identifi ed and not 
damaged. Elevate the parietal 
pleura with small forceps and 
incise with a knife. Extend the 
incision longitudinally over the 
vertebral bodies the length of the 
necessary operative fi eld. 
Carefully dissect under the pleura 
as it is opened. By opening only 
the parietal pleura, the underlying 
venous and arterial structures can 
be preserved       
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  Fig. 16.6    Begin dissection on 
the intervertebral disc, the safer, 
more avascular plane. After 
exposing the necessary 
intervertebral disc, dissect out 
and divide the intercostal arterial 
structures over the surface of 
each vertebral body. A large vein 
such as the highest intercostal 
vein may be ligated and divided 
as needed. Continue until the 
necessary vertebral bodies are 
exposed. With closure the 
parietal pleura should be 
resutured       
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        Use the standard thoracotomy approach for safe exposure of 
vertebral levels T2–L2. Proper rib selection depends on the 
pathology for most cases, especially those involving a strut 
graft. The rib to resect for a certain vertebral level is chosen 
by one of two methods:
    1.    When the pathology dictates a direct anterior approach to 

the vertebral column, that is, kyphotic TB abscess, choose 
the rib directly horizontal to the vertebral level at the 
midaxillary line in an anteroposterior (AP) chest X–ray. 
The rib removed must be cephalad to the lesion to give 
adequate proximal exposure while working down the 
lesion [ 1 ].   

   2.    When direct access to the spinal canal is needed at one 
disc, that is, a thoracic disc excision, resect the rib that 
leads to that disc, that is, 9th rib to the T8–T9 disc.     
 There are anatomical variations at the cervicothoracic 

and thoracolumbar junctions that dictate the rib to be taken. 
For patients with a large abscess in the right chest or in other 
circumstances that dictate a right thoracic approach, be 
 prepared to mobilize the vena cava and associated veins 
from that side.
    1.    Place the patient in the lateral decnbitus position. 

Approach from the left side, as it is much easier to 
handle, the aorta and the segmental vessels from the 
left side. 

 With the patient in a supine position, insert a double- 
branched endotracheal tube into the right and left main-
stcm bronchi to allow selective collapse of the left lung. 
A standard endotracheal tube may also be used. When the 
left chest is chosen for the approach, place the patient in 
the right lateral decubitus position. Center the midthorax 
of the patient over the break in the table. Pad well under the 
dependent axilla; pad and protect the left arm. Stabilize 
the pelvis with a strap to the table, place a pillow between 
the legs, and pad all bony prominences.   

   2.    Open the skin and subcutaneous tissue from the lateral 
border of the paraspinous musculature to the sternocos-
tal junction over the rib to be resected. Placing the 
 thoracotomy incision slightly tangential to the rib to be 
resected allows easier resection of more than one rib if 
necessary (Fig.  17.1 ).  

 Insert self-retaining retractors and extend the wound 
with electrocautery down through the muscle layers of 
the thorax. When needed for full exposure, section the 
latissimus dorsi, trapezius, and rhomboid major and 
minor muscles.   

   3.    After exposure of the chest wall (Fig.  17.2 ), count the ribs 
from the 12th up to the appropriate rib or from the 1st rib 
downward. The 1st rib appears to be inside the 2nd when 
one is palpating from this angle and it is often diffi cult to 
fi nd. Each rib articulates with the superior portion of the 
body in the area of the disc space of the level above. 
Therefore, the 12th rib inserts closer to the T11–T12 inter-
vertebral disc space. X-ray confi rmation can be obtained if 
necessary.    

   4.    Expose the outer periosteum of the rib with the electro-
cautery and cut directly to bone through the perios-
teum from the angle of the rib to the costal cartilage 
(Fig.  17.3 ). Elevate the periosteum off the outer rib sur-
face (Fig.  17.4 ). Use the curved-tip rib elevator to strip 
the superior and inferior borders of the rib, maintaining 
an intact elevated periosteum, and use the Doyen to 
 elevate the inner periosteum of the under-surface of the 
rib (Fig.  17.5 ).    

  Caution:   Avoid damaging the intercostal vessels 
that course on the inferior surface of the rib. Elevate the 
periosteum of the rib by cutting with the elevator directly 
on bone. Avoid plunges that might inadvertently enter the 
pleura.    

   5.    With the intact periosteum freed from the rib, cut the rib 
with the rib cutter as far posteriorly as necessary between 
the costotransverse joint and the angle of the rib, and 
anteriorly at the costal junction (Fig.  17.6 ). Remove the 
rib and save it for bone graft. Bone wax the end of the rib 
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lightly after rasping to make sure there are no ragged 
edges. Tie a sponge on the tip of the stump for protection 
to the surgeon during the procedure.    

   6.    Pick up the inner periosteum of the rib bed with Adson 
forceps and open the rib bed with scissor tips (Fig.  17.7 ). 
To avoid lung and pleural adhesions just under the rib, 
complete the opening of the rib bed with a semiclosed 
scissor after using a fi nger to clear lung from the 
undersurface. When pleural adhesions exist, fi rst attempt 
to dissect bluntly with the fi nger or a sponge stick. 

If  necessary, sharply dissect dense adhesions and ligate 
vascular structures.    

   7.    Retract the lung medially with the spatula lung retractor. 
Remove retraction of the lung at least every 20 min to 
allow adequate expansion of the lung and to prevent 
postoperative atelectasis. Insert the Feochetti separator 
in the rib resection defect with moist lap sponges over 
the edges. Expand the Feochetti to allow adequate visu-
alization inside the thoracic cavity. Flexion of the table 
may be of benefi t.   

  Fig. 17.1    Using the lateral decubitus position, make the standard thora-
cotomy skin incision over the rib to be resected. The rib to resect for a 
vertebral level is usually the rib directly horizontal to the vertebral level at 
the midaxillary line in an anteroposterior (AP) chest X–ray. The approach 
is cephalad to the lesion, as it is better to resect a rib that allows one to 
work down on the lesion rather than a more distal rib, which would neces-
sitate working up to the lesion. For scoliosis, the approach is from the 

convexity of the lesion, and for non-scoliotic conditions the approach 
from the left side is preferred. Open the skin of subcutaneous tissue from 
the lateral border of the paraspinous musculature to the sternocostal 
junction over the rib to be resected. Placing the thoracotomy incision 
slightly tangential to the rib to be resected allows easier resection of more 
than one rib if necessary       
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  Fig. 17.2    Using electrocautery, 
cut directly to the outer 
periosteum of the rib through any 
intervening muscle or 
subcutaneous tissue. Obtain 
adequate hemostasis       
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   8.    The anatomy of the spine at this point is obscured by the 
refl ection of the parietal pleura as it covers the soft tissue 
structures over the spinal column (Figs.  17.8 ,  17.9 , 
 17.10 ). Elevate the parietal pleura with Adsons and open 
it with Metzenbaum scissors. Extend the opening of the 
parietal pleura in a cephalad and caudad direction on the 
spine by cutting over a peon dissected under the pleura. 
The presence of a large para-vertebral abscess at this 
point means only that the abscess should be exposed just 
as the spine would be. When present, cut the outer wall 

of the abscess longitudinally and approach the spine 
through the abscess.      

   9.    Identify the disc, which is the more prominent, softer, 
white structure of the spine (Fig.  17.11 ). The discs are 
relatively avascular and a much safer area for dissection. 
An intercostal vein and artery cross the midportion of 
each vertebral body.    

   10.    Bluntly dissect the cut edges of the parietal pleura off 
the spine with a “Kitner” or sponge (Fig.  17.12 ). Elevate 
it on the discs and lift it off the vessels on the vertebral 
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  Fig. 17.3    Cut directly to bone 
through the outer periosteum of 
the rib with electrocautery       
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  Fig. 17.4    Using the periosteal 
elevator, elevate the periosteum 
fi rst from the outer surface of the 
rib, then the superior surface, 
followed by the inferior surface 
of the rib       
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body. Dissection begun over the disc is less likely to 
cause bleeding. After the parietal pleura is opened, it 
may be sutured back on itself laterally with two stay 
sutures.    

   11.    Separate, sever, and ligate each of the intercostal ves-
sels over the vertebral body. If there is a large paraver-
tebral abscess, the arteries enter the abscess. Care 
should be taken to avoid clamping segmental arteries 
too close to the aorta, so as to lose the tie, or too close 

to the intervertebral foramen. Tie arteries and veins 
separately or together depending on their size. Pass the 
right-angle clamp under the vessels and use a woven 
2–0 suture in a free tie to tie off fi rst the medial and then 
the lateral exposed vessels, or use vascular clips in a 
similar fashion. 
  Caution:   Take care to dissect adequately under the ves-
sels, as a common mistake is to have both ligature 
sutures in the same place under the vessel and not have 
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  Fig. 17.5    Using the Doyen 
elevator, remove the periosteum 
from the undersurface of the rib       

Costal
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  Fig. 17.6    Cut the rib as far 
posteriorly as necessary between 
the costotransverse joint and the 
angle of the rib and anteriorly at 
the costal cartilage junction. 
Remove the rib. Bone wax lightly 
the end of the rib after rasping to 
make sure there are no ragged 
edges. If necessary, tie a sponge 
on the tip of the stump for 
protection to the surgeon during 
the procedure       
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Edge of
Pleura

Pleural
Cavity

Inner Periosteum
of Rib Bed

  Fig. 17.7    Pick up the inner 
periosteum of the rib bed with 
Adson forceps and open the rib 
bed with scissor tips or fi ne 
dissection with a knife blade. To 
avoid lung and pleural adhesions 
just under the rib, complete the 
opening of the rib bed with a 
semiclosed scissor, using a fi nger 
to clear lung from the 
undersurface. With the rib bed 
open, place the Feochetti 
rib-separating retractor and 
retract the lung with a spatula 
lung retractor       
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  Fig. 17.8    The spine, aorta, 
intercostal vessels, and parietal 
pleura. Under the parietal pleura, 
the intercostal artery and vein 
cross the vertebral body at each 
level. The prominent disc space 
is the raised, white, fi rm, and 
avascular landmark that will 
allow delineation of the 
intercostal vessel at each level as 
it passes over the midvertebral 
body. The thoracic duct may pass 
from right to left in the T4–T5 
area. The sympathetic plexus 
ideally should be preserved, but 
interruption at this level is not of 
major consequence       

adequate room for cutting between them. Handle every 
segmental vessel in the area of the bony work in this 
manner. A vascular etiology for paralysis due to ligation 
of a segmental artery on the vertebral body has not been 
a problem  [ 1 ]. 

  Caution:   Do not dissect into the intervertebral 
foramen.    

   12.    After division of the segmental vessels, bluntly expose 
the outer surface of the spine (Fig.  17.13 ). When bone 
and disc exposure is needed, cut with the cautery directly 
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  Fig. 17.9    The parietal pleural 
covering of the aorta and spine. 
Elevate the parietal pleura with 
Adson forceps and open it 
carefully with Metzenbaum 
scissors. Extend the opening of 
the parietal pleura in a cephalad 
and caudad direction by gently 
dissecting the soft tissues from 
the undersurface of the pleura, 
passing a peon under the parietal 
pleura and opening it safely with 
scissors. A large paravertebral 
abscess encountered at this time 
should be opened, exposing the 
spine just as one would in a 
nonabscessed case. It is 
sometimes diffi cult to remove the 
parietal pleura from the 
abscessed cavity itself, and it can 
be opened simultaneously       
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  Fig. 17.10    After opening the 
parietal pleura, bluntly dissect its 
edges off the spine with a 
“peanut” or sponge. The parietal 
pleura may be sutured back 
laterally with stay sutures when 
necessary for continued 
retraction       

to bone. Use the periosteal elevator to dissect the annu-
lus of the disc and the periosteum of the bone medially 
and laterally to expose the entire disc and vertebral col-
umn. The tendency is to not dissect the soft tissue later-
ally enough off the spine (Figs.  17.14 ,  17.15 ,  17.16 ). 
The rib head articulates with the cephalad half of its 

appropriate vertebral body and the disc space above 
(Fig.  17.13 ). Resection of the rib head can be used to 
gain access to the posterior disc and the spinal canal. 
Identifi cation of the left pedicle in a left-sided approach 
helps locate the spinal canal for orientation. For com-
plete exposure of the vertebral body, resect the disc 
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Vertebral Bodies

Intervertebral Disc

  Fig. 17.11    Begin this dissection 
by fi rst identifying the 
intervertebral disc—the 
prominent, softer, whiter 
structure of the spine       

Vertebral Body

Intervertebral disc

Vascular
Bundle

  Fig. 17.12    Separate, cut, and ligate each of the intercostal vessels over 
the vertebral body. Care should be taken to avoid tying segmental arter-
ies too close to the aorta, as the tie might loosen. Tie arteries and veins 
either separately or together depending on their size. Pass the right- 
angle clamp under the vessels and use a woven 2–0 suture as a free tie 
to tie off the exposed vessels fi rst medially and then laterally. Avoid 

dissection of vessels into the intervertebral foramen. When a paraverte-
bral abscess is present, cut directly through the abscessed wall and 
clamp and ligate intercostal vessels as they are encountered in the 
abscessed wall. According to need, all the soft tissue can be dissected 
bluntly from the midline outward to expose the spine and remove all 
soft tissue from the surface of disc and vertebral bodies       
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Vertebral Body
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  Fig. 17.13    The rib head has 
been removed in order to expose 
the posterior aspect of the disc.       

Disc Artery
and Vein

Parietal
Pleura

Disc

Disc

Rib

Rib

Rib

  Fig. 17.14    The parietal pleural 
covering of the spine. 
intervertebral disc, vertebral 
bodies, intercostal vessels, and 
rib articulations       
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Posterior Vertebral
Body Wall

Costal Vertebral
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Intercostal Artery
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Disc

  Fig. 17.16    The rib articulates with the cephalad half of its appropri-
ately numbered vertebral body and with the disc space above. Therefore, 
the 10th rib articulates at T9–T10. Removal of the head of the rib and 
its articulation allows excellent exposure of the posterior lateral aspect 
of the intervertebral disc. After removal of rib head and disc, identify 
the intercostal nerve, dural sac, posterior vertebral body wall, and spinal 
canal. The costal vertebral articulation is a major stabilizing structure in 
the thoracic spine. 

 For exposure of the spinal canal from the anterior approach, one 
may dissect in the midline or anterolaterally directly through the inter-
vertebral disc, removing intervertebral disc above and below the verte-
bral body to be resected. This method maintains an avascular fi eld while 
identifying the posterior annulus of the disc and the posterior body wall. 
Using the electric bur, dissect directly through the vertebral body after 
having previously identifi ed its posterior wall at the disc space above 
and below       
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  Fig. 17.15    After removal of the 
parietal pleura, the disc spaces 
are easily visualized along with 
the intercostal vessels       
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above and below to identify the posterior body wall and 
spinal canal and dissect laterally to identify the pedicle 
and spinal canal.       

   13.    Closure: Visualize the lung fully expanded in all areas. 
Close the parietal pleura over the spine whenever possible. 
Place the chest tube through a separate aperture, prefer-
ably in the 9th intercostal space. Protect the lung during 
closure. Close the chest with the rib approximator. Close 
the rib bed with interrupted permanent braided Dacron 
sutures. The chest tube connects to the water seal. With 
the lung reexpanded, the chest tube can usually be 
removed within 48 to 72 hours, depending on drainage 
and expansion of the lung.     

   Remember: 
   1.    Beware of the intercostal artery and vein on the inferior sur-

face of the rib when removing the periosteum of the rib.   

   2.    Beware of the lung when opening the fl oor of the rib 
bed.   

   3.    Open the parietal pleura over the spine approximately 1½ 
inches from the head of the rib.   

   4.    Identify the disc as an avascular area.   
   5.    Tie segmental vessels, leaving an adequate proximal 

stump.   
   6.    Identify the costovertebral articulation, head of the rib, 

and pedicle.   
   7.    Close the parietal pleura over the spine.   
   8.    Reapproximate the ribs with woven Dacron suture.        

   Reference 

    1.    Hodgson AR, Yau ACMC: Anterior surgical approaches to the spinal 
column. In Apley AG (ed): Recent Advances in Orthopaedics. 
Baltimore, Williams & Wilkins, 1964, pp 289–323.    

R.G. Watkins, III



103R.G. Watkins, III and R.G. Watkins, IV (eds.), Surgical Approaches to the Spine,
DOI 10.1007/978-1-4939-2465-3_18, © Springer Science+Business Media New York 2015

        For approaches to the thoracolumbar junction (T10–L1), 
Hodgson recommends a 9th rib resection. 1  Dwyer recom-
mends a 10th rib resection with the standard thoracolumbar 
approach. 2  For T12–L1, Perry 3  recommends a 10th rib 
resection. The rules for resecting the best rib for exposure are 
much the same in this area as in the rest of the thoracic spine. 
Ideally, choosing the rib in the midaxillary line opposite the 
lesion or the apex of a curve allows adequate proximal expo-
sure for working “down” or caudad on the lesion. 

 For maximum exposure of T11–T12, transthoracic resec-
tion of the 9th rib is usually best, and at T12–L1 a 10th rib 
thoracoabdominal approach is preferred; these involve 
detaching the diaphragm at its circumference. In patients in 
whom it is imperative that the diaphragm not be taken down, 
or when less exposure is needed, that is, resection of one disc 
with grafting, the 12th rib approach is used. For L1–L2 expo-
sure, a 12th rib extrapleural, retroperitoneal approach is 
recommended. 

 Three additional approaches have use in special situa-
tions. The 11th rib approach is the highest practical, extra-
pleural, retroperitoneal, anterior approach for exposure of 
T10–L2. It is a more demanding approach with less expan-
sive exposure, but avoids opening the pleural cavity and cut-
ting the diaphragm in potentially high-morbidity patients. 

 The posterior costotransversectomy approach is a viable 
alternative for limited extrapleural exposure with low mor-
bidity. By following the 12th subcostal nerve to T12–L1, the 
vertebral body and spinal canal can be exposed. The visual-
ization needed for total discectomy, vertebrectomy, and strut 
grafting is inferior when compared with the anterior approach, 
unless at least two levels are costotransversectomized. 

 Use the 10th rib thoracolumbar approach for long expo-
sures of the thoracic and lumbar spine because this allows 
proximal and distal extension for multilevel operations and 
optimum exposure for bony work. 

  Caution:   Make an exposure that is cephalad enough to be 
above the entire working area.  

    Additional Anatomy 

 For thoracolumbar approaches, the anatomy of the dia-
phragm is most important. The diaphragm itself is markedly 
dome shaped, arching cephalad to approximately the T7 
level. It is attached distally to the sternal part of the xyphoid 
process, the costal part to the inner surface of the costal car-
tilages and ribs 6–12, and to the lumbocostal arches, the crus 
of the diaphragm, and the lumbar vertebrae. There is a medial 
and lateral lumbocostal arch (Fig.  18.1 ). The medial lumbar 
costal arch extends from the crus of the diaphragm and ver-
tebral body, arches over the cephalad portion of the psoas 
major muscle, and inserts on the anterior surface of the trans-
verse process of L1. The lateral lumbocostal arch extends 
from this transverse process of L1, arching over the quadra-
tus lumborum muscle to the tip of the 12th rib. The crura of 
the diaphragm consists of a large right crus extending down 
the right side of the L1, L2, and L3 vertebral bodies and a 
smaller left crus attaching to L1 and L2 (see Fig.   19.7    ). 
These crura extend cephalad and anterior to approximately 
the T11–T12 area medially in the midline to form the aor-
tic hiatus. The esophageal hiatus and vena cava foramen 
lie in the anterior wall of the diaphragm. The aortic hiatus 
itself also gives passage to the azygos vein and the thoracic 
duct as well as the aorta. The esophageal hiatus at the 
approximate level of the 10th thoracic vertebra transmits 
the vagus nerve and the esophagus. Smaller apertures 
include those for the splenic nerves and hemiazygos vein. 
The sympathetic trunk usually enters under the medial 
lumbocostal arch.  

 The innervation of the diaphragm is of a central origin 
and resection should be circumferential approximately 1 inch 
from the outer perimeter, leaving enough diaphragm to reat-
tach. This procedure should not interfere with innervation of 
the diaphragm or its function. 
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 The fascial lining of the undersurface of the diaphragm 
is the transversalis fascia. Its counterpart inside the thorax 
is the endothoracic fascia, which is the internal investing 
fascia of the entire inner thoracic cavity. Just as the trans-
versalis fascia covers all muscles, that is, the psoas, quadra-
tus lumborum, and all vascular and bony structures in the 
abdomen, the endothoracic fascia covers the internal sur-
faces of the ribs, the superior surface of the cephalad, inter-
thoracic portion of the diaphragm, and includes the 
paravertebral fascia covering the vertebrae and discs. In a 
cephalad direction, the endothoracic fascia is continuous 
with the cervical paravertebral fascia and caudally is con-
tinuous with the transversalis fascia, or endoabdominal fas-
cia, as it is sometimes called. The insertion of the diaphragm 
into the ribs interdigitates with the insertion of the transver-
sus abdominus muscle. These interdigitating slips can be 
used to reapproximate the slips of diaphragm to their 
anchoring attachments, especially at the tips of the 11th and 
12th ribs (Fig.  18.1 ). Division of the diaphragm should 
proceed to the crus of the diaphragm. Elevation of the crus 
of the diaphragm off the involved vertebral bodies to be 

worked on would usually allow a cephalad retraction of the 
diaphragm for work on vertebral bodies through L2. 
By placement of small stay sutures, the location of reattach-
ment areas can be marked as each is taken down. Any costal 
cartilage that is divided off the tip of the rib on combined 
thoracoabdominal approaches can, of course, be reapproxi-
mated (see Fig.   19.4    ). 

 The pleural cavity extends over the majority of the 11th 
rib and the midportion of the 12th rib (see Chapter   20     and 
Fig.  18.1 ).     
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  Fig. 18.1    The extrapleural space 
may be entered at the tip of the 
costal cartilage or, sometimes, at 
the angle of the rib. The extent of 
the pleura, over the 12th rib 
varies according to its length. In 
a long 12th rib, there should be a 
relatively safe area at the tip of 
the rib to allow entrance into the 
extrapleural space and 
identifi cation of the pleura, 
followed by a blunt dissection of 
the pleura off the undersurface of 
the rib bed. The rib bed itself 
consists of periosteum of the rib, 
endothoracic fascia, and the 
parietal pleura       
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            1.    Place the patient in the lateral decubitus position. 
Approach from the convexity of the scoliosis or from the 
left side when possible. A left- sided approach is preferred 
because of ease of mobilization of the aorta compared 
with the vena cava. In addition, splenic retraction is easier 
than hepatic. Incise the skin and subcutaneous tissue from 
the lateral border of the paraspinous musculature over the 
10th rib to the junction of the 10th rib and costal cartilage 
[ 1 ]. Curve the incision anteriorly from the tip of the 10th 
rib to the lateral rectus sheath and distally down the edge 
of the sheath as far as necessary for exposure (Fig.  19.1 ). 
Extend the wound slowly through each muscle layer with 
the electrocautery. The assistant aggressively picks up 
bleeders with two Ad-son forceps.    

   2.    Open the superfi cial periosteum of the 10th rib to the costal 
cartilage. A sharp curved periosteal elevator removes the 
superfi cial and deep periosteum off the rib. Take care to 
avoid the neurovascular bundle on the inferior surface of 
the rib. Cut posteriorly at the angle of the rib and cut at 
the junction of rib and costal cartilage. Remove the rib. 
On opening the pleural space, retract the lung and open the 
rib bed fully with scissors (Fig.  19.2 ). (See Chapter   16    .)    

   3.    Split the costal cartilage with a knife along its length 
(Fig.  19.3 ). Open the undersurface of the costal cartilage 
and retract the two tags of cartilage [ 1  –  3 ] (Fig.  19.4 ).     

   4.    Bluntly dissect under the retracted split tips of costal 
cartilage to identify the retroperitoneal space (Fig.  19.5 ). 
The light areolar tissue of the retroperitoneal fat is the 
guide to the retroperitoneal space.    

   5.    Bluntly dissect the peritoneum off the inferior surface of 
the diaphragm. Use a sponge to sweep the peritoneum 
from the undersurface of fi rst the diaphragm, then the 
transversalis fascia and abdominal wall.   

   6.    With the peritoneum thus retracted, open the abdominal 
musculature (the external oblique, the internal oblique, 
and the transverse abdominis) carefully one layer at a 

time with complete hemostasis. At this point, the chest 
and retroperitoneal space are open and the diaphragm is 
the intervening structure in the wound (Figs.  19.5 ,  19.6 ).    

   7.    Incise the diaphragm from inside the chest with clear visu-
alization under the diaphragm in the retroperitoneal space 
(Fig.  19.7 ). Extend the incision in the diaphragm circum-
ferentially 1 inch from its peripheral attachment to the 
chest wall [ 4 ]. Use marker clips throughout the takedown 
of the diaphragm to allow accurate reapproximation.    

   8.    For work on T12-L1: Resect the diaphragm to the spine. 
Cut the crus of the diaphragm and elevate it off the spinal 
column (Fig.  19.8 ). Use protected Deaver retractors to 
retract the peritoneal sac anteriorly. Use a large rib retrac-
tor such as the Feochetti to open the 10th rib incision in 
the chest. The spine is visualized from approximately T6 
as far distally in the lumbar spine as is necessary. In the 
lumbar spine, remove the attachments of the psoas and 
the crus of the diaphragm from the spine for proper visu-
alization. In the thoracic spine, open the parietal pleura as 
in the standard thoracotomy approach. Tie and ligate each 
intercostal artery and vein to allow mobilization of the 
major vascular trunks. When possible, tie off the thoracic 
duct, which usually crosses right to left around T4–T5, 
and avoid the sympathetic plexus. After removal of the 
intercostal vessels, cut directly to the spine. Dissect on the 
spine to remove the soft tissue laterally.    

   9.    Closure: The key to closure is the reapproximation of the 
costal cartilage. After resuturing the diaphragm with mul-
tiple interrupted sutures and reapproximating the split car-
tilage, insert the chest tube in the 8th intercostal space and 
pass it posterosuperior. Attached to the cephalad half of the 
costal cartilage is the insertion of the diaphragm and the 
interthoracic fascia. Inserting into the distal split of costal 
cartilage is the transverse abdominal fascia and attachment 
for the abdominal musculature. With reapproximation of 
the costal cartilage, the layers of the abdominal muscula-
ture are much better defi ned. Close each layer of the 
abdominal wall separately when possible and close the 
chest as in a standard thoracotomy.     
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   Remember: 
   1.    Split the costal cartilage.   
   2.    Bluntly dissect under the costal cartilage, as the split tags 

of the cartilage are retracted cephalad and caudad.   

   3.    Identify the soft bubbly character of the retroperitoneal fat.   
   4.    Remove peritoneum from undersurface of the abdominal 

wall and the diaphragm before incising those areas.   
   5.    Identify the psoas and crus of the diaphragm.   

Caudad Cephalad

  Fig. 19.1    Place the patient in a lateral decubitus position. Approach 
from the convexity of the scoliosis or from the left side as indicated. A 
left-sided-approach is preferred because of ease of mobilization of the 
aorta compared with the vena cava. Incise the skin and subcutaneous 
tissue from the lateral border of the paraspinous musculature over the 
10th rib to the junction of the 10th rib and costal cartilage. Curve the 

incision anteriorly from the tip of the 10th rib to the lateral rectus sheath 
and distally down the edge of the sheath as far as necessary for expo-
sure. Extend the wound slowly through each muscle layer to the perios-
teum of the 10th rib, and remove the 10th rib from the angle of the rib 
to the costal cartilage as in Chapter   16           

Cephalad

Tenth Rib
Removed

Costal
Cartilage

Abdominal Extension
of the Incision

Caudad

  Fig. 19.2    With the rib removed, 
carefully delineate the costal 
cartilage. At this point, the 
intrapleural cavity is opened; the 
retroperitoneal cavity is still 
closed       
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Diaphragm

Retroperitoneal
Space

Costal Cartilage
Split

Peritoncum

Abdominal
Musculature

  Fig. 19.3    Split the costal 
cartilage. Open only the most 
superfi cial layer of soft tissue 
under the costal cartilage enough 
to allow retraction of the 
cartilage tips       

Rib
Removed

Diaphragm

Split Costal
Cartilage

  Fig. 19.4    Retract the split tips of 
costal cartilage. Identify the 
insertion of the diaphragm into 
the cephatad cartilage tip and the 
insertion of the abdominal 
musculature into the caudad 
cartilage tip. Bluntly dissect 
under the retracted tags of 
cartilage and attached 
musculature to locate the 
peritoneum and retroperitoneal 
space. The light areolar texture of 
the retroperitoneal fat is the guide 
to the retroperitoneal space       

   6.    Isolate and ligate intercostal vessels over each vertebra. 
Remember, the 12th and 1st vessels may be covered by 
the muscular crus of the diaphragm.   

   7.    Reapproximate the split costal cartilage to initiate 
closure.   

   8.    Close the diaphragm, rib bed, and each muscle layer.        
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Abdominal
Musculature

Peritoneum

Diaphragm

Intrathoracic
CavityCostal

Cartilage

Retroperitoneal Space
  Fig. 19.5    Bluntly dissect the 
peritoneum off the inferior 
surface of the diaphragm. Use a 
sponge to sweep the peritoneum 
from the undersurface of the 
diaphragm. The space is 
expanded under the diaphragm to 
allow the peripheral detachment 
of the diaphragm without 
damaging the peritoneum. 
Visualize the intrapleural cavity 
and the retroperitoneal space 
with the intervening diaphragm. 
The interpleural cavity and lung 
and the retroperitoneal space are 
now well visualized. Sweep the 
periosteum from the undersurface 
of the abdominal musculature 
and open the abdominal wall 
musculature in the line of 
incision. (Posterior view)       

Split Costal Cartilage

Diaphragm

11th Rib

Lung

  Fig. 19.6    The peritoneum and 
lung are now protected to allow 
division of the diaphragm       
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Diaphragm

Parietal Pleura
Covering

Spine

  Fig. 19.7    Incise the diaphragm 
from inside the chest with clear 
visualization under the 
diaphragm in the retroperitoneal 
space. Extend the incision in the 
diaphragm circumferentially 
1 inch from its peripheral 
attachment to the chest wall. Use 
marker clips throughout the 
takedown of the diaphragm to 
allow accurate reapproximation, 
The diaphragm is innervated 
predominantly from a central 
distribution. The nerve supply 
should not be damaged with this 
peripheral detachment. A 1-inch 
margin allows adequate tissue for 
suturing and reapproximation. 
The insertion of the diaphragm 
on the spine must be removed for 
bony work on T12-L2       

Disc

Cut Edge
of Parietal
Pleura

Cut Edge
of Diaphragm

  Fig. 19.8    After detachment and 
retraction of the diaphragm, 
expose the spine as in Chapter   16    . 
Identify the disc space and clear 
tissue from it, isolating the 
intercostal arteries, and severing 
and ligating each over the 
vertebral bodies       
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            1.    Make a standard skin incision over the entire length of the 
left 11th rib. Extend the incision from the rib tip medioin-
feriorly to the edge of the rectus sheath (Fig.  20.1 ). You 
can expand the incision by curving the posterior arm 
cephalad to allow for removal of additional rib and by 
extending the anterior arm down the abdominal wall 
 vertically for exposure of more of the lumbar spine 
retroperitoneally.    

   2.    Resect the 11th rib from the angle of the rib to the junction 
of rib and costal cartilage, leaving the rib bed intact.   

   3.    The most crucial step of the operation is to remain in the 
extrapleural and retroperitoneal plane at this point.   

   4.    Split the costal cartilage. The insertion of the diaphragm 
is into the cephalad edge of costal cartilage and adjacent 
rib bed; likewise, the insertion of the transversus abdo-
minus musculature and transversalis fascia is into the 
caudad portion. The pleura and the pleural cavity are 
under the rib bed.   

   5.    The key is to open the split cartilage and dissect carefully 
under the costal cartilage several inches toward the rib 
bed to protect the parietal pleura (Figs.  20.2 ,  20.3 ). 
Do not damage the pleura while the retroperitoneal space 
is being opened.    

   6.    Bluntly dissect the upper cartilage tag cephalad and the 
lower tag caudad (Fig.  20.3 ). At this point, identify the 
retroperitoneal space and the peritoneum. Extend this 
incision from the level of the costal cartilage medially 3 
inches. Divide each muscle layer (external oblique, 
internal oblique, transversus abdominis) from the tip of 
the 11th rib.  

  Caution:   The muscle layers thin out dramatically 
medially and the peritoneum is easily entered. If this 
happens, repair it immediately with pursestring sutures. 
After the peritoneum is reached, it is bluntly dissected 

from the undersurface of the transversalis fascia, the 
fascia opened, and the peritoneal retracted (Fig.    20.4   ).     

   7.    After exposure of the peritoneum, the parietal pleura 
must be identifi ed and dissected free intact. Occasionally 
the pleura extends to the tip of the 11th rib, but usually it 
passes slightly more proximal to the tip of the 11th rib 
and across the midportion of the 12th rib (Fig.  20.3 ). 
The rib bed has three layers: periosteum, endothoracic 
fascia, and parietal pleura. Open only the periosteum 
and muscle of the rib bed. Identify the parietal pleura. 
Begin the crucial dissection of pleura from the endotho-
racic fascia of the rib bed. Use cotton gloves or gauze 
wrapped around the dissecting fi nger to dissect bluntly 
toward the spine under the rib bed. Pushing the soft tis-
sue off, dissect very carefully the undersurface of the rib 
bed. If the pleura is damaged, it should be sutured. After 
dissection of the pleura, open the rib bed with a scissor. 
It is the strong fascia of the rib bed that prevents expo-
sure. After the rib bed is opened, insert the Feochetti 
retractor. If the Feochetti is ineffective because of a 
small lower rib to retract against, use Deavers. The dia-
phragm is attached to the tip of the 12th rib. Often this is 
a direct tether to adequate expansion of the wound. With 
the pleura having been refl ected off the undersurface of 
the diaphragm in this area, cut the insertion of the dia-
phragm off the tip of the 12th rib.   

   8.    Remember: The approach is under the diaphragm, which 
has been retracted cephalad. The peritoneum is bluntly 
dissected from the undersurface of the diaphragm. 
Retract the peritoneum and contents anteriorly. Enter the 
retroperitoneal space and identify the psoas muscle over 
the transverse processes.   

   9.    Identify the origin of psoas muscle over the transverse 
processes and bodies of T12 and L1 (Figs.  20.4 ,  20.5 , 
 20.6 ). Identify the transverse process of L1, which is the 
junction of the medial and lateral lumbocostal arches. 
Identify die crus of the diaphragm over L1.     

   10.    Cut die attachment of die lumbocostal arches from the 
transverse process of L1.   

      Eleventh Rib Approach 
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   11.    Cut and elevate the left crus of the diaphragm from the 
vertebral bodies of L1 and L2 (Fig.  20.7 ). Identify and 
ligate segmental vessels at each vertebral body level.  

  Caution:   Do not neglect the segmental vessels over 
L1. Blunt dissection can be carried proximally on the 
spine to the level of T11. The pleura often extends into 
the costophrenic sulcus medially at the 12th vertebral 
body. There is the danger of entering the pleura with the 
proximal blunt dissection, even after the pleura has been 
identifi ed over the midportion of the 11th rib.    

   12.    Often the psoas muscle bulges medially and obscures 
the spine and the crus of the diaphragm. Use fi nger pal-
pation to differentiate the texture of the intervertebral 
disc from the vertebral bodies. Take down the psoas from 

its insertion onto the body of T12–L1 and the transverse 
processes of T12 and L1. Control the bleeding in the 
attachments of the psoas by electrocautery. The T11–
T12–L1 vertebral bodies are exposed in the wound 
extrapleurally and retroperitoneally (Fig.  20.8 ).    

   13.    Closure: Expand the lung before closure to observe for 
any air leak. Attach the lumbocostal arch to the trans-
verse process of L1, the crus of the diaphragm to the 
vertebral body, and the insertion of the diaphragm into 
the tip of the 11th and 12th ribs.     

 Again, the key to closure is in reapproximating the costal 
cartilage on the tip of the 11th rib. Close the rib bed with 
interrupted suture. Then each layer closure follows with 
running absorbable suture. 

Caudad Cephalad

  Fig. 20.1    Make a standard 
incision over the left 11th rib 
extending from the tip of the 11th 
rib to the edge of the rectus 
sheath. Remove the 11th rib and 
split the costal cartilage (as 
demonstrated in Chapter   18    ). 
Separate the split cartilaginous 
tips and bluntly dissect with 
utmost care the separating leaves 
of tissue. Dissect the parietal 
pleura from the undersurface of 
the rib bed, starting at the split 
cartilage       

Cartilagenous
Tip of 11th Rib

11th Rib

12th Rib

Pleura

peritoneum

Pleural
cavity 

Insertion of Diaphragm
into 12th Rib

  Fig. 20.2    In a dissected specimen, note the important relationships of 
the pleura and peritoneum to the cartilage at the tip of the 11th rib. 
Understanding the anatomy of the undersurface of the 11th rib bed is 
important in maintaining an extrapleural retroperitoneal approach. 

 The intimate relationship of the pleural cavity and the peritoneal 
cavity is seen under the 11th and 12th ribs. The attachment of the 

abdominal musculature to the cartilage tip of the 11th rib has been 
removed. The diaphragmatic insertions into ribs 11 and 12 are present. 
The objective of the dissection is to enter the space between the perito-
neal cavity and the pleural cavity       
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Enter This Space
Between the Pleura
and the Peritoneum

Peritoneum

Pleural Cavity

Pleura

12th Rib

Diaphragmatic Insertion
into 12th Rib

  Fig. 20.3    The distal extent of 
the pleural cavity in close 
proximity to the peritoneal 
cavity. Dissection takes place 
between these two planes in the 
retroperitoneal, extrapleural 
space, refl ecting cephalad the 
parietal pleura seen here       

Peritoneal Sac

Psoas Muscle

Pleura

L1

  Fig. 20.4    Another view of the 
retroperitoneal space approaching 
L1 extrapleurally and 
retroperitoneally. With the 
peritoneal sac forward, dissect 
and retract the pleura cephalad       

Pleura Retracted

Peritoneum

Spine

Caudad

Cephalad

Disc

Crus of
Diaphragm

  Fig. 20.5    Exposure of the spine 
consists of identifi cation of disc 
spaces, blunt dissection on the 
disc space, isolation of intercostal 
arteries and veins, and removal 
of the insertion of the crus of the 
diaphragm. Beware of the 12th 
intercostal artery and vein under 
the crus of the diaphragm       
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Medial
Lumbocostal Arch

Spine

Crus of
Diaphragm

Lateral
Lumbocostal Arch

Quadratus
Lumborum
Muscle

Psoas Major
Muscle

Pleural
Cavity

Cut Edge
of Diaphragm

  Fig. 20.6    Extending the exposure in Figure  20.4  cephalad on the psoas 
major muscle, one encounters the crus of the diaphragm, medial lumbo-
costal arch, and insertion of the psoas muscle. The spine is obscured by 
the often bulky muscle mass that in this area hides the intercostal ves-
sels and the peripheral extent of the pleura. Remember, at any time 
when one dissects cephalad to the L1 transverse process the pleura may 

be inadvertently entered. To extend the 11th rib approach cephalad, 
identify the origin of the psoas muscle over the transverse processes 
and bodies of T12, L1 .  The transverse process of L1 is the junction of 
the medial and lateral lumbocostal arches. The left and right crura of the 
diaphragm are identifi ed as they extend over the spine       

Diaphragm

Extrapleural
Retroperitoneal Space

T12
Vertebral Body

T12-L1
Intervertebral Disc

Left Crus

Right Crus

Psoas Muscle

Crus of
Diaphragm

  Fig. 20.7    Expose the T12–L1 
disc space and dissect cephalad 
on the spine, leaving the 
diaphragm and pleural cavity 
cephalad. It is technically 
possible to extend the approach 
up to T9       
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    Additional Anatomy 

 Beware of the muscle-covered intercostal vessels crossing 
the midbody of T12, and do not damage the pleura over the 
vertebral body when dissecting proximally toward the T11–
T12. The crus of the diaphragm forms a sling, anteriorly at 
which is the aortic hiatus. The thoracic duct enters through 
the aortic hiatus anterior to the aorta. The renal artery and 
kidney have been refl ected anteriorly and to the right from 
this left lateral approach. 

 The sympathetic chain is in its paraspinous location enter-
ing the diaphragm. Although often sectioned in the approach, 
it sometimes can be identifi ed and preserved. There should 
be no permanent sequelae from unilateral transection of the 
sympathetic chain. 

   Remember: 
   1.    Identify the costal cartilage at the tip of the 11th rib.   
   2.    Identify attachment of diaphragm, endothoracic fascia, 

and transversalis fascia to the tip of the 11th rib.   
   3.    Split the cartilage of the 11th rib and enter the area 

beneath the rib bed only at the extreme tip in the area of 
the costal cartilage.   

   4.    Dissect the pleura bluntly off the undersurface of the 11th 
rib bed.   

   5.    Detach the insertion of the diaphragm from the tip of the 
12th rib.   

   6.    Elevate the lumbocostal arches from the psoas muscle and 
the crus of the diaphragm from the vertebral body. Beware 
of damage to the 12th intercostal artery and vein.   

   7.    Beware of damage to the pleura in the area of the paraver-
tebral sulcus.   

   8.    The costal cartilage is the key to closure.         
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  Fig. 20.8    Remove the crus of the diaphragm from the vertebral body. 
The right crus of the diaphragm is large and extends down the right side 
of the L1, L2, L3 vertebral bodies. The left crus extends to L2. The crui 
extend anteriorly into the substance of the diaphragm, forming the aor-
tic hiatus. The insertion of the diaphragm into the transverse process of 
L1 is in the form of a medial and lateral lumbocostal arch. The medial 
lumbocostal arch extends from the crus of the diaphragm and vertebral 
body, arches over the cephalad portion of the psoas major muscle, and 
inserts into the anterior surface of the transverse process of L1. The 
lateral lumbocostal arch expands from this transverse process of L1, 
arching over the quadratus lumborum muscle to the tip of the 12th rib. 
Beware of the intercostal vessels over T12–L1 and L1–L2 when remov-
ing the diaphragmatic crura       
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        The trans-11th rib extrapleural approach is less traumatic to 
the respiratory system 1  and has the advantage that a patient 
does not necessarily need either thoracic drainage or a post-
operative intensive care unit (ICU) stay. The incidence of 
postoperative atelectasis is very rare, because ventilation is 
maintained and no direct mechanical pressure is applied to 
the lung tissue during the spinal procedure; this is benefi cial 
for geriatric or ventilatory poor-risk patients. Even if the 
parietal pleura is accidentally perforated, suturing the injured 
pleura requires less intensive postoperative management 
compared to the ordinary thoracotomy procedure.
    1.    The exposable cephalad operative fi eld for 11th rib resec-

tion is the T11 vertebral body and the intervertebral disc of 
T11–T12. Likewise, caudad exposure is the L2 vertebral 
body. Pathology that has occurred around T12 or L1 is the 
most convenient target. If the skin incision is extended 
toward the symphysis pubica caudally, the L5–S1 disc 
space can be reached with this approach.   

   2.    Indications for this approach are determined by pathology 
that exists anterolateral to the following spinal levels:
•    Disc herniation at T11–T12, T12–L1, L1–L2  
•   Burst fracture, tumor, spondylitis, or ossifi cation of the 

posterior longitudinal ligament (OPLL) at T12, L1, L2  
•   Scoliosis or kyphotic deformity at the thoracolumbar 

junction      
   3.    Contraindications for this approach include previous 

 thoracotomy. Spinal infection, either pyogenic or tuber-
culous, or metastatic spinal tumor is not necessarily a 
contraindication unless severe adhesive pleuritis is 
expected. Rather, these diseases can be good indications 
because the parietal pleura plays a role in barricading dis-
ease dissemination.    
  The patient is placed in either right or left lateral decubi-

tus position depending on convenience in approaching the 
spinal pathology. As in ordinary thoracotomy, the upper 
extremity of the open side is lifted forward and an axillar pad 

is placed under the dependent axilla. The operating table 
should be slightly bent to maintain the coronal spinal physi-
ologic alignment.
    1.    In the same fashion as in ordinary trans-11th rib thora-

cotomy, a curved oblique incision is made over the 11th rib. 
The posterior border of this incision is placed just lateral 
to the margin of the paravertebral muscles, and the ante-
rior border is 3 to 5 cm beyond the tip of the 11th rib 
(Fig.  21.1 ). The incision can be extended toward the sym-
physis pubica depending upon how far down the exposure 
to the lumbar spine is needed.    

   2.    Along this incision line, m. latissimus dorsi is under-
mined and the muscle belly is clamped with two Pean’s or 
Kelly’s forceps in parallel. Between those two clamps, the 
muscle belly is incised using electric cautery. In the same 
manner, the underlying m. serratus anterior is incised 
(Fig.  21.2 ).    

   3.    Underneath those separated muscle layers, the 11th rib 
appears and the superfi cial periosteum is opened. The 
superior surface, then the inferior surface, followed by the 
undersurface of the 11th rib are carefully released sub-
periosteally using periosteal elevators such as Cobb and 
Dwyer instruments. Then, the 11th rib is harvested from 
the angle of the rib to the costal cartilage junction for 
bone grafting, leaving the 11th costal cartilage as the 
entrance to both the retroperitoneal and the extrapleural 
spaces. This cartilage, which forms a part of the arcus 
costalis, is then split with a sharp knife. The proximal 
stump of the 11th rib is packed with bone wax for hemo-
stasis (Fig.  21.3 ).  

  Caution:   The rib bed of the 11th rib is composed of 
three layers; the inner periosteum of the 11th rib, endo-
thoracic fascia, and the parietal pleural. The rib bed 
should be maintained intact so as not to converge to 
thoracotomy.    

   4.    Because the diaphragm inserts to the 11th and the 12th 
costal cartilage in the lateral aspect of the thoracic cage, 
immediately after splitting the 11th costal cartilage, mus-
cle fi bers of the diaphragm spontaneously separate about 
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2 cm along its fi brous orientation. When both sides of the 
split cartilage are retracted, the m. obliquus externus 
abdominis is easily separated along its fi brous orientation, 
and the underlying m. obliquus internus abdominis and m. 

transversus abdominis appear. Both the m. obliquus interims 
abdominis and the m. transversus abdominis are carefully 
undermined and detached from the underlying peritoneum 
and then clamped with two Pean’s or Kelly’s forceps in 
parallel. Between those two forceps, muscle bellies are 
incised with electric cautery 3 to 5 cm along the incision 
line, until the underlying thin peritoneum becomes visi-
ble. M. transversus abdominis inserts to the arcus costalis 
and is interdigitated with insertion of the diaphragm 
(Fig.  21.4 ).  

  Caution:   Care must be taken not to spread this entry 
zone too wide, to avoid injuring the underlying perito-
neum and parietal pleura.    

   5.    The interspace between the deep fascia of m. transversus 
abdominis and the peritoneum is bluntly dissected toward 
the retroperitoneal space using the fi ngertips until the fi n-
gertips feel the vertebral body surface and the overriding 
aorta. The fi ngertips are fi rst oriented posteriorly toward 
the m. quadratus lumborum and m. psoas major and then 
medially toward the vertebral body surface (Fig.  21.5 ).  

  Caution:   Blunt dissection of the peritoneum should 
include the inferior surface of the diaphragm until its 
insertion to the L1 vertebral body; otherwise, incision of 
the diaphragm may cause peritoneal injury. During blunt 
separation, to avoid perforation the fi ngertips should 
never be directed toward the thin peritoneum. As the 
peritoneum is reversed until the L1 vertebral body is 
exposed, there is adipose tissue, which includes the sym-
pathetic trunk at the medial border of m. psoas major. 
This sympathetic trunk should be preserved if possible.   Fig. 21.1    A curved oblique incision is made along the 11th rib       

Cephalad

M. latissimus dorsi

M. serratus anterior

11th rib

Caudad

  Fig. 21.2    Excision of m. 
latissimus dorsi and m. serratus 
anterior along the 11th rib       
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The ureter, which attaches to the peritoneum, is usually 
retracted with the peritoneum.    

   6.    The entry zone to the extrapleural space, which exists 
between the rib bed and the insertion of the diaphragm 

under the split 11th costal cartilage, is carefully dissected 
along the diaphragmatic insertion, orienting toward the 
12th costal cartilage, using a curved mosquito or Kelly’s 
forceps. One suture is placed on each side of the split 

Cephalad

Periosteum of 11th rib

Costal cartilage
Caudad

  Fig. 21.3    After removal of the 
11th rib. The bed of the 11 th rib 
is made of the inner periosteum, 
the endothoracic fascia, and the 
parietal pleura. The interspace of 
the split costal cartilage, which is 
the entry zone to the 
retroperitoneal and the 
extrapleural spaces, is shown       

Cephalad

M. intercostales

Periosteum of 11th rib
Diaphragm

M. obliquus externus abdominis

M. obliquus internus abdominis

M. transversus abdominis

Peritoneum

Caudad

Costal cartilage

  Fig. 21.4    By splitting the 11th costal cartilage, the underlying diaphragm spontaneously separates for a few centimeters along its fi brous orienta-
tion. This space becomes the entry zone into the retroperitoneal and the extrapleural spaces       
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cartilage as landmarks; these are used when repairing the 
arcus costalis. Once diaphragmatic dissection is started, 
the marginal line of the transparent parietal pleura 
becomes distinguishable by the ebb-and-fl ow motion of 
the lung surface. Then, the insertion of the diaphragm is 
clamped by a couple of curved Pean’s or Kelly’s forceps 
in parallel and is incised with careful attention to the lung 
motion. Sutures should be placed every inch in pairs to 
ensure against perforation of the parietal pleura. They 
also serve as landmarks and anchoring sutures when 
repairing the diaphragm. The parietal pleura attaching to 
the endothoracic fascia is bluntly dissected with most 
careful attention to avoid perforation; then, the remaining 
11th rib bed can be incised to establish a wide operative 
(Fig.  21.6 ).  

  Caution:   Three-dimensional anatomical knowledge of 
the diaphragm is mandatory to avoid incisional disorien-
tation. The insertion of the diaphragm orients laterally to 
the 11th and the 12th costal cartilage, posteriorly to the 
L1 transverse process and the L1 vertebral body, so that 
one should never make a diaphragmatic incision along 
the 11th or 12th rib curvature. Once the incision reaches 
the tip of the 12th costal cartilage, then orient toward the 

L1 transverse process and L1 vertebral body; otherwise, 
thoracotomy will occur. This is the point most different 
from the conventional thoracotomy. Dissection of the dia-
phragm is started blind, close to its insertion to the 11th 
costal cartilage. The parietal pleura does not usually 
reach this aspect and remains slightly more proximal; 
however, this is the most technically demanding point for 
this approach. The parietal pleura is very thin and trans-
parent. Usually, it is diffi cult to discriminate its marginal 
line if ventilation has ceased. Ventilation should be main-
tained during this procedure so that one can clearly 
observe the rise and fall of the lung surface. Placing 
sutured in pairs when incising the diaphragm is impor-
tant to avoid accidental pleural perforation during this 
dissecting procedure. When repairing the diaphragm, 
tying each pair of sutures enables accurate reapproxima-
tion of the detached diaphragm; these then also work as 
anchoring sutures. The diaphragm in geriatric patients is 
usually very thin so that those stitches reinforce closure of 
the thoracic cage and ensure postoperative respiratory 
function. Keep in mind that in the case of a short 12th rib 
the parietal pleura often covers the entire length of the 
12th rib.    

Diaphragm M. intercostales

Cephalad

Periosteum of 11th rib

M. obliquus externus
abdominis

M. obliquus internus
abdominis

M. transversus abdominis

Peritoneum

Caudad

Costal cartilage

  Fig. 21.5    The retroperitoneal space is bluntly dissected between the peritoneum and the deep fascia of m. transversus abdominis until the sur-
geon’s fi ngertips feel the vertebral body surface and the overriding aorta       
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   7.    The incision of the diaphragm is continued circumfer-
entially along the insertion of the diaphragm at the 12th 
costal cartilage and the L1 transverse process and ter-
minates at the L1 vertebral body. The incision line is 
placed 2 cm medial from its peripheral attachment to 
the chest wall. During this procedure, the parietal pleura 
that attaches to the endothoracic fascia and vertebral 
bodies is bluntly dissected by sponge or fi ngertips, and 
the T11 and T12 vertebral bodies are exposed. The 
T11–T12, T12–L1, and L1–L2 disc levels can be deter-
mined by probing elastic prominences between concave 
vertebral bodies. In the thoracic spine, costovertebral 
articulation occupies the posterior third and the anterior 
longitudinal ligament covers the anterior third of the 
lateral surface of the vertebral body. Likewise, in the 
lumbar spine, the m. psoas major covers the lateral sur-
face of the vertebral body, and the crus and the anterior 
longitudinal ligament cover the anterior third of the ver-
tebral body (Fig.  21.7 ).  

  Caution:   The incision line of the diaphragm should be 
placed 2 cm medial from the peripheral attachment to 
preserve a margin for reattachment and central innerva-
tion by the phrenic nerve. Dissection of the parietal 
pleura is easier at the undersurface of the rib bed and the 
oversurface of the diaphragm; however, the pleura should be 
carefully dissected around the costovertebral articulation 
in which it forms a paravertebral sulcus. The diaphrag-
matic attachment to the L1 vertebral body also requires 

attention because a deep and blind maneuver is needed. 
To avoid perforation, the fi ngertips should never be 
directed toward the parietal pleura. Once perforation 
occurs, closure is diffi cult.    

   8.    To expose the L1 vertebral body, the origin of the m. psoas 
major to the T12 and L1 vertebral bodies and the L1 trans-
verse process must be detached by electric cautery, leaving 
stay sutures for reapproximation; then, the muscle belly is 
retracted inferiorly (Fig.  21.8 ). If the head of the ribs 
obstructs operative procedures, they can be resected with 
an osteotome. The insertion of the diaphragm to the L1 
vertebral body obstructs operative procedures at this 
aspect; often, it must be detached from the L1 vertebral 
body. The crus of the diaphragm can be incised if it is 
obstructing spinal procedures.  

  Caution:   The aorta descends on the left side of the 
thoracic spine and descends anteriorly at the lumbar 
spine. The head of the 12th rib and the insertion of the 
diaphragm to the L1 vertebral body are good landmarks 
to identify the disc level or vertebra. However, intraoper-
ative radiographic identifi cation of disc and vertebral 
levels is required. Do not coagulate segmental vessels, 
but ligate or staple them carefully fi rst medially then lat-
erally. As far as the subperiosteal approach is applied, 
injury to the parietal pleura, peritoneum, major vessels, 
and the thoracic duct can be avoided.    

   9.    Because ventilation is maintained and no direct mechani-
cal pressure to the lung is applied during spinal procedures, 

Cephalad

Parietal pleura

Lung substance

Diaphragm

Peritoneum

12th rib

Costal cartilage

Caudad

Periosteum of 11th rib

  Fig. 21.6    The entrance to the 
extrapleural space is between the 
rib bed of the 11th rib and the 
diaphragmatic insertion under the 
split 11th costal cartilage. The 
parietal pleura usually does not 
reach this aspect. Incision of the 
diaphragm starts from its 
insertion to the 11 th costal 
cartilage, orienting to the 
insertion to the 12th costal 
cartilage along the diaphragmatic 
peripheral margin. Sutures are 
placed on each side of the spit 
cartilage and also on each side of 
the incised diaphragmatic margin 
for landmarks and anchors for 
repairing the diaphragm and the 
arcus costalis. These stitches are 
also important to avoid iatrogenic 
pneumothorax. The parietal 
pleura is transparent, and one can 
distinguish its presence by the 
rise and fall of the lung       
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Cephalad

Parietal pleura

Lung substance

Diaphragm
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Costovertebral articulation of the 12th rib

Segmental artery and vein at T12

Sympathetic trunk

T12/L1 disc

M. quadratus lumborum

M. psoas majorLeft crusAorta

  Fig. 21.7    The insertion of the 
diaphragm attaches to the 12th 
costal cartilage laterally and to 
the L1 transverse process and the 
L1 vertebral body posteriorly. 
The incision will extend to its 
insertion to the L1 vertebral body       
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  Fig. 21.8    The m. psoas major obstructs exposure of the L1 vertebral body, so its origin is separated and reversed       
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postoperative atelectasis is rare. Once the spinal proce-
dure is completed, any trauma to the parietal pleura is 
investigated with saline fi lled into the thoracic cage before 
closing the wound. If a major pleural tear is detected, tho-
racic damage with negative pressure is required; however, 
a pinhole injury can be ignored. The diaphragm is resu-
tured, reinforced by anchoring stitches that were previ-
ously prepared. The split costal cartilage is then 
reapproximated, tying up the previous stitches. Each layer 
of the separated muscles is closed in layer-to-layer 
fashion. 

  Caution:   Equal tension on the repaired diaphragm 
through accurate reapproximation is essential Suturing of 
the diaphragm must be reinforced by anchoring stitches.         

  Acknowledgment   The author thanks Mr. Hitoshi Asano, medical 
illustrator, for his contribution.  
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        The 12th rib resection with fl ank incision was developed to 
allow better exposure of the kidney (Fig.  22.1 ) [ 1  –  3 ]. The 
12th rib and its periosteal bed are joined at the rib’s tip by the 
insertion of the diaphragm and of the transversus abdominis 
fascia and muscle. They form an anchoring point to resist 
cephalad retraction. By removing the 12th rib, opening the 
12th rib bed, and freeing the muscle insertions of the tip of 
the 12th rib, one has greater exposure for cephalad retraction 
when exposing the kidney, retroperitoneal space, or spine. 
Resection of the rib and the periosteum of the rib bed allows 
release of the posterior lumbocostal ligament, which is a 
strong tether against cephalad retraction, and frees the fi bers 
of the internal/external oblique muscles. With the added 
exposure, the L1 vertebral body and distal segments can be 
adequately visualized.  

 One of the major complications of the thoracolumbar 
approach is damage to the pleura in the region of the 12th rib. 
The relationship of the pleura to the 12th rib, as presented by 
Myney and Hughes, 1  begins with a classifi cation of 12th ribs 
into a long type of 11–14 cm and a short type of 1.5–6 cm. 
In the more common long rib the pleura are usually on the 
undersurface of the posterior 6 cm of the rib. The pleura may 
extend over the T11–T12 interspace anteriorly as far as 
10–11 cm from the midline. With short 12th ribs, the entire 
length of the rib should be considered to be covered with 
pleura (see Figs.   18.1    ,   20.3    ,  22.2 ). With this location of the 
pleura in mind, one may follow the four steps outlined by 
Digby for avoiding the pleura: 
    1.    Study the maximum inspiration chest X-ray taken before 

the operation to show the lower extent of the pleura.   
   2.    Expose the periosteum on the outer side of the rib before 

incising it to avoid deep plunges that can section the 
pleura off the rib surface.   

   3.    Avoid sharp projecting fragments on the stump of the last 
rib and cover the stump with a tethered gauze roll.   

   4.    Make the longitudinal incision in the periosteum and 
inner aspects of the last rib suffi ciently far out to be below 
and beyond the pleura refl ection [ 3 ].    

    1.    Place the patient in the right lateral decubitus position 
over the break in the table; this increases the distance 
between the iliac crest and costal margin and aids in the 
exposure (see Fig.  22.1 ).   

   2.    Incise the skin and subcutaneous tissue from the costo-
transverse junction to 6 inches anterior to the tip of the 
12th rib. Divide muscle layers with the electrocautery to 
the surface of the 12th rib. Take care to cut the latissimus 
dorsi and serratus posterior musculature directly in line 
with the incision to the rib. Do not slide off the rib infe-
riorly and damage the subcostal nerve and vessels.   

   3.    Open the periosteum of the rib and elevate the superfi -
cial and deep surfaces of the periosteum off the rib 
(see Chapter   16    ).   

   4.    Cut the rib at the costotransverse junction and elevate 
with a bone clamp the cut rib from the rib bed, leaving it 
attached anteriorly. Attached to the tip of the 12th rib is 
the diaphragm superiorly and the transverse abdominis 
musculature and fascia inferiorly. The pleura is safely 
protected under the rib bed (see Fig.  22.2 ). The safest 
area to enter the rib bed of the 12th rib is at the tip. 

  Caution:   If it is a short rib, the pleura will be at the 
tip of the 12th rib.    

   5.    While elevating the rib, split the tissue on the tip of the 
12th rib and remove the rib. Retract slightly the diaphrag-
matic insertion cephalad, the abdominal musculature 
caudad.   

   6.    Identify the foamy fat of the retroperitoneal space. 
Open this carefully and identify the peritoneum. Bluntly 
dissect the peritoneum from the undersurface of the 
abdominal wall for further opening of muscle layers.   

   7.    Extend the incision through the external oblique and 
internal oblique musculature with the electrocautery. 
Identify the transversus abdominis musculature and 
carefully spread this muscle to expose the transversalis 
fascia.   

      Twelfth Rib Approach 
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   8.    Retract the peritoneum anteriorly and expose the retro-
peritoneal space (see Fig.  22.3 ).    

   9.    The endothoracic fascia lines the undersurface of the rib 
bed. Dissect bluntly the pleura from the endothoracic 
fascia. Sweep the pleura off from the tip proximally. 
With the pleura removed from the undersurface, open 
the rib bed.   

   10.    The 12th intercostal nerve runs under and through the 
internal oblique. In opening the abdominal musculature, 
identify and protect the 12th intercostal nerve. Now 
identify the retroperitoneal space, the opened rib bed, 
the cephalad retracted diaphragm and pleura, each layer 
of the abdominal musculature, the peritoneum, and the 
psoas.   

  Fig. 22.1    Incise the skin and subcutaneous tissue from the costotrans-
verse junction to 6 inches anterior to the tip of the 12th rib. Resect the 
12th rib with a standard thoracotomy technique, and extend the anterior 
incision to open the abdominal musculature as described in Chapter   18    . 
The chief advantage of the 12th rib excision is that it allows easier 
retraction and exposure of the upper lumbar spine. Removal of the rib 
and preservation of the rib bed does not add greatly to ease of retraction; 
therefore, the rib bed should be opened as in a standard thoracotomy 
technique except extrapleurally, as described in Chapter   19    . The 
approach is an extrapleural approach; therefore, identifi cation of the 

peripheral extent of the pleura should follow Digby’s rules. 1. Study the 
maximum inspiration chest X-ray taken before the operation to show 
the lower extent of the pleura. 2. Exposing the periosteum on the outer 
side of the rib before incising it avoids deep plunges that can section the 
pleura off the rib surface. 3. Avoid sharp projecting fragments on the 
stump of the last rib and cover the stump with a tethered gauze roll. 4. 
Make the longitudinal incision in the periosteum and inner aspects of 
the last rib suffi ciently far out to be below and beyond the pleura 
refl ection       

Pleura

12th Rib
Bed

12th Rib
Retracted

Subcostal
Nerve

  Fig. 22.2    The rib bed of the 
12th rib and its relationship to the 
pleura. This rib bed must be 
opened while maintaining an 
extrapleural position. With a long 
12th rib the pleura usually only 
extends medially as far as the 
lateral three-fourths of the rib 
bed. Therefore, it is easier to 
begin the plane of dissection at 
the medial tip of the rib bed, 
progress laterally, fi nd the pleura, 
and dissect it off. With a short 
(6-inch or smaller) 12th rib, 
dissection at the tip of the rib 
must be done as carefully as 
described in Chapter   19     because 
pleura covers the entire rib       
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   11.    Locating the psoas muscle is the critical factor at this point 
[ 3 ]. Use Deaver retractors to hold the peritoneal sac and its 
contents anteriorly (Figs.  22.3 ,  22.4 ). Take care not to 
enter the retropsoas space, which is a blind pouch.    

   12.    With the kidney retracted forward, identify the ureter on 
the undersurface of the peritoneum. It need not be 
dissected free and is retracted with the peritoneum.   

   13.    Palpate the spine to fi nd the soft prominent disc spaces.   
   14.    Bluntly spread the retroperitoneal soft tissue on the 

fi rst identifi able disc. Stay on the surface of the disc 
and not on the vertebral body, where the intercostal 
vessels are.   

   15.    With the clearing of one disc, insert a needle for X-ray 
confi rmation of the level.   

   16.    The psoas frequently bulges over the midline and 
obscures the spine as it inserts on the 12th and 1st bodies 
and on the lumbocostal arches. Remove the psoas mus-
cle initially from the disc area, then from the vertebral 
bodies. 

  Caution:   Cauterize or tie vascular structures in the 
midportion of the vertebral body and control bleeding 
from the origin of the psoas.    

   17.    Cut the crus of the diaphragm from the spine and ele-
vate in a cephalad direction with the periosteal elevator. 
With the crus of the diaphragm elevated cephalad and 
with the psoas muscle retracted laterally and inferiorly, 
the T12–S1 discs should be well visualized. Remove 
the insertion of the lumbocostal arch on the transverse 
process of L1 for additional visualization cephalad. 
Theoretically this area can be expanded to the 10th tho-
racic vertebra, but the exposure will be confi ning in any 
level above T12. 

  Caution:   The pleura in the sulcus is immediately 
over the spine and the rib heads. Continue blunt dissec-
tion of the pleura toward the spine until this is suffi -
ciently elevated  [ 4 ].   

   18.    Closure: Close the rib bed, approximate the cartilagi-
nous tip of the rib, and close each abdominal muscle 
layer.    

Pleura

Peritoneum

Bed of the
12th Rib

Retroperitoneal
Space to
the Spine

  Fig. 22.3    Exposure of the spine 
through the retroperitoneal space 
with protection of the pleura       

  Fig. 22.4    With retraction of the pleural sac, the abdominal aorta is 
located by palpation and the spine exposed       
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    Remember: 
   1.    Do not plunge off the tip of the 12th rib.   
   2.    Use the split costal cartilage tips to separate the diaphrag-

matic insertion from the transversus abdominis insertion.   
   3.    Follow the Digby rules to avoid pleural damage.   
   4.    Use blunt dissection on peritoneum and pleura.   
   5.    Identify and ligate each intercostal artery and vein over 

 each vertebral body.    
   6.    Find the psoas muscle, transversus process of L1, and the 

crus of the diaphragm.        
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        An anterior approach is optimal for many disease processes 
of the thoracic spine. These approaches have required a pos-
terolateral thoracotomy to access the vertebral bodies or 
intervertebral disc spaces. This procedure carries with it the 
same known incisional morbidity of any intrathoracic proce-
dure, making video-assisted thoracoscopic surgical tech-
niques the clear choice in treating diseases of the thoracic 
spine. All patients sign a consent for video-assisted thoraco-
scopic surgery (VATS) of the spine with possible open thora-
cotomy and understand that such will be performed if VATS 
is unsuccessful. 

 All procedures should be performed under general endo-
tracheal anesthesia with either a double lumen or Univent 
tube to allow for ipsilateral lung collapse and single lung 
ventilation. The patient is placed on a beanbag in the lateral 
decubitus position with the table maximally fl exed to widen 
the intercostal spaces. The spine can be approached from 
either side, with the determining factor being the side to 
which the pathology presents. Because the spine is posterior, 
the patient should be rotated slightly anteriorly (20 to 30 
degrees) to allow more anterior trocar placement. Placing the 
trocars too far posteriorly will make the visualization and 
work very diffi cult, especially when trying to identify the 
pedicles and the canal. A 30-degree-angle viewing scope 
should be used, and the surgeon and camera operator both 
stand on the ventral side of the patient. For proper orienta-
tion, the spine should be kept on the horizontal plane on the 
video monitor. 

 Trocar placement depends on the level of the spine to be 
approached, with the initial trocar inserted two levels above 
the affected disc space or vertebra at the anterior axillary line 
(Fig.  23.1 ). Ventilation to the ipsilateral lung is stopped to 
allow the lung to start collapsing before entering the pleural 
cavity. A 10-mm horizontal skin incision is then made at the 
chosen site, and a hemostat is used to spread the muscles and 
enter the pleural cavity by gently poking into it. A fi nger is 

then inserted through this incision to check for adhesions, 
which if found can be cleared with fi nger dissection to allow 
for a large enough space to insert a trocar. A 10-mm, 
30-degree-angled scope is then inserted through this trocar 
and an initial exploratory thoracoscopy is performed. If 
adhesions are found, a second and third trocars are then 
inserted under vision to avoid lung injury. One should be two 
levels above and the other two levels below the original tro-
car and both slightly more anterior (Fig.  23.2 ). Through 
these working channels, the adhesions can be taken down 
using graspers, cautery, and the endoscissors. Any small 
pleural tears can be ignored at this time as they will seal 
spontaneously. Larger tears to the lung and pleura may need 
to be repaired using standard stapling techniques.   

 A fan retractor is then used to help fi nish collapsing the lung 
(by gently pushing on it) and to hold it anteriorly and visualize 
the spine through the parietal pleura. The target level is then 
tentatively identifi ed by counting the ribs. The 1st rib is not vis-
ible through the parietal pleura, but it can be palpated with a 
blunt grasping instrument. The appropriate rib is followed and 
its base identifi ed (Fig.  23.3 ). A long needle or pin is then 
inserted percutaneously into the pleural cavity and guided with 
a grasper into the disc space adjacent to the rib head (Fig.  23.4 ). 
Radiologic confi rmation is then obtained.   

 If no adhesions are found (as should be the case in most 
cases not having prior pulmonary pathology or surgery), 
then it is best to try to identify the site before inserting addi-
tional trocars; this will allow for more accurate placement of 
these ports in relation to the target. The scope itself can be 
used to help collapse the lung and also to push it anteriorly 
to visualize the spine. In some cases, a brief period of car-
bon dioxide insuffl ation with 8 to 10 cm of water pressure 
may be necessary to complete resorptive atelectasis and 
enhance collapse of the lung. As the procedure progresses, 
the lung can usually be kept from crowding the fi eld by 
more anterior rotation combined with either Trendelenburg 
or reverse Trendelenburg position, depending on the level. 
The fan retractor can then be removed and that port used as a 
working channel. 
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 The fourth trocar, 12 mm in size, is then inserted as close 
to parallel to the level of the pathology as possible and more 
posterior than the fi rst trocar. This trocar will be the main 
working channel through which the orthopedic instruments 
pass. This placement also provides two ports at the level of 
the disc or vertebral body to be approached and will be help-
ful in the dissection because the scope sometimes must be 

passed through either the upper or lower trocars then directed 
to the site, taking advantage of the 30-degree angle. 

 Electrocautery is then used to divide the parietal pleura, 
starting at the base of the adjacent rib then progressing to the 
anterior longitudinal ligament and any surrounding soft tis-
sues (Fig.  23.5 ). The parietal pleura is refl ected using blunt 
graspers and pushers until the segmental vessels lying in fat 
midway between the vertebral bodies are exposed caudad 
and cephalad to the level of the disc involved (Fig.  23.6 ). For 
most cases, it is not necessary to ligate these vessels, but if 
infl ammation, tumor, or a collapsed vertebral body is pres-
ent, then vessels in the area are identifi ed and ligated early 
on. This step is done by gently dissecting under them and 
ligating with endoclips, then gently pushing them away with 
pushers and blunt graspers. The infl ammatory mass can then 
be entered carefully, watching out for neovascular formation 
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  Fig. 23.1    Diagram for trocar positions at T5–T6 for pathology at 
T7–T8       

  Fig. 23.2    Actual trocar positions       

  Fig. 23.3    Appropriate rib identifi ed between segmental vessels       

  Fig. 23.4    Pin inserted into disc space for radiologic confi rmation       
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in the area. When no such pathology exists, the base of the 
rib, the rib head, and the disc space should then be clearly 
visible and ready for resection.   

 Standard orthopedic instruments are then introduced and 
resection of the rib head is carried out (Fig.  23.7 ). In doing 
this, the intercostal vessels, which course along the caudal 
edge of the rib, may be lacerated. Endoclips and cautery are 
usually effective in obtaining hemostasis in this area. It is 
best, however, to exercise extreme care in dissecting the rib 
to avoid injury to these vessels, because inability to obtain 
control with clips and cautery may lead to an open thoracot-
omy. Continuous suction is necessary when cautery is used 
to keep visibility optimal. Resection of the rib head leads 
directly into the disc space where further dissection is then 
carried out by standard orthopedic technique. (Fig.  23.8 ). 

At times the instruments may be too large to pass through the 
largest trocar. The trocar can then be removed and the instru-
ment inserted directly through the chest wall (Fig.  23.9 ).    

 If a multilevel discectomy for spinal deformity is 
attempted, additional trocars may be inserted as necessary to 
obtain adequate visualization and access. These trocars must 
be inserted under direct vision to avoid injury to the lung. 

 Unexplained bleeding must be investigated immediately 
because injury to the great vessels requires immediate open 
thoracotomy. Subcutaneous emphysema noted during the 
procedure may be a clue to a lung laceration and must also be 
evaluated as soon as it is observed. A small visceral pleural 
tear is enough to produce this and should be repaired by 
standard thoracoscopic technique once discovered. If no 
apparent cause for the emphysema is found, and it persists, 

  Fig. 23.5    Initial cautery dissection vertically along head of rib       

  Fig. 23.6    Demonstration of costovertebral joint with dissection from 
rib head to vertebral body       

  Fig. 23.7    Curved elevator initiating dissection of rib head for excision       

  Fig. 23.8    Dissection into disc space after removal of rib head       
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then a tracheal tear due to the insertion of the double lumen 
tube must be suspected and the procedure may need to be 
aborted. Bronchoscopy then needs to be performed to further 
evaluate the situation, with appropriate treatment depending 
on the fi ndings. 

 After completion of the orthopedic procedure, a single 22 
French argyle chest tube is inserted through the most caudad 
trocar and placed adjacent to the operative site with the tip 
near the apex. The parietal pleura need not be closed. Copious 
irrigation with antibiotic solution is then carried out and 

hemostasis obtained as needed. The lung is then allowed to 
expand under direct vision to ensure that all segments are 
ventilating properly. The trocar sites are then closed using 
absorbable 2-0 sutures for the fascia and staples for the skin. 
The chest tube is secured with 2-0 silk and connected to 
underwater seal and suction. 

 A postoperative chest X-ray is then taken to ensure com-
plete expansion of the lung. The chest tube is left in place 
until there is no air leak or until drainage is less than 150 mL 
in a 24-hour period; this usually happens within 24 hours, 
and the chest tube is removed the day after surgery. 

 The advantage of the video endoscopic technique is the 
lessened morbidity attributable to the minimally invasive 
approach. Magnifi cation and video monitoring appear to 
provide excellent visualization, and as a result there has been 
no compromise in the ability to decompress the spinal canal 
with no additional surgical time or risk.

  Remember: 
   1.    Rotate the patient slightly anteriorly and stop ventilation 

to the ipsilateral lung before initial trocar placement.   
   2.    Insert additional trocars under direct vision.   
   3.    After lung collapse, unexplained bleeding and subpleural 

emphysema must be investigated immediately.   
   4.    Confi rm level radiographically before initiating dissection.   
   5.    Carefully dissect undersurface of the rib to avoid injury 

to intercostal vessels.   
   6.    Segmental vessels need not be ligated in most cases, but 

should be controlled if there is any doubt that they will 
be in the way of the exposure.   

   7.    Pleura need not be reapproximated at the end of the 
procedure.   

   8.    Observe lung expansion before scope removal and closure 
of trocar sites.   

   9.    Use the lowermost trocar site for insertion of the chest 
tube.   

   10.    Do a postoperative X-ray to ensure full lung expansion.       

  Fig. 23.9    Disc removed. Intervertebral space being prepared with drill 
for insertion of bone graft       
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            Introduction 

 Pathology indicated for surgical treatment at the thoracolum-
bar junction (TLJ) and in the thoracic spine broadly includes 
coronal and/or sagittal plane deformities, intervertebral disc 
disease (herniations), trauma, and neoplasms. As primary 
deformity treatment typically involves more global (outside 
of TLJ and thoracic) consideration and expansion into the 
lumbar segment, this work will focus on the treatment of TLJ 
and thoracic trauma, tumors, and thoracic disc herniations 
(TDHs) treated through a mini-open lateral approach. 

    Thoracic Disc Herniations 

 The incidence of symptomatic disc disease and degeneration 
in the thoracic spine is rare compared to those rates seen in 
the cervical and lumbar spine, ranging from between only 2 
and 44 per 1,000 of all surgically treated spinal herniations 
[ 1 – 4 ]. The treatment of TDHs is challenged by several ele-
ments. First, individual presentation and symptomology vary 
greatly, challenging diagnosis (Table  24.1 ). The advent of 
magnetic resonance imaging (MRI) has aided in the effi cient 
diagnosis of thoracic disc disease, though challenges in iden-
tifi cation by generalists remain.

   Patients with symptomatic TDHs indicated for surgical 
intervention present with some combination of pain (back, 

 thorax, radicular) paired with myelopathy and/or bladder or 
bowel dysfunction that are consistent with MRI fi ndings [ 5 – 8 ]. 
Following confi rmatory diagnosis of TDH, surgical treatment 
requires consideration of disease morphology (central vs. lat-
eral, calcifi c vs. soft) which, historically, has defi ned the spe-
cifi c approach (orientation and exposure) and procedure 
(instrumented or not) used [ 9 ,  10 ], though surgeon comfort and 
preference with the proposed surgical approach are also impor-
tant factors [ 11 ]. 

 Early surgical treatment of symptomatic TDH included 
decompressive laminectomy, which was largely abandoned 
following high reported rates of procedural morbidity resul-
tant from transdural exposures and spinal cord mobilization 
[ 4 – 6 ,  11 ]. This highlighted the need for direct-access 
approaches to the pathology with minimal spinal cord 
manipulation. From decompressive laminectomy, costo-
transversectomy, transthoracic (thoracotomy), and thoraco-
scopic approaches were subsequently developed for the 
treatment of TDH. Costotransversectomy, while more effec-
tive than decompressive laminectomy, is challenged by lim-
ited access to contralateral disease and still requires spinal 
cord retraction (especially in cases of central, calcifi c discs 
or those requiring osteotomies), with rhizotomy required in 
most cases [ 12 ]. Thoracotomy provides the “gold standard” 
exposure to treat a variety of herniations, including giant, 
central, and calcifi c discs [ 4 ,  13 ,  14 ]. However, thoracotomy 
is becoming more scrutinized in modern practice (though 
still regularly used) due to the substantial procedural morbid-
ity, including pulmonary complications related to single- 
lung, dual-lumen intubation and the persistence of 
post-thoracotomy pain and pain syndromes secondary to the 
incision. In one study, postthoracotomy pain was present in 
50 % of patients after surgery, with 30 % of patients report-
ing continued painful symptoms 4–5 years postoperatively 
[ 15 ]. Thus, thoracoscopic approaches began to be used to 
minimize the morbidity of thoracotomy. While thoracoscopy 
is effective in minimizing the exposure-related morbidity of 
thoracotomy, procedural implementation is challenging with 
a long learning curve (visualizing a three-dimensional 
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 working space in two dimensions), need for highly trained 
staff, and equipment expense that has limited its utility [ 16 – 18 ]. 
Also, procedural morbidity remains a consideration in thora-
coscopic approaches, with pulmonary complications still a 
concern with the use of single-lung intubation and the need 
for emergent conversion to thoracotomy in the case of major 
intraoperative complications unable to be managed through 
the thoracoscopic exposure (vascular injury).  

    TLJ and Thoracic Neoplasm 

 While cancer in the spine as a primary tumor site is rela-
tively rare, metastatic disease to the spine is remarkably 
common, with more than half metastasizing from the breast, 
lungs, or in lymphoma [ 19 ]. With the spine being the most 
common osseous site of tumor metastases, as many as 
30–90 % of patients who die due to cancer have spinal 
tumors present [ 19 – 21 ]. Those with symptomatic spinal dis-
ease resulting from tumor presence, however, are less com-
mon. Spinal cord compression in spinal neoplasms has been 
reported in as little as 5 % to as many as 40 % of cases, with 
only 10–20 % of those exhibiting symptoms requiring sur-
gery [ 20 ]. This results in approximately 25,000 cases of sur-
gery for spinal tumors a year in the USA [ 20 ], with the 
majority in the  thoracic spine. With 1.4 million new cases of 

cancer diagnosed in the USA each year, and half of those 
eventually succumbing to the disease or related complica-
tions, and these numbers projected to increase, effective and 
expedient treatments are needed to manage the growing 
problem [ 21 ,  22 ]. 

 The treatment of spinal neoplasms is complicated by 
many factors. Factors impacting surgical decision making 
include the tumor type and biology (malignant, benign, 
aggressive, etc…), presence of multiple or peripheral metas-
tases, control of systemic metastases, general health and 
physical condition of the patient, location in the spine (cervi-
cal, thoracic, lumbar, sacral), portion of the vertebra(e) 
involved (anterior and/or posterior element or dural involve-
ment), symptomology (pain most common), the presence 
and severity of neural compression, pending negative neural 
or structural changes, the extent and type of prior or concur-
rent adjuvant therapies (radiation therapy, radiosurgery, che-
motherapy, etc…), and life expectancy [ 19 ,  21 ,  23 ,  24 ]. This 
leads to the requirement for both a multi-disciplinary and 
individualized care plan developed between neurosurgery 
and/or orthopaedic surgery, medical and radiation oncology, 
radiology, and rehabilitation services. This is all in combina-
tion with a growing need for integration of less-invasive 
approaches with decreased morbidity in these patients sus-
ceptible to complications to allow for a hastened recovery 
and return to adjuvant therapies [ 21 ,  25 ] and quality of life. 

   Table 24.1    Examples of symptoms and signs of thoracic disc herniation reported in the literature   

 Myelopathy  Pain  Miscellaneous 

  Sensory disturbances   Band-like chest pain  Multiple sclerosis symptoms 
 ↑ or ↓ skin sensitivity  Axial thoracic back pain  Spinal neoplasm/tumor symptoms 
 Hypoesthesia  Axial lumbar pain  Psychiatric disorder symptoms 
 Paresthesia  Periodic lumbago  Demyelinating disease symptoms 
 Anesthesia  Spinal pain  Ovarian disorder symptoms 
 Complete sensory defi cit  “Labor-like” pain  Reproductive disorder symptoms 
 Genital anesthesia  Radiculopathy  Cardiac disorder symptoms 
 Dysesthesia  Pain accentuated by cough  Symptom intermittency 

  Motor disturbances   Point tenderness  Severe headaches 
 Abdominal refl ex loss  Pure axial back pain (absent other symptoms)  Spontaneous intracranial hypotension 
 Hyperrefl exivity  Pure radicular pain (absent other symptoms)  Accompanying scoliosis 
 Abnormal refl exes  Abdominal pain  Accompanying kyphosis 
 Diffuse weakness  Intercostal neuralgia  Resultant from trauma 
 Mono/paraparesis  Radiculomyelopathy  Paraspinal muscle rigidity 
 Mono/paraplegia  Angina pectoris  Sphincteric changes 
 Brown-Séguard syndrome  Groin pain  Bladder dysfunction 
 Rapid-onset paraplegia  No pain  Bladder urgency 
 Progressive paraplegia  Bowel dysfunction 
 Spastic, ataxic gait  Potency disturbances 
 Lumbar neurologic symptoms  Trophic disturbances 

 Gallbladder disease 
 Gastritis 
 Renal calculi 
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 Similar to treatment of TDH, surgical approaches include 
the gold-standard anterior approach (majority of tumors lie 
within the anterior column) through thoracotomy, thoraco-
scopic approaches (for smaller, contained anterior tumors), 
and posterior approaches (costotransversectomy) alone for 
posterior-based tumors or in conjunction with an anterior 
approach for tumors affecting the entire segment. The chal-
lenges of each approach are similar to those previously 
stated, though with the increased potential for infection and 
wound healing issues when using open-exposure approaches 
in these immunocompromised patients, especially consider-
ing the more extensive nature of pathologic excision com-
pared to that involved with THD (typically corpectomy).  

    Thoracolumbar Trauma 

 Traumatic spinal fractures most commonly occur around the 
TLJ, as the thoracic cavity superior to this watershed area 
creates a pivot point that results in an elevated mechanic risk. 
In fractures requiring surgical intervention (e.g., unstable 
fractures and/or cases with neural/pending neural deteriora-
tion), corpectomy and fi xation is the standard treatment with, 
similar to the previous indications, anterior, lateral, and pos-
terior options, each with its own set of benefi ts and draw-
backs (Table  24.2 ).

       Mini-Open Lateral Approach Background 
and TLJ/Thoracic Utility 

 The minimally disruptive lateral transpsoas approach for 
anterior lumbar interbody fusion (extreme lateral interbody 
fusion, XLIF ® , NuVasive, Inc., San Diego, CA) was devel-
oped in the late 1990s and early 2000s by Luiz Pimenta, 
M.D., Ph.D., and introduced into the literature in 2006 [ 26 ]. 
The procedure was developed as a less-invasive alternative to 
direct anterior approaches with many of the associated com-
plications avoided. As the lumbar procedure became more 

widely adopted, the approach and procedure’s use were 
expanded into the TLJ and thoracic spaces, with the benefi ts 
from the lower translated into the upper spine for, generally, 
more complex indications including TDH, tumors, and trau-
matic fractures. The procedure allows for access to the lat-
eral aspect of the thoracic and thoracolumbar spine through 
a small (approximately 3–6 cm, depending on whether or not 
a corpectomy is being performed) incision with surgical 
access similar to that of a thoracotomy, though through a 
smaller exposure window. The exposure also, generally, 
allows for exposure of the ipsilateral posterior elements, 
expanding the variety of feasible treatment pathology, par-
ticularly with spinal tumors. The approach also provides for 
maintained infl ation of the ipsilateral lung, avoiding the 
complications of dual-lumen intubation. 

 The remainder of this work will focus on technical consid-
erations and reported outcomes of the mini-open lateral 
approach in these more advanced thoracolumbar applications.   

    Review of Anatomy/Special Technical 
Considerations 

    Thoracolumbar Junction 

 At the TLJ, the most relevant anatomy to the lateral approach 
are the diaphragm and the inferior border and aspect of the 
pleural sac (depending on level treated) [ 27 ]. The diaphragm 
is a musculotendinous sheet that divides the abdominal and 
thoracic cavities. The diaphragm attaches in three places, 
classifi ed as anterior (sternal), lateral (costal), and posterior 
(lumbar) attachments. Management of the diaphragm 
includes consideration for preservation of the diaphragm at 
upper lumbar levels (L1, L2), defl ecting it superiorly during 
exposure of the retroperitoneal cavity (Figs.  24.1a–e ). At the 
TLJ and lower thoracic levels, where the diaphragm may not 
be able to be mobilized without violation for adequate lateral 
disc space exposure, a transdiaphragmatic approach can be 
used, often with blunt dissection through the layer and no 
closure needed upon removal of the retractor. Other anatomy 
to consider are the lower ribs, although upper lumbar levels 
are generally approachable without any rib resectioning, 
sometimes assisted through the use of angled procedural 
instruments, or exposure can be obtained between the ribs 
using the split-blade retractor (Ma Xcess ® , NuVasive, Inc.).   

    Thoracic 

 In the thoracic spine, the primary factors relevant to the 
approach are the ribs and neurovascular bundle, pleural 
 cavity, and rib head at the costal facet. The neurovascular 
bundle runs along anterior-inferior aspect of each rib and 
should be considered during both the initial approach and 

   Table 24.2    Surgical approaches for thoracolumbar corpectomies and 
the treatment of thoracic disc disease   

 Anterior 
(anterolateral) 
approaches 

 Posterior 
approaches  Posterolateral approaches 

 Transthoracic 
extrapleural 

 Laminectomy  Transpedicular 

 Transthoracic 
transpleural 

 Transpedicular facet 
sparing 

 VATS  Costotransversectomy 
 Mini-open lateral 
extrapleural 

 Transforaminal 

 Mini-open lateral 
transpleural 

 Transfacet pedicle sparing 
 Lateral extracavitary 
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  Fig. 24.1    ( a ) Cadaveric specimen in the right lateral decubitus position 
with the chest/abdominal wall removed demonstrating how the dia-
phragm separates the thoracic cavity from the abdomen. The 11th rib 
has been resected and is outlined. ( b ) Cadaveric specimen in the right 
lateral decubitus position demonstrating the relative relationship of the 
diaphragm and pleural cavity ( arrows ) to the 11th and 12th ribs. ( c ) 
Cadaveric specimen demonstrating the costal attachments (arrows) of 
the diaphragm to the medial surface of the 12th rib when looking from 

cranially to caudally. ( d ) Cadaveric specimen in the right lateral decu-
bitus position demonstrating the posterior or lumbar attachments of the 
diaphragm to the transverse process of L1. The resected rib has been 
outlined in  white lines  and the  arrow  is indicating the intervening point 
between the medial and lateral arcuate ligaments.  TP  transverse pro-
cess. ( e ) Cadaveric specimen in the right lateral decubitus position dem-
onstrating the relative relationship of the diaphragm and illuminated 
pleural cavity ( arrows ) to the 11th and 12th ribs       
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during suture for preservation. Once the superfi cial exposure 
has been made, the pleural cavity can either be managed 
through a transpleural or retropleural approach [ 28 ]. The ret-
ropleural approach involves careful mobilization of the 
pleura from the chest wall and generally obviates the need 
for a chest tube postoperatively. Finally, the rib head will be 
a landmark for thoracic levels and must be considered at 
each level being treated for identifi cation of the posterior 
disc border, pedicle, and dural sheath. Also, it will need to be 
resected in most cases, especially at upper thoracic levels, to 
gain adequate exposure the lateral disc space. 

 Despite some differences in regional anatomy, interbody 
and corpectomy technique and instrumentation at all levels 
(once exposed) generally follow conventional practice and 
principles, though through a lateral working window.   

    Surgical Technique 

 As previously mentioned, the surgical technique for mini-
mally disruptive lateral interbody fusion was fi rst published 
in the literature in 2006, followed by several detailed techni-
cal descriptions of the lumbar and more advanced applica-
tions, the most recent being from 2013 [ 29 ]. The mini-open 
lateral technique for TLJ/thoracic corpectomy (trauma and 
tumor) and thoracic disc degeneration have also been previ-
ously described [ 11 ,  27 ,  28 ,  30 – 38 ], and largely serve as the 
foundation for the current technical description. 

    Indications and Limitations 

 Surgical indications for the mini-open lateral approach at the 
TLJ and in the thoracic spine include treatment at any level 
requiring a corpectomy, discectomy, and/or fusion from 
approximately the T5 vertebra (limited by the scapula) infe-
riorly to the TLJ. For traumatic pathologies or tumors extend-
ing to the posterior elements, a combined anterior (lateral) 
corpectomy with vertebral body replacement (VBR) and 
posterior approach for decompression and fi xation can be 
used. If the lesion is isolated to the anterior column only or 
anteriorly as well as within the ipsilateral posterolateral bony 
anatomy and without instability requiring posterior instru-
mentation, the lateral approach alone may be used 
(Fig.  24.2a–e ). A relative limitation to the approach includes 
anatomy that interferes with the lateral approach (e.g., vari-
ant position of the great vessels).   

    Preoperative Considerations 

 While this and other minimally disruptive surgical 
approaches have both special intraoperative considerations 
and allow for early postoperative mobilization, care must be 

taken for proper pre-, intra-, and postoperative analgesia and 
anesthesia [ 39 ]. 

 In cases where intraoperative electromyography (EMG) 
is used (e.g., TLJ and lower thoracic (T8–T11 segments)), 
anesthesia should limit the use of muscle relaxants and para-
lytics and, if needed for induction or other reasons, only 
short-life span varieties should be delivered to allow for 
unfettered EMG readings during the procedure. Otherwise, 
standard intraoperative neuromonitoring for these cases will 
include monitoring somatosensory evoked potentials 
(SSEPs) and motor evoked potentials (MEPs). As such, for 
MEPs, total intravenous anesthesia (TIVA) (no inhaled anes-
thetics) is required. 

 Some specialized equipment required for the mini-open 
lateral approach include a radiolucent surgical table capable 
of both a bendable break and tilting in the ventral–dorsal and 
cranial–caudal orientations, fl uoroscope (C-arm), access 
system and peripherals (MaXcess ® , NuVasive, Inc.), general 
anterior and lateral procedural instruments, neuromonitoring 
platform (NV M5), and bipolar electrocautery.  

    Surgical Considerations 

 As has been previously reported [ 26 ,  29 ,  40 ], there are fi ve key 
steps for an effi cient and reproducible lumbar XLIF. These 
steps include (1) Careful patient positioning, (2) Gentle retro-
peritoneal development and dissection, (3) Meticulous psoas 
passage using advanced neuromonitoring integrated into 
approach and procedural instrumentation, (4) Adequate discec-
tomy and proper endplate preparation, and (5) Appropriate 
interbody implant sizing and placement. These tenets largely 
remain relevant in thoracic and TLJ indications, modifi ed to 
three key steps: (1) Careful patient positioning, (2) Gentle 
supra- or infra-diaphragmatic and/or retropleural plane devel-
opment (if not using a transthoracic approach), and (3) 
Adequate discectomy/corpectomy with placement of appropri-
ate instrumentation (intervertebral cage(s), VBR devices, and/
or supplemental internal fi xation).  

    Operative Room Organization and Patient 
Positioning 

 The operative room should be organized so that the operating 
surgeon can view both the monitor of the fl uoroscope and 
neuromonitoring monitor, while having adequate room for 
the C-arm to be placed and to articulate. An example of oper-
ative room setup is included in Fig.  24.3 .  

 Prior to surgical exposure, MEP, SSEP, and any EMG 
electrodes should be placed and function should be verifi ed 
using standard protocols. The patient is placed in the left lat-
eral decubitus position to avoid the position of the aorta on 
the left side of the anterior column at upper thoracic levels. 
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The patient should be positioned with approximately the 
level of the pathology at the table break, in order to laterally 
bend and expand the segment for exposure (Fig.  24.4 ). The 
patient is fi xed to the table using 4-in operative tape.  

 Following patient positioning, an essential part of the 
 procedure in order to provide reproducibility is the confi rma-
tion of a true lateral and anteroposterior (AP) orientation 

both with respect to direction of the surgical corridor and of 
intraoperative fl uororadiography. A true AP orientation on 
fl uororadiography should be determined by fi rst placing the 
C-arm in a cross-table (0°) position and orienting the C-arm 
to be in-line with the lordosis of the level treated (Fig.  24.5 ). 
Then, when targeting the level and determining true AP 
view, the left–right tilt function on the table should be used 

  Fig. 24.2       Preoperative computed tomography (CT) showing T11 
metastasis in the vertebral body and pedicle ( a ) treated with a retro-
pleural approach for lateral corpectomy, laminectomy, and facetec-
tomy ( b ) following by placement of wide footprint expandable cage 
with anterolateral plating ( b ,  c ). Postoperative axial CT shows area of 

decompression (approximately zones 4 through 11 on the Weinstein 
Boriani Bagini (WBB scale)) available through the mini-open lateral 
approach for corpectomy ( d ). ( e ) Shows postoperative cosmesis 
 following mini-open lateral corpectomy       
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a-neuromonitoring monitor
b-fluoroscopy monitor
c-c-arm
d-anesthesia and/or suction,
    cautery, lights tray

e-instruments and/or suction,
    cautery, lights tray

  Fig. 24.3    Arial illustration 
showing possible operating room 
setup for transpsoas lateral 
approach       

  Fig. 24.4    Intraoperative 
photograph of patient 
positioning, in lateral decubitus 
position with table break at the 
level to be treated for thoracic 
disease using a mini-open lateral 
approach       

  Fig. 24.5    Arial illustration and 
intraoperative fl uororadiograph 
( left ) showing setup for true 
anteroposterior (AP) C-arm 
viewing during the mini-open 
lateral approach       
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to bring into alignment the segment and develop the true 
view. Achievement of a true AP view is indicated when the 
spinous process is visualized at the midline of the vertebral 
body, the pedicles are symmetrical and have a unifi ed cortex, 
and when the superior endplate is linear (Fig.  24.6 ). For 
attainment of a true lateral view and orientation, the C-arm 
should remain in its place with rotation of the arm so that it 
is perpendicular to the fl oor (90° position). Then, the table 
should be adjusted in the horizontal plane until the true lat-
eral view is achieved. Confi rmation of this orientation, with 
the surgical corridor and intraoperative fl uoroscopic visual-
ization orthogonal to the fl oor, provides true orthogonal 
access to the sagittal plane of the disc space (and fl oor), and 
encourages a safe trajectory between the endplates away 
from sensitive contralateral anterior or posterior structures 

(vasculature) and helps to limit inadvertent ligamentous and 
endplate damage.    

    Access 

 Each level to be treated should be identifi ed and confi rmed 
individually. Prior to standard aseptic surgical site 
 preparation, level location and lateral incision placement 
should be confi rmed and marked. Intraoperative fl uorora-
diography is used to localize the segment and skin markings 
are made to identify both the line of the incision between the 
ribs and approximately the border between the middle and 
posterior thirds of the disc space (Fig.  24.7 ). The surgical 
fi eld is then prepared widely, in the standard fashion, so that 

  Fig. 24.6    Arial illustration and 
intraoperative fl uororadiograph 
( left ) showing setup for true 
lateral C-arm viewing during the 
mini-open lateral approach       

  Fig. 24.7    Illustration ( left ) and intraoperative photograph ( right ) of level targeting and incision using a mini-open lateral approach       
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any extension to an emergent thoracotomy exposure is 
 prepared, if needed in the case of a complication not able to 
be managed through the mini-open lateral exposure.  

 For TDH, a between-the-ribs incision can be performed 
for exposure, generally without excision of part of the rib at 
the access point. For corpectomies and in larger pathology, 
a section of the rib can be taken to ease exposure 
(Fig.  24.8a–d ). This intercostal corridor should be devel-
oped so that soft tissues do not fi ght the retractor when 
decompressing the spinal cord directly and, thus, proper 
placement of the retractor is critical. The incision itself is 
generally 3–6 cm in length, depending on the procedure 
being performed and is centered over the pathology (per the 
mark). The subcutaneous tissue and intercostal muscles can 
be separated digitally or using electrocautery. Care should 
be taken during the incision (and in suturing following the 
procedure) to avoid the neurovascular bundle, as previously 
mentioned. Following exposure either into the thoracic cav-
ity (in transthoracic approaches), or development of the ret-
ropleural or supra-/infra- diaphragmatic planes at the TLJ, 
careful blunt mobilization of the diaphragm/parietal pleura 
can be performed for preservation and avoidance [ 27 ]. At 
the TLJ and in lower thoracic levels (T11 and T12), a retro-
pleural approach can be used with great effect, avoiding the 
need for a chest tube (Fig.  24.9 ) [ 28 ]. In this case, careful 

development of the retropleural plane, and confi rmation of 
pleural integrity, is essential to avoiding postoperative pul-
monary morbidity.   

 Following development of the approach plane to the lat-
eral aspect of the thoracic spine, dilators are delivered to the 
site, passing along the posterior border the rib cage, defl ect-
ing the lung forward (in thoracic cases) and allowing for 
sequential dilation and delivery of the retractor to the lateral 
anterior column (Fig.  24.10 ).  

 Once the spine has been accessed, retraction to expose the 
pathology/working zone can be performed independently in 
cranial, caudal, anterior, and posterior orientations through 
the blades of the retractor. The retractor can be placed in the 
standard position (handles posterior) or reversed so the 
retractor handles and surgeon’s standing position are anterior 
to the patient. This can provide a more direct exposure to 
thoracic discs, in particular. Shims can be placed at the distal 
retractor blade ends to prevent protrusion of soft tissue struc-
tures (e.g., lung or diaphragm) into the working space. In 
transthoracic approaches, the parietal pleural will need to be 
incised at the level of the disc, followed by identifi cation and 
ligation of segmental vessels, especially in corpectomy 
applications (Fig.  24.11 ). In TDH, the rib head overlying the 
posterolateral corner of the disc is identifi ed and resected 
(Fig.  24.12 ). This establishes the position of the posterolateral 

  Fig. 24.8    ( a – d ) Illustrations and ( a – c ) intraoperative photograph showing initial incision and rib removal for mini-open lateral corpectomy expo-
sure in the thoracic spine and at the thoracolumbar junction       
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corner of the disc and vertebral body. A discectomy is then 
performed using standard techniques (Fig.  24.13 ), leaving 
the anterior and posterior annulus intact. A posterior wedge 
osteotomy is then used to fully decompress the anterior spi-
nal column (Fig.  24.14 ). The posterior border of the poste-
rior annulus and posterior longitudinal ligament (PLL) can 
be dissected off of the dura, followed by removal (Fig.  24.15 ). 
Decompression of the anterior segment should extend to the 
contralateral pedicle. Intervertebral spacers and supplemen-
tal internal fi xation can be applied at the surgeons discretion 

based largely on the extent of resectioning that was needed 
(Fig.  24.16a–c ).       

 The technique for corpectomy follows the same general 
principles as for TDH, though with superior and inferior dis-
cectomies followed by corpectomy using standard tech-
niques. In cases of corpectomy, the extent of vertebral body 
removal should match only the space needed for placement 
of the VBR, with much of the contralateral vertebral body 
left intact to promote bony growth as well as to protect sensi-
tive contralateral structures (vasculature). In corpectomy for 

  Fig. 24.9    Cadaveric specimen in 
the right lateral decubitus 
position demonstrating the view 
through the split-blade MaXcess 
retractor when placed in the 
extracoelomic space       

  Fig. 24.10    Illustration showing digital access into the thoracic space 
( left ) with infl ated-lung defl ection performed by the access dilator pass-
ing on the posterior border of the thoracic cavity (to avoid violation of 

the lung with the leading end of the dilator) ( center ), accessing the lat-
eral aspect of the disc space ( right )       
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neoplasms, as full a corpectomy as possible should generally 
be performed. 

 Depending on the nature of the pathology, there are sev-
eral technical considerations in performing a direct decom-
pression of the spinal cord through the mini-open lateral 
approach. The surgeon must be able to control the head of 
the rib and the proximal rib in order to perform an appropri-
ate decompression. Preoperative imaging will provide infor-
mation on the location of the head of the rib. Adherence, 
intraoperatively, to anteroposterior (AP) fl uoroscopy will 
defi ne the surgical corridor so long as one is lateral to the 
medial pedicle border (Fig.  24.17 ). Once the pedicle border 
is thinned out with a high speed drill, the remaining medial 
cortex can be removed with a thin-footed kerrison rongeur. 
This will open up the lateral thecal sac and allow for a more 
complete and reproducible decompression of the epidural 
space.  

 As a surgeon gains experience, more aggressive bony 
removal can be performed through this approach alone. For 
instance, in broader lesions, one may eventually become 
comfortable excising the ipsilateral pedicle, lamina and spi-
nous process from the lateral approach alone (Fig.  24.2d ). 
Thus, 270° control of diverse pathology is possible through a 
single exposure. 

 In mini-open lateral corpectomy, it is recommended to 
place a wide-footprint expandable VBR, which lessens the 
potential for subsidence, thus maximizing the ability to cor-
rect sagittal deformities upon VBR expansion (Fig.  24.18 ).   

    Instrumentation and Closure 

 Following placement of any relevant intervertebral spacers 
and biologic material, supplemental internal fi xation can be 
delivered. Options include anterolateral plating and/or poste-
rior transpedicular screw and rod fi xation. 

 Closure is performed in the standard fashion, with a chest 
tube or drain placed as necessary, followed by removal on 
postoperative day 1 or 2, depending on the output. If a retro-
pleural approach was used, confi rmation of the integrity of 
the pleura upon closure is essential to avoid postoperative 
pulmonary complications. In thoracic cases, if the parietal 
pleura is violated but no air leak is identifi ed, a red rubber 
valsalva technique can be used to expel all excess air out of 
the thoracic cavity. In this, a red rubber catheter is placed 
with one end in the thoracic cavity with a purse string suture 
placed around its exit hole and the other end of the catheter 
submerged in a small bowl of water. A valsalva maneuver is 
then performed and held until all the air is expelled, notice-
able by when air bubbles cease. The red rubber catheter is 
then quickly removed and the purse string suture secured. By 
avoiding an unnecessary chest tube, patient mobilization is 
much more rapid, reducing perioperative morbidities, most 
notably deep vein thromboses and pulmonary issues. Also, 
as previously mentioned, at thoracic levels care should be 
taken during closure not to suture the neurovascular bundle, 
as this can lead to severe intercostal neuralgia. It is preferable 
to coagulate and cut the bundle than to put a suture loop 
around it. 

 Bracing can be used postoperatively at the surgeon and 
patient’s discretion.  

    Postoperative Experience/Reported Results 

 Several articles exist specifi cally showing results following 
the mini-open lateral approach for thoracolumbar corpec-
tomy (trauma and tumor) as well as for TDHs. The most rel-
evant for each is a multicenter experience of mini-open 
lateral corpectomy for trauma by Smith et al. [ 37 ], a multi-
center report by Uribe et al. [ 38 ] of the mini-open lateral 
approach for the treatment of spinal neoplasms, and a multi-
center experience with the mini-open lateral approach for 
TDH by Uribe et al. [ 11 ]. 

 In 2010, Smith et al. [ 37 ] treated 52 patients with thoracic 
or lumbar traumatic spinal pathologies. Each patient had a 
one-level corpectomy (T7–L4) preformed through the mini- 
open exposure followed by reconstruction with a titanium 
cage and lateral plate fi xation. In some cases, supplemental 
pedicle screws were placed through a posterior incision. The 
mean operative (OR) time, blood loss (EBL), and length of 
postoperative hospital stay (LOS) were 128 min, 300 mL, 

  Fig. 24.11    Lateral illustration showing segmental vessel ligation using 
bipolar cautery during an XLIF corpectomy       
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  Fig. 24.12       ( a ) Illustration and axial computed tomography (CT) of the 
position of the rib head with respect to the epidural and posterolateral 
disc space. ( b ) Lateral illustration showing the disc space before ( left ) 

and after ( right ) rib head removal in a mini-open lateral approach to the 
thoracic spine       

  Fig. 24.13    Intraoperative photograph ( left ) and lateral illustration ( right ) of thoracic discectomy using the mini-open lateral approach. 
Intraoperative images used courtesy of Vedat Deviren, MD       
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and 4 days, respectively. There was a total complication rate 
of 15.4 and 1.9 % of patients required reoperation. Neurologic 
status was stable or improved in all cases from pre- to post-
operative. The fi rst two-thirds of patients were treated with 
standard expandable cylindrical titanium VBR devices and 
the fi nal third was treated with wide footprint expandable 

titanium VBR devices. Subsidence was noted in seven of the 
34 (21 %) patients treated with cylindrical VBRs, with one 
requiring reoperation. No instances of subsidence were 
observed in the 18 patients treated with wide footprint VBRs. 

 Uribe et al. [ 38 ] reported their results following one- or 
two-level corpectomy in 13 patients with spinal tumors 

  Fig. 24.14    Intraoperative photograph ( left ) and lateral illustration ( right ) of thoracic osteotomy in the mini-open lateral approach. Intraoperative 
images used courtesy of Vedat Deviren, MD       

  Fig. 24.15    Intraoperative photograph ( left ) and lateral illustration ( right ) showing complete disc material removal and cord decompression in the 
mini-open lateral approach. Intraoperative images used courtesy of Vedat Deviren, MD       
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  Fig. 24.16    ( a ) Intraoperative photograph showing the area of pedicle 
resectioning ( light blue ) and area of osteotomy and discectomy ( yellow ) 
adjacent to the spinal cord ( purple ) during a mini-open lateral approach. 
Intraoperative images used courtesy of Vedat Deviren, MD. ( b ) 
Intraoperative photograph ( left ) and lateral illustration ( right ) showing 

intervertebral cage and fi nal anterior construct in the mini-open lateral 
approach. Intraoperative images used courtesy of Vedat Deviren, MD. 
( c ) Case example showing preoperative ( left ) axial and sagittal and post-
operative ( right ) axial and sagittal computed tomography (CT) showing 
extent of decompression following excision of a T6–T7 calcifi ed disc       
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(T8–T12). Reconstruction was performed with a titanium 
cage and lateral plate, and in some cases, supplemental ped-
icle screw fi xation, similar to the series by Smith [ 37 ]. 
Despite the dissimilar pathology, the results were compara-
ble to the traumatic series. Mean OR time was 124 min, EBL 
374 mL, and LOS 3.5 days. One (4.8 %) complication 
occurred (pneumonia) and there were no reported reopera-
tions. Pain (VAS) and disability (ODI) improved from preop-
erative to last follow-up 62.3 % and 52.8 %, respectively. 
Two patients subsequently died as a result of their metasta-
ses, one at 6 and one at 12 months postoperative. 

 Finally, Uribe et al. [ 11 ] described outcomes following 
XLIF for TDH in 60 consecutive patients treated at one of 
fi ve international institutions with an average follow-up of 
11 months. Myelopathy was present in 70 %, radiculopathy 
in 52 %, axial back pain in 77 %, and bowel and/or bladder 
dysfunction in 27 % of cases. All but 6 (10 %) cases were 

treated with an interbody spacer. Supplemental internal fi xation 
included anterolateral plating (33 %), pedicle screws (10 %), 
and no supplemental fi xation (57 %). Transpleural approaches 
were used in 75 % and retropleural approaches in 25 % of 
cases. Median OR time, EBL, and LOS were 182 min, 
290 mL, and 5 days, respectively. Chest tubes were avoided 
in 13 patients (retropleural approaches). Four (6.7 %) major 
complications occurred in total: one patient experienced 
pneumonia, one patient required postoperative chest tube 
placement for retropleural free air, one patient experienced 
new lower extremity weakness, and one wound infection 
occurred in a posterior incision. Three (5 %) reoperations 
occurred, one for posterior wound infection, one for removal 
of symptomatic residual disc, and one for posterior re-explo-
ration. Pain (VAS) improved 60 % from preoperative to last 
follow-up (7.8/10 to 3.1/10), and excellent or good overall 
outcomes were reported by the patients in 80 % of cases, 
with fair or unchanged outcome in 15 %, and a poor outcome 
in 5 % of cases. Myelopathy was improved in 83 %, radicu-
lopathy in 87 %, back pain in 91 %, and bladder and/or bowel 
dysfunction in 88 % of cases. In a review of the literature, the 
authors found the approach to have similar or superior out-
comes to historical controls, even when comparing the 
approach against other modern minimally disruptive 
approaches for treating TDHs.   

    Conclusion 

 The lateral approach for advanced thoracic and thoracolum-
bar pathology allows for effi cient delivery of a minimally 
disruptive procedure that lessens associated surgical morbid-
ity in general and with respect to alternative approaches, and 
which has been shown to provide favorable outcomes in the 
perioperative through long-term postoperative period. 
However, careful preoperative planning, attention to surgical 
technique, and adherence to intraoperative neuromonitoring 
will help produce a reproducibly effi cient procedure.     
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  Fig. 24.17       Intraoperative anterior fl uororadiograph showing decom-
pression of the epidural space during a mini-open lateral corpectomy 
with a high speed drill working lateral to the medial border of the 
pedicle       
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            1.    Place the patient in the left lateral decubitus position. 
The radiopaque “bean-bag” for positioning allows 
 adequate intraoperative X-ray visualization. Slightly 
fl ex the knees, place the axillary pad, and support the 
head suffi ciently. Too much hip fl exion at this point will 
limit the operative exposure anteriorly. Position the left 
hip fl exed less than the right.   

   2.    The surgeon stands anterior to the patient. The assistant 
stands posterior to the patient. Begin the incision equi-
distant between the lowest rib and the superior iliac crest 
in the midaxillary line and extend it approximately to the 
edge of the rectus sheath. The level of the incision varies 
according to the level of the spine approached. L5–S1 is 
in the lower half of the distance between umbilicus and 
symphysis, L4–L5 is in the upper half, L3–L4 at the 
umbilicus, and L2–L3 above it (Fig.  25.1 ). With self- 
retaining retractors, the assistant spreads the skin and 
subcutaneous tissue, using two Adson pick-ups for rapid 
cauterization of bleeders in the subcutaneous tissue.    

   3.    Muscle relaxation allows greater mobility to the abdomi-
nal wall and decreases the contractility of the muscle as 
it is incised. Expose the fascia of the external oblique 
muscle. The surgeon cauterizes through the muscle, and 
the assistant picks up bleeding points before and after 
they are cut. Dissect through the external oblique to the 
internal oblique muscle (Fig.  25.2 ); use the same proce-
dure through the internal oblique. Inferior to the internal 
oblique is the transversus abdominis. Care must be used 
in inserting the self-retaining retractors into the muscle 
layers so as not to damage the peritoneum. If the trans-
versus abdominis muscle is well developed, cauterize it 
down to its lower layers (Fig.  25.3 ). Often, this is a very 
thin or absent muscle layer. Bluntly spread the thin mus-
cle in line with its fi bers to expose the transversalis fascia 
(Fig.  25.4 ).      

   4.    Open the transversalis fascia in the posterior portion of 
the wound. Lift the transversalis fascia with the Adson and 
carefully open it with blunt scissors. The retroperitoneal 
fat allows room to enter the extraperitoneal space. 
Dissection of the muscle layers becomes more diffi cult 
medially. The muscle layers thin out and the layers of fas-
cia become almost joined medially. The peritoneum is 
very superfi cial (Fig.  25.5 ). Inadvertent penetration of the 
peritoneum is most likely just lateral to the rectus sheath.    

   5.    Enter the retroperitoneal space laterally (Fig.  25.6 ). 
Identify the peritoneum and the fat of the retroperitoneal 
space. Remove the peritoneum from the remaining trans-
versalis fascia medially, with the surgeon in the anterior 
position lifting the abdominal wall and the assistant in 
the posterior position peeling the peritoneum off the 
undersurface of the fascia with a 4 × 4 sponge. Extend the 
incision medially, after the peritoneum has been safely 
removed. Take the dissection to the edge of the rectus 
sheath. The sheath may be incised for added exposure. 
Torn peritoneum should be repaired promptly [ 1 ].    

   6.    Identifi cation of the psoas muscle is the key to the retro-
peritoneal space. Pass your hand directly to the psoas 
(Fig.  25.7 ). One must avoid opening the retropsoas space, 
which is a blind pouch. Feel through the retroperitoneal 
tissue for the psoas muscle. The genitofemoral nerve can 
be identifi ed on this structure. The spine is immediately 
medial to the psoas and can be partially obscured by it. 
Now palpate four structures: the psoas muscle, the inter-
vertebral disc, the aorta, and the vertebral, body. Palpate 
for texture and consistency to determine the appropriate 
structures [ 1 ]. Make any deep retraction with a padded 
malleable retractor or Deaver. The paravertebral sympa-
thetic chain lies medial to the psoas muscle. The ureter 
will be refl ected medially with the undersurface of the 
peritoneum (Fig.  25.8 ). If a retroperitoneal abscess is 
well developed, open it and dissect inside the abscess to 
the spine (Fig.  25.9 ).      

   7.    The key at this point is to identify the raised, white, softer 
disc by direct palpation with the fi nger, as opposed to the 
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lower, concave vertebral body where the lumbar vessels 
are found. The discs are the hills and the vertebral bodies 
are the valleys. The vessels are in the valleys.   

   8.    Once the lumbar disc can be identifi ed, use a blunt ele-
vator or a padded small retractor to sweep the soft tissue 

from left to right across the disc space. The lumbar veins 
are a horizontal tether. Variations in formation of the 
inferior cava and lumbar veins are the rule rather than 
the exception [ 2 ]. The most important of these veins is 
the iliolumbar vein, which crosses the body of L5 from 

Cephalad Caudad

L4-5

L3-4

L5-S1

  Fig. 25.1    Patient in left lateral decubitus position. Using the radi-
opaque beanbag for positioning allows adequate intraoperative X-ray 
visualization. Slightly fl ex the knees, place the axillary pad, and sup-
port the head suffi ciently. Too much hip fl exion at this point will limit 
the exposure anteriorly. Have the left hip only slightly fl exed. Begin 
the incision equidistant between the lowest rib and superior iliac crest 
in the midaxillary line (it may be closer to the crest for lower levels) 

and extend it proximally to the edge of the rectus sheath. The level of 
incision varies according to the level of the spine approached. L5–S1 
is in the lower half of the distance between the umbilicus and the sym-
physis pubis. L4–L5 lies in the upper half of this distance, L3–L4 at the 
umbilicus, and L2–L3 above. Incise through the skin and subcutaneous 
tissue, retracting with self- retaining retractors       

External Oblique Muscle

Iliac
Crest

CaudadCephalad
  Fig. 25.2    With the surgeon 
standing anterior to the patient 
and the assistant posterior, incise 
through each muscle layer of the 
abdominal wall with 
electrocautery       
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right to left and ascends in the left paraspinous area [ 3 ]. 
This vessel is a direct tether to the left to right retraction 
of the aorta off the spine and is very vulnerable to avul-
sion (Fig.  25.10 ).    

   9.    For operations on the L4–L5 disc space, identify the 
iliolumbar vein early in the dissection. Ligate it after 
clamping the vein with angled tonsil clamps and passing 
two or three ligatures around the vein. Do not tie these 
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Transversus Abdominis Muscle

  Fig. 25.3    The assistant standing 
behind the patient should use 
forceps to pick up each 
intramuscular bleeding point for 
cauterization as the surgeon cuts 
through the muscle layers with 
the electrocautery. Muscle layers 
thin out anteriorly into a more 
superfi cial fascial layer. 
Penetration of the peritoneum is 
common near the rectus sheath, 
and caution should be used as the 
incision is taken more medially 
as one leaves the muscle layers. 
It is safer in the lateral, muscular 
portion of the wound       

Transversus
Abdominis Muscle

Transversalis
Fascia and Peritoneum

  Fig. 25.4    The transversus 
abdominis muscle layer, often the 
thinnest of the three muscle 
layers of the abdominal wall, 
must be opened very carefully. 
The transversalis fascia 
underneath the transversus 
abdominis muscle should also be 
opened very carefully, as the 
peritoneum is the next most 
immediate layer under the 
transversalis fascia. Spread 
through the transversalis muscle, 
identify the transversalis fascia, 
penetrate the transversalis fascia 
in the more lateral aspect of the 
wound, and identify the 
peritoneum       
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veins too close to the vena cava, as a possible sidewall 
injury may result. After permanent ties are on the vein, 
transect it. Greater mobilization of the vena cava and 
venous structures, left to right, is obtained. 

 Lumbar veins of varying sizes at various positions 
can always be present. Some may be directly posterior 
to the vena cava and of quite large diameter. 

  Caution:   The iliolumbar vein is a vein that consis-
tently requires ligation.    

   10.    Dissection on the anterior spine consists of gentle 
stretching and pulling of the structures, blunt dissection, 
direct pressure over many small bleeding areas with a 
sponge, and a minimum of electrocautery. The paraspi-
nous sympathetic plexus between the spine and psoas 
muscle varies in size and number of fi bers. Branches 
course between the preaortic and paraspinous chains. 
Preserve paraspinous sympathetic fi bers that do not 
impede the dissection.   

   11.    Dissect with the fi ngertip and blunt elevators all the 
vascular structures from left to right to give adequate 
visualization of the inplate of the vertebral body above 
the disc [ 4 ] (Fig.  25.11 ).    

   12.    For retraction, position malleable Deaver-type retractors 
around the disc space. Alternately, prepare four Freebody 
Steinmann retractors with rubber sleeves and mount in a 
Steinmann pin holder [ 5 ]. Stabilize the pin on the fi nger 
and engage the tip into the vertebral body under direct 
vision (Figs.  25.12 ,  25.13 ,  25.14 ). Inspection and palpa-
tion should confi rm that there is no vascular structure 
between the tip of the pin and the vertebral body. The 
assistant taps the pin into the body while the surgeon 
maintains control of the pin. Remove the pin inserter. 
Avoid the tendency for the pin to enter the disc space by 
directing the tip of the pin horizontal to the disc space. 
Be a suffi cient distance away from the end plate to allow 

  Fig. 25.5    The peritoneal layer under and adjacent to the transversalis 
fascia layer should be bluntly swept forward       

Transversus Abdominis Muscle

Transversalis Fascia

Reflected Peritoneum

Retroperitoneal
Space

Iliac Crest

Internal
Oblique Muscle

External
Oblique Muscle

  Fig. 25.6    Identify the fatty layer 
of the retroperitoneal space as the 
peritoneal sac and cavity is 
brought medially. Bluntly 
penetrate the retroperitoneal 
space with the hand. In addition, 
remove the peritoneum from the 
remaining transversalis fascia 
medially by having the surgeon 
in the anterior position lift the 
abdominal wall and the assistant 
in the posterior position peel the 
peritoneum off the undersurface 
of the fascia with a 4 × 4 sponge 
and extend the incision medially 
after the peritoneum has been 
safely removed from under the 
remaining musculofascial layers 
of the abdominal wall       
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Psoas Muscle

Genitofemoral
Nerve

Reflected
Peritoneum

Spine

  Fig. 25.7    Identifi cation of the 
psoas muscle is the key to the 
retroperitoneal space. Pass 
indirectly through the 
retroperitoneal space to the psoas 
muscle. Avoid opening the 
retropsoas space, which is a blind 
pouch. The dissection must 
proceed medial to the psoas 
muscle, not laterally. The 
genitofemoral nerve can be 
identifi ed coursing on the psoas 
muscle. The spine is just medial 
to the psoas and can be partially 
hidden by it. Palpate the spine 
medial to the psoas and locate the 
raised intervertebral disc surface 
with the fi nger by slowly moving 
from left to right across the disc 
surface       

Ureter on the
Undersurface of
the Reflected
Peritoneum

  Fig. 25.8    The ureter will be refl ected with the peritoneal sac on its 
undersurface and can be identifi ed when necessary       

  Fig. 25.9    For certain pathologic conditions with a thick-walled, well-
defi ned peritoneal abscess, dissection takes place inside the abscess wall. 
It is opened in the retroperitoneal space and the bleeding points clamped 
and ligated in the abscessed wall. Pictured is a well- defi ned tuberculous 
retroperitoneal abscess that allows fi nger penetration in a glovelike man-
ner. Chronic pyogenic infections may give an entirely different picture, 
that is, one of a diffuse, dense scarring of the peritoneum to the spine       
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work on the disc space without dislodging the pin. The 
rubber sheath aids in protecting the tip on extraction. 
Place the superior and inferior right-sided pins before 
placing the left-sided pins.      

   13.    Expose the annulus of the disc (Fig.  25.13 ). There 
should have been minimal sharp dissection and cautery 
in the area. The disc is now prepared for the operative 
procedure. The vena cava and iliac artery and vein are 
held by the Freebody retractors.   

   14.    Special curved or malleable retractors can be used 
instead of the Freebody retractors or between the pins 
for protection of the vena cava.   

   15.    Closure: Remove the Freebody retractors, allowing the 
vessels and peritoneum to move back to the left and 
suturing each muscle layer with a running stitch. 

  Caution:  The retractors must be extracted with the 
same amount of care as when they were inserted. 
The sheath and a fi nger must guard the tip; otherwise, 

Psoas Muscle

Genitofemoral
Nerve

Paralumbar
Sympathetic Chain

Iliolumbar Vein

Left Iliac Artery

  Fig. 25.10    For the lumbar 
approach to L4–L5 and above, 
the aorta and vena cava are swept 
left to right off the spine. The 
iliolumbar vein is an important 
direct tether to this left-to-right 
dissection. This lumbar vein 
crosses from the vena cava to 
approximately the level of the L5 
body. Any dissection that 
exposes L4–L5 to the left of the 
left common iliac and vena cava 
requires identifi cation, ligation, 
and division of the iliolumbar 
vein. Find the L4–L5 disc and 
dissect distally to the L5 body to 
identify the iliolumbar vein       

Psoas Muscle

L4-L5
Intervertebral
Disc

Left Iliac Artery
and Vein

  Fig. 25.11    Dissection sweeps 
the prevertebral tissue off the disc 
space fi rst, as this is a more 
avascular area. Use a sponge-
covered fi nger or blunt 
instrument. Always obtain X-ray 
confi rmation of the level       
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  Fig. 25.12    The Freebody Steinmann pin retractor should be loaded in 
a Steinmann pin holder with an easy release and the pin covered with a 
red Robinson catheter. Retraction of the vena cava and aorta off the 
spine allows insertion of the Steinmann pin into the right inferior verte-
bral body of L4. The tip of the pin should be guarded carefully and held 
on the fi nger tip as it is positioned on the spine. The Steinmann pin 
should be held with two hands by the surgeon while the assistant taps it 
into place       

Disc Removed

  Fig. 25.14    The annulus of the disc is resected for adequate visualiza-
tion of the disc space. The Steinmann pins are in place. For removal of 
the Steinmann pins, the surgeon should place his fi ngertip on the tip 
of the pin between the pin and the retracted tissue as it is extracted from 
the vertebral body. The pin holder should be used for maximum control 
at this point. The vena cava must be held with the fi nger, and retracted 
from the pin as it is extracted. As the tip is pulled out, the vena cava can 
be torn as it bowstrings across the tip. Many of these problems can be 
avoided with experienced use of malleable retractors       

In Body of L4
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Iliac Artery
and Vein
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Genitofemoral
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Intervertebral
Disc

In Body of L4
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Retraction Pin

In Body of L5
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Ureter

  Fig. 25.13    Place fi rst the right 
superior pin, then the right 
inferior pin. Careful blunt 
dissection must hold the left 
common iliac artery and vein 
retracted to the right while the 
pin is inserted. The pin holder 
should be removed carefully. The 
pins should be checked for 
stability. These permanent stay 
retractors will retract the major 
vessels from the area of the disc 
excision and grafting, but care 
must be taken not to dislodge 
these pins during the procedures, 
as the sharp point can produce 
damage if inadvertently 
extracted. If the pins are angled 
toward the disc space too acutely, 
they will enter the disc space, 
interfere with disc removal, and 
require repositioning       
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the vena cava will be torn as the sharp tip passes the 
vessel that is tented around it.    

  Remember: 
   1.    The incision should follow the skin guidelines for 

 optimum spine exposure.   
   2.    Achieve careful hemostasis in the muscle layers.   
   3.    Incise the transversus abdominis muscle layer and the 

transversalis fascia in the lateral portion of the wound.   
   4.    Beware of thinning muscle layers and the peritoneum’s 

superfi cial position medially near the rectus sheaths.   
   5.    Pass directly to the psoas muscle.   
   6.    Identify the raised, soft, white disc.   
   7.    Identify, ligate, and divide the iliolumbar vein.   
   8.    Sweep prevertebral tissue left to right across the disc.   
   9.    Insert the Steinmann pin after placing it directly on bone 

with the fi ngertip.   

   10.    Retract the Steinmann pin again with the fi ngertip 
preventing the tip of the pin from damaging the left iliac 
artery and the vena cava.    
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            1.    Place the patient in the supine position on a Jackson or 
other X-ray table with an infl atable bag under the lum-
bar region. Discretionary infl ation of the bag allows 
extension of the spine at the time of discectomy and 
graft placement, if needed.   

   2.    The approach surgeon stands on the left and the assistant 
on the right. The level of the transverse incision in the 
craniocaudad plane depends on the level of the spine to 
be approached (Fig.  26.1 ). The incision for L5–S1 is 
usually placed at the junction of the lower and middle 
third of the distance between the umbilicus and the sym-
physis pubis (Fig.  26.2 ). For L4–L5, the incision is 
placed just below the umbilicus and for L3–L4 just 
above. For L2–L3, the incision is placed about 5 cm 
above the umbilicus. The incision, however, should be 
moved caudad or cephalad depending on the angle of 
L5–S1 and the relationship of L4–L5 to the iliac crest as 
seen on a lateral X-ray of the lumbar spine. The infor-
mation seen on that X-ray allows the surgeon to place 
the incision precisely by palpating the iliac crest, then 
moving the incision site accordingly. Because the inci-
sion is small, especially when compared to the size of a 
paramedian incision used for the same levels, optimal 
placement is crucial for introducing the working sleeves, 
templates, and inserters at the proper angle, parallel to 
the vertebral end plates, in a straight anteroposterior 
(AP) plane. It is usually better to be a little below rather 
than a little above the disc space; so when in doubt, go 
lower. The lateral X-ray of the lumbar spine will also 
show whether there is osteophytic activity or major ves-
sel calcifi cation, or possibly both. These conditions will 
warn the surgeon that a much more diffi cult situation is 
at hand.     

   3.    Begin the incision at the midline and carry it transversely 
to the lateral edge of the left rectus muscle. For two- level 

exposure, the incision should be more oblique, starting 
midline at the level of the lower disc and ending at 
the level of the upper disc at the lateral edge of the left 
rectus muscle (Fig.  26.3 ). For three levels, the obliq-
uity increases, but the incision is never vertical or 
paramedian.    

   4.    Carry the incision to the anterior rectus sheath using 
electrocautery and carry the subcutaneous portion of the 
incision beyond the ends of the skin incision both medi-
ally and laterally. This technique should expose this fas-
cia from beyond the midline to the external oblique 
aponeurosis. Incise the rectus fascia from 1 cm to the 
right of the midline to the edge of the rectus laterally. 
The anterior rectus sheath is then elevated anteriorly 
away from the muscle belly for a distance of 4 to 6 cm 
both superiorly and inferiorly to allow full mobilization 
of the rectus muscle (Fig.  26.4 ). Medial, lateral, and pos-
terior dissection of the muscle is then carried out both 
with cautery and with fi nger dissection, taking great 
care to avoid injury to the inferior epigastric vessels. 
The inferior epigastric vessels run along the undersur-
face of the muscle and must be elevated with the muscle 
and retracted with it using an appropriate curved retrac-
tor. The rectus muscle is now mobilized circumferen-
tially (Fig.  26.5 ) and can easily be retracted both 
medially and laterally. Lateral mobilization of the rectus 
should not result in rectus denervation in exposing up to 
three levels (L3 to S1). In approaching multiple levels 
that include L2–L3, care must be taken not to injure the 
intercostal nerve that perforates the posterior rectus 
sheath and enters the muscle at that level as that trauma 
may result in rectus muscle paresis.     

   5.    With the rectus muscle initially retracted medially 
(Fig.  26.6 ), and for level L4–L5 or above, carefully incise 
the posterior sheath with a knife for 4 to 5 mm until the 
peritoneum is seen to shine through. Grasp the edges with 
a hemostat, then lift it away and very carefully dissect it 
from the peritoneum and incise it with scissors as far 
inferiorly and superiorly as possible. This layer can be 
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  Fig. 26.1    Typical location of incision       

  Fig. 26.2    Incision for L5–S1 with a steep angle       

  Fig. 26.3    Typical incision for L4–L5, L5–S1 approach in a normal 
weight patient       

  Fig. 26.4    Anterior rectus sheath elevated away from left rectus muscle       

  Fig. 26.5    Left rectus muscle mobilized circumferentially       

  Fig. 26.6    Left rectus muscle elevated away from the posterior rectus 
sheath       
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quite tenuous, and care must be exercised to prevent 
 peritoneal lacerations. The peritoneum will now bulge 
upward (Fig.  26.7 ). Using your index fi nger, carefully 
push the peritoneum posteriorly at the edge of the fascial 
incision and slowly develop a plane between it and the 
undersurface of the internal oblique and transversus mus-
cles and fascia; this will lead you into the retroperitoneal 
space (Fig.  26.8 ).      

   6.    Continue careful blunt fi nger dissection posteriorly 
and then start pushing medially, trying to elevate the 
peritoneum away from the psoas muscle. Should the 

peritoneum be entered, the tear should be repaired with 
absorbable suture material at that time; delaying this 
repair will only lead to major peritoneal repairs later on. 
Be careful not to enter the retropsoas space at this point 
because this error will lead to unnecessary bleeding in a 
blind pouch. The genitofemoral nerve can be easily 
identifi ed over the psoas. The ureter can usually be iden-
tifi ed as the peritoneum is lifted away from the psoas. 
Both these structures should be preserved from injury 
(Fig.  26.9 ).    

   7.    Once the psoas is identifi ed, palpate medially to feel for 
the discs and vertebral bodies and the iliac artery. At this 
point, insert the entire hand (if the size of the incision 
allows) and make a fi st in the retroperitoneal area 
(Fig.  26.10 ). Sweep with the closed fi st up and down to 
elevate the peritoneum away in all directions. Most 
single- level incisions are too small to allow a full fi st to 
enter the retroperitoneum, so sweep with individual fi n-
gers or a sponge stick. A Harrington retractor is then 
inserted to elevate the peritoneal contents away from the 
vessels and allow further dissection. A Balfour retractor 
with appropriately deep blades is then inserted to keep 
the incision open in the craniocaudad plane. A dry lap 
sponge tucked superiorly into the space above the psoas 

  Fig. 26.7    Posterior rectus sheath incised and elevated to expose under-
lying peritoneum       

  Fig. 26.8    Path to retroperitoneum       

  Fig. 26.9    The ureter is identifi ed above the psoas muscle as the perito-
neum is elevated anteriorly       
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before insertion of the Balfour is helpful in keeping 
retroperitoneal fat from creeping down and obscuring 
the fi eld.    

   8.    For operations on only L4–L5 or for operations that 
combine L4–L5 with either L3–L4 or L5–S1, the 
 iliolumbar vein(s) must be ligated and cut because they 
serve as a tether, preventing mobilization of the iliac 
vein away from the anterior surface of the spine, and 
thus prevent proper exposure. With the Harrington- 
Balfour retractor combination in place, dissect bluntly 
just above the iliac artery and move the retroperitoneal 
tissues away from it (Fig.  26.11 ). Expose and skeletonize 

the entire length of the common and external iliac arteries 
as far distally as possible (Fig.  26.12 ). This distal mobi-
lization will allow these vessels to be moved to the right 
for proper exposure of L4–L5. Using a Kittner or peanut 
sponge, proceed with sweeping blunt dissection along 
the lateral edge of the artery, going deep; this can usu-
ally be done fairly quickly because there are no branches 
of the iliac artery at this level. The lymphatics present in 
this area are easily swept away as well, but some hemo-
stasis may be necessary with clips or cautery. This step 
will expose the left common iliac vein just underneath 
and medial to the artery. Continue the sweeping blunt 
dissection posteriorly to identify the iliolumbar vein(s), 
which crosses the body of L5 and dives into the left 
paraspinous area. Variations in the formation of the 
common iliac vein and the iliolumbar veins are com-
mon, and great care must be exercised to identify, ligate, 
and transect these veins and avoid avulsion (Fig.  26.13 ). 

  Fig. 26.10    The fi st is used to elevate the peritoneum away from retro-
peritoneal structures       

  Fig. 26.11    Left iliac artery following the fi st dissection. For L5–S1, 
dissection is carried medial and deep to the artery. For L4–L5, the dis-
section proceeds lateral and deep to the artery, and the artery is then 
retracted medially to expose the lateral wall of the vein. Deeper dissec-
tion then exposes the iliolumbar vein(s)       

  Fig. 26.12    Left iliac artery fully skeletonized from its origin to the 
distal external iliac       

  Fig. 26.13    Right-angle clamp under iliolumbar vein in preparation for 
ligation       
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Ligation should be carried out in place before transection 
and not too close to the junction to the iliac vein itself to 
avoid injury to its sidewalk. For any operation that 
involves L4–L5, these maneuvers are mandatory, unless 
the approach can be done below the bifurcation and 
between the iliac vessels.      

   9.    The left iliac vein and artery can now be separated away 
from the spine using gentle, peanut sponge, fi ngertip, 
and blunt elevator dissection. In most patients the vein 
“peels” away from the anterior surface of the spine easily 
(Fig.  26.14 ). In some patients, however, there is intense 
infl ammatory reaction in the plane between the vein and 
the anterior longitudinal ligament, especially when 
osteophytes are present, so the dissection can be quite 
diffi cult and tedious. It is much easier to expose toward 
the right side of the spine from a more lateral aspect 
while elevating the vessels. This is the reason for going 
lateral to the left rectus muscle during this part of the 
approach.    

   10.    All the vascular structures are thus swept from left to 
right, providing adequate visualization of the disc(s) and 
vertebral bodies involved. Segmental vessels running 
across the valleys on the anterior surface of the bodies 
can be transected between clips and swept to the sides 
with blunt dissection. Make sure you can get at least one 
fi nger between the vein and the ligament so that you 
can then palpate the right lateral edge of the spine with 
the vessels above your fi nger(s) (Figs.  26.15 ,  26.16 ). 
Be careful not to tear tissues that do not give way easily, 
as in doing this as you may tear lumbar veins coming in 
from the right side. Once this part of the exposure is 
completed (Fig.  26.17 ), the retractors (Balfour and 
Harrington) are removed.      

   11.    The table-held retractor post and arms or ring are 
then set up. The surgeon’s left hand then reenters the 

retroperitoneal space with the rectus now moved laterally, 
and the fi ngers move to the right side of the spine fol-
lowing the planes previously dissected. A Brau-ALIF 
radiolucent (Thompson Surgical Instruments, Traverse 

  Fig. 26.14    Peanut sponge dissection under the vessels to expose 
L4–L5. Note metal clip on the iliolumbar vein stump       

  Fig. 26.15    Finger dissection under the vessels toward the right side of 
the disc       

  Fig. 26.16    Cross-sectional view shows fi nger dissection under the ves-
sels going toward the right side of the disc after peanut sponge dissec-
tion has been performed. The tip of one fi nger should eventually reach 
to touch the right lateral side of the disc to be exposed       
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City, MI), 1- to l¼-inch-wide blade with a small reverse 
lip is then placed blindly onto the right side of the spine 
using the fi nger(s) as a guide (Fig.  26.18 ). This blade is 
then attached to table-held retractor system, then pushed 

to the right to elevate the vascular structures and expose 
the anterior surface of the spine (Figs.  26.19 ,  26.20 ). 
With a small incision, the left rectus muscle acts as a 
tether preventing the right retractor blade from achiev-
ing a vertical position once engaged to the side of the 
spine. Going medial to this muscle helps reduce some of 
this tension and makes it much easier to deploy these 
blades. Once secured to the table-held retractor system, 
the reverse-lipped blade will not move. The reverse lip 
keeps the blade anchored to the edge of the spine and 
prevents it from slipping anteriorly once tension is 
applied. Without this reverse lip, the retractor blade will 
not work effectively and the exposure will not be secure 
or stable.      

   12.    Place a second such blade on the left side of the spine 
and attach it to the table-held system to complete the 
exposure. With the left rectus now retracted laterally, the 
spine is fully exposed to allow placement of sleeves, dis-
tractors, templates, and other devices in a direct AP 
plane (Figs.  26.21 ,  26.22 ). Additional retractor blades 
often must be placed superiorly or inferiorly to complete 
the exposure. X-rays should be taken after the fi rst two 
blades are placed so as not to obscure the fi eld with too 
much hardware. With these blades well anchored to the 
lateral wall of the vertebral column, the spine surgeon 
and his assistant can now work on the disc without other 
hands or retractors being in the way and with relative 
security that vessels will not slip around the retractors 
and be exposed to injury. Retractor blades that are 
straight or that curve away from the edge of the spine 

Umbilicus

R

A

B

C

D

E

F

G

L

Harrington
Retractor

A) Sympathetic trunk
B) Segmental vessels
C) Genitofemoral nerve
D) Psoas muscle
E) Iliolumbar vein
F) Left rectus muscle
G) Lt.Iliac vein Initial Exposure

Balfour
Retractor

  Fig. 26.17    Overall view of initial exposure at L4–L5 before removal 
of the Harrington and Balfour retractors       

  Fig. 26.18    Insertion of fi rst Brau-ALIF blade onto the right side of the 
disc. The left rectus muscle is now in a lateral position       

  Fig. 26.19    First Brau-ALIF blade deployed on the right       
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cannot provide engagement or contact to the spine itself. 
This engagement, together with the attachment of the 
retractor to the operating table, provides two-point 
 stability and security to the exposure. In addition, there 
are no gaps through which the iliac vein can squeeze and 
intrude into the fi eld of work.     

   13.    For operations on L5–S1, the dissection is carried ante-
rior and medial to the left iliac artery with the Harrington–
Balfour retractor combination placed into that plane to 
elevate the peritoneal contents. The disc is palpated and 
dissection carried toward it with blunt dissection 
between the iliac vessels and below the aortic bifurca-
tion. The middle sacral vessels may be taken between 
clips, ligatures, or cautery. Cautery is kept to a mini-
mum, in males, to avoid injury to the superior hypogas-
tric plexus fi bers. The left iliac vein sometimes needs to 
be widely mobilized to allow placement of the reverse-
lipped retractor against the left lateral edge of the spine. 
This vein is seen deep to the artery and is swept toward 
the left with a peanut sponge to expose that side of the 
disc. Dissection toward the right exposes that side of the 
disc, and a reverse-lipped retractor can again be used to 
maintain exposure to that side by anchoring the lip on 
the lateral aspect of the spine. The iliac vessels are not 
usually visualized on the right side (Fig.  26.23 ). The 
table-held retractor is again used to keep the two reverse-
lipped blades in place with the left rectus muscle again 
mobilized laterally.    

   14.    For operations of L3–L4 and L2–L3, mobilization of the 
iliac vessels is usually not necessary with only an occa-
sional need to transect the iliolumbar vein(s) to obtain 

  Fig. 26.20    Cross-sectional view of the fi rst Brau-ALIF blade deployed. 
Note contact of the reverse lip with the disc. Also note compression of 
the left iliac vessels at L4–L5       

  Fig. 26.21    Cross-sectional view with both Brau-ALIF blades deployed       
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  Fig. 26.22    View of the fi nal exposure at L4–L5 in a normal weight 
patient. In an obese patient, blades may have to be placed superiorly 
and inferiorly as well       
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adequate mobilization. This step makes approaching 
these two levels somewhat easier, except that L2–L3 is 
extremely diffi cult to expose in more obese patients, so 
it should only be approached this way in thin patients or 
those of normal weight.   

   15.    When approaching L4–L5 and L5–S1, it is usually neces-
sary to get to L5–S1 between the vessels and to L4–L5 
lateral to them. Occasionally, L5–S1 can be exposed via 
the lateral approach used for L4–L5 if the bifurcation is 
low. In these cases, you can actually see both levels simul-
taneously with only minimal adjustment of the retractor 
and its blades to provide optimal access. In some cases, it 
is possible to expose L4–L5 by going between the vessels 
after having completed the exposure of L5–S1. This 
method requires a high bifurcation, which has been seen 
only in about 5 percent of our patients.   

   16.    Discectomy and instrumentation are then performed 
(Figs.  26.24 ,  26.25 ). Upon completion, remove the 
retractor blades sequentially, leaving the right-sided 
blade for last. Check the integrity of the vessels thor-
oughly, especially looking for arterial thrombosis or 

injury due to stretching. Remove the lap sponge and 
allow the tissues to fall back together anatomically. The 
individual fascial layers are then closed separately with 
running absorbable sutures, making sure that the ante-
rior rectus sheath is well approximated. The posterior 
sheath need not be closed if it is tenuous and does not 
offer any signifi cant strength to the closure. A thick, 
substantial posterior rectus sheath, however, should be 
closed. Subcutaneous tissues and skin are then closed 
according to the surgeon’s preference. No Steinman pins 
or sharp-pointed retractors are ever used for retraction 
with this approach.     

   17.    The expected complications of this approach, as 
described in our own clinical study of 386 patients [ 1 ], 
are shown in Table  22.1 . All but two planned levels were 
successfully exposed (99.5 %), and there were no deaths. 
Patients with calcifi ed vessels have been subjected to 
this approach with good results. The exposure, however, 
may need to be limited and may only allow placement of 

  Fig. 26.24    View of fi nal exposure at L5–S1 with disc removed       
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  Fig. 26.23    View of the vessels mobilized at L5–S1       

  Fig. 26.25    View of instrumentation being carried out at L5–S1       
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devices that can be deployed from an anterolateral 
 direction, such as a femoral ring graft.

       18.    In about 60 % of patients with exposure at L4–L5, the 
iliac artery is completely occluded by compression; 
this, in some diffi cult cases, has lasted for more than 
1 hour. No complications have been identifi ed, how-
ever, and we do not recommend releasing the retractors 
until the arthrodesis is completed at that particular level. 
If more than one level is approached, the retractors must 
be redeployed for the additional levels, and during that 
time fl ow is restored.     

   Remember: 
   1.    Plan the incision carefully using the lateral X-ray of the 

lumbar spine. Start with larger incisions, then use smaller 
incisions as you become more familiar with the approach. 
It is usually better for the incision to be a little below the 
disc rather than above it. Thus, it is better to err “low” 
rather than “high.”   

   2.    The posterior sheath–transversalis fascia can be very 
thin and the peritoneum easy to enter, especially at 
higher levels and closer to the midline, so go as lateral as 
possible.   

   3.    Mobilize the rectus muscle circumferentially, start the 
retroperitoneal dissection lateral to it, then place the 
fi nal retractors medial to it. The initial exposure is easier 
to perform working lateral to the rectus muscle whereas 
the fi nal exposure is easier to maintain with the muscle 
lateral to the retractors.   

   4.    Avoid the retropsoas plane and stay anterior to the psoas 
muscle.   

   5.    Try to identify the ureter as you elevate the peritoneum 
anteriorly.   

   6.    Always ligate and transect the iliolumbar vein(s) for 
L4–L5.   

   7.    Identify the raised soft disc(s) early on by fingertip 
palpation; this will let you know if the placement of the 
incision is adequate.   

   8.    Sweep the prevertebral tissues sideways across the 
disc(s) left to right.   

   9.    Make sure the vessels are mobilized distally as far as 
possible.   

   10.    Check for vascular injury, bleeding, or thrombosis 
before closing and check the pedal pulses after closure 
of the incision.        

   Reference 

   1.   Brau SA, Watkins RG, Williams LA: Complications of the Approach 
to Anterior Lumbar Spine Surgery. Poster Presentation, North 
American Spine Society, Annual Meeting, New Orleans, LA, 
October 25–28, 2000.    

   Table 26.1    Complications of the Anterior Retroperitoneal Muscle-
Sparing Approach to L2–S1   

 Complication  Percentage of Patients in Study Affected 

 Myocardial infarction  0.25 
 Retrograde ejaculation  0 
 Rectus denervation  0 
 Arterial thrombosis  1.2 
 Venous injuries  0.7 
 DVT  1 
 Ileus  1 
 Wound infection 
(superfi cial) 

 0.5 

 Hernia  0.5 
 Compartment syndrome  0.25 

26 Anterior Retroperitoneal Muscle-Sparing Approach to L2–S1 of the Lumbar Spine
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            1.    For the left retroperitoneal approach to L5-S1, place the 
patient in the right lateral decubitus position held by 
either the infl atable “beanbag” or appropriate towel pad-
ding. Take care to prevent any degree of left hip fl exion, 
which could permit the thigh to interfere with the 
exposure.   

   2.    Make the incision from the midaxillary line, midway 
between the iliac crest and lowest rib, curving in a lazy- S 
confi guration to the lower half of the symphysis-to- 
umbilicus distance. This point is approximately at the 
junction of the middle and distal third (Fig.  27.1 ) [ 1  ,   2 ].    

   3.    With the electrocautery, divide the fascia and the exter-
nal oblique and internal oblique muscles in the line of 
the incision. The transversus abdominis muscle is very 
thin. Open it in the posterior portions of the incision 
closer to the midaxillary line. Each of these muscle lay-
ers thins out anteriorly, and the peritoneum is very 
superfi cial at the edge of the rectus sheath. This is the 
area where the peritoneum is often inadvertently entered. 
If this occurs, repair the peritoneum after it has been 
well exposed and before the spinal work. With identifi -
cation of the peritoneum and retroperitoneal space in the 
midaxillary line, bluntly dissect the peritoneum from the 
undersurface of the transversalis fascia before opening 
the rest of the abdominal wall incision.   

   4.    For added exposure, bluntly dissect the peritoneum from 
the posterior aspect of the rectus sheath. The edge of the 
rectus sheath itself can be opened and the rectus muscle 
can be partially cut.   

   5.    Proceed directly to the psoas muscle. Identify the geni-
tofemoral nerve running on the surface of this muscle. 
The spine is medial to the muscle. With identifi cation of 
the muscle, retract the peritoneal sac and ureter on the 
undersurface of the peritoneum medially.   

   6.    Palpate the spine with a fi nger and fi nd a disc for 
 orientation: usually it is the L4–L5 disc (Fig.  27.2 ). With 

identifi cation of the L4–L5 disc, palpate the pulse of the 
left common iliac artery and the aortic bifurcation.    

   7.    The bifurcation of the aorta is critical in determining the 
exact approach from this point. The usual bifurcation at 
the L4–L5 disc level was present in 69% of anatomical 
dissections by Harmon, but there is great variation [ 3 ].   

   8.    Palpate the left common iliac artery and pass over it 
medially to the L5–S1 disc. By placement of the fi nger 
and a subsequent blunt retractor such as a sponge- covered 
elevator, develop a plane just to the right of the left 
 common iliac artery. (Fig.  27.3 ).  
  Caution:   Remember: The left iliac vein lies within the 
aortic bifurcation. It often courses directly on the surface 
of the L5–S1 disc and may be fl attened against the disc 
or L5 body, its venous character obscured. Mobilize it to 
the left and cephalad with the left iliac artery.    

   9.    The middle sacral artery and veins are present in the 
bifurcation. The key to handling these structures is blunt 
dissection just to the right of the left common iliac 
artery, sweeping from left to right the prevertebral tis-
sue, including the middle sacral vessels and superior 
hypogastric plexus, off the lumbosacral disc. 
Occasionally the middle sacral vessels are of formidable 
size, but seldom do they have to be ligated [ 4 ].   

   10.    An additional structure in the bifurcation is the superior 
hypogastric sympathetic plexus (Fig.  27.4 ). The key to 
avoid damaging the superior hypogastric plexus is to 
avoid transverse cuts on the face of the disc until all the 
prevertebral tissue has been elevated from the annulus 
and to avoid electrocautery on the surface of the L5–S1 
disc. Small bleeding points are encountered when doing 
this dissection, but they are usually easily controlled by 
direct fi nger pressure or packing with hemostatic gauze. 
Usually the left iliac artery and vein are retracted to the 
left but may require retraction to the right on occasion.  

  Caution:   Locate and ligate the iliolumbar vein before 
any mobilization of the left iliac artery to the right.    

   11.    Always obtain X-ray confi rmation of the level. It can be 
done easily by insertion of a 22-gauge spinal needle. 

      Anterior Retroperitoneal Flank 
Approach to L5–S1 
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Because the L5–S1 disc and the sacrum are often angled 
very horizontally, the body of L5 can be mistaken for the 
sacrum.   

   12.    Insert the Freebody-type rubber-covered Steinmann 
pins: the superior right pin fi rst, the lower right pin next. 

Insertion of these Freebody pins into the sacrum is 
 diffi cult if there is a marked falloff of the sacrum. Take 
care not to drive the Steinmann pins too forcefully and 
skive off the surface of S1 into the pelvic soft tissues [ 5] . 
Place the pins between two fi ngers.   

  Fig. 27.1    For the left retroperitoneal approach to L5–S1, place the 
patient in the left lateral decubitus position. Take care to prevent any 
fl exion of the left hip greater than 30 degrees, as the thigh will interfere 
with the exposure. Incise the skin and subcutaneous tissue from the 
midaxillary line, midway between the iliac crest and lower rib, curving 
in a lazy “S” confi guration of the lower half of the symphysis-to-umbilicus 

distance; this is approximately at the junction of the middle and distal 
third of the distance between the symphysis and umbilicus. Divide with 
the electrocautery the external oblique, internal oblique, arid transver-
sus abdominis muscles, much as described in Chapter   21    . Enter the 
retroperitoneal space and retract medially the peritoneal sac       

Reflected
Peritoneal Sac

Psoas
Muscle

Spine

L4-L5 Disc

  Fig. 27.2    Identify the psoas 
muscle. The psoas muscle is the 
key to the retroperitoneal 
exposure. The genitofemoral 
nerve on the psoas muscle helps 
with this identifi cation. Sweep the 
peritoneal sac from left to right 
and identify the spine. Find the 
disc space. Most commonly this 
is the L4–L5 space or the L3–L4 
space. Obtain an identifying 
X-ray at this point to localize the 
level. For the approach to L5–S1, 
after identifi cation of the spine 
itself, palpate in the midline 
within the bifurcation to locate 
the L5–S1 disc       
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   13.    Dissect the last of the soft tissue off the spine with the 
fi ngers. The tip of the Steinmann pin is set into the bone, 
well protected by the surgeon's fi ngers. Tilt it to allow 
the maximum retraction, but with caution. If the tip of the 
Steinmann pin enters the disc space, it will loosen as the disc 
is dissected; therefore, the angle of the pin should be 

somewhat transverse to the disc space. After placement of 
the inferior right pin, insert the two left- sided pins. The left 
iliac vein is usually tented around the left inferior pin 
(Fig.  27.5 ). Expose the disc between the four pins.    

   14.    Any number of modifi ed curved cobra-type retractors 
may be used instead of the Freebody pins.   

Caudad

Muscle Layers
of the
Abdominal Wall

Left Iliac
Artery and Vein

L5-S1 Disc

Right Iliac
Artery and Vein

Presacral Nerve
Superior
Hypogastric
Plexus

LeftCephalad

Psoas
Muscle

Right

Reflected peritoneal Sac

  Fig. 27.3    Immediately medial to the psoas muscle is the spine. The 
approach to L5–S1 differs from the approach described in Chapter   21     in 
that at this point, the surgeon should pass a fi nger over the left common 
iliac artery and palpate the L5–S1 disc in the bifurcation. Three struc-
tures may be over the L5–S1 disc at this point, depending on the level 
of bifurcation of the aorta: (1) the left iliac vein, (2) the middle sacral 
vein, or (3) the superior hypogastric plexus or presacral nerve. Carefully, 

with blunt dissection, expose the disc of L5–S1 in this bifurcation. 
Make no horizontal cuts across the front of L5–S1. At this point, use 
blunt dissection only. Identify the disc. Retract the left common iliac 
vein, cephalad and to the left. The middle sacral vein can usually be 
bluntly dissected longitudinally and horizontally to allow retraction to 
the right. The superior hypogastric plexus nerve should be retracted and 
swept off the intervertebral disc, usually from left to right bluntly       

Left Iliac Vein

Cut Layers of Abdominal
Musculature

Psoas
Muscle

Left Iliac
Artery

Superior
Hypogastric
Plexus
“Presacral
Nerve”L5-S1 Disc

Peritoneal Sac

Ureter

  Fig. 27.4    Sweep the prevertebral 
tissue bluntly off the front of the 
L5–S1 disc. The superior 
hypogastric plexus may be a 
diffuse plexiform nerve 
formation that is retracted with 
the other tissue, or it can be a 
discrete well-defi ned presacral 
nerve       
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   15.    Closure: Allow the peritoneal sac to fall into place. 
Close the muscle layers with running suture. The trans-
versus abdominis and the internal oblique muscles be 
closed together. 

  Caution:   During closure, protect the tips of the 
Steinmann pins as they are withdrawn to avoid lacerating 
the vascular structures being retracted.      

   Remember: 
   1.    The skin incision should extend midway into the interval 

between the symphysis and umbilicus.   
   2.    Avoid entering the peritoneum in the anterior aspect of 

the incision.   
   3.    Identify the retroperitoneal space in the more proximal 

portion of the incision.   
   4.    Dissect the peritoneum off the undersurface of the trans-

versalis fascia before opening the rest of the abdominal 
wall.   

   5.    Identify the L4–L5 disc and the left common iliac 
artery.   

   6.    Identify the iliolumbar vein.   
   7.    Locate the L5–S1 disc in the bifurcation by finger 

palpation and begin blunt dissection just to the right of 
the left common iliac artery.   

   8.    Beware of the left common iliac vein crossing on the 
surface of the L5–S1 disc within the bifurcation.   

   9.    Bluntly mobilize the middle sacral vessels and the 
superior hypogastric plexus from left to right.   

   10.    Do not allow the Freebody pins to skive off the anterior 
surface of S1.        
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  Fig. 27.5    Exposure of tile L5–S1 disc and insertion of Steinmann pins 
should be carried out as described in Chapter   21    . There is often great 
diffi culty in placing the Steinmann pin into S1, as there is a marked 
dropoff of the S1 surface as the spine goes into lordosis. Great care 
should be taken to avoid allowing the Steinmann pin to slide off the 
surface of the sacrum into the pelvis. It should be very carefully placed, 
held by the surgeon with both hands, and tapped into place by the assis-
tant. The superior left pin will be responsible for retracting the left com-
mon iliac vein. This vein is often a fl at poorly defi ned structure on the 
front of the disc and should be very carefully retracted, and the pin 
inserted with great care. When working on the L5–S1 disc, the slant of 
the interspace often requires one to work from a caudad to cephalad 
direction. This restriction again emphasizes the importance of using a 
skin incision that is low enough to allow work in this area. Removal of 
the Steinmann pins should be undertaken with extreme care, with the 
tips protected as they are extracted       
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            1.    Position the patient supine on the table, the lower lumbar 
spine at the level of the kidney rests.   

   2.    Make a lower abdominal pararectus incision through the 
skin and subcutaneous tissue (Fig.  28.1 ). The most 
immediate layers are the external oblique with its transi-
tion into the linea semilunaris leading to the fascia of the 
rectus sheath. The linea semilunaris is composed of the 
aponeurosis of the three layers of the abdominal muscu-
lature and their fascia.    

   3.    Incise the fi bers of the external oblique, the internal 
oblique, and the small thin layer of transversus abdomi-
nis muscles lateral to the semilunaris in line with the 
skin incision.   

   4.    Identify the transversalis fascia. The transversalis fascia 
is the internal investing fascial layer of the abdominal 
cavity. Dissect on the outer surface of this transversalis 
fascia to the edge of the rectus sheath. At this point the 
transversalis fascia splits to form the lamina of the rectus 
sheath. The posterior lamina of the rectus sheath forms 
the endoabdominal fascia in this area.   

   5.    Incise the transversalis fascia lateral to the linea semilu-
naris carefully and identify the peritoneum through the 
incision (Fig.  28.2 ).    

   6.    Begin the incision in line with the skin incision, dissect-
ing the peritoneum with a sponge or gloved hand off the 
undersurface of the transversalis fascia. Open the 
abdominal wall after the peritoneum has been identifi ed 
and cleared (Fig.  28.3 ).    

   7.    Dissect bluntly the peritoneum from the lateral abdominal 
wall progressing posteriorly. Identify the psoas muscle, as 
in any retroperitoneal approach to the spine. Retract the 
peritoneum off the left iliac artery and vein by use of the 
surgeon’s hand, a padded Deaver retractor, or sponge sticks. 
Sweep the peritoneum with the ureter from left to right, 

and expose the left common iliac artery and vein (Figs.  28.4 , 
 28.5 ). Insert Freebody pins or special retractors.     

   8.    (See Chapters   21     and   23    .) Palpate and identify an 
 intervertebral disc, remembering that this is a relatively 
avascular area. With any approach to the L4–S1 area, 
identify the left iliolumbar vein. Ligate it when neces-
sary. Dissection within the bifurcation of the aorta 
should be blunt and as avascular as possible. Remember 
the left common iliac vein lying in the bifurcation over 
the C5–S1 disc (Figs.  28.6 ,  28.7 ,  28.8 ,  28.9 ). The varia-
tion in inferior vena cava and lumbar veins often dictates 
the exact approach from this point.       

   9.    Bluntly retract and protect the superior hypogastric plexus.   
   10.    Closure: Allow the peritoneal sac to fall into place. Close 

the muscle layers with running suture. The transversus 
abdominis and the internal oblique may be closed together. 

  Caution:   During closure, protect the tips of the 
Steinmann pins as they are withdrawn to avoid lacerating 
the vascular structures being retracted.      

   Remember: 
   1.    Position the patient to allow hyperextension of the lumbar 

spine.   
   2.    Identify the external oblique, the linea semilunaris, and 

the edge of the rectus muscle sheath.   
   3.    Identify the transversalis fascia lateral to the rectal sheath.   
   4.    Open the transversalis fascia carefully and identify the 

peritoneum.   
   5.    Bluntly dissect the peritoneum from the intersurface of 

the abdominal wall fi rst from medial to lateral anteriorly, 
then lateral to medial across the spine and large vessels.   

   6.    Identify the psoas muscle.   
   7.    Avoid damaging the iliolumbar vein, and be prepared to 

manage the venous anomalies present.        

      Anterior Extraperitoneal Midline 
Incision of L2–S1 
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  Fig. 28.1    Position the patient 
supine on the table with the 
lumbar spine over the kidney 
rests. Make a lower abdominal 
pararectus incision through the 
skin and subcutaneous tissue. 
The most immediate layers are 
the external oblique with its 
transition into the linea semiluna-
ris leading to the fascia of the 
rectus sheath. The linea 
semilunaris is composed of the 
aponeurosis of the three muscle 
layers of the abdominal 
musculature and their fascia       

Umbilicus
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  Fig. 28.2    Incise the external 
oblique, internal oblique, and 
transversus abdominis muscles, 
lateral to the semilunaris in line 
with the skin incision. Identify 
the transversalis fascia. Incise the 
transversalis fascia lateral to the 
semilunaris and identify the 
peritoneum through the incision. 
Dissect the peritoneum with a 
sponge or gloved hand off the 
undersurface of the transversalis 
fascia and open the abdominal 
wall after the peritoneum has 
been identifi ed and cleared from 
the abdominal wall. The left 
rectus muscle may be divided for 
increased ease of retraction. 
Note: The peritoneum may be 
identifi ed and dissection begun 
under the rectus sheath, but it is 
easier to fi nd it laterally       
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  Fig. 28.3    Bluntly dissect the 
peritoneum from the lateral 
abdominal wall progressing 
posteriorly and retract the 
peritoneum from left to right 
with the peritoneal sac contents. 
Dissect the peritoneum medially 
toward the midline from the 
undersurface of the abdominal 
wall to allow extension of the 
incision medially       

Left Psoas Muscle

Peritoneal Sac

  Fig. 28.4    Identify the psoas 
muscle as the key to the 
retroperitoneal space. With 
identifi cation of the psoas 
muscle, bluntly dissect left to 
right the peritoneal sac and 
peritoneum off the major 
retroperitoneal structures, i.e., 
the aorta, vena cava, iliac veins, 
and spine       
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  Fig. 28.5    Sweep the peritoneal 
sac left to right and identify the 
bifurcation of the aorta, tile 
abdominal aorta, and the spine       
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  Fig. 28.6    The approach to 
L5–S1 within the bifurcation 
requires identifi cation of the left 
iliac vein, as this structure 
courses right to left through the 
bifurcation. For approaches to the 
spine cephalad to L5 the 
approach should be carried out as 
described in Chapter   21    , with 
ligation of the iliolumbar vein 
and left-to-right retraction. Note: 
There is signifi cant variation of 
vascular anatomy in this area. 
The level of aortic bifurcation 
may be high, necessitating an 
approach to L4–L5 from within 
the bifurcation. An anomalous 
left iliac vein can make exposure 
of L5–S1 almost impossible, 
especially with a fl ank incision       
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  Fig. 28.7    The L5–S1 disc is in 
the bifurcation with a darkened 
abscess of the S1 vertebral body. 
The left iliac vein should be 
identifi ed in the prevertebral 
tissue. The middle sacral vein 
and superior hypogastric plexus 
are swept off the front of the L5 
disc       
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  Fig. 28.8    A large, voluminous 
left iliac vein is often 
encountered in this area       

  Fig. 28.9    Illustration of the left 
common iliac vein and the 
middle sacral vein. The level of 
bifurcation of the aorta often 
determines the diffi culty in 
dealing with the left common 
iliac vein. Often this is a very 
large structure, 3 cm in diameter, 
usually passing above the L5–S1 
disc with a low bifurcation. It 
could be quite diffi cult to retract 
to the left and may require 
approach to the L5–S1 disc from 
the left of the left common iliac 
artery and vein, retracting both 
structures to the right       
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            1.    Position the patient supine over the fl exion crease in the 
table and hyperextend the lumbar spine for greater 
exposure.   

   2.    Make either a vertical midline incision or the transverse 
“smile” incision. The “smile” is better cosmetically and 
gives excellent exposure but requires transection of the 
rectus abdominis muscle (Figs.  29.1 ,  29.2 ). Identify the 
rectus sheath; open the anterior portion of the rectus 
sheath. Transect the rectus abdominis muscle. The pos-
terior rectus sheath, the abdominal fascia, and the perito-
neum are conjoined in this area. Incise carefully through 
the posterior rectus sheath and abdominal fascia to the 
peritoneum (Fig.  29.3 ).      

   3.    Pick up the peritoneum (Fig.  29.4 ). Open it carefully to 
avoid bowel damage and extend the opening the length 
of the wound. Pack off the bowel and identify the poste-
rior peritoneum over the sacral promontory.    

   4.    Palpate the aorta and both iliac vessels through the pos-
terior peritoneum (Figs.  29.5 ,  29.6 ). Identify the softer 
texture of the L5–S1 disc.     

   5.    Inject the retroperitoneal space with saline to achieve 
separation of the peritoneum from the vascular 
structures.   

   6.    Pick up the peritoneum with Adsons and handle it 
delicately.   

   7.    Make a small incision and extend the opening (Figs.  29.5 , 
 29.7 ,  29.8 ).     

   8.    At this point, despite the fact that there may be bleeding 
in this area, avoid use of the cautery anterior to L5–S1 
to prevent damage to the superior hypogastric plexus. 
Take care to avoid the left common iliac vein crossing 
over the L5–S1 disc within the aortic bifurcation (see 
Figs.   28.3    ,   28.8    ). It often lies as a fl at, white, bloodless 
ribbon across the disc.   

   9.    After identifi cation of the left common iliac artery and left 
common iliac vein, start blunt dissection just to the right 
of the left iliac artery and carry it left to right across the 
front of the disc, sweeping the superior hypogastric plexus 
and soft tissue from left to right (see Figs.   27.4    ,   36.1    ).   

   10.    The middle sacral artery and vein are bluntly dissected 
from left to right without sacrifi ce at this point. 
Longitudinal blunt dissection allows better mobilization 
of these vascular structures. When bleeding is encoun-
tered, use direct fi nger and sponge pressure for a short 
time, followed by blunt dissection. Control hemmorhage 
with packing and pressure. Divide and tie if necessary 
(Fig.  29.9 ).    

   11.    Blunt dissection sweeping the material left to right off 
the front of the disc allows insertion of the four Freebody- 
type Steinmann pins into the L5 and S1 vertebral bodies 
(Fig.  29.7 ) or positioning of special Deaver-type retrac-
tors. Again, beware of the left common iliac vein when 
inserting the Steinmann pins.   

   12.    With isolation of the L5–S1 disc and X-ray confi rmation 
of level, disc excision and graft may be done.   

   13.    For additional exposure of L4–L5, the level of the aortic 
bifurcation and the size of the left iliac vein determine 
how the vessels are retracted. Always ligate and divide 
the iliolumbar vein for L4–L5 exposure.   

   14.    Closure: Close each layer from peritoneum to muscle, 
subcutaneous tissue, and skin.    

  Remember: 
   1.    The peritoneum is found under the thin posterior rectus 

sheath.   
   2.    Open the posterior peritoneum over the superior prom-

ontory very carefully.   
   3.    Start the dissection to the right of the left iliac artery and 

sweep from left to right.   
   4.    Use blunt dissection and direct pressure to control retro-

peritoneal bleeding over the lumbosacral disc.   
   5.    Beware of the left iliac vein in the aortic bifurcation.   
   6.    Divide and ligate the iliolumbar vein for L4–L5 exposure.    

      Transperitoneal Midline Approach 
to L4–S1 
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  Fig. 29.1    Position the patient supine over the fl exion crease in the table 
and hyperextend the lumbar spine for greater exposure. Make a vertical 
midline incision or the transverse “smile” incision. The smile incision 
is better cosmetically, gives excellent exposure, and requires transec-
tion of the rectus abdominis muscle       

Umbilicus

Pubis

  Fig. 29.2    Transverse “smile” incision       

Navel

Anterior
Rectus
Sheath

Cut Rectus
Abdominis
Muscle

Posterior Rectus
Sheath

  Fig. 29.3    Open the anterior 
portion of the rectus sheath and 
transect each rectus abdominis 
muscle. Identify the posterior 
rectus sheath. The posterior 
rectus sheath, abdominal fascia, 
and peritoneum are conjoined in 
this area       
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Opened
Peritoneum

Bowel

Posterior
Rectus
Sheath

  Fig. 29.4    Incise carefully 
through the posterior rectus 
sheath and abdominal fascia and 
identify the peritoneum. Pick up 
the peritoneum, carefully open 
the peritoneum to avoid bowel 
damage, and extend the 
peritoneal opening the entire 
length of the wound. Insert a 
self-retaining Deaver-type 
retractor       

Right Iliac
Artery

Left Iliac
Artery

Posterior Peritoneum

Packed Off Retracted Bowel

Aortic
Bifurcation

  Fig. 29.5    Pack off the bowel to 
allow adequate exposure of the 
posterior peritoneum over the 
sacral prominence. Palpate for 
the aortic pulse and common 
iliac artery. With identifi cation of 
the sacral prominence and the 
bifurcation of the aorta, one may 
inject the posterior 
retroperitoneum with saline to 
allow elevation of the peritoneum 
off the important vascular 
structures       
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Open Edge of Peritoneum

Right Iliac
Artery

Left Iliac
Artery

L5-S1 Intervertebral
Disc

Bowel

Superior
Hypogastric
Plexus

  Fig. 29.6    Open the posterior peritoneum as carefully as one would 
open the anterior peritoneum. Elevate with Adson forceps and incise. 
Extend this opening in the posterior peritoneum vertically, retract the 
peritoneum, and bluntly dissect the peritoneum off the vessels of the 
bifurcation. After removal of the peritoneum use blunt dissection only. 
Feel for the prominent softness of the L5–S1 intervertebral disc and 

bluntly dissect the material, usually from left to right, off the face of the 
L5–S1 disc. Again, one must be very careful to avoid damaging 
the superior hypogastric plexus at this point in the operation. Likewise, 
the middle sacral vein and left iliac artery can be atraumatically 
retracted if careful blunt dissection is carried out       

L5-S1
Intervertebral Disc

  Fig. 29.7    Exposure of the 
intervertebral disc of L5–S1 
within the bifurcation of the aorta       
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Aorta
Ureter

Left Iliac
Vein

Superior
Hypogastric
Plexus

Paraspinous
Lumbar
Sympathetic
Chain

L5-S1 Disc

Ureter

Posterior
Peritoneum

Right Iliac
Artery

Vena Cava

  Fig. 29.8    The bifurcation of the 
aorta with the opening of the 
posterior peritoneum emphasized       

  Fig. 29.9    Exposure of the L5–S1 
disc with careful opening and 
retraction of the peritoneum. 
Identifi cation and retraction of the 
left iliac vein with the left 
common iliac artery. This 
illustration shows ligation of the 
middle sacral vein and retraction 
to the left of the plexiform 
superior hypogastric plexus. One 
should always employ careful 
closure of the posterior 
peritoneum, as well as the 
standard abdominal closure       
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           Step 1: Positioning 

 The patient must be positioned to accommodate the laparo-
scopic surgeon (LS) at the patient’s head and to the patient’s 
right, the camera assistant (CA) to the patient’s left, the spine 
surgeon (SS) at the patient’s feet and to the right, and the 
anesthesiologist (A). The operating theater must allow for 
appropriate placement of television monitors, fl uoroscopy 
monitors, and a c-arm [ 1 ,  2 ]. The patient must be adequately 
secured to the table so that the steep Trendelenburg position 
may be used to assist with the exposure. The patient’s arms 
should be folded over the chest to allow fl uoroscopic visual-
ization of the spine (Fig.  30.1 ).   

    Step 2: Trocar Placement 

 A Veress needle is placed in the umbilicus (A) and the peri-
toneal cavity is insuffl ated to 15 mmHg pressure. A 10-mm 
trocar is then placed into the umbilicus (A), and the laparo-
scopic camera is placed into this port (Fig.  30.2 ). Two other 
10-mm trocars are placed at the level of the anterosuperior 
iliac spines just lateral to the rectus abdominis muscles 
(B, C). These ports allow the laparoscopic surgeon (S) to 
perform the dissection with the left hand through port C and 
the right hand through port B. The procedure will eventually 
require the placement of a 5-mm port to the left of the camera 
to assist with retraction of the transverse mesocolon (D). 

A fi nal 18-mm port is then placed in the suprapubic area to 
accommodate the spinal instrumentation (E). The position of 
the ports in the axial plane can be modifi ed to adapt for 
various levels of disc dissection [ 3 ,  4].    

    Step 3: Exposure of the Pelvic Brim 

 The patient is placed in steep Trendelenburg to allow the 
small bowel to fall out of the pelvis and away from the target 
site. This exposure is diffi cult if not impossible to achieve if 
the small bowel is distended. The patient should therefore 
have a bowel preparation preoperatively, which may involve a 
full liquid diet 2 days before surgery and a colon preparation 
the night before surgery.  

    Step 4: Retraction of the Sigmoid Colon 

 The sigmoid colon is then elevated with the mesocolon to 
expose the sacral promontory. Staples can be placed to secure 
the pericolic fat to the anterolateral abdominal wall to keep 
the sigmoid colon out of the fi eld. Care must be taken to 
ensure that the pericolic fat alone is stapled [ 5 ].  

    Step 5: Dissection Through the Peritoneum 

 The aorta and inferior vena cava can be visualized through 
the peritoneum. The ureters can also be visualized lateral to the 
lumbar vertebral bodies overlying the psoas muscles. The ure-
ters are lateral to the disc space and can generally be avoided 
during the approach to the intervertebral disc space. 

 The peritoneum is incised using sharp dissection (Fig.  30.3 ). 
At this point, only ligatures and pressure should be used to 
control bleeding. Monopolar electrocautery in this area may 
lead to injury of the hypogastric plexus of the sympathetic 
nerves, causing the complication of retrograde ejaculation in 
men [ 6 ,  7 ].   

      Laparoscopic Approach to the L3–L4 
and L4–L5 Intervertebral Discs 
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    Step 6: Mobilization of the Left llliac Artery 
and Vein 

 The aortic bifurcation is identifi ed (Figs.  30.4 ,  30.5 ). In the 
crotch of the bifurcation lies the middle sacral artery. This 
vessel is ligated with vascular clips and divided, which 
allows mobilization of the left iliac artery. A vessel loop 
should be placed around the left iliac artery and gently 
retracted to the left (Figs.  30.6 ).    

 Medial to the left iliac artery lies the left iliac vein. Arising 
from this large vein is the iliolumbar vein. The iliolumbar vein 
must be isolated and divided to allow the mobilization of the 
left iliac vein. This step requires particular care. A tear in the 
iliolumbar vein is equivalent to an injury to the iliac vein and 
can prompt rapid conversion to an open procedure [ 8 ,  9 ].  

    Step 7: Identifi cation of the L4–L5 
Intervertebral Disc Space 

 After the left iliac artery and iliac vein are mobilized, gentle 
retraction may be placed on these vessels to expose the 
L4–L5 intervertebral disc space (Fig.  30.7 ). The left iliac artery 

  Fig. 30.1    The patient’s arms should be folded over the chest to allow fl uoroscopic visualization of the spine       

  Fig. 30.2    Port positions for trocar placement       
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  Fig. 30.3    The peritoneum is 
incised using sharp dissection. 
Only ligatures and pressure 
should be used at this point to 
control bleeding. Electrocautery 
in this area may lead to injury of 
the hypogastric plexus       

  Fig. 30.4    Intraoperative view of the superior hypogastric plexus, left 
and right iliac arteries, and the left iliac vein       

  Fig. 30.5    Dissection of the aortic bifurcation and left iliac vein after 
the superior hypogastric plexus has been bluntly dissected laterally       
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is mobilized to the patient’s left and the left iliac vein is 
mobilized to the patient’s right. It is also possible to retract 
both the iliac vein and artery together to the patient’s right 
side once the iliolumbar vein is divided. This maneuver also 
provides exposure of the L4–L5 disc space.   

    Step 8: Mobilization of the Aorta 
and Vena Cava 

 The peritoneum overlying the aorta and vena cava is iden-
tifi ed. Gentle dissection identifi es the space between these 
two vessels. The lumbar vein, which drains into the inferior 
vena cava and courses behind the aorta, can be isolated. This 
vein should be divided [ 9 ,  10 ].  

    Step 9: Identifi cation of the L3–L4 
Intervertebral Disc Space 

 The inferior vena cava can then be gently retracted away from 
the aorta to reveal the L3–L4 intervertebral disc space. The 
vena cava is retracted to the patient’s right, and the aorta is 
retracted to the patient’s left (Fig.  30.8 ). Both great vessels can 
also be retracted together to the patient’s right if the mobilization 
of the aorta and inferior vena cava is adequate [ 11  –  13 ].  

  Fig. 30.6    Laparoscopic view of the L4–L5 intervertebral disc space 
with a vessel loop about the left iliac artery, a vessel clip on the iliolum-
bar vein, and the left iliac vein pushed laterally (see Fig.  30.7 )       

  Fig. 30.7    After the iliac artery 
and the iliac vein are mobilized, 
gentle retraction may be placed 
on these vessels to expose the 
L4–L5 intervertebral disc space. 
The left iliac artery is mobilized 
to the patient’s left, and the left 
iliac vein is mobilized to the 
patient’s right.  IVC , inferior vena 
cava       
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 Figure  30.9  shows the trajectory of the two approaches. 
The L4–L5 intervertebral space is approached between the 
left iliac artery and vein after the middle sacral artery and the 
iliolumbar vein are divided. The L3–L4 disc space is 
approached between the aorta and inferior vena cava after 
the corresponding lumbar vein is divided.  

   Remember: 
   1.    The superior hypogastric plexus lies over the aorta and 

vertebral bodies in the retroperitoneal space. Monopolar 
electrocautery should be avoided during this portion of 
the dissection.   

   2.    Identify and ligate the middle sacral artery before mobi-
lizing the left iliac artery.   

   3.    Identify and ligate the iliolumbar vein before retracting 
the left iliac vein.   

   4.    Dissect and ligate the lumbar vein draining into the infe-
rior vena cava before separating the vena cava from the 
aorta.   

   5.    These large arteries and veins must be protected during 
each step of spinal instrumentation.   

   6.    An injury to the iliac vessels should lead to prompt con-
version to an open procedure so that repair of the injured 
vessel can be performed.   

   7.    The retroperitoneum should be closed at the end of the 
procedure.         
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        The patient is placed in the supine position on a Jackson 
table with an infl atable bag under the lumbar spine in case 
extension becomes necessary during the procedure. Shoulder 
supports should be placed, and straps applied across the 
thighs and chest to prevent the patient from slipping when 
placed in the deep Trendelenburg position. The table itself 
needs to be rigged so the maximum Trendelenburg position 
can be achieved. This positioning is very important so that 
the bowel can be kept away from the target area by using 
gravity rather than retractors. In addition, this position places 
the L5–S1 disc at a better angle for performance of the dis-
cectomy. A Foley catheter and a nasogastric tube are inserted 
to minimize obstruction to access by either a distended blad-
der or stomach, and to prevent injury to the bladder from 
trocar insertion near the symphysis pubis. 

 With the patient in the moderate Trendelenburg position, 
a small infraumbilical incision is made and a Veress needle 
inserted into the peritoneal cavity. Insuffl ation is then carried 
out to 15 mmHg, and then a 10-mm trocar is inserted 
 followed by passage of the laparoscope. Two other 10-mm 
trocars are then inserted under direct vision to prevent inad-
vertent injury to any peritoneal contents. These trocars are 
placed at the midclavicular line to the right and to the left of 
the umbilicus (Figs.  31.1 ,  31.2 ). Careful exploration of the 
peritoneal cavity is then carried out for any other obvious 
pathology that may interfere with the planned procedure. If 
adhesions are found, they are then taken down using graspers 
for traction and endoscissors with cautery for dissection. 
Adhesions need to be taken down to allow for proper mobi-
lization of the small bowel away from the pelvis and into the 
upper abdomen. If the bowel should be injured in this pro-
cess, repair with endoscopic stapling devices can be carried 
out. If endoscopic repair proves diffi cult, an open laparotomy 
is then indicated. Under these circumstances, the endoscopic 
approach must then aborted because of the resulting contam-
ination by bowel contents. The procedure, however, may be 

completed via the anterior muscle-sparing extraperitoneal 
approach if so desired, assuming the contamination is minimal 
and the peritoneum is not entered during the extraperitoneal 
dissection.   

 After completion of the exploration, assuming there are 
no abnormal fi ndings, the patient is placed in the deepest 
possible Trendelenburg position and the bowel is mobilized 
cephalad; this is done by fi rst grasping the omentum with 
endoscopic Babcock forceps and draping it up over the stom-
ach. The loops of small bowel are then grasped and carried 
cephalad to the upper abdomen to expose the sacral promon-
tory. If the Trendelenburg position is adequate, gravity 
should keep these loops of bowel from obscuring the opera-
tive fi eld for the duration of the procedure. The sigmoid 
colon may then need to be mobilized from its lateral perito-
neal attachments using graspers and cautery and then also 
pushed cephalad toward the left upper quadrant. At this 
point, a fan retractor needs to be placed through the left tro-
car to hold the sigmoid colon laterally away from the sacral 
promontory (Fig.  31.3 ).  

 The aortic bifurcation and both right and left iliac vessels 
as well as the right ureter can be easily identifi ed at this 
point. The left ureter is not easy to visualize because it lies 
under and lateral to the mesocolon. Gentle poking with a 
blunt grasper is carried out between the iliac vessels until the 
sacral promontory becomes obvious. In all but the very obese 
patients, this landmark is easy to visualize and the poking 
simply serves to confi rm its identifi cation. The peritoneum 
overlying this area is then gently lifted and carefully incised 
transversely with endoscissors and without using any cautery 
to avoid injury to sympathetic fi bers. There is an avascular 
plane here that allows incision of the peritoneum without any 
bleeding whatsoever. 

 Endoscopic Kittner pushers are then used to gently but 
fi rmly dissect laterally to both left and right, thus moving the 
sympathetic fi bers away from harm and exposing the disc 
space. Any bleeding here should be controlled with pressure or 
small clips, but cautery must be avoided to prevent injury to 
the nerve fi bers involved in the ejaculatory process in males. 

      Transperitoneal Laparoscopic 
Approach to L5–S1 
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The middle sacral vessels are identifi ed here and gently lifted 
with graspers and then clipped and transected. The cut ends 
are then pushed out of the way with soft blunt dissectors. 
Further lateral dissection is then carried out to completely 
expose the disc space. To the left, the iliac vein must be 

 gently swept away from the anterior surface of the disc using 
Kittners and blunt dissectors. This dissection must be carried 
out very carefully because any tear or laceration of this  vessel 
or one of its larger branches will precipitate an open lapa-
rotomy for control. Attempts to repair a possible iliac vein 
laceration laparoscopically can only lead to signifi cant blood 
loss endangering the patient’s life. Should this occur, the 
 vessel can be repaired at laparotomy using standard vascular 
techniques with the spine procedure completed openly so long 
as the blood loss is not large enough to cause hemodynamic 
embarrassment. 

 The left iliac vein must be mobilized enough to allow 
insertion of a Steinmann pin into the body of L5 for retrac-
tion if necessary. The vessels on the right are not usually in 
contact with the disc space and exposure of the right side is 
therefore much easier. The vessels, however, must be clearly 
identifi ed to avoid inadvertent injury. Once the disc space is 
completely exposed, a decision is made as to whether 
Steinmann pins will be necessary for retraction and adequate 
exposure. If needed, the pins are inserted percutaneously 
under direct vision as they enter the peritoneal cavity. They 
are guided with graspers to the midbody of L5 while the soft 
tissues are retracted away with soft pushers. The pins are 
then tapped into the vertebra with a mallet. Clear visualiza-
tion is paramount here to avoid inadvertent piercing of the 
iliac vessels with the pins. 

 Once the exposure is considered acceptable, another 
Steinmann pin is inserted percutaneously and under direct 
vision at a point midway between the umbilicus and the 
pubis (Fig.  31.4 ). This pin is guided into the disc, and fl uo-
roscopy is used to document that the pin is indeed in the 
L5–S1 disc. In addition, this pin will help guide the place-
ment of the working trocar through which the reaming 

  Fig. 31.1    Schematic of proper positioning of the trocars for L5–S1 
fusion       

  Fig. 31.2    The 10-mm upper 
trocars are in proper locations 
with instruments inserted into the 
peritoneal cavity       

 

 

S.A. Brau



193

sleeves and the distractors are inserted. These instruments 
need to be perpendicular to the anterior surface of the disc 
and parallel to the end plates of L5 and S1. By observing the 
angle of the pin in relation to the end plates, this working 
trocar can then be placed ideally to provide direct anteropos-
terior (AP) access to the disc space, which is done under 
close fl uoroscopy guidance (Fig.  31.5 ). In most cases, this 
location is 1 to 2 inches cephalad to the pubis. The infl atable 
bag is now expanded to produce extension and increase 
lordosis.   

 Depending on the instrumentation being used, the appro-
priate trocar is then inserted under vision into the peritoneal 
cavity. Again using a Steinmann pin and fl uoroscopy, the 
midline of the disc is identifi ed and marked. Through this 
trocar (Fig.  31.6 ) the appropriate sleeves are inserted, and 
through the sleeves discectomy, distraction, reaming, and 
insertion of the threaded devices are carried out. It is very 
important to carefully visualize the insertion of these sleeves 
until they are securely impacted into the vertebral bodies and 
later when they are removed (Fig.  31.7 ). These sleeves have 

  Fig. 31.3    Sacral promontory 
with sigmoid colon retracted to 
the left and iliac vessels and 
ureter under grasper to the right       

  Fig. 31.4    Steinmann pin placed 
into disc percutaneously       
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sharp spikes that could easily injure a vessel, and their edges 
could pinch off the side-wall of an iliac vein, resulting in a 
tear followed by hemorrhage. Should this occur, immediate 
laparotomy is indicated.   

 Once the threaded devices are in place (Fig.  31.8 ), irrigation 
with antibiotic solution is carried out and the operative fi eld 
is inspected for hemostasis and evaluation of the vessels and 
other adjacent structures that may have been injured. 
Hemostasis is obtained with pressure and with endoclips 
applied to the bleeding area while it is being gently grasped 
with a blunt grasper. Use of cautery again is discouraged to 
avoid damage to neural structures. It is then optional to close 
the peritoneum over the devices. If elected, this can be done 

by grasping the edges of the peritoneum and approximating 
them while endostaples are applied to complete the closure.  

 The patient is then returned to a neutral position and the 
working trocars are removed under vision. The pneumoperi-
toneum is then evacuated and the camera trocar removed. 
The trocar sites are then closed using the surgeon’s preferred 
method after infi ltration with a local anesthetic. The nasogas-
tric tube and Foley catheter can be removed before moving 
the patient to the recovery room. 

   Remember: 
   1.    Rig the table so it can go into the deepest Trendelenburg 

position possible.   
   2.    Avoid using cautery when exposing the disc to prevent 

injury to the superior hypogastric plexus (in males).   
   3.    Try to visualize the left iliac vein, if possible; this helps 

prevent injury to that vessel.   
   4.    If Steinmann pins are needed for retraction, make sure 

they are placed under direct vision to avoid injury to the 
left iliac vein.   

   5.    If bleeding occurs from a suspected iliac vein injury, 
proceed with laparotomy immediately.   

   6.    The procedure can be completed through laparotomy if 
such becomes necessary to control bleeding.   

   7.    Use a Steinmann pin to determine the exact point of 
insertion of the working trocar.   

   8.    Monitor closely the insertion and removal of the spiked 
sleeves to prevent injury to surrounding structures.   

   9.    The entire procedure must be carefully monitored lapa-
roscopically, even after the sleeves are in place.   

   10.    In males use clips rather than cautery to obtain 
hemostasis.         Fig. 31.5    Steinmann pin seen parallel to end plates on fl uoroscopy       

  Fig. 31.6    Working trocar in the 
suprapubic position with 
distractor and sleeve inserted 
through it       
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  Fig. 31.7    Distractor in disc 
space; sleeve will pass over 
distractor under direct vision and 
anchor to vertebrae       

  Fig. 31.8    Sleeve removed after 
insertion with threaded device in 
disc space       
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            1.    The balloon-assisted endoscopic retroperitoneal gasless 
(BERG) approach is executed with one spinal surgeon, 
one vascular/general surgeon, and one endoscopically 
trained technician (Fig.  32.1 ).    

   2.    The patient is placed in the supine position. Following 
general anesthesia, the patient is draped and prepped in 
standard fashion and preoperative antibiotics are given. 
Fluoroscopy is used to fi nd the landmarks of the appro-
priate lumbar level. The skin is marked identifying the 
level and angle of the pathologic disc interspace(s). 
These marks are drawn on the lateral aspect of the left 
abdomen, marking the angles of the disc spaces to be 
addressed (Fig.  32.2 ).    

   3.    A transverse 20-mm left fl ank incision is made approxi-
mately 1 cm above the left iliac crest in the midaxillary 
line (Fig.  32.2 ). The dissection is taken down through 
the external oblique, internal oblique, and transversus 
muscles under direct vision to the preperitoneal fat layer 
using a clear-ended, laparoscopic dissecting port.   

   4.    The retroperitoneal space is then gently insuffl ated with 
a bulb syringe and then digitally dissected into the iliac 
fossa to allow for balloon insertion. An undeployed 
elliptical-shaped preperitoneal balloon (PDB-2; Origin 
Medsystems, Meno Park, CA) is advanced through the 
incision until the entire balloon is within the retroperito-
neal space (Fig.  32.3 ).    

   5.    A 0-degree-angle endoscope is placed through the lumen 
of the dissection cannula, and the balloon is expanded to 
an approximate volume of 1 L (Fig.  32.4 ).    

   6.    The endoscope is directed toward the anterior abdominal 
wall; this allows the identifi cation of the peritoneal 
refl ection on the anterior abdominal wall, at the rectus 
sheath above and below the line of Douglas (Fig.  32.5 ).    

   7.    The peritoneal refl ection is used as a landmark for the 
anterior working/retraction port. The anterior working/
retraction port is located lateral to the peritoneal refl ection 
on the rectus sheath.   

   8.    This port is formed at a level determined by the preop-
erative markings on the abdomen that corresponds to the 
interspace angulation. A 2- to 3-cm paramedian incision 
is made through the anterior abdominal wall and carried 
down through the fascia. This incision is done lateral to 
the peritoneal refl ection and with great care to avoid the 
peritoneal sac; this creates the anterior working/retraction 
port (Fig.  32.6 ).    

   9.    The balloon is removed after a 1-cm malleable retractor 
is placed between the two ports under direct endoscopic 
vision. Once the retroperitoneal space has been mobi-
lized, the next goal is the retraction of the abdominal 
contents.   

   10.    Three levels of retraction are necessary to access the 
anterior lumbar spine. The fi rst of these is distraction of 
the anterior abdominal wall, which is accomplished by 
the insertion of a Laprofan retractor (Origin Medsystems) 
into the fl ank port (Fig.  32.7 ).    

   11.    The Laprofan is expanded under direct endoscopic 
vision. Once expanded, the Laprofan is attached to a 
mechanical lifting arm, the Laprolift (Origin Medsystems) 
(Fig.  32.8 ).    

   12.    The abdominal wall is elevated by the Laprolift/Laprofan 
combination, creating the retroperitoneal space and 
replacing the need for gas. A fl exible nonvalved port, 
utilized for lateral visualization and retraction, is placed 
directly below the legs of the fan retractor to provide a 
clean path for the endoscope (see Fig.  32.6 ).   

   13.    The second level of retraction is necessary to displace 
the peritoneal contents past the midline to provide access 
to the lumbar spine and vascular anatomy. The Helping 
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Hand retractor (Origin Medsystems) is inserted through 
the newly created lateral working port in the initial 
left fl ank incision to push the peritoneal sac and 
intraabdominal contents aside, creating the working 
space (Figs.  32.9   32.10 ).     

   14.    The third level of retraction in this approach is vascular. 
Following establishment of the operative cavity, the 
psoas muscle and vascular anatomy are used as reference 
landmarks. The psoas muscle is bluntly dissected to 
expose the pathologic disc space(s).   

   15.    The L5–S1 vascular retraction begins by identifying the 
right iliac vein and utilizing an AO anterior vascular 
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  Fig. 32.1    Operating room setup 
and patient positioning       

  Fig. 32.2    Following fl uoroscopy, the angle of disc spaces to be 
addressed are marked on the lateral aspect of the abdomen. The initial 
left fl ank incision is made approximately 1 cm above the iliac crest in 
the midaxillary line       

  Fig. 32.3    The PDB-2 (preperitoneal dissection balloon-2)       
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retractor to retract the fascia and presacral veins, thereby 
exposing the anterior aspect of the L5–S1 interspace. 
Through the visualization/ retraction port, a standard 
vein retractor is passed and is used to retract the iliac vein 
laterally. Once this is done, the presacral veins are ligated 
or cauterized with bipolar cautery. Great care must be 
used to in dissecting the anterior soft tissues to maintain 
the integrity of the presacral plexus (Fig.  32.11 ).    

   16.    The L4–L5 exposure is more complex. It begins by uti-
lizing the AO anterior vessel retractor and displacing the 
vena cava or left iliac vein; this is placed on tension and 

the iliolumbar vein is identifi ed. The iliolumbar vein is 
ligated using a right-angled clip and corporeal knot 
tying; this is generally reenforced with two specifi c liga-
tures. The posterior aspect of the iliolumbar vein can be 
handled with vascular clips. Once the iliolumbar vein is 
ligated, gentle soft dissection is used to retract the left 
iliac vein, exposing the L4–L5 interspace past the mid-
line (Fig.  32.12 ).    

   17.    The vascular retraction for L3–L4 is performed in a 
similar way but does not require ligation of the iliolum-
bar vein.   

  Fig. 32.4    The PDB-2 expanded to an approximate volume of 1 L       

  Fig. 32.5    The endoscope is directed toward the anterior abdominal 
wall. Location of the peritoneal refl ection marks the lateral line where 
the anterior working/retraction port is fashioned       

  Fig. 32.6    The anterior working/ retraction port to the left, with the 
Laprofan/Laprolift combination retracting the abdomen to the right. 
The visualization/retraction port is shown below the Laprofan retractor 
within the initial left fl ank incision       

  Fig. 32.7    The Laprofan retractor shown to scale with both fans 
extended       
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   18.    Following psoas dissection and vessel retraction, a 
 spinal needle is placed into the disc and fl uoroscopy is 
used to confi rm the operative level. The anterior working 

port allows for both vascular retraction and the introduction 
of standard spinal instruments such as dissectors, ron-
geurs, curettes, and endplate cutters.   

   19.    Our experience with the BERG approach has consisted 
of anterior lumbar interbody fusion (ALIF).     

  Fig. 32.8    The Laprolift mechanical arm       

  Fig. 32.9    The Helping Hand retractor       

  Fig. 32.11    Vascular dissection to obtain access to the L5–S1 
interspace       

  Fig. 32.10    The Helping Hand retractor is used to push the peritoneal 
contents laterally to expose the anterior spine       
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   Remember: 
   1.    Careful delineation of retroperitoneal space from the 

fl ank incision, that is, the visualization/retraction port.   
   2.    The PDB-2 balloon must be contained within the retro-

peritoneal space.   
   3.    Visualization of the lateral refl ection of the peritoneum 

on the rectus sheath must be identifi ed for the anterior 
working port.   

   4.    Great care must be taken to open the retroperitoneum 
 lateral  to the peritoneal refl ection at the rectus sheath.       

  Fig. 32.12    Vascular dissection to obtain access to the L4–L5 interspace       
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               Intraoperative Neurophysiologic Monitoring 

 Neuromonitoring for lateral interbody fusion is focused on 
providing information to avoid neural structures as well as to 
alert the surgical team of any neural changes during the pro-
cedure. Triggered electromyography (tEMG) is used to iden-
tify and to approximate the location of motor nerves during 
the surgical approach. Spontaneous (free running) electro-
myography (EMG) is used to identify any mechanical, ther-
mal, or metabolic disruption to the peripheral motor nerves 
or nerve roots. Somatosensory evoked potentials (SSEP) are 
used to monitor the dorsal sensory tracts of the spinal cord 
dorsal columns and the chosen sensory nerves. Motor evoked 
potentials (MEP) monitor the anterior spinal tracts and the 
selected motor nerves. The neural structures at risk within 
the psoas will be dependent on the level that is targeted. The 
genitofemoral (GF) nerve forms from the L1 and L2 nerve 
roots and crosses the L2–L3 disc space while remaining 
inside the substance of the psoas. It usually pierces the ante-
rior belly of the psoas somewhere between the mid L3 body 
and L3–L4 disc space. Therefore, the genitofemoral nerve 
can be encountered while accessing the L2–L3 disc space. 
There is no proven way to monitor the GF. The lateral femo-
ral cutaneous (LFC) nerve is formed by branches of the L2 
and L3 nerve roots. The LFC is very posterior and is at risk 
when accessing the L4–L5 disc. The LFC will be just poste-
rior to the retractor and can be pressed against the anterior 
iliac crest or lateral anterior sacrum. There is no current way 
to monitor the LFC. Motor fi bers of the L2–L3 trunk can be 

encountered and monitored using free running EMG and 
tEMG as it crosses the L3–L4 disc space. Motor fi bers of the 
femoral and obturator nerve can be encountered as they cross 
the L4–L5 disc and can be monitored using free running 
EMG and tEMG. This can help to avoid direct nerve injury 
during disc access.  

    Triggered Electromyography 

 Triggered EMG can assist with localization of motor seg-
ments of the L2, L3, and L4 nerve roots, obturator and femo-
ral nerves as they course through the body of the psoas. EMG 
needle electrodes should be placed in the hip adductors and 
quadriceps muscle groups to cover these neural structures. 
During the procedure as described, stimulation with a probe 
is performed by the surgeon to assess proximity of nervous 
structures. Recommended tEMG stimulation threshold set-
tings range from 6 to 8 mA. Responses that are triggered at 
levels of 6 mA or less are considered to be in close proximity 
to a motor nerve structure. Comorbid factors such as spinal 
stenosis, diabetes, advanced age, or neuropathies can 
 contribute to neural compromise and may require higher 
stimulation thresholds to evoke a response.  

    Spontaneous (Free Running) 
Electromyography 

 Spontaneous EMG detects spontaneous muscle membrane 
depolarization due to nerve irritation that registers as “burst” 
or “trains” of neuronal discharges. Neuronal discharges are 
seen as irregularly patterned waveforms on the monitor. This 
nerve irritation can be in the form of mechanical, thermal, or 
metabolic injury to a motor nerve or nerve root. “Burst” 
activity typically corresponds to direct manipulation and 
 irritation of the nerve, “train” activity suggests continued 
irritation of neural structures.  

      Tubular Lateral Approach 
to the Lumbar Spine 
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    Somatosensory Evoked Potentials 

 SSEP is used to monitor all levels of the neuraxis from 
peripheral nerve, dorsal column to cerebral hemispheres. 
Typically upper and lower extremity SSEP are monitored 
together for comparison and to monitor general neural 
integrity which can be compromised in the case of posterior 
cord infarct, decreased blood pressure, or blood volume. 
Monitoring SSEP in all extremities can also detect com-
pression injuries due to positioning. Typical nerves moni-
tored include the median, ulnar, posterior tibial, and 
peroneal sensory nerves. However, nearly any sensory 
nerve can potentially be monitored if further detail is 
needed regarding a nerve or its corresponding nerve roots. 
The saphenous nerve is the terminal sensory branch of the 
femoral nerve; recent reports have suggested the use of 
saphenous nerve SSEP as a means to monitor the femoral 
nerve which is at risk of injury during lateral access surger-
ies. Early reports of saphenous SSEP monitoring are prom-
ising for increased specifi city of detecting femoral nerve 
injuries, outcome studies are currently in progress. In SSEP, 
stimulation of the sensory nerve is performed distally and 
recorded proximally, multiple stimulations are preformed 
and averaged so the waveforms have a defi nable amplitude 
and latency and are reproducible. Subsequent waves are 
compared to the wave forms obtained at baseline. Multiple 
recording sites along the course of the somatosensory path-
way can help localize if the neural injury is at the level of 
the peripheral nerve, spinal cord, or brain. A 50 % drop in 
amplitude and/or 20 % prolongation of the wave over base-
line indicates a signifi cant change. A “signifi cant” change 
in SSEP can be caused by injury along the neural axis, 
anesthesia, temperature, metabolic derangements, hemody-
namic instability, and/or technical error. It is critical to 
identify the source and region of the disturbance and inter-
pret the change within its clinical context.  

    Motor Evoked Potentials 

 MEPs monitor the anterior spinal tracts and the selected 
motor nerves. During lateral access surgeries, it is recom-
mended to monitor the femoral and obturator nerve by plac-
ing needles in the iliopsoas, hip adductors, and quadriceps 
to cover the nerve roots most at risk. MEPs are nonspecifi -
cally stimulated transcranially and recorded distally, the 
responding wave form is generally recorded as an all-or-
none response. Like SSEP, MEP monitors all levels of the 
neuraxis. Unlike SSEP, MEP monitors motor nerves and 
the anterior spinal tracts which have a different blood sup-
ply from the posterior cord. By using both modalities, bet-
ter detection of injury at the spinal cord level is achieved. 
The most common complication of MEPs is tongue 

laceration due to the nonspecifi c transcranial  stimulation 
and contraction of the masseter muscle, a bite block should 
be used to prevent injury. Caution should be used when 
performing MEPs on patients with a history of seizures or 
with indwelling cardiac pacemakers. Contraindications to 
MEP include the presence of deep brain stimulation elec-
trodes, cochlear implants, and recent craniotomy. MEPs 
can be affected by injury along the neural axis, tempera-
ture, metabolic derangements, hemodynamic instability, 
technical error, and/or anesthesia. In particular, plegia of 
the targeted limbs or neuromuscular blockade agents will 
limit MEP responses. 

 During the procedure, we recommend running continuous 
upper and lower extremity SSEPs as well as lower extremity 
free running EMG. Triggered EMG should be used as the 
disc is approached as well as during the sequential dilation to 
detect any motor nerves in the vicinity of the fi eld. Intermittent 
MEPs can be performed to further asses the integrity of the 
motor pathways and anterolateral cord.  

    Seven Steps to Freedom: Patient Positioning 

  SET - UP : AMSCO table—reversed with extension at head, 
with extra layer of table (that allows X-ray cassette under 
table) removed (Fig.  33.1 ). General guideline to positioning 
is to make the patient perpendicular to the fl oor. Keep X-ray 
at 0° and 90° to the fl oor. That way, your tube and your work 
is perpendicular to the fl oor and not veering anterior/posterior 
or cephalad/caudad. Make sure the top of the patient’s iliac 
crest is at the break in the bed.  

  STEP ONE : Place patient in lateral position (Fig.  33.2 ). 
Place axillary roll, pad down leg and between legs, and fl ex 
both hips to relax psoas muscle (both hips fl exed prevents 
pelvis from falling anterior), bend knees to prevent leg fall-
ing. Pad under down leg, especially peroneal nerve at fi bular 
head. Position patient so that  break in table is at top of iliac 
crest  (Fig.  33.3 ).   

 Use hip grips to stabilize patient (Fig.  33.4 ): one posterior 
at chest and one anterior at chest. Position patient 4 in from 
posterior edge of table. This allows subtle adjustment in tilt-
ing bed to correct rotation. If the bed is tilted too much pos-
terior, then the metal bar on the side of the table can block the 
X-ray view. If the bed is tilted too much anterior, then the 
surgeon will be bent over too far to do the surgery.  

 Know your table. You want to position the patient poste-
rior enough on table so you don’t have to lean over, but if you 
need to tilt the bed to correct rotation on AP view, does the 
table have radiodense bars that will obstruct your X-ray? 

  STEP TWO :  Check AP X-ray  for rotation. Correct rotation 
now, before fi nal taping and breaking of bed. Once patient is 
taped to the bed, you can make subtle adjustments by tilting 
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  Fig. 33.1    Picture of the 
AMSCO table where the top of 
the table is rotated 180°. In this 
confi guration, the C-arm will be 
able to rotate freely without 
contacting the base       

  Fig. 33.2    Top view of patient on 
the bed. Have the patient as 
posterior as possible but do not 
have the patient overlying any 
radio-dense bars or side rails of 
the bed; this is often 4 in from 
the edge       

  Fig. 33.3    Posterior view of 
patient on the bed. Ensure that 
the cephalad border of the iliac 
crest is in line with the axis of 
rotation of the hinge of the bed       
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the bed, but you don’t want to tilt the bed too much and 
encounter the problems described above. If operating on 
multiple scoliotic levels, tape the patient to the bed with the 
middle operative disc in neutral on the AP X-ray. Make sub-
tle tilts in the bed to neutralize the other discs when specifi -
cally working on them. 

  STEP THREE :  Tape the patient to the bed . Secure patient 
to the bed with 6-in elastic tape (Tensoplast/Elastoplast) 
(Fig.  33.5 ). Use one complete roll circumferentially around 
the bed and patient for the iliac crest and one for the rib cage. 
Don’t worry if the tape interferes with the surgical site, it can 
be rolled back off the skin.  

 Tape the legs across thigh and across lower leg to hold 
hips and knees fl exed with silk tape. 

  STEP FOUR :  Break the bed  (Fig.  33.6 ). Generally, 
break the bed 50 % of the maximum allowed. Breaking 
the bed too much puts tension on the psoas and lumbar 
plexus, and closes down the contralateral side of the disc. 
Breaking the bed too little doesn’t move the ribs and iliac 
crest apart to open the surgical site. At L4–L5, break the 
bed enough to get the iliac crest out of the way. Generally, 
if the iliac crest crosses the L4–L5 disc, by taping the 
crest to the bed and breaking the bed, access to the disc 
should be possible. If the crest crosses the middle of the 

  Fig. 33.4    The hip grips are 
placed anteriorly and posteriorly 
in the thoracic region to help 
control rotation of the patient. 
The “down” leg as well as the 
“up” leg are fl exed symmetrically 
also to help stabilize rotation       

  Fig. 33.5    Patient is secured with 
elastic tape (Tensoplast) 
circumferentially about the 
thorax and iliac crest. The tape 
can be rolled back to expose 
surgical site if needed       
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L4 vertebral body, then access is still possible but probably 
will be diffi cult. A bump may be placed to help position 
the iliac crest out of the path of the retractor and deliver 
the L4–L5 disc space (Fig.  33.7 ). As well, part of the iliac 
crest may be removed (and used for bone graft) if it is 
blocking access to the L4–L5 disc.   

  STEP FIVE  (Fig.  33.8 ): After breaking the bed  re - secure 
the legs  so that hips and knees fl exed (gravity may cause 
them to drop down).  

  STEP SIX :  Check AP X-ray  for rotation (Fig.  33.9 )—tilt 
bed for subtle corrections.  

  STEP SEVEN :  Check lateral X-ray  (Fig.  33.10 ). (1) 
Adjust trendelenburg in order to make operative disc per-
pendicular to fl oor and parallel to X-ray beam in neutral 
position. (2) Mark line on skin parallel to disc space (place 
several centimeters superior or inferior to disc so that it 
does not interfere with mark for skin incision). Line shows 
angle of disc based on lordosis/kyphosis. When the X-ray 
tech moves imager to AP view, the wig wag should be 
adjusted to make the X-ray beam parallel to this line. This 
provides the best Ferguson view and makes the endplates 
most clear on the AP view. This is the only adjustment the 
X-ray tech makes: everything should be 0–90°, except in 
the AP view make the X-ray beam in line with the angle of 
the disc.   

  Fig. 33.6    Breaking the 
bed opens up the disc 
space on the “up” side. 
This allows for easier 
access for the discectomy. 
The elastic tape will keep 
the iliac crest/pelvis 
secured to the table       

  Fig. 33.7    A small bump may be placed just proximal to the iliac crest 
to aid in delivering the L4–L5 interspace. This also helps to keep the 
iliac crest caudally       
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    Summary 

     1.    Lateral Position—Top of Iliac Crest at Break in Bed   
   2.    Check AP X-ray—Adjust Rotation   
   3.    Tape the Patient—Elastic Tape   
   4.    Break the Bed   

   5.    After Breaking, Re-secure Flexion of Hips   
   6.    Check AP X-ray—Correct Rotation   
   7.    Check Lateral X-ray

    (a)    Adjust Trendelenburg—Make Disc Perpendicular to 
Floor   

   (b)    Mark Line on Skin Parallel to Disc for Wig Wag 
Adjustment for AP X-ray          

  Fig. 33.8    Secure the legs with tape after breaking the bed to maintain a hip and knee fl exed posture. A crisscross pattern is utilized. Do not com-
press over the peroneal nerve at fi bular head       

  Fig. 33.9       AP X-ray. For a true AP X-ray of the index level, have spi-
nous process equidistant from pedicles and have perfect and symmetric 
shaped circles for the pedicles. May need to adjust wig-wag of the 
C-arm to visualize the base of the pedicles       

  Fig. 33.10    Lateral X-ray. Have the index level perpendicular to the 
fl oor. For a true lateral X-ray, the edges of the end plates will be en fosse 
and there will be no obliquity. The pedicles will be superimposed 
appearing as one singular pedicle       
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    Incision 

     1.    Use tip of stylet from intubation to locate point on skin 
that overlies just anterior to middle of disc on lateral 
X-ray (Fig.  33.11 ).  

 Mark point on skin with marker. Draw vertical line on 
skin, superior and inferior to this point (this serves as 
guide to direct surgery directly down to the disc). Draw 
second line for skin incision, obliquely in line with iliac 
crest and ribs, equidistant anterior and posterior from the 
center point (Fig.  33.12 ).  

 Cut skin. Insert cerebellar retractor and lift up. 
 Bovie fat and subcutaneous tissue in line with inci-

sion (Fig.  33.13 ).  
 Always work directly down to the spine, the disc 

should be directly down from your incision if the disc 
position is perpendicular to the fl oor.   

   2.    Open fascia of external oblique muscle in line with mus-
cle fi bers with Metzenbaum scissors (Fig.  33.14 ). Split 
muscle with Metz or fi nger in line with fi bers.  

 Split internal oblique muscle in line with fi bers. Use 
two deep Sofi eld retractors (like army/navy but longer 
with blunt teeth) as you proceed deeper and remove cer-
ebellar (Fig.  33.15 ).  

 The next fascia is either the fascia on top of the 
 transversalis muscle or the transversalis fascia deep to 
the muscle. Assume it is the latter and that the perito-
neum or retroperitoneal space is directly under. For 

multiple levels, clear off this fascia vertically with 
 peanuts (Kittner) in order to be able to repair. Generally, 
we will perform surgery on two discs through each skin 
and  fascial  incision. Lift fascia with pickups and incise 
small hole. If you see transverse muscle fi bers, then 
split the muscle transversely and clear off the fascia 

  Fig. 33.11    Lateral X-ray identifying that the tip of the radio-dense 
marker is just anterior to the midpoint of the disc space       

  Fig. 33.12    Skin markings over the Ioban drape.  Oblique line  is for the skin incision.  Vertical line  is for reference so as to avoid swaying anteriorly 
or posteriorly with insertion of the instruments. The intersection of these two lines is the point that lies just anterior to the midpoint of the disc       

 

 

33 Tubular Lateral Approach to the Lumbar Spine



210

below in order to repair. If you see fat, then you are in 
the retroperitoneal space (Fig.  33.16 ).  

 Clear off under surface of fascia with Metz or peanut 
or blunt fi nger dissection. Make sure no peritoneum 
adhered to undersurface of fascia. Open incision in fas-
cia 3 cm. Open vertically if doing multiple levels.   

   3.    Remove cerebellar in order to insert fi nger thru fascial 
hole and down to spine. 

 Start posterior and work anterior. Sweep peritoneum 
from posterior to anterior, digitally (Fig.  33.17 ). Often 

feel cobweb-like adhesions of retroperitoneal fascia that 
are broken as the peritoneum is swept anterior away 
from the posterior body wall. May cause bleeding due to 
small veins in retroperitoneal fat. If bleeding, obtain 
hemostasis by inserting raytech (4 × 4) into wound and 
apply pressure. May use large sheet of gelfoam as well.    

   4.    With fi nger, feel the quadratus lumborum muscle posteriorly. 
Feel the transverse process projecting up from the spine. 
Anterior to this is the psoas muscle laying on top of the 
spine. Sweep the peritoneum anteriorly away from the 

  Fig. 33.13    Cerebellar retractors 
in place after skin incision. Use 
Bovie cauterization to control 
hemostasis       

  Fig. 33.14    Use Metzenbaum 
scissors to split fascia over the 
oblique muscles       
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psoas muscle. When in doubt, stay posterior and sweep 
everything from posterior to anterior, both in the cephalad 
and caudal portion of the wound. If adhesions of retro-
peritoneal fascia prevent mobilization, insert Sofi eld 
retractors, use raytech to dissect and sweep peritoneum/
fascia anterior. If solid band of fascial adhesion, may 
 dissect with Metz and cut once confi rmed not peritoneum. 
A headlight and surgical loops are recommended.   

   5.    Insert Sofi eld retractors in wound. A thin layer of fas-
cia covers the psoas muscle. Place raytech on top of 
psoas muscle and sweep cephalad, place Sofi eld 

retracting raytrech (Fig.  33.18 ). Place second raytech 
on top of psoas and retract caudal, place Sofi eld to 
retract raytech caudally.  

 Raytechs sweep fascia off psoas muscle and help 
 retract/contain retroperitoneal fat from obstructing view. 
Be sure to use radiodense raytechs and to remove ray-
techs at the end of surgery.   

   6.    At L2–L3 and L3–L4, look for the genitofemoral nerve 
exiting from the psoas muscle. Locate the disc by the 
hill/prominence with your fi nger. The disc to be oper-
ated on should be directly down from the skin incision. 

  Fig. 33.15    Use of Sofi eld 
retractors (deep right angle 
retractors) helps dissection 
through oblique musculature       

  Fig. 33.16    Metzenbaum scissors 
used to enlarge transversalis 
fascia opening. Retroperitoneal 
fat is immediately deep to 
transversalis fascia       
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If the genitofemoral nerve is near the center of the disc to 
be worked, mobilize it anterior (typical) or posterior. Free 
the nerve from the fascia on the psoas with metz or pea-
nuts (so it moves independently), so that when you dilate 
the muscle, the nerve does not get dragged into the tube.   

   7.    Feel the anterior and posterior aspects of the disc. Split 
the psoas muscle with a fi nger, penfi eld 4, or nerve probe 
just anterior to the center of the disc (Fig.  33.19 ). 
Confi rm with lateral X-ray (Fig.  33.20 ).   

 Only open the muscle suffi cient to place 22 mm 
diameter tube. If the spine is too deep in the wound to 
palpate with fi nger, use penfi eld 4 and neuroprobe to 
split psoas. Guide neuroprobe through psoas while 

stimulating for nerve (typical setting 8 mA). Place 
neuroprobe on the annulus of the disc. If negative for 
nerve stimulation, check lateral X-ray for placement. 
Walk neuroprobe anterior to see if it stimulates a nerve, 
then walk it posterior to see how close a nerve may be. 
(Keep the neuroprobe in the same hole in the psoas, 
angle the tip under the psoas to walk along the disc ante-
rior and posterior.) Adjust until probe just anterior to 
middle of disc on lateral X-ray. If neuromonitor nega-
tive, insert into disc. If neuromonitor positive, you may: 
(1) Abort  procedure, and perform TLIF (consent preop) 
or turnover and perform lateral approach from other 
side. Or (2) Insert Sofi elds to visual psoas, come out of 

  Fig. 33.17    Bluntly sweep the 
peritoneum from posterior to 
anterior with fi nger. With digital 
palpation, feel the quadratus 
lumborum, transverse process, 
quadratus lumborum, and psoas       

  Fig. 33.18    Sofi eld retractors in 
wound. Raytech sponge behind 
retractor to keep adipose from 
creeping into surgical fi eld. Psoas 
muscle and overlying fascia 
identifi ed       
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hole in psoas and make new anterior hole in psoas with 
penfi eld 4 and neuroprobe. Bluntly open 3 cm hole in 
psoas fi bers that extends cephalad and caudad, then 
retract the muscle to buffer and protect the nerve. Move 
probe as anterior as possible but still over disc and dock 
tube here (be sure not to sacrifi ce the ALL when work-
ing on disc space). Perform discectomy and fusion 

quickly to decrease time of retraction of nerve and 
 possible compression against fi xed transverse process.   

   8.    Once neuroprobe has been inserted into disc space, 
check lateral X-ray to confi rm position (Fig.  33.21 ). The 
k-wire will be inserted into this hole and the dilators will 
center the retractor tube around this hole.  

 Save this lateral X-ray, this can be used as reference 
guide to know position of tube on lateral X-ray and 
decrease need for multiple lateral X-rays.   

   9.    Check AP X-ray (Fig.  33.22 ). Be sure that angle of 
X-ray beam matches angle of endplates (Ferguson view) 
so that the endplates are well visualized on AP X-ray.  

 This makes it less likely the instruments and implant 
will violate the endplates. Remove inner stylet and place 
k-wire into disc under AP X-ray guidance, do not plunge 
out contralateral annulus. Insert k-wire into disc place, 2/3 
of the way across disc space. Dilate with tubes (Fig.  33.23 ).  

 Choose retractor tube length. If in-between lengths, 
choose the larger size, otherwise fat and subQ will push 
tube up and get in the way. If encountering resistance 
while inserting retractor tube over fi nal dilator, tube 
may be pushing against rib or transversalis fascia. 
Assistant applies downward pressure on dilator tubes 
while surgeon rotates retractor passed resistance (this 
prevents counterpressure forcing dilators and k-wire out 
of disc space). 

 Rotate tube to open perpendicular to disc (Fig.  33.24 ), 
and tilt cephalad or caudad to be parallel to disc on 
AP X-ray. (That way disc space preparation will be 

  Fig. 33.19    Nerve probe or fi rst dilator splitting the psoas muscle       

  Fig. 33.20    Confi rm position of fi rst dilator to be just anterior to middle 
of disc space on lateral X-ray. Proximal end of dilator is stabilized with 
sponge stick clamp. Note the radiodense markers of the raytech sponges       

  Fig. 33.21    The fi rst dilator probe is cannulated and a k-wire can be 
inserted into the disc space. Lateral X-ray showing the distal extent of 
k-wire beyond the shaft of the dilator       
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 perpendicular to disc and less likely to violate endplates.) 
Lock tube into snake arm attachment to table. Use two snake 
arm attachments if possible, this can obviate need for stabi-
lizing pin into disc or vertebral body (Fig.  33.25 ).     

   10.    Check AP X-ray. For inserting stabilizing pin, pick 
cephalad or caudad blade based on the one whose pin 
hole lines up 5–10 mm from endplate. Neuroprobe down 
blade of tube, then insert stabilizing pin under AP X-ray 
guidance. Now, may remove k-wire and dilators. Do not 
remove k-wire until docked into place with stabilizing 
pin (or two snake arms), because k-wire was inserted 
into perfect center position for tube so use that to center 
the tube (Fig.  33.26a ).  

 If tube position is not ideal on lateral X-ray, after neu-
romonitoring, under direct visualization, place k-wire in 
ideal spot within tube. Then recenter tube around k-wire. 
(Use k-wire as reference point, or re-dilate around 
ideally positioned k-wire.)   

   11.    Stimulate down the tube checking for nerves (Fig.  33.27 ). 
Also visualize down tube with suction and penfi eld 4, 
looking for nerves. Stimulate at 8 mA. If positive, then 
visualize structure. May be a false positive. May 
decrease stimulation to 4 mA if you suspect false posi-
tive at 8 mA. Do not cut any structure that stimulates at 
8 mA without visualizing fi rst. Do not cut any structure 
that stimulates at 4 mA period.  

 If there is a motor nerve across the middle of the disc, 
should abort procedure or redo dilation in more anterior 
hole in psoas. If motor or sensory nerve or band of psoas 
muscle is at the anterior or posterior aspect of the tube, 
may mobilize structure with penfi eld 4. May retract 

  Fig. 33.22    AP X-ray confi rming k-wire position within the disc space. 
Note the en fosse view of the endplates of the index disc space       

  Fig. 33.23    AP X-ray with tubular retractors docked on the index disc 
space after tube dilation       

  Fig. 33.24    Lateral X-ray with 4-blade retractor rotated such that ante-
rior and posterior blades open in-line with the disc space. Cephalad and 
caudal blades are positioned just beyond the superior and inferior end-
plates, respectively       
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  Fig. 33.25    Retractor set-up is 
stabilized to table with snake arm 
attachments. Here, two arms are 
utilized on the anterior half of the 
retractor ring       

  Fig. 33.26    ( a ) K-wire in disc 
space is centered within the fi eld 
of view of the ring created by the 
retractor blades. Once retractor 
blades are stabilized, may 
remove k-wire. Notice muscle 
creep under the retractor blades. 
( b ) Clear view of annulus of disc 
after muscular creep has been 
swept and maintained behind the 
retractor blades. K-wire remains 
inserted in disc space       
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 penfi eld 4 into gap in opened retractor tube and then 
close retractor blades on penfi eld 4, thereby locking pen-
fi eld 4 into gap in tube. Typically, after 5–10 min, may 
remove penfi eld 4 and structure will remain displaced. 
Or use independently moving blade to specifi cally 
retract structure and lock into place (Fig.  33.26b ). 

 If retracting nerve, perform discectomy and fusion 
quickly.   

   12.    Check lateral X-ray to ensure tube placement is over 
disc space, slightly anterior to middle, and that the 
tube is perpendicular to disc—not tilted anterior/
posterior, therefore, work is done perpendicular to 
floor (Fig.  33.28 ).  

 Now work can be done under AP X-ray without 
checking lateral view b/c tube is locked into place and as 
long as work is done perpendicular to the fl oor, the sur-
geon is likely to veer anterior or posterior.      

    Discectomy 

     1.    Locate ALL with Penfi eld 4. Do not violate this.   
   2.    Neurostimulate disc. Clear muscle fi bers off disc with 

Penfi eld 4. Bipolar muscle fi bers in top of disc space. If soft 
tissue at posterior edge of tube stimulates positive, clear 
muscle and fat away to directly visualize if nerve. If there 
is a safe window to work anteriorly, leave this cuff of soft 
tissue and work in anterior portion of tube. Do not cut 
nerve, or any tissue that stimulates positive. If there is a 
nerve in middle of the disc space either retract it gently and 
work quickly, and/or use a 14 mm width    implant.   

   3.    Cut disc with knife (Fig.  33.29 ).  
 May use undersized shaver to remove bulk of disc 

(Fig.  33.30 ). But do not violate posterior endplate with 
shaver. Because of lordosis, the shaver large enough to 
remove cartilage anteriorly will unfortunately remove 
bony endplate posteriorly.    

  Fig. 33.27    Stimulating with 
ball-tip neuroprobe checking for 
neural structures. Close attention 
is paid toward the posterior blade 
where the nerve roots will 
predominantly reside       

  Fig. 33.28    Lateral fl uoro X-ray showing position of retractor over the 
index disc. Trajectory is perfectly down the retractor blades—not tilted 
in any direction—and perpendicular to the fl oor       
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   4.    Elevate cartilage off endplate with large cobb. Check AP 
X-ray for depth. Insert until contralateral annulus released 
(Fig.  33.31 ).  

 Always check preop MRI to know location of vessels. 
If vessels close to lateral edge of disc, be cautious with 
sharp instruments releasing contralateral annulus. Rotate 
20–30° anterior and posterior to release contralateral 

annulus. Pituitary out disc material frequently to prevent 
it from getting impacted at bottom of disc space 
(Fig.  33.32 ).  

 When passing large cobb across endplate, do not dig 
into endplate. After tube is stabilized in bone with pin, 
you may loosen the snake arm attached to the tube in 
order to tilt the tube so as to not dig into a particular  

  Fig. 33.29    Annulotomy 
performed with 10 or 11 blade       

  Fig. 33.30    AP fl uoro X-ray showing shaver within disc space and not 
violating the bony endplates. Also note the metallic markings within the 
4 × 4 raytec sponge       

  Fig. 33.31    AP fl uoro X-ray showing the cobb elevator releasing the 
contralateral annulus       
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 endplate (i.e., the far side of the cephalad endplate with 
concavity of endplate). Use ring curette at 30° angle at 
corners of disc space to remove disc (Fig.  33.33 ).  

 Remove cartilage off endplate, do not violate bony 
endplate.      

    Implant 

 Trials—do not overstuff, too big of graft will subside and 
may disrupt the ALL (Figs.  33.34  and  33.35 ).   

 Appropriate size of trial usually distracts the disc space 
while being inserted under AP view (Fig.  33.36 ), and is dif-
fi cult to remove without slap hammer. While inserting trial, 
if free running EMG stimulation occurs, consider smaller 
size. (Especially if stimulation continues while trial in disc 
space.) If the ALL is disrupted, backup procedure with ped-
icle screws. Choose length at edges of vertebral body.  

 Insert graft 3/4 way across disc space, then check contents 
for spilling of bone graft. Reinsert with Penfi eld 4. Insert to 
fi nal depth under AP fl uoro (Fig.  33.37 ). Direct visualization 
of implant shows it to be recessed below residual osteophyte 
and soft tissue in its fi nal position (Fig.  33.38 ).    

    Closure 

 Remove stabilizing pin from bone if used, insert Flowseal 
with angiocath down hole in tube. Apply pressure with ray-
tech down tube.  Be sure to remove 4  ×  4s from wound . 
Un-break bed to make closure easier (Fig.  33.39 ).  

 Close transversalis fascia with #1 vicryl on UR6 suture. 
Beware of superfi cial nerves piercing thru external/internal 
oblique muscles, do not suture. Close subcutaneous skin 
with running 2-0 vicryl (Fig.  33.40 ).  

  Case example of reduction of spondylolisthesis from 
insertion of the lateral interbody graft  (Figs.  33.41  and 
 33.42 ).    

    Notes 

  At L4 – L5 : L3 or L4 nerve root may pass across posterior 
half of L4–L5 disc space and anterior half of L5 vertebral 
body. Be aware that the iliolumbar vein may be anterior and 
caudal to the disc. The iliac crest may force tube cephalad; 
therefore, often place stabilizing pin into cephalad verte-
bral body. Safer to place this pin cephalad to the disc in the 
caudal aspect of L4 rather than L5, in order to avoid the 
lumbar plexus. Always neurostimulate the hole before 
inserting pin. Portion of iliac crest may be removed if 
blocking access to disc. 

  Thoracolumbar : Start caudal and work cephalad. Work up 
to undersurface of diaphragm. Usually above T12–L1, will 
need to go cephalad to diaphragm—transpleural. 

 At L1–L2, often can approach from caudal to diaphragm, 
especially if entering below 11th rib. If entering thru or above 
11th rib, beware of diaphragm attachment at posterior 

  Fig. 33.32    AP fl uoro X-ray showing pituitary rongeur at contralateral 
aspect of disc space removing loose disc material       

  Fig. 33.33    AP fl uoro X-ray showing the angled ring curette against the 
caudal bony endplate       
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  Fig. 33.34    View down the 
retractor blades of the prepared 
disc space       

  Fig. 33.35    View with the trial 
implant inserted in the disc space       

 one- third of 11th rib, this is where you may enter pleura and 
chest cavity. Hold ventilations while entering the 11th rib 
bed. Enter the rib bed caudally and midaxillary. Do not clear 
off the undersurface of the 11th rib posterior, this will detach 
the diaphragm from the posterior abdominal/chest wall, and 
you will enter the chest cavity. (The diaphragm attaches 

from anterior to posterior at ribs 8, 10, and 12. In the midax-
illary line, it attaches at the 10th rib. If you enter between the 
10th and 11th ribs in the midaxillary line, you should be 
below the diaphragmatic attachment. However, if you dissect 
posterior along the 11th rib, you will peel the diaphragm off 
its attachment to the 11th rib just posterior to the midaxillary 
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  Fig. 33.36    AP fl uoro showing trial implant inserted across disc space. 
This trial has markings noting 40, 45, 50, and 55 mm increments       

  Fig. 33.37    AP fl uoro showing fi nal location of implant localized with 
radio-dense tantalum markings       

  Fig. 33.38    View of implant 
recessed below residual 
osteophyte and soft tissue       
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  Fig. 33.39    View of wound 
relaxed from tension as the bed is 
“un-broken.” Notice the wrinkles 
developed in the Ioban drape as 
the bed is “un-broken”       

  Fig. 33.40    View of fi nal wound 
closure, measuring in length 
40 mm       
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  Fig. 33.42    Postoperative fl uoro X-ray demonstrating the reduction 
and restoration of disc height of the L4–L5 segment       

  Fig. 33.41    Preoperative standing lateral X-ray demonstrating an L4–
L5 spondylolisthesis       

line and enter the pleural space.) Enter the rib bed caudally, 
you will see retroperitoneal fat. Work caudally down to the 
spine, then mobilize the retroperitoneal fat and fascia from 
posterior to anterior down on the spine. May use raytech to 
help blunt dissection. Insert Sofi eld retractors to visualize the 
spine, psoas, and crus of diaphragm. If vessels present on top 
of spine do not sacrifi ce, go cephalad or caudad. If chest cav-
ity is entered, at closure, place red robin catheter in opening 

in wound, place to suction with Christmas tree connector, 
remove while closing purse string suture. May also place red 
robin thru separate incision at rib space below incision. Chest 
tube is also good alternative. Even if chest cavity is not 
entered at surgery, if mobilizing diaphragm and doing L1–
L2 discectomy, get upright chest X-ray in recovery to ensure 
no pneumothorax. A thoracic surgeon on stand-by can be 
helpful if L1–L2 or above.    
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               Oblique Lateral Retroperitoneal 
Approach to L2–L5 

     1.    For the oblique lateral retroperitoneal MIS approach to 
L2–L5, the patient is placed in the right lateral decubitus 
position on a radiolucent table. Full    access for O-Arm/
Navigation or fl uoroscopy is needed to ensure required 
imaging may be performed. A bump is placed under the 
patient’s waist to support the spine and a beanbag with 
wide tape on pelvis and chest is mandated to prevent 
movement of patient after positioning. The legs should 
be only slightly fl exed (Figs.  34.1  and  34.2 ).     

   2.    A wide fi eld of sterilization preparation is used in order 
to potentially access the posterior spine and the abdo-
men down to the symphysis    pubis. It is possible to per-
form anterior and posterior instrumentation in the lateral 
position. Access to the abdomen is important in the 
advent of a visceral complication.   

   3.    Using fl uoroscopy, the patient is positioned to maintain 
as true an anterior/posterior and lateral X-ray as possible 
for proper orientation (Fig.  34.2 ).   

   4.    Draw the line on the lateral side of the patient that con-
nects the anterior to the posterior aspects of the disc space. 
This determines the incision site and, at the same time, 
orients the X-ray technician to the angle of the AP view 
and the lordosis of the disc space. The incision is approxi-
mately 3–5 cm from the mid-portion of the anterior/ 
posterior line. The greater the distance, the more oblique 
the access will be. There is a range of several centimeters 

based on the surgeon’s desire to be more or less oblique 
for entry into the disc space (see Fig.  34.3a–c ).    

   5.    Once the anterior/posterior disc space has been identi-
fi ed, the incision site will be 3–5 cm anterior to the disc 
space and away from the ASIS (anterior superior iliac 
spine), and in line with the lordosis of the disc. The 
incision can be made in almost any orientation depend-
ing upon the surgical approach and number of levels to 
be done. The incision length is approximately 2–5 cm 
depending upon the technique preferred by surgeon to 
access the anterior disc (see Fig.  34.4a ).  

 For a two-level procedure, the incision is split cepha-
lad and caudal between the two disc spaces to be treated. 
The blunt fi nger dissection is done at the top of the inci-
sion and in line with each disc. At times, two disc levels 
can be reached through one blunt dissection. For wider 
spaced discs, two separate blunt dissections are needed 
(see Fig.  34.4b ).   

   6.    After the incision the external fascia of the external 
oblique muscle is opened (Fig.  34.5a ). Using blunt fi nger 
dissection, the muscle fi bers are split in the direction of 
the fi bers until resistance is encountered from the almost 
perpendicular muscle fi bers of the internal oblique mus-
cle (see Fig  34.5b ). The internal oblique muscle is fi nger 
dissected along the direction of its fi bers until resistance 
is encountered from the smooth transversalis fascia layer 
beneath (see Fig.  34.5c ). The direction of force from the 
fi nger is directed obliquely and posteriorly towards the 
Iliac crest and posterior spine. This prevents inadvertent 
entry into the peritoneal cavity. The goal is to feel a gen-
tle “give way” of the transversalis fascia upon penetration 
from its smooth gliding surface plane as the release into 
the  retroperitoneal space occurs with the tip of the fi nger. 
A decreased resistance should be immediately experi-
enced as the fi nger slips into the retroperitoneal space. 

      Oblique Lateral Approach 
to the Lumbar Spine (L2–L5) 

           Richard     A.     Hynes     
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  Fig. 34.1    Appropriate positioning for the patient       

  Fig. 34.2    The AP view should 
have parallel endplates and the 
spinous process should be 
centered between the pedicles. In 
the lateral view, the endplates 
should be parallel and the 
transverse processes should 
overlap       
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  Fig. 34.3    ( a ,  b ) A view of the laterally marked skin incision and corresponding fl uoroscopic view. ( c ) An axial cadaveric cut showing the oblique 
window for access to the disc space       

Single Level Incision

Multi-Level Incision

  Fig. 34.4    The incision site will 
be 3–5 cm anterior to the disc 
space and away from the ASIS. 
For a two-level procedure, the 
incision is split cephalad and 
caudal between the two disc 
spaces to be treated       
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A feeling of lumpy, slippery tissue confi rms entry into 
the retroperitoneal fat plane (see Fig.  34.6a, b ).     

   7.    The fi nger is directed more posteriorly to avoid inadvertent 
entry into the abdominal cavity. Once the fi nger is along 
the posterior pelvis and in the retroperitoneal space, a 
cephalad and caudal sweeping movement of the fi nger 
develops a wide plane in the retroperitoneal space (see 
Fig.  34.7a ).  

 It is important to develop this space centimeters ceph-
alad and caudal to the target disc space. The more devel-
oped the plane, the less likely perforation into the 
abdominal cavity and more protection for the ureter 
which lies attached by a small adventitial layer to the 
posterior wall of the peritoneum [ 1 ]. As sweeping ceph-
alad and caudal progresses there is a gentle mobilization 
of the abdominal contents medially/anteriorly. The fi n-
ger sweeps the peritoneum off of the psoas muscle. It has 

a very soft and pliable feeling. Sweeping along the psoas 
muscle moving anteriorly down onto the anterior verte-
bral body, the intervertebral disc must be palpated, leav-
ing no tissue that is not developed behind. In this way 
the surgeon can be confi dent all retroperitoneal struc-
tures have been gently mobilized anteriorly giving a 
clear passage to the anterior disc access corridor anterior 
to the psoas muscle and posterior to the aorta for a left 
sided approach and the vena cava for a right sided 
approach (see Fig.  34.7b ). 

 From the patient’s left side, there is a clear “corridor” 
from L2 to L5 between the psoas and the aorta that aver-
ages approximately 23 mm [ 2 ] (see Fig.  34.7c ). This cre-
ates a safe zone for placement of the neuromonitoring 
probe into the disc space. On the right side, the vena 
cava approximates the anterior psoas muscle therefore a 
“direct look” method should always be done on the right 
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  Fig. 34.5    ( a – b ) Views of the external oblique and the internal oblique muscles during dissection. ( c ) The direction of force from the fi nger is 
directed obliquely and posteriorly towards the iliac crest and posterior spine       
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in order to avoid inadvertent perforation of the vena 
cava. The “direct look” approach utilizes the previous 
steps. However, prior to any disc penetration, the sur-
geon should use lighted retractors to determine there is a 
safe placement of the guide wire and neuromonitoring 
probe into the anterior disc space. The neuromonitoring 
probe should be posterior to the fi nger to protect vascu-
lar structures and peritoneum from perforation (see 
Fig.  34.7d ).   

   8.    The sequential dilators are placed and followed by the 
retractor blades. The retractor is pinned in close approxi-
mation of the vertebral body endplate to avoid the seg-
mental vessels which are located in the midbody of the 
vertebral body. Specifi cally at L4/L5 the caudal pin is 
not used due to concern for the possible proximity of the 
ascending lumbar veins and/or the iliolumbar vein. The 
iliolumbar vein is the segmental vein of the L5 vertebral 
body (see Fig.  34.8a, b ).  

 In this manner, neither the iliolumbar vein nor the 
ascending lumbar veins should be encountered on the 
anterior L4/L5 disc space entry point. However, if entry 
into the disc occurs more posteriorly, the greater the 
risk of encountering this vein and the femoral and obtu-
rator nerve may occur. The ascending lumbar veins exit 
the common iliac vein just below the bifurcation and 
traverse laterally along the L5 vertebral body. The ilio-
lumbar vein directs laterally approximately 3–4 cm 

below the bifurcation off of the common iliac vein. It 
moves medial to lateral along the L5 vertebral body 
and then courses rostral and posteriorly between the 
obturator nerve and lumbar trucks [ 3 ].   

   9.    The retractor blades are oriented anterior to posterior 
along the axis of the lordosis of the disc. Once the blades 
are placed over the dilators, they are removed. The 
blades are opened in line with the lordosis of the disc. 
This is an important step to adhere to, for it allows for a 
working angle in and out of the retractor system facili-
tating the disc removal, templating, and fi nal placement 
of the interbody graft (see Fig.  34.9 ).    

   10.    An annulotomy is performed with X-ray confi rmation of 
the starting point that is anterior on the disc space. The 
annulotomy must be squarely cut from the edge of the 
disc and endplates in order to avoid a “fl apper valve” 
phenomenon wherein the edges of non-removed annulus 
catch and tighten as the distractors and fi nal implant 
move in and out of the disc space (see Fig.  34.10a, b ).    

   11.    A discectomy is performed in the usual fashion with 
the awareness that the surgeon is working obliquely at 
times and at times orthogonally within the disc space. 
When working obliquely it may be possible to perfo-
rate the posterior annulus into the epidural space or 
neuroforamina. However, because the fl uoroscope does 
not need to be moved in and out, while the surgeon is 
working, quick checks can be done to determine where 

  Fig. 34.6    A decreased resistance 
should be immediately experienced 
as the fi nger slips into the 
retroperitoneal space       
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  Fig. 34.7    ( a ) An illustration of the posteriorly directed dissection 
needed for accessing the disc space. ( b ) The exposure to the disc after 
pulling the retroperitoneal space forward. This allows for a direct look 

into the target space. ( c ) A cadaveric demonstration of the “corridor” 
between the psoas and the major vessels. ( d ) An illustration of the 
proper placement of the neuromonitoring probe       
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  Fig. 34.8    ( a ,  b ) Images of the dilation and fi nal retractor placement       

  Fig. 34.9    An image indicating 
the retractor is placed in 
alignment to the disc space to 
allow for adequate disc prep and 
implantation       
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the tools are and the proximate epidural space is. 
Anatomically the posterior disc space has a lens shape 
and blunt instruments are well resisted, however sharp 
instruments with excessive force could exit the disc 
space. This is also true for lateral and anterior 
approaches (see Fig.  34.11a–c ).    

   12.    After the disc preparation is complete, a contralateral 
annular release is done with the blunt tipped shaver or 
cobb elevator by gently malleting or hand tapping it 
through the annulus. The annulus can be released from 
several positions from a posterior to anterior aspect; 
however, caution is needed to not release too anteriorly 
as the vena cava lies on the anterolateral disc space on 
the right side (see Fig.  34.12 ).    

   13.    Sequential trials are used to distract the disc space and 
apply appropriate tension in the disc space allowing for 
indirect decompression (see Fig.  34.13a–d ).    

   14.    Once the interbody size is chosen after trialing, the 
implant is visualized by fl uoroscopy and oriented before 
malleting into the disc space. At fi rst the angle is oblique 
with light tapping of the mallet under fl uoroscopy. 

 As the implant begins to enter the disc space 
obliquely, the inserter is rotated orthogonally while 
 progressing into the disc space allowing an orthogonally 
placed implant rather than an obliquely placed implant if 
the surgeon wishes. The fi nal impaction is done with an 
AP view in order to center the implant within the disc 
space (see Fig.  34.14 ).     

  Fig. 34.10    ( a ,  b ) An illustration of the annulotomy being performed with corresponding lateral fl uoroscopic image       
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  Fig. 34.11    ( a – b ) Discectomy and endplate preparation       

  Fig. 34.12    An axial illustration 
demonstrating the location of 
contralateral vessels and the 
“safe zone” available for 
performing a contralateral 
annulus release       
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   15.    The retractors are then removed with direct visualiza-
tion of the pin removal to observe for bleeding and 
then the wound closed with running vicryl reapproxi-
mate snuggly fi rst the internal oblique, then external 

oblique layers with fascia. Postoperative hernia can be 
avoided by careful closure of the muscle and fascia 
layers (see Fig.  34.15a–d ).         

  Fig. 34.13    ( a – d ) Views of sequential trialing       
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  Fig. 34.14    Implantation of the interbody implant. ( a ) Initially, the graft is introduced obliquely into the disc space. ( b ) As it is inserted, it is rotated 
orthogonally to a direct lateral placement. ( c ,  d ) Final position of the graft       
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         The oblique L5–S1 (O51) approach requires complete 
knowledge of the retroperitoneal anatomy especially as it 
relates to the vascular structures. An access surgeon in general 
or vascular surgery, with past experience with transabdomi-
nal and retroperitoneal L5–S1 ALIF procedures, can be very 
helpful and is recommended especially during the learning 
curve. However, many spinal surgeons are qualifi ed and 
comfortable with the anterior retroperitoneal approach to 
L51 ALIF procedure without an access surgeon. 

 The O51 procedure is essentially a laterally positioned 
traditional ALIF retroperitoneal approach. It requires much 
less dissection of the retroperitoneal space and can be done 
with a smaller incision using semi-constrained retractors. 
However, it is recommended to use the standard ALIF retrac-
tor system and incision size for the fi rst several exposures. In 
this way the spine surgeon and access surgeon will rapidly 
realize the familiarity of the O51 approach to the ALIF expo-
sure. Orientation to the lateral disc position may be disorien-
tating in the fi rst 10–20 exposures, but quickly becomes 
routine as wide exposure of the disc occurs, no differently 
than what is visualized with ALIF. The much smaller expo-
sure in O51 is facilitated by unique lit retractors and ana-
tomic benefi ts of the laterally positioned patient which 
allows the entire abdominal contents to fall away from the 
spine, requiring signifi cantly less abdominal retraction forces 
than a supine midline exposure.
    1.    First draw the anterior to posterior marking to identify 

the slope and lordosis of the L5S1 disc space. Then 
continue drawing the line in the same trajectory as the 
slope onto the abdomen. The amount of slope gives 
the surgeon some insight into the most caudal aspect 
of the incision needed to enter the lordosis of the disc. 
The second line is drawn from the center of the disc, 
which is already marked on the patient. This line projects 

perpendicular to the fl oor as it is drawn onto the abdomen. 
This line represents the actual level of the disc in the 
abdomen (see Fig.  35.1 ).  

 See Fig.  35.1 —This image illustrates skin marking 
that needs to be performed prior to incision to ensure 
adequate exposure to the L5–S1 disc space.   

   2.    Approximately 1–2 fi nger breaths (depending upon size 
of the patient) from the ASIS and pelvis, between the 
two lines, the incision is made from postero-rostral to 
antero-caudal medial as depicted in the fi gure drawing. 
There is great fl exibility in this incision as it can be 
extensile to higher levels of the spine and distally to the 
symphysis    pubis as needed (see Fig.  35.2a, b ).  

 See Fig.  35.2a, b —An illustration of the recom-
mended skin incision.   

   3.    Depending upon the variability in each patient, the sur-
geon will either encounter the external oblique muscle 
or the aponeurosis and fascia. This is opened to expose 
the muscle. Using a blunt fi nger, just as described in 
O25, retroperitoneal dissection and exposure is done. 
Using a two-fi nger technique facilitates a wider expo-
sure for the retractors. The ureter is more likely to be 
visualized in this exposure and dissection therefore a 
wide rostral to caudal development of the retroperito-
neal plane is worthwhile and protective of the ureter, 
thereby maintaining its attachment to the posterior peri-
toneum while mobilizing anteriorly (see Fig.  35.3 ).  

 See Fig.  35.3 —Blunt fi nger dissection into the retro-
peritoneal space.   

   4.    As the two-fi nger dissection progresses down the pelvis 
and across the psoas, it is noted that the psoas is many 
times lifting off the spine to leave the pelvis. The dissec-
tion continues anteriorly from the pelvis while searching 
for the very palpable common iliac artery pulse. The 
common iliac vein is medial to the artery. Continue the 
gentle fi nger dissection past the pulsating common iliac 
artery with appreciation that the vein is encountered just 
medial to the artery on the sacral promontory and L5/S1 
disc space (see Fig.  35.4a, b ).  
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  Fig. 35.1    This image illustrates 
skin marking that needs to be 
performed prior to incision to 
ensure adequate exposure to the 
L5–S1 disc space       

  Fig. 35.2    ( a ,  b ) An illustration 
of the recommended skin 
incision       

  Fig. 35.3    Blunt fi nger dissection into the retroperitoneal space       

 

 

 

R.A. Hynes



237

 See Fig.  35.4a —Two-finger dissection into the 
retroperitoneal disc space. 

 Figure  35.4b —The common iliac artery after exposure.   
   5.    The lighted retractors are then placed sequentially down 

onto the anterior spine and the adventitial layers that are on 
the anterior disc and sacrum are encountered (see Fig.  35.5 ).  

 See Fig.  35.5 —The exposed anterior spine of the L5–
S1 disc space.   

   6.    This layer may have elements of the superior hypogas-
tric plexus and sympathetic chain within. This thin 
adventitial layer adheres and tethers the common iliac 
vein to the annulus and must be mobilized before poste-
rior retraction of the vein is done. It is generally accepted 
that gentle blunt dissection and avoidance of bovie usage 
of this layer with kitners may mitigate against injury to 
the superior hypogastric plexus and venous structures.   

  Fig. 35.4    ( a ) Two-fi nger 
dissection into the retroperitoneal 
disc space. ( b ) The common iliac 
artery after exposure       

  Fig. 35.5    The exposed anterior spine of the L5–S1 disc space       
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   7.    Because the O51 approach accesses the L5/S1 disc in 
the classic supine ALIF interval below the bifurcation, 
the iliolumbar vein does not need to be identifi ed nor 
ligated since posterior retraction of the left common 
iliac vein and artery laterally does not cause stretch and 
potential avulsion. Anterior retraction at L4/L5 in ALIF, 
when the major vessels are mobilized to access the disc 
space directly anteriorly, may cause injury to the ilio-
lumbar vein and it must be identifi ed before retraction. 
In the O51 approach, the disc space is accessed in a 
similar fashion as traditional ALIF and at L45, because 
the graft is inserted obliquely, no mobilization of the 
vessels is required.   

   8.    The lateral or posterior blade is place with its D’Errico 
edge, under the iliac vein after the adventitial layer has 
been released. This is the most important step in ALIF or 
O51, to secure safe protection and lateralization of the 
left common iliac vein and artery. Without release of the 
adventitial layer, the anterior nose of the iliac vein can 
be fl attened under the retractor blade rather than mobi-
lized posteriorly (see Fig.  35.6 ).  

 See Fig.  35.6 —Placement of the lateral retractor 
under the iliac vein.   

   9.    This blade has an elevation that permits direct visualiza-
tion of the smooth pin placement in a full 360° fi eld. In 
this way the surgeon may choose one pin in either the L5 
body or the sacrum under direct view to ensure that no 
vessel edge is caught in the pin. Further, the pin is blunt 
nosed to push away vascular structures and the threads 
are smooth to prevent wrapping up soft tissue. The screw 
is malleted or screwed in and secures on one side of the 
blade (see Fig.  35.7 ).  

 See Fig.  35.7 —A view of the L5–S1 disc space after 
the lateral blade is positioned and pinned into the L5 
vertebral body.   

   10.    The    placement of the retractors is done sequentially by fi rst 
placing the dependent Hohman-type blunt tip blade. It 
wraps around the right side of the disc space and easily 
protects the right sided vessels which are already eccentri-
cally located more posterior than the left side (see Fig.  35.8 ).  

 See Fig.  35.8 —A view of the laterally placed blade 
and the disc space.   

   11.    The third and fi nal blade is placed on L5 to protect the 
bifurcation. A fourth blade can be placed caudally; how-
ever, it is usually not needed and may interfere with 
range of movement of the surgical tools (see Fig.  35.9 ).  

 See Fig.  35.9 —The cephalad in position.   

  Fig. 35.6    Placement of the lateral retractor under the iliac vein       

  Fig. 35.7    A view of the L5–S1 disc space after the lateral blade is 
positioned and pinned into the L5 vertebral body       

  Fig. 35.8    A view of the laterally placed blade and the disc space       
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  Fig. 35.9    The cephalad in position       
  Fig. 35.10    The  bovie  mark indicates midline to assist in orientation for 
disc preparation       

   12.    A semi-constrained retractor facilitates minimal tissue 
pressures on the surrounding abdominal structures. By 
its inherent fl exibility, the blades rotate on the fi xed pin 
allowing greater degrees of freedom of movement and 
angles for the surgeon which permits a more MIS expo-
sure while the equivalent of a traditional ALIF interbody 
and plate can be placed.   

   13.    Once the retractors are placed, although the entire disc is 
well seen, it is helpful to mark the midline of the disc 
space with an AP fl uoroscopic view. This will assist in 
orientation while performing the discectomy and ulti-
mate placement of the interbody graft and plate fi xation 
(see Fig.  35.10 ).  

 See Fig.  35.10 —The bovie mark indicates midline to 
assist in orientation for disc preparation.   

   14.    An annulotomy is performed with X-ray confi rmation of 
the starting point that is central on the disc space. The 
annulotomy must be squarely cut from the edge of the disc 
and vertebral bodies in order to avoid a “fl apper valve” 
phenomenon wherein the edges of nonremoved annulus 
catch and tighten as the distractors and fi nal implant move 
in and out of the disc space (see Fig.  35.11a, b ).  

  Fig. 35.11    ( a ,  b ) A well performed annulotomy removes the annulus at both end plates to limit the “fl apper valve” effect when trialing and 
implanting       
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 See Fig.  35.11a, b —A well performed annulotomy 
removes the annulus at both end plates to limit the “fl ap-
per valve” effect when trialing and implanting.   

   15.    A discectomy is performed in the usual fashion with 
the awareness that the surgeon is working obliquely at 
times and at times posteriorly within the disc space. 
When working obliquely it may be possible to perfo-
rate the posterior annulus into the epidural space or 
neuroforamina. However, because the fl uoroscope 
does not need to be moved in and out, while the surgeon 
is working, quick checks can be done to determine 
where the tools are and the proximate epidural space is 
(see Fig.  35.12 ).  

 See Fig.  35.12 —A view of the completed 
discectomy.   

   16.    Sequential trials are used to distract the disc space and 
apply appropriate tension in the disc space allowing for 
indirect decompression (see Fig.  35.13a, b ).  

 See Fig.  35.13a, b —The use of distracting trials to 
determine implant height.   

   17.    Once the interbody size is chosen after trialing, the 
implant is visualized by fl uoroscopy and oriented before 
malleting into the disc space (see Fig.  35.14 ).  

 See Fig.  35.14 —The fi nal placement of the interbody 
implant.   

   18.    Once the graft is placed the retractor blades are 
removed by directly viewing the removal of the pins 
and placing fl oseal or gel foam into the pin site as 
needed. The closure is done in layers with a running 

nonabsorbable suture and cosmetic closure for the skin 
(see Fig.  35.15a–d ).  

 See Fig.  35.15a–d —Four views of the layers closed 
after removal of the retractor blades.        

  Fig. 35.12    A view of the completed discectomy       

  Fig. 35.13    ( a ,  b ) The use of distracting trials to determine implant height       
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  Fig. 35.14    The fi nal placement 
of the interbody implant       

  Fig. 35.15    ( a – d ) Four views of the layers closed after removal of the retractor blades       
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        The preaortic sympathetic plexus is a continuation of the 
thoracolumbar sympathetic chain extending down anterior to 
the aorta and vertebral bodies in the retroperitoneal space 
(Fig.  36.1 ). The inferior hypogastric plexus is at approxi-
mately the L3–L4 level and the superior hypogastric plexus at 
L4–S1. There is considerable variation in the structure of the 
superior hypogastric plexus [ 1 ]. As the superior hypogastric 
plexus fi bers arch over the L5–S1 disc in the bifurcation of 
the aorta, the predominance of fi bers are usually closer to 
the left iliac artery. These fi bers may have the form of 
multiple strands or one predominant large simple nerve 
trunk. The superior hypogastric plexus contains the sympa-
thetic function for the urogenital system.  

 Parasympathetic function for the urogenital system is 
supplied by the S1–L4 nerve roots that contribute to the 
pelvic splenic nerves. Somatic function from S1, S2, S3, and 
S4 is carried predominantly by the pudendal nerve. 

 Ejaculation is predominantly a sympathetic function, 
whereas erection is predominantly a parasympathetic func-
tion through control of the vasculature of the penis. Disruption 
to the sympathetic plexus results in retrograde ejaculation and 
sterility. Although the sympathetic fi bers also have some 
effect on the motility of the vas deferens, important in trans-
portation of the spermatoza from the epididymis to the semi-
nal vesicle [ 2 ], the main effect of damage to the superior 
hypogastric plexus is improper closing of the bladder neck, 
with resultant retrograde ejaculation [ 2 ]. 

 The pathophysiology of retrograde ejaculation is known. 
The muscle components of the bladder neck–urethral junction 
are a continuation of the bladder muscle. Emission of seminal 
fl uid from prostatic and ejaculatory ducts into the posterior 
urethra excites afferently the sacral and lumbar cords, which 
send efferent motor impulses over autonomic and somatic 
pathways. Although parasympathetic nerves actively relax the 
external sphincter and somatic nerves cause the genital and 

perineal muscles to start involuntary rhythmic contractions, 
the lack of sympathetic stimulation fails to maintain the 
 involuntary closure of the bladder muscle of the visceral neck. 
The pressure differential forces the fl uid into the bladder. 
The prognosis for recovery from retrograde ejaculation is 
good [ 3 ], and bladder aspiration techniques have been used to 
obtain sperm in refractory cases. Incidence of true sterility 
without retrograde ejaculation is not known. Impotence or 
failure of erection should not be produced by damage to 
the superior hypogastric plexus. Methods to avoid damaging 
the hypogastric plexus are the following [ 4 ]:
    1.    For the transperitoneal midline approach, very carefully 

open the posterior peritoneum, and bluntly dissect the 
prevertebral tissue from right to left [ 5 ].   

   2.    Opening the posterior peritoneum higher over the bifur-
cation, then extending the opening down over the sacral 
promontory, may allow one to visualize and retract these 
tissues more easily [ 2  –  5 ].   

   3.    Use blunt dissection, retraction, and spreading to remove 
the prevertebral tissue from the L5–S1 disc.   

   4.    With spreading and blunt dissection, attempt to retract the 
middle sacral artery and vein without electrocautery. 
When this vessel is of considerable size, use vascular 
clips or tie ligation.   

   5.    Make no transverse scalpel cuts on the front of the L5–S1 
disc until the annulus of the disc is clearly exposed.   

   6.    Avoid use of electrocautery within the aortic bifurcation.    
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  Fig. 36.1    The superior 
hypogastric plexus within the 
bifurcation of the aorta. Methods 
to avoid damaging the 
hypogastric plexus: (1) Use blunt 
dissection, retraction, and 
spreading to remove the 
prevertebral tissue from the 
sacral promitory. (2) For the 
transperitoneal midline approach, 
very carefully open the posterior 
peritoneum and bluntly dissect 
the prevertebral tissue from right 
to left. (3) With spreading and 
blunt dissection, attempt to 
retract the middle sacral vein and 
artery without electrocautery. 
Avoid electrocautery on the 
anterior surface of L5–S1. When 
this vessel is of considerable size, 
use vascular clips or ligation. (4) 
Opening the posterior peritoneum 
higher over the bifurcation and 
extending the opening down over 
the sacral promitory may allow 
better visualization and retraction 
of these tissues       
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        Sacral tumors may present a diffi cult problem to the surgeon 
who desires to obtain a clear margin of excision. Frequently, 
tumors in this anatomical location are of a low grade biologi-
cally, such as chordomas or chondrosarcomas, and therefore 
unlikely to result in metastatic disease even though they 
are locally aggressive. Curative ablation of sacral tumors may 
be considered diffi cult because of the relationship between 
the anatomical location of the sacrum and the plexus of the 
lumbosacral nerves and vessels on the one hand and intrapel-
vic organs on the other. It is also diffi cult to reconstruct the 
continuity between pelvis and spine. However, en bloc sacrec-
tomy may well be oncologically indicated, even for sacral 
tumors, to reduce the incidence of local tumor recurrence 
leading to fatal disease. In this chapter, we introduce the sur-
gical classifi cation of sacral tumors and the method of total or 
partial (segmental) en bloc sacrectomy with a T-saw [ 1  ,   2 ]. 

    Surgical Staging of Sacral Tumors 

 Although extensive wide excision is generally desirable for 
malignant sacral tumors, inadequate tumor excision is some-
times performed to prevent bladder–bowel dysfunction and 
loss of spinopelvic stability after sacrectomy. Because insuf-
fi cient tumor ablation may cause local tumor recurrence, jeop-
ardizing the patient's life, complete excision of sacral tumors 
should be performed even though stability and the lumbosa-
cral nerves are sacrifi ced. 

 The surgical staging system for musculoskeletal tumors was 
developed by Ennekinq [ 3 ] Stage 3 benign aggressive tumors, 
such as giant cell tumors of bone, can be treated by intracapsu-
lar excision or marginal excision. Low-grade malignant tumors, 
such as chordomas and chondrosarcomas, should ideally be 
treated with wide excision; however, at the very least, marginal 
excision should be performed, because an intralesional exci-

sion of those tumors will surely result in local recurrence lead-
ing to treatment failure or fatal  disease [ 4 ]. High-grade tumors, 
such as osteosarcomas, malignant fi brous histiocytomas, and 
Ewing’s sarcomas, should be excised with a more radical mar-
gin beyond the reactive zone, if feasible, and treatment should 
include chemotherapy and/or radiotherapy.  

    Dysfunction After Sacrectomy 

 Depending on the level of sacral resection, various degrees 
of neurologic dysfunction and loss of stability of the sacro-
iliac joint will occur after the excision of sacral tumors 
(Fig.  37.1 ). 
    1.     Neurologic Defi cits     

  Sacral amputation between S2 and S3 causes sexual 
 dysfunction because the sacral nerves below S3 are sacri-
fi ced, and sacral amputation between S1 and S2 causes 
bladder–bowel dysfunction because the sacral nerves 
below S2 are sacrifi ced. Total sacrectomy with the dissec-
tion between L5 and S1 leads to total loss of sacral nerve 
function, although ambulation can be preserved when the 
lumbar nerves are preserved above L5. Division of the 
sacrum just below the lower border of the S3 vertebra 
does not result in disturbance of the sphincteric function, 
but bilateral sacrifi ce of the S2, S3, and S4 nerve roots 
leads to urinary and fecal incontinence, and impotence for 
males. Patients about to undergo high sacral amputation 
should be apprised of this risk. Preservation of only one 
S2 root leads to a weakened but present sphincter control 
[ 5  ,   6 ] whereas unilateral preservation of the S2 and S3 
roots apparently has no such effect [ 7  ,   8 ]. However, it is 
possible for patients to control urination by self-catheter-
ization or by increasing abdominal pressure and evacua-
tion by using an enema. The exact nature of these defi cits 
remains controversial, however, because some authors 
contend that unilateral preservation of the S2 root can 
maintain complete anorectal continence [ 9 ] whereas oth-
ers hold that when both S2 roots are preserved sphincter 
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problems are mild and reversible [ 10 ]. Finally, it appears 
that early rehabilitative treatment for 1 year after surgery 
may restore normal bladder function [ 11 ].

    2.     Stability Loss     
  Reconstruction should be performed depending on the 

degree of stability loss between pelvis and spine. 
Preservation of the sacroiliac joint has a great impact on the 
stability between spine and pelvis. In a study using cadavers 
by Gunterberg et al., the weakening of the posterior arch of 
the pelvis after sacral resection below S1 was found to be 
approximately 30 % and after resection through S1 approxi-
mately 50 % [ 12 ]. Native stability of the posterior arch of 
the pelvis is preserved, however, when sacrectomy is per-
formed below S2. In our experience, augmentation with 
bone grafts and sacral rods is advisable after sacrectomy 
through S1 to prevent fracture of the sacral body by shearing 
force. After total en bloc sacrectomy, the stability between 
spine and pelvis should be reconstructed in combination 
with spinal instrumentation and bone grafts.  

    Surgical Classifi cation of Sacral Tumors 
(Fig.  37.2 ) 

    We classifi ed surgical procedures for sacral tumors into four 
types on the basis of the extension of tumors and the level of 
sacral resection (sacrectomy).
    1.    Type I, low sacral amputation: tumor is excised by sacrec-

tomy below S2.   
   2.    Type II, high sacral amputation: tumor is excised by 

sacrectomy through S1 or S1–S2.   

   3.    Type III, total sacrectomy: tumor involving S1 is excised 
by sacrectomy through L5–S1.   

   4.    Type IV, extended sacrectomy: tumor extending beyond 
the sacroiliac joint or toward the lumbar spine is excised 
by total sacrectomy combined with excision of the ilium, 
vertebra, or intrapelvic organs.      

    Surgical Techniques 

 There are two major approaches for en bloc sacrectomy: the 
posterior approach and the combined anteroposterior 
approach. The posterior approach is indicated for types I and 
II and the anteroposterior approach for types III and IV.
    1.     Type I: Low Sacral Amputation      

 A Mercedes star incision (reversed Y) or a midline lon-
gitudinal skin incision is made on the lower back of the 
patient in a prone position (Fig.  37.3 ). The levator ani mus-
cle and anococcygeal ligament are cut in the area around 
the coccyx and around the sacrum. The insertion of the 
bilateral gluteus maximus muscles is cut up to the edge of 
the sacroiliac joint. Below this, the piriformis muscle, 
sacrotuberous ligament, and sacrospinous ligament are cut 
by means of electric cauterization. The peritoneum with 
presacral membranous tissue is then exposed and manually 
separated from the presacral surface. The sacrum below the 
sacroiliac joints becomes free after the completion of these 
procedures. Laminectomy at S1, S2 is performed, and the 
dura mater or cauda equina is ligated and severed. A T-saw 
is guided from the S2 neural foramen to the greater sciatic 
notch, and each of the lateral wings of the sacrum is oste-

STABILITY
LOSS

LEVEL OF
AMPUTATION

L5/S1 ankle flexion

bladder and
anorectal function

sexual function

S1 middle

S1/2

S2/3

NEUROLOGICAL
DEFICITS

100%

50%

30%

0%

  Fig. 37.1    Level of sacrectomy and dysfunction       
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otomized bilaterally. Next, the T-saw is guided in front of 
the S2 vertebral body through the already osteotomized 
lines, and the S2 vertebral body is osteotomized from ven-
tral to dorsal. For a lesion below S2, a simple transverse 
osteotomy with the T-saw can be conducted. In these types 
of cases, reconstruction is not necessary because the sacro-
iliac joints are not excised. However, sexual function or, 

rarely, bladder function is disturbed to some extent when 
the sacral nerves below S3 are sacrifi ced. 

    2.     Type II: High Sacral Amputation (Fig.    37.4   )      
  Wide exposure of the posterior aspect is achieved by 

the posterior approach with a Mercedes star incision or a 
longitudinal incision. The T-saw is guided from the S1 
neural foramen to the greater sciatic notch by using the 
T-saw guide (Fig.  37.5 ), after which the lateral part and 
iliac wing are osteotomized by a sawing motion of the 
T-saw (Fig.  37.6 ). Careful attention should be paid to the 
superior gluteal vessels, which can be ligated if neces-
sary. After manual dissection of the anterior aspect of the 
sacrum from the presacral membrane and the perito-
neum, the disc between S1 and S2 is cut with the T-saw, 
which has been placed at the presacral surface, through 
the S1 foramina, with the aid of the T-saw guide. After 
these procedures, the sacrum is amputated at the level of 
S1–S2. As we have experienced stress fracture of the S1 
vertebral body following sacral amputation below S1, we 
usually perform dual fi bulae grafts with sacral rod rein-
forcement between the posterior iliac wings (Fig.  37.7 ).   

    3.     Type III: Total Sacrectomy  [ 8 ]  (Fig.    37.8   )      
  Total sacrectomy is a most diffi cult and challenging 

operation, as it demands advanced and integrated skills in 
the techniques of tumor surgery, pelvic surgery, and spi-
nal surgery. Total sacrectomy consists of three steps: (1) 
the anterior procedure; (2) the posterior procedure, to 
remove the sacrum en bloc; and (3) the reconstruction of 
the pelvic ring and spinal continuity. 
 We usually reach the tumor extraperitoneally with 

bilateral, para-abdominal incisions beside the rectus abdom-
inis muscles, for which a longitudinal midline skin incision 
or an arched transverse incision can be used (Fig  37.9 ). 

TYPE IV

TYPE II

TYPE I

TYPE III

L5-S1

S1-S2

S2-S3

extended
sacrectomy

total
sacrectomy

high sacral
amputation

low sacral
amputation

  Fig. 37.2    Surgical classifi cation 
of procedures for sacral tumors       

  Fig. 37.3    Skin incision for posterior approach (Mercedes star incision)       
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The median sacral artery and both internal iliac arteries are 
ligated, and, if necessary, the tumor vessels from the lumbar 
segmental arteries also are ligated. However, the internal 
iliac vein should not be ligated, if possible, to avoid conges-
tive bleeding during the second step, the posterior approach. 
The anterior sacroiliac ligament, anterior longitudinal 
ligament, and intervertebral disc (L5–S1) are cut by electric 

cauterization (Fig.  37.10 ). If feasible, the S1 and S2 nerves 
are severed at the level of the anterior foramen. The T-saw is 
then placed on the slit of the L5–S1 disc and on the sacroiliac 
joints or the osteotomy lines of the ilium. Each end of the 
T-saw can be easily found during the posterior surgical 
process.   

  Fig. 37.4    High sacral 
amputation. (a) Magnetic 
resonance imaging (MRI) shows 
a chordoma extending anteriorly 
and into the spinal canal. 
(b) Postoperative radiograph 
shows the reconstruction using 
autogenous fi bula in conjunction 
with sacral bars       

  Fig. 37.5    Introduction of T-saw from the fi rst sacral foramen to the 
sciatic notch for the amputation between S1 and S2       

  Fig. 37.6    Cutting the sacrum and posterior iliac wing by T-saw       
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 The second step is the posterior approach, which is started 
by a Mercedes star incision to obtain broad posterior expo-
sure of the whole sacrum. After laminectomy and double 
ligation of the dural sac at the level of L5–S1, all the liga-
ments connected to the sacrum are divided. The top end of 
the T-saw is found and pulled, and the sacroiliac joints or 
ilium are osteotomized with a sawing motion of the T-saw 
from inside to outside (Fig.  37.11 ). The L5–S1 disc is also 

cut with the T-saw (Fig.  37.12 ). By lifting the sacrum, all 
connecting tissues can be cut by cauterization. At this time, 
laceration of the common iliac veins and venous plexus 
should be avoided. With these procedures, the whole sacrum 
with the tumor is removed en bloc from the back.   

  Fig. 37.7    Augmentation of pelvic ring using fi bula combined with 
sacral bars after high sacral amputation       

  Fig. 37.8    Total sacrectomy. 
(a) Magnetic resonance imaging 
(MRI) shows a chondrosarcoma 
involving S1 and S2 vertebral 
bodies. (b) Postoperative 
radiograph shows the 
reconstruction using massive 
autogenous bone graft and spinal 
instrumentation       

  Fig. 37.9    Skin incision for anterior approach:  (a)  bilateral para- 
abdominal incision; ( b ) arched transverse incision; ( c ) longitudinal 
midline incision       
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 The reconstruction between the spine and the pelvis is 
performed on the basis of triangular frame (pyramid) recon-
struction. After the placement of pedicle screws into the 
L3–L5 vertebral bodies, the spinal column is pulled down 

and L5 is affi xed to the bilateral ilium with sacral rods into 
the L5 vertebral body and by spinal instrumentation connecting 
the spine and the pelvis. This phase is followed by massive 
bone grafts, using autogenous fi bulae and bone chips or can-
cellous allografts (Fig.  37.13 ). 
    4.     Type IV: Extended Sacrectomy     

  When the tumor develops outside the sacrum, such as 
the L5 vertebra or ilium, this type of surgery becomes nec-
essary. Although the surgical technique is similar to type 
III, it is a more aggressive, destructive, and demanding 
operation. The sacrum with the ilium and intrapelvic 
organs are excised to obtain a tumor-free margin. For some 
cases, a stoma is constructed by an abdominal surgeon.  

    Operating Time, Bleeding, and Disinfection 

 Operating time for low sacral amputation is about 2 to 3 
hours whereas high sacral amputation requires about 3 to 6 
hours. The total sacrectomy usually takes about 6 to 12 hours 
because each step (anterior procedure, posterior procedure, 
and reconstruction) takes about 2 to 4 hours. Although the 
amount of bleeding varies depending on tumor histology, 
vascularity, and tumor size, that for high sacral amputation is 

  Fig. 37.10    Surgical exposure of the presacral area       

  Fig. 37.11    Cutting the sacroiliac joints by T-saw for total sacrectomy       

  Fig. 37.12    Cutting the intervertebral disc between L5 and S1 by T-saw       
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roughly 1500 to 3000 mL and that for total sacrectomy 5000 
to 8000 mL. For some cases, postoperative management in 
the intensive care unit is necessary. 

 After sacral tumor resection, the wound is highly suscep-
tible to postoperative infection, because this operation takes 
a long time, a large dead space develops, massive metallic 
implants are put in place, and the wound is very close to the 
anus and perineum. Therefore, suction drains (usually two 
tubes on either side inserted from the back) should be left in 
place until the discharge diminishes to less than 50 mL 
per day (usually 10 to 14 days after the operation). Strict 
attention should be paid to avoiding wound contamination by 
urine or stool.  

    Results 

 Between 1986 and 1996, we have treated 13 patients with en 
bloc sacrectomy. The mean age of the patients was 51 years, 
ranging from 29 to 72 years. Of the 13 patients with a sacral 
tumor, 7 had a chordoma, 2 a chondrosarcoma, and 1 each a 
giant cell tumor of bone, a malignant fi brous histiocytoma, an 
osteosarcoma, and a leiomyosarcoma. The type I procedure 
was performed on 2, type II on 4, type III on 5, and type IV on 
2 patients. A marginal or wide tumor-free margin was obtained 
in all cases. During the follow-up period from 6 months to 
10 years (mean, 45 months), there has been no local tumor 
recurrence and all patients are still free of disease.  

    Discussion 

 Intralesional excision of a sacral tumor (aggressively benign, 
low-grade or high-grade tumors) has been found to result in a 
local tumor recurrence rate of almost 100 %. We established a 
surgical classifi cation of sacral tumors based on the extent of 
the tumor and the size of the sacral resection. As the L5–S1 
disc and sacroiliac joint are strong barriers, total sacrectomy or 
extended total sacrectomy is sometimes indicated. In such a 
case, reconstruction to stabilize the continuity between spine 
and pelvis is essential, but the most effective reconstruction 
procedure has yet not been established. We introduced the 
pyramid frame reconstruction, which represents a step to 
establishing an ideal reconstruction. 

 Excessive bleeding is also a problem to be controlled. 
As a method to control the bleeding from the pelvic venous 
plexus, ligation of the internal iliac veins has been believed 
to be mandatory. However, we have considered that ligation 
of the internal iliac veins may have an opposite effect for 
hemostasis, because it may lead to congestion of the pelvic 
and the epidural venous plexus. Therefore, we studied the 
effect of ligation of the internal iliac vein on these venous 
plexuses experimentally [ 13 ]. We found that pressure of both 
the internal iliac vein and the epidural vein increases right 
after ligation of the internal iliac vein. Currently, we do ligate 
the internal iliac arteries but we avoid ligating the internal 
iliac veins based on this study. Instead, if possible we ligate 
the segmental veins entering the sacral foramina while 
exposing the anterior surface of the sacrum. 

 With the advent of the T-saw, osteotomy at the sacroiliac 
joints, L5–S1, or ilium became easy to perform, because the 
osteotomy can be performed from inside to outside (from 
spinal canal to lamina, from the abdominal side to the back) 
in contrast to conventional osteotomy using a osteotome. 
With the use of the T-saw, osteotomy can thus be performed 
safely and correctly [ 1 ]. 

 Resections below the body of the S3 vertebra do not 
endanger continence of the anal and bladder functions. On 
the other hand, total sacrectomy sacrifi ces all bilateral nerve 
roots below S1. However, despite sensory disturbance below 
S1, inability to fl ex the ankles, and bladder–bowel dysfunc-
tion, patients can walk with the aid of a short leg splint, con-
trol urination by self-catheter or manual abdominal pressure, 
and control their defecation by using an enema. 

 Although sacral resection is a large-scale operation requiring 
considerable time and surgical skill, sacral tumors should be 
treated on the basis of oncologic principles to avoid local tumor 
recurrence and to save the patient’s life. Adequate resection of 
sacral tumors results in good prognosis and good quality of life 
for the patient. Consequently, every effort should be made to 
improve surgical procedures, reconstruction methods, and 
management of neurologic dysfunction for this rare tumor.     

  Fig. 37.13    Pyramid frame reconstruction       
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            1.    Position the patient’s head in the self-retaining neurosur-
gical head fi xation device that is attached to the table. 
Attach the drapes to the patient’s neck with stay sutures. 
Neck fl exion will increase exposure, but fl exion is lim-
ited by the type of pathology present, usually to a neu-
tral, slightly fl exed position. With instability problems, 
confi rm the position of the spine with X-ray.   

   2.    Incise the midline skin and subcutaneous to fascia and 
obtain hemostasis with rapid application of hemostats 
and electrocautory. Insert self-retaining retractors.   

   3.    Deepen the incision with the cautery knife, staying in 
the thin white median raphe, and avoid cutting muscle 
tissue. The median raphe of the cervical spine is a tortu-
ous structure; it does not follow a straight midline inci-
sion. Open the median raphe to the spinous processes of 
C2 and C3 and the occiput. In children, to avoid sponta-
neous fusion at adjacent levels, including the occiput, 
expose no spinal levels unnecessarily.   

   4.    Expose the spinous processes with a #15 blade or cut-
ting cautery on their bulbous bifi d tips. The ligamentous 
attachments to C2 are very prominent. Identify any spina 
bifi da of the cervical spine on the preoperative X-ray 
and at surgery. Insert the Cobb elevator, fi rst facing up to 
elevate the tip subperiosteally, then facing down to com-
plete the subperiosteal elevation medial to lateral 
approximately 1 inch at each level. At levels below C2, 
identify the medial edge of the facet joint at the base of 
the lamina and pack at each level as it is exposed. When 
necessary, expose the occiput with elevators. Insert self- 
retaining retractors to expose the base of the skull and 
the dorsal spine of C2. The area in between will contain 
the ring of C1. Many times this is very deep compared 
with C2.   

   5.    Maintain fi rm lateral traction on the wound. With a 
sharp Cobb elevator, feel for and identify the posterior 

tubercle of C1 longitudinally in the midline. Begin the 
subperiosteal dissection to bone. 
  Caution:   Often C1 is very thin, and direct pressure can 
fracture it or cause the surgeon to slip off the ring and 
penetrate the atlanto-occipital membrane. Elevation on 
this ring can be very dangerous if there is subluxation 
with constriction of the posterior dura under this ring. 
The dura may be vulnerable on both the superior and 
inferior edges of the ring of C1 .   

   6.    Dissect laterally only approximately 1.5 cm. An impor-
tant landmark on the ring of C1 laterally is the second 
cervical ganglion, which lies at approximately 1.5 cm on 
the lamina of C1 in the area of the groove for the verte-
bral artery (Figs.  38.1 ,  38.2 ). Carefully identify the most 
medial aspect of the groove for the vertebral artery and 
vein on the superior border of the C1 ring [ 1 ]. The bluish 
color of the vein is visualized fi rst (Fig.  38.3 ). By seeing 
the initial ridge or the vein one can avoid damaging the 
artery.    

 There is seldom any indication for dissection lateral 
to the groove of the vertebral artery on C1. The vertebral 
artery and vein not only are vulnerable in the groove, but 
as the artery passes from the foramen transversarium of 
C2 to that of C1, it is in close lateral and posterior prox-
imity to the joint (Figs.  38.4 ,  38.5 ) [ 2 ].     

   7.    The vertebral artery enters the foramen transversarium at 
the sixth vertebra and progresses cephalad. It exits through 
the foramen transversarium of C1 and progresses posteri-
orly as well as medially in the groove of the superior bor-
der of C1 toward the midline, then turns cephalad along 
the spinal cord to enter the foramen magnum (Figs.  38.6 , 
 38.7 ). The vertebral artery can be damaged by penetrating 
the atlanto-occipital membrane of the superior border of 
the ring of C1 more medial than the usually safe 1.5 cm 
from the midline (Figs.  38.5 ,  38.8 ).      

   8.    With exposure of the ring of C1 and exposure to bone of 
the posterior occiput, different operative procedures 
require exposure of the dura under the edge of the 
foramen magnum. 3  –  5  No attempt should be made to 
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decompress the posterior fossa under the edge of the 
foramen magnum without suffi cient visualization of the 
area cephalad to the foramen. This step is best accom-
plished by placement of two bur holes just off the mid-
line of each side of the skull. The caudal extent of the 
holes is usually determined by the angle of the drill on 
the skull as limited by the shoulders.   

   9.    Penetrate to the inner periosteum and the bone edge with 
a small dissector.   

   10.    Expand the hole caudally to the foramen with rongeurs. 
The edge itself curves under and projects anteriorly. 
Periosteum of the skull at this point is often conjoined 
with the dura of the spinal cord (Fig.  38.9 ). There is a 
median venous sinus in the midline, and the fascial 
attachment of the periosteum of the skull to the dura 
often contains a transverse sinus as well.    

   11.    Passing instruments under the edge of the foramen can 
produce dangerous bleeding in the posterior fossa with 

Occipital Facet

Vertebral
Artery

C1 Lamina

Posterior
Tubercle

Spinous
Process C2

  Fig. 38.1    A dissected specimen of the C1–C2 articulation emphasizes 
the two potential areas of damage to the vertebral artery in this area. 
One is between the C1–C2 articulation in an exposed, posterior lateral 
position; the other is on the superior ring of C1. This specimen has a 
bone encasing the vertebral artery. A portion of much of the roof of the 
tunnel has been removed, emphasizing that when dissecting on the ring 

of C1, identifi cation of the edge of the groove immediately preceding 
the vertebral artery allows one to locate the artery before any damage. 
The specimen does not show the bluish hue of the vessels usually 
encountered operatively. In the forceps is the posterior ganglion and 
ramus of C2, which is the warning landmark one reaches laterally 
before the vertebral artery between C1 and C2       
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  Fig. 38.2    The usual location of 
the second cervical ganglion 
medial to the vertebral artery       
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  Fig. 38.3    The vertebral artery enters the foramen transversarium of C6, 
and courses through each foramen transversarium anterior to the spinal 
nerve. The foramen transversarium of C1 is in a relatively more posterior 
position than that of the lower cervical vertebrae. After passing through 
the foramen transversarium of C1, the vertebral artery courses postero-
medially to enter the spinal canal and the foramen magnum       

Vertebral Artery

C1

C2

  Fig. 38.4    From the posterior view, the relatively exposed position of 
the vertebral artery is seen just lateral to the C1–C2 articulation. Also 
seen is the course of the vertebral artery posteromedially on the ring of 
C1. Often it is encased in bone on the ring of C1 or has a very prominent 
bony trough. The atlanto-occipital membrane covers the vertebral artery 
on the superior ring of C1. The posterior ramus of C2 is the guide to the 
vertebral artery between C1 and C2       

Occiput

Occiput

Spinous
Process C2

Atlantooccipital
Membrane

Posterior
Arch C1

Posterior
Arch C1

Spinal Cord

Vertebral Artery

  Fig. 38.5    A slightly different 
view. The bluish hue of the 
vertebral artery on the superior 
portion of the posterior ring of 
C1 is easily seen. The course of 
the vertebral artery medially to 
enter the foramen magnum 
beside the spinal cord emphasizes 
the potential danger of damage to 
the vertebral artery by 
penetration of the atlanto- 
occipital membrane       
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no means of control. Therefore, resect down to this edge 
from above.   

   12.    For the more lateral approach to the C1–C2 facet joint, 
the vertebral artery between C1 and C2 must be identi-
fi ed. In rotatory dislocations of C1–C2, the artery is 
stretched tightly across the joint on the side that C1 is 
anterior to C2 and is easily damaged.   

   13.    Closure: Remove retractors, allow muscle to fall together, 
and close the fascia, subcutaneous tissue, and skin.     

   Remember: 
   1.    Keep the incision in the winding, shifting median raphe to 

decrease bleeding.   
   2.    Identify the large, prominent spinous process of C2.   
   3.    Identify the posterior tubercle of C1 deep in the 

wound.   
   4.    Dissect laterally on CI no more than 1½ inches, or look 

for the bluish tinge of the vertebral artery and veins on the 
superior border of C1, or look for the edge of the vertebral 

Under the
Atlanto-occipital
Membrane

Foramen
Transversarium
C1

Foramen
Transversarium
C2

Exposed Vertebral
Artery on Superior
Aspect of the
Ring of C1

  Fig. 38.6    The course of the 
vertebral artery at the C1–C2 
articulation is posterolateral after 
leaving the foramen 
transversarium of C2 and 
posteromedial after leaving the 
foramen of C1       
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Vertebral Artery
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Vertebral Body C2
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Foramen
Transversarium C1

Foramen
Transversarium C2

  Fig. 38.7    The course of the 
vertebral artery is from the 
foramen transversarium of C1 
posteriorly in the region of the 
C1–C2 articulation through the 
transversarium of C1, then 
posteromedially in the posterior 
rim of C1       
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Dura of
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  Fig. 38.9    In the posterior approach to the foramen magnum, one must 
fi rst place bur holes in the occiput above the foramen magnum. Two 
parasagittal holes allow removal of bone from the dura with a Harrison-
type rongeur. Careful dissection medially from the bur holes protects 
one from the often signifi cant fragile sinus, and dissection caudally 
approaches the foramen magnum. After removal of the occiput includ-
ing the bony rim of the foramen magnum, which is a sharp-lipped struc-

ture projecting directly anterior in the transverse plane, one encounters 
the fi brous attachment of the inner periosteum of the skull to the dura at 
the rim of the foramen magnum. There is sometimes a transverse 
venous sinus in this area that produces bleeding, which can be signifi -
cant, when torn. Attachment to the dura in this area may produce a dural 
leak unless the area is carefully dissected       
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  Fig. 38.8    The anterior view 
without vertebral bodies 
emphasizes the formation of the 
anterior spinal artery. There are 
numerous variations in this 
formation, ranging from a 
unilateral vertebral artery 
contribution to no contribution       
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artery notch on the superior border of C1, or stay medial 
to the dorsal ramus of C2.   

   5.    Beware of the vertebral artery with any exposure of the 
C1–C2 facet joint.   

   6.    Beware of dural penetration from slipping off or breaking 
through C1.   

   7.    Do not approach the foramen magnum from under the 
edge of the foramen.   

   8.    Make drill holes above and remove bone distally.   
   9.    Beware of attachments of venous sinus, periosteum, and 

dura at the tip of the posterior edge of the foramen 
magnum.        
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        The posterior exposure of the atlantoaxial joints may be 
indicated for insertion of transarticular screws at C1–C2 for 
bone grafting of the joints themselves, for exact evaluation of 
the congruency of the atlantoaxial joints (e.g., for reduction 
of a rotatory dislocation or an unstable Jefferson fracture), 
or for the resection of small tumors of the lateral mass of 
the atlas. 

 This chapter describes the exposure of the atlantoaxial 
joints and the posterior aspect of the lateral masses of the 
atlas. We present the transarticular screw fi xation technique 
for C1–C2 as described by Magerl et al. [ 1 ], and use the 
example of an open reduction and internal fi xation of a 
Jefferson fracture to illustrate the possibilities of this 
approach. 

    Positioning the Patient 

 The patient is intubated using the endoscopic technique and 
placed prone on the operating table, with the head positioned 
in a head holder (Fig.  39.1 ). Halo traction may be used to 
allow easier open reduction of a Jefferson fracture or to sta-
bilize an unstable situation; however, the author does not use 
halo traction. Using lateral image intensifi er control immedi-
ately after positioning the patient in the prone position, the 
atlantoaxial reduction is checked. If anterior subluxation of 
C1 on C2 has occurred during positioning, the head is lifted 
together with the head holder, using fl uoroscopic control to 
monitor reduction. This maneuver will reduce C1 on C2. 
The upper cervical spine is then fl exed as much as possible 
by tilting the head holder, still under lateral fl uoroscopic 
control, while the lower cervical spine is only slightly fl exed. 
Flexion of the upper cervical spine is important to allow 
correct placement of the transarticular screws for C1–C2.   

    Surgical Exposure 

    Approach (Figs.  39.2 ,  39.3 ) 

    A midline incision is performed from the protuberantia 
occipitalis externa to the tip of the spinous process of C5. 
The musculature is divided in the midline down to the tips 
of the spinous processes and down to the occiput. The 
 spinous process of C2 is prominent and easy to fi nd. The 
musculature attached to it is cut at its insertion with electro-
cautery. To allow adequate exposure of the atlas, the mus-
culature attached to the occiput must be retracted laterally, 
from the protuberantia occipitalis externa down to the 
vicinity of the foramen magnum; this is done using a Cobb 
elevator while an assistant is holding the head to prevent 
undue motion at C1–C2. Bleeding from the bone is con-
trolled with bone wax. Spreading of the musculature with 
sharp retractors allows for best visualization and also mini-
mizes blood loss. The posterior arch of the atlas is located in 
the depth between the occiput and the spinous process of C2, 
both of which are already exposed. The posterior arch of CI 
is found by gently dividing the soft tissues between the 
occiput and the spinous process of C2 until bony contact is 
obtained. Starting in the midline, the muscle attachments to 
the posterior arch of the atlas are gently cut directly on the 
bone using either a knife or electrocautery. The posterior 
arch of the atlas is exposed subperiosteally on a width of 
approximatively 2 cm. Although careful exposure of the 
midportion of the posterior arch is without danger, care must 
be taken when reaching the lateral part because the vertebral 
artery runs over the cranial part of the arch and enters the 
spinal canal behind the lateral mass of the atlas. The superior 
part of the posterior arch is therefore only prepared in the 
midportion and only if a wire loop must be passed around it 
later in the procedure. 

 The spinous processes, the laminae, and the articular 
processes of C2 and C3 are now exposed subperiosteally with-
out destroying the joint capsules of C2–C3. Consequent soft 
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tissue retraction helps for adequate exposure; the muscles are 
meticulously retracted with sharp retractors to allow for best 
visualization of the operative fi eld.  

    Subperiosteal Dissection of the Atlantoaxial 
Joints 

 Using a small sharp elevator (4 to 5 mm wide), the cranial 
surface of the lamina of C2 is exposed (Fig.  39.2 ). Along this 
crest, the elevator is gently brought anteriorly and the soft 
tissues detached, still staying strictly subperiosteally and 
exposing the isthmus of C2. The soft tissues located cranial 
to the elevator contain the nerve root C2 as well as the sur-
rounding venous plexus. These structures are gently retracted 
with a slightly curved dissector exposing the isthmus, while 
dissection is carried on further anteriorly, still remaining 
strictly on the crest and subperiosteally. In the anterior part 
of the isthmus, an upward step is felt corresponding to the 
slope located just behind the superior articular facet of C2. 
The joint capsules are thin and can be opened using the ele-
vator. By turning the elevator upward, the posterior aspect of 
the lateral mass of the atlas can be exposed subperiosteally 
by slightly scratching the bone with the sharp elevator. The 
capsule can be elevated with a dissector, exposing the joint 
(Fig.  39.3 ). If desired, a K-wire can be inserted into the pos-
terior aspect of the lateral mass of the atlas under direct 
vision (Fig.  39.4a ). The K-wire should be slightly fl exible, 

  Fig. 39.1    The patient is placed prone on the operating table, the head 
maintained in a head holder. The occipitocervical joints are fl exed as 
much as possible but the lower cervical spine is only slightly fl exed       

  Fig. 39.2    After subperiosteal exposure of the occiput, posterior arch of 
the atlas, and posterior elements (spinous process, lamina, and articular 
masses) of C2 and C3, the cranial part of the lamina of C2 is exposed 
and followed subperiosteally toward the isthmus, staying on the crest of 
the lamina       

  Fig. 39.3    The soft tissues cranial to the elevator contain the nerve root 
C2 as well as its surrounding venous plexus. These elements are gently 
retracted with a dissector. Once the posterior aspect of the atlantoaxial 
joint has been reached, the capsule can be opened and retracted with 
the same dissector, exposing parts of the posterior aspect of the atlan-
toaxial joint       
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for example, 1.6 mm in diameter. When retracting the soft 
tissues with this K-wire, the cartilage of the atlantoaxial 
joints can be seen (Fig.  39.4b ). A small dissector can also be 
placed lateral to the lateral mass, remaining inside the joint 
capsule and exposing the posterolateral aspect of the joint.   

 During exposure of the isthmus, the venous plexus sur-
rounding the nerve root of C2 may be damaged with venous 
bleeding as a consequence. This hemorrhage may be stopped 
by introducing a small amount of collagen between the 
venous plexus and the isthmus of C2; however, care must be 
taken not to exert pressure on the dura. The best prophylaxis 
for such a bleeding is to stay subperiosteally during the prepa-
ration and to retract the nerve root of C2 with the surrounding 
plexus using great care.  

    Exposure of the Posterior Aspect of the Lateral 
Masses of C1 

 For better visualization of the posterior aspect of the lateral 
masses of C1, it may sometimes be necessary to also expose 
it cranially, starting from the posterior arch of the atlas (for 
example, for removal of a small tumor in the posterior part of 
lateral mass or for reducing an unstable Jefferson fracture). 
The caudal aspect of the posterior arch of the atlas is then 
exposed subperiosteally on both sides until the junction to 
the lateral masses is reached, using sharp dissectors or an 
elevator. Care is taken not to expose the cranial aspect of the 
arch where the vertebral artery could be damaged. Once the 

posterior aspect of the lateral mass has been reached, the 
nerve root of C2 is completely freed from its attachments to 
the lateral mass, allowing visualization of the posterior 
aspect of the lateral masses and of the atlantoaxial joint both 
cranially and caudally. Theoretically, the nerve root C2 could 
be cut and ligated, if absolutely necessary for adequate 
exposure.   

    Transarticular Screw Fixation of C1–C2 

    Indications 

 Transarticular screw fi xation of C1–C2 (Fig.  39.5 ) is always 
used in combination with a fusion (see following) and may 
be indicated in the following situations: 
    1.     Painful osteoarthritis of the atlantoaxial joints.   
   2.    Acute or chronic atlantoaxial instability caused by

•    Developmental abnormalities [e.g., os odontoideum 
(Fig.  39.6 ); hypoplasia of the dens axis, cranial assimi-
lation of the atlas]   

•   Trauma (e.g., dens fracture or dens pseudoarthrosis, 
tear of the transverse ligament, Jefferson fracture)  

•   Aseptic infl ammatory processes (rheumatoid arthritis, 
psoriasis)  

•   Infection (e.g., tuberculosis)  
•   Tumor      

   3.     In combination with plate or rod fi xation for occipitocer-
vical fusion    

  Fig. 39.4    (a) To allow better visualization of the atlantoaxial joint, a 
K-wire may be driven into the posterior aspect of the lateral mass, the 
K-wire being inserted underneath the joint capsule. By elevating the 

K-wire, the soft tissues containing the nerve root C2 are retracted crani-
ally, allowing visualization of the joints. (b) Posterior view of both 
atlantoaxial joints after the K-wires are retracted cranially       
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      Contraindications 

 The technique should not be used in cases of collapse of C2 
caused by massive destruction of the lateral masses of C2 as 
can be seen in late cases of rheumatoid arthritis or other rare 
circumstances. In such cases, introduction of the drill aiming 
toward the anterior arch of the atlas could result in a perforation 
of the vertebral artery traversing its sinus at the level of C2.  

    Advantages 

 The technique has been shown to be very effective and versa-
tile. Compared to a Gallie or Brooks fusion, transarticular 
screw fi xation has been shown to be more stable [ 2  –  4 ]. to 
allow retention in reduced position in almost all circum-
stances, and to be possible even when the posterior arch of the 
atlas is broken or absent [ 5  –  8 ].  

  Fig. 39.5    Anatomical model showing the placement of the transarticu-
lar screws. (a) The screws enter C2 at the caudal edge of its lamina, 
about 2 mm cranially and laterally of the medial border of the caudal 
articular processes of C2. (b) The screws are inserted in a straight sagit-
tal fashion. (c) The screws aim cranially toward the isthmus of C2, exit 

C2 close to the posterior rim of the upper articular surface, cross the 
C1–C2 joint, and enter the lateral mass of the atlas from which they exit 
anteriorly just underneath the base of the skull. (d) Exit point of the 
screws in C1, immediately underneath the base of the skull       
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    Technique of Insertion of Transarticular 
Screws at C1–C2 

 For performing the transarticular screw fi xation at C1–C2, 
it is usually not necessary to expose the atlantoaxial joints or 
the posterior aspect of the lateral mass of the atlas. It is suf-
fi cient to expose the isthmus, which must be very well visu-
alized to allow correct insertion of the screw. If the posterior 
arch of C1 is intact and a posterior fusion using the Gallie 
technique is planned (see bone grafting), the wire loop 
should be inserted around it before the screw fi xation itself is 
performed, because insertion of this wire could be more 
dangerous or even impossible afterward. 

 When the wire loop has been passed around the posterior 
arch of the atlas (Fig.  39.7 ) and the isthmus on both sides has 

been identifi ed, atlantoaxial reduction is again checked under 
lateral image intensifi er control. Persistent anterior disloca-
tion of C1 on C2 may be reduced by pushing on the spinous 
process of C2 with a Kocher clamp or by pulling gently on 
the wire loop passed around the posterior arch of C1. 
Posterior dislocation of C1 on C2, on the other hand, may be 
reduced by pulling on the spinous process of C2 or by push-
ing on the intact posterior arch of C1. The drillholes for the 
3.5-mm titanium screws are now prepared using a 2.5-mm 
drill bit and lateral image intensifi er control. The drill’s 
entering point is found on a straight sagittal line passing 
through the medial aspect of the isthmus and is located at the 
caudal edge of the lamina of C2, about 2 mm cranial and 
lateral of the medial border of the caudal articular process 
of C2. The drill aims straight sagittally forward, toward the 

  Fig. 39.6    A 21-year-old woman 
with chronic neck pain. (a) 
Flexion/ extension views show a 
massive instability C1–C2 
resulting from an osodontoideum. 
(b) Transarticular screw fi xation 
C1–C2 with posterior bone 
grafting according to Gallie was 
performed. At followup, 24 
months after surgery, the fusion 
is healed       
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medial aspect of the isthmus and the posterior part of the 
atlantoaxial joint. The adequate caudocranial inclination is 
found with the image intensifi er; the drill must aim toward 
the middle or cranial portion of the anterior arch of the atlas. 
Accurate caudocranial drilling may sometimes be diffi cult 
because the neck muscles and the shoulders may prevent cor-
rect placement of the drill. This problem can be corrected 
either by gently pulling the spinous process of C2 cranially 
using a towel clamp, thus allowing a better drill angle, or by 
inserting the drill percutaneously through the paravertebral 
neck muscles.  

 The so-called tap-drilling method is always used for safer 
drilling of the screw holes. On its way, the drill passes the 
isthmus of C2 close to its posterior surface, exits C2 at the 
posterior rim of the upper articular surface, crosses the C1–
C2 joint, and enters the lateral mass of the atlas from which 
it exits anteriorly immediately underneath the base of the 
skull. After having drilled the fi rst hole, this drill bit is left in 
place to stabilize C1–C2 and prevent redislocation of C1 on 
C2 while drilling the opposite hole. One 3.5 mm AO tita-
nium cortex screw is inserted while the drill on the opposite 
side is still in place; the screw length is measured; and tap-

ping is performed using image intensifi er control. The tap 
must cross the C1–C2 joint and enter the lateral mass of the 
atlas to prevent possible redislocation while inserting the 
screw.   

    Bone Grafting 

 There are three different methods of bone grafting.
    1.    When the posterior arch of the atlas is intact, a regular 

Gallie fusion may be performed (Fig.  39.8 ). The wire, 
however, must be passed around the arch of C1 before tran-
sarticular screw fi xation is performed; otherwise, passage 
of the wire around the posterior arch of C1 may be very 
diffi cult, dangerous, or even impossible. To allow magnetic 
resonance imaging (MRI) postoperatively, if necessary, a 
titanium wire is preferred.    

   2.    In cases of hypoplasia or absence of the posterior arch of 
the atlas, the atlantoaxial joints themselves are bone 
grafted (Fig.  39.9 ). For this purpose, the atlantoaxial must 
be exposed as described previously. After the joints are 
exposed, the cartilage is removed with either a small 
curette, a chisel, or a bur. The space is packed with bone 
graft after having prepared the drillhole for the C1–C2 
screw fi xation, just before inserting the screw itself.    

   3.    In the presence of a fracture of the posterior arch of the 
atlas, bone graft chips can be positioned over the posterior 
arch of the atlas and over the lamina of C2.     

  Fig. 39.7    After a cerclage wire has been passed around the posterior 
arch of C1, the screw holes are prepared as described in the text. In this 
Fig., the right hole has been prepared fi rst: this drill bit is left in place to 
prevent redislocation of C1 on C2 while the hole on the left side is being 
drilled. The soft tissues containing the greater occipital nerve and the 
surrounding blood vessels are retracted by a curved dissector to allow 
the vision on the isthmus of C2, permitting correct drilling       

  Fig. 39.8    After insertion of both screws, a corticocancellous bone 
graft is placed posteriorly according to the technique described by 
Gallie and fi xed with the wire loop       
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 This bone graft is stabilized by the soft tissues when the 
wound is closed and will give a solid fusion mass that will 
stabilize C1 on C2 once the fracture of the atlas has also 
healed. Of course, bone grafts can also be inserted in the 
atlantoaxial joints themselves; however, this makes exposure 
more diffi cult because the joints must be exposed. 

    Postoperative Care 

 The patient is allowed to ambulate the fi rst or second day 
after surgery. A Philadelphia-type collar is worn for 6 weeks 
if a Gallie-type fusion has been added. The collar is removed 
in bed as well as for daily care. If no Gallie fusion has been 
added, the period is extended to 12 weeks and a soft collar is 
worn in bed.   

    Open Reduction and Stabilization 
of an Unstable Jefferson Fracture 

    Rationale for Surgical Treatment 

 Unstable Jefferson fractures (by defi nition, with rupture of 
the transverse ligament) are a therapeutic quandary. Closed 
reduction by halo traction is rarely possible and, if success-
ful, maintenance of the reduction achieved is very diffi cult. 

Anterior open reduction and internal fi xation of the fracture 
itself are possible; this technique, however, only addresses 
the bony fracture without addressing the life-threatening 
atlantoaxial instability resulting from the tear or avulsion of 
the transverse ligament. Some authors, therefore, advocated 
a primary occipitocervical or an atlantoaxial fusion to also 
treat the atlantoaxial instability. Although the occipitocervi-
cal fusion defi nitively blocks motion at both the C0–C1 and 
the C1–C2 level, the technique presented here combining 
open fracture reduction with transarticular screw fi xation 
C1–C2 has the advantage of preserving the motion at the 
level CO–C1.  

    Exposure 

 To allow open reduction of the Jefferson fracture, the poste-
rior aspect of the lateral masses must be exposed on both 
sides to allow exact evaluation of the lateral drift and reduc-
tion of the lateral masses under direct visual control.  

    Open Reduction of the Lateral Masses 

 After subperiosteal dissection of the posterior aspect of the 
lateral masses has been performed on both sides as just 
described, reduction of the lateral masses is performed using 
a specially designed clamp (Fig.  39.10 ), which is gently 
inserted around the posterolateral corner of the lateral masses 
of the atlas; each arm of the clamp is inserted separately 

  Fig. 39.9    Bone grafting of the atlantoaxial joints themselves may be 
performed if necessary as in cases of hypoplasia, bilateral fracture, or 
absence of the posterior arch of the atlas. The cartilage and the sub-
chondral bone of the atlantoaxial joints are removed either with a small 
curette or a bur, and the bone graft is positioned once the screws have 
been inserted       

  Fig. 39.10    Reduction clamp. This prototype has been produced by 
Ullrich, St. Gallen, Switzerland       
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1 cm deep, taking care to stay subperiosteally. Immediately 
adjacent to the clamp runs the vertebral artery, which enters 
the transverse process of C1. Therefore, very careful sub-
periosteal dissection is mandatory. After both arms of the 
clamp have been inserted, the arms are connected and com-
pression is applied on the lateral masses (Fig.  39.11 ), result-

ing in a compression of the C1 ring and therefore reduction 
of the dislocated lateral masses. Reduction is performed 
under visual control of the position of the lateral border of 
the lateral masses of C1 relatively to the lateral border of the 
superior articular processes of C2; both should be fl ush.   

 Alternatively, another reduction method uses two stiff K-wires 
driven straight posteriorly into the lateral masses of the atlas. 
Reduction may be performed by applying compression forces 
using, for example, an external fi xator as used for fi ngers.  

    Stabilization of C1 on C2 

 Once the lateral masses are reduced, a transarticular screw 
fi xation at C1–C2 is performed on both sides, using the tech-
nique just described (Fig.  39.12 ).   

    Bone Crafting 

 Bone graft chips can be positioned over the fractured poste-
rior arch of the atlas and over the lamina of C2. This bone 
graft is stabilized by the soft tissues when the wound is 
closed and provides a solid fusion mass that will stabilize C1 
on C2 when the fracture of the atlas has also healed.  

    Postoperative Care 

 The patient is allowed to get up the fi rst or second day after 
surgery. A four-poster type brace is worn for 12 weeks. 
The collar is removed for daily care. During the night, a soft 
collar may be worn.      

  Fig. 39.11    Technique of open reduction of Jefferson fractures using 
the clamp described in Fig.  39.10  Both arms of the clamp are intro-
duced separately around the lateral masses of C1 and connected when 
they have been introduced. The nerve roots of C2 run caudally of the 
clamp, the vertebral artery laterally of it. Reduction is achieved by 
applying anterior compression and is monitored under direct visual 
control, as described in the text       
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  Fig. 39.12    A 34-year-old man 
with unstable Jefferson fracture 
after a fall on his head during an 
explosion of a gas tank. The AP 
view shows lateral dislocation of 
the lateral masses of the atlas and 
the CT scan shows bony avulsion 
of the transverse ligament. ( 2 ) 
Open reduction and stabilization 
were performed 2 weeks after the 
accident. Bone graft chips were 
positioned over the posterior arch 
of C1 and C2, without stabilizing 
them. Postoperative 
immobilization was in a 
four-poster brace for 3 months; 
30 months later, the posterior 
fusion is solid. The patient 
complains about some neck pain 
but also about diffi culties in 
concentrating as a result of the 
brain concussion sustained at the 
time of injury       
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         The atlanto-axial complex is formed for the two fi rst cervical 
vertebrae, their joints, and a few important ligaments. As a 
product of thin intricate relationship, its architecture allows 
movement in fl exion, extension, lateral bending, and rota-
tion. Atlanto-axial instability is produced when any of the 
former elements is injured, either by trauma, infl ammatory 
disease, malignancy, or congenital defects [ 11 ]. 

 The atlanto-axial complex is responsible for more of the 
50 % of the rotatory movement of the head. This is a problem 
when we speak about fusion rates, compared with subaxial 
levels [ 1 ]. 

 Many techniques have been described trying to solve this 
problem; from external immobilization to internal anterior—
posterior fi xation. They all have advantages, risks, and vari-
able success/failure rates [ 11 ]. 

 For a long time, the treatment of cervical instability was 
limited to external immobilization, but the high rates of non- 
fusion and associated morbidity made imperative the search 
for other alternatives. In 1910, Mixter and Osgood published 
the fi rst paper describing surgical treatment for C1–C2 insta-
bility. They performed a fi xation of the posterior arc of C1 
and the spinous process of C2, using thick suture material. 
Since then other techniques have been developed: in 1939 
the Gallie fi xation, in 1978 the interlaminar clamp of 

Brooks and Jenkins, Margerl’s trans-articular screw, 
Harms technique with C1–C2 screw and rod system, and the 
C2 trans- laminar technique. Despite simplicity of the Gallie 
and Brooks-Jenkins fi xations, they require considerable bone 
graft and prolonged postoperative rigid immobilization with 
HaloVest, this could be uncomfortable specially for poly- 
traumatized and elderly patients with rheumatoid arthritis 
(RA). When screws are used, only a collar is needed in the 
postoperative period. Trans-articular screws have shown bio-
mechanical superiority above other techniques, with fusion 
rates near to 100 % [ 3 ,  11 ,  15 ]. The risk of this procedure 
consists in potential damage of the vertebral artery that could 
be high as 8.2 %, a technically more diffi cult procedure due 
to the angulation of the screw [ 12 ]. In 1994 Goel described 
an original technique, used for him from 1988, to C1–C2 
fi xation, placing individual screws in C1 lateral-mass and in 
C2 pars, fi xed them with a plate each side, reducing the risk 
of vertebral artery injury. In this technique Goel use mono-
cortical screws connected with a large plate [ 7 ]. He empha-
sizes the importance to denuding the articular cartilage and 
stuffi ng bone graft to provide a good stability. In addition, 
Goel advocated the necessity to section C2 nerve root to have 
a wide exposition of the joint region to perform a good con-
struction and avoid vertebral arterial injury [ 8 ]. In 2001 
Harms and Cols described a new technique for C1–C2 fi xa-
tion, placing individual screws in C1 lateral-mass and in C2 
pedicles and fi xed them with a rod on each side, reducing the 
risk of vertebral artery injury. This construct provides ade-
quate biomechanical stability and is technically less demand-
ing that the trans-articular screw fi xation [ 9 ,  21 ]. 

 In the original article author emphasizes in the fact that 
it’s not necessary to place any kind of instrumentation on 
the posterior arc of C1, and allows intraoperative reduction 
and stabilization of the atlanto-axial complex. In the 
Harms series no implant failure or neurological deteriora-
tion was reported; no vertebral artery injuries or dural tears 
occurred; it was reported solid fusion on radiological eval-
uation at 6 months [ 9 ]. 
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 Harms’s original technique describes sub-periostic 
 dissection from the occiput to the subaxial cervical spine, 
which can lead to postoperative pain and more important, 
disruption of the tension band due to the posterior ligaments 
of the cervical spine [ 9 ]. 

 The use of a minimally invasive surgical (MIS) technique 
to perform posterior C1–C2 fi xation, reducing muscle devas-
cularization and denervation would preserve the medial 
 tension band. This means less intraoperative blood loss, less 
postoperative pain, and shorter hospital stay [ 14 ,  18 ]. 

    Surgical Anatomy 

 With the purpose to evaluate feasibility of a minimally inva-
sive approach to the atlanto-axial joint (C1–C2), we studied 
the anatomical landmarks of the nucal musculature at our 
microsurgical laboratory. After dissection of the posterior 
cervical muscles, it’s necessary to remove the  trapezius  and 
 semispinalis capitis  muscles to expose the deep musculature. 
At this plane, 2 cm away from the midline, we found that 
following a point parallel to C2 spinous process, an anatomi-
cal corridor is found, formed by the angle between the poste-
rior major  rectus capitis  and the inferior  obliquus capitis ,. 
This corridor is relatively free of important nervous and vas-
cular structures but, deep during the approach, a venous 
plexus is reached over atlanto-axial joint with risk of bleed-
ing (Fig.  40.1a, b ). The Third segment (V3) of the vertebral 
artery is found 3 cm away from the midline on its lateral tra-
jectory to the C1 posterior arc (Fig.  40.2a, b ), over which it 
turns posterior and medial; this is the point where the risk of 
vascular injury is possible when the C1 lateral-mass screws 
are inserted.   

 Additionally, C1 lateral-mass and C2 pedicles were mea-
sured, concluding that at least 3.5–4.0 mm diameter screws 
can be inserted, although this could vary from patient to 

patient making necessary an exhaustive preoperative evaluation 
and planning, and fl uoroscopic confi rmation during  surgery 
[ 9 ,  10 ,  20 ].  

    Surgical Technique 

 To preserve the occipito-cervical tension band, decreasing 
morbidity of traditional procedures and less postoperative 
pain, we performed a prospective non-randomized study 
starting in May 2007 [ 2 ] using a minimally invasive trans- 
muscular approach through a 2.5 cm bilateral paramedian 
skin incision (Fig.  40.3a ), using the access MIS platform 
Maxcess ®  (Nuvasive Inc., San Diego, CA, USA) (Fig.  40.3b ) 
and subsequent placing screws according to the modifi ed 
Harms technique (Fig.  40.3c ).  

 This approach uses a progressive tubular dilators  system 
through the superfi cial nucal musculature ( trapezius and 
semispinalis capitis ) and then through the anatomical 
 corridor previously described between the posterior major 
 rectus capitis  and the inferior  obliquus capitis . A three 
valve spreader Maxcess ®  with optical fi ber light is then 
placed, allowing good exposure and illumination of the 
working area (Fig.  40.3b ). Under fl uoroscopic guidance, 
the system is anchored on the access point of C2 pedicle, 
trying to avoid obstructing the posterior arch of C1 dur-
ing opening of the retractor. With monopolar cautery bony 
surface of C2 is exposed, following it until the lateral bor-
der C1–C2 articulation is also visualized. At this point an 
epidural venous plexus usually bleeds, but it’s effectively 
controlled with a combination of bipolar cautery and 
Spongostan ® . C1–C2 bone joint surface is exposed and the 
C2 root identifi ed, and then coagulated and sacrifi ced to 
allow adequate insertion of the screw. At this point 3.5 mm 
diameter polyaxial screws are inserted using Harm’s tech-
nique (Fig.  40.3c, d ). The articular surfaces of C1 and C2 

  Fig. 40.1    ( a ,  b ) Posterior cervical anatomy          
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     Fig. 40.2    ( a ,  b ) The vertebral artery is found 3 cm away from the midline on the lateral trajectory to the C1 posterior arc       

  Fig. 40.3    ( a – e ) The paramedian approach with tubular retractor for screw insertion into C1 and C2       

 

 

40 Minimally Invasive Approach to Posterior Occiput to C2



272

are decorticated using micro- curettes and demineralized 
bone matrix (Grafton ®  DBM-Putty, Osteotech ® , Inc., New 
Jersey, USA) mixed with bone marrow aspirated (BMA) is 
placed inside the joint to obtain second fusion (Fig.  40.3d, e ). 
The same procedure is made in the contralateral side in the 
same way.  

    Clinical Experience 

 Until December 2012 a total of 21 patients was treated using 
this technique; mean age was 57.5 years old. Nine patients 
presented unstable C2 fracture and 12 patients atlanto-axial 
instability secondary to RA. Mean surgical time and blood 
loss was 193.7 min and 403.5 cc, respectively. Patients 
experienced minimal postoperative pain and were dis-
charged 46.8 h after surgery. Additionally, no hardware 
 failures were present.  

    Clinical Examples 

    Case 1 

 Forty-seven-year-old male patient, consulting with posterior 
neck pain, occipital headache, and weakness on left side 
body, 3 days previously patient fallen with cervical trauma 
in fl exion. 

 Neurological exam showed pain on C2 dermatome bilat-
erally, 4/5 left hemiparesia without Babinski sign and left 
patchy distribution hemi-hypoesthesia for superfi cial tact. 

 Cervical X-ray fi lms showed dens fracture type II with 
instability (Fig.  40.4a, b ).  

 We performed a minimally invasive C1–C2 fusion proce-
dure using polyaxial 3.5 mm diameter screws on both sides. 
No intraoperative complications occurred and blood loss 
was approximately 300 mL. Hospital stay was 43 h, the 

  Fig. 40.4    ( a ,  b ) Case 1 
preoperative and postoperative 
X-rays       
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patient showed motor recovery in the early postoperative 
period (Fig.  40.4c, d ). After 1 year of follow-up patient has 
neither pain nor weakness and instrumentation looks in 
good position.  

    Case 2 

 Seventy-year-old female patient with 30 years history of 
rheumatoid arthritis, she had noticed sensation of cervical 
instability and “cracking” during cervical motion, associated 
posterior neck pain irradiated to upper dorsal region, numb-
ness and weakness of the upper limbs. 

 On exam patient had bilateral hyperrefl exia, as well as 
Hoffman’s sign bilaterally without motor defi cit. Magnetic 
resonance image (MRI) scans showed  pannus odontoideum  
with posterior dens luxation and compression over the 
spinal cord without T2 signal of myelopathy   . Dynamic 
X-rays fi lms revealed that the atlanto-odontoid interval 
reached more than 5 mm in length (Fig.  40.5a ).  

 A minimally invasive C1–C2 fusion procedure was accom-
plished using polyaxial 3.5 mm diameter screws on both sides 
(Fig.  40.5b ). No surgical complications occurred, blood loss 
was 250 mL and hospital stay was 48 h. After 1 year of fol-
low-up the patient has less neck pain and X-ray fi lms showed 
adequate reduction of C1–C2 instability (Fig.  40.5c ).  

    Case 3 

 The patient is an 18-year-old male with history of neck pain. 
Approximately 3 months before presentation, he had fallen 
with cranial-cervical trauma. Neurological exam showed no 

motor or sensory defi cit. X-ray fi lms showed dens fracture 
type II with instability (Fig.  40.6a ).  

 We performed a minimally invasive C1–C2 fusion proce-
dure using polyaxial 3.5 mm diameter screws on both sides 
(Fig.  40.6b, c ). He had no intraoperative complications and 
approximately 280 mL of surgical bleeding (Fig.  40.6d ). 
Hospital stay was 36 h. After last follow-up the patient has 
pain or weakness and instrumentation looks in good position 
(Fig.  40.6e, f ).   

    Discussion 

 There is no doubt on the multiple potential advantages of a 
minimally invasive technique for the stabilization of the C1–
C2 complex. First of all, the tension band provided by the 
nucal musculature and ligaments is preserved, giving addi-
tional biomechanical stability to the construct. Second, the 
patient is not submitted to extensive and painful occipito- 
cervical dissection, making the postoperative recovery faster 
and less morbid [ 4 – 6 ,  10 – 13 ,  17 ,  19 ]. 

 It is known that there are many surgical options to 
approach atlanto-axial instability; also that each has pros 
and cons that must be thoughtfully considered when choos-
ing a specifi c procedure. On one hand, we have the wiring 
techniques that are simple and less demanding, but are 
associated with poor fusion rates (between 82 and 66 %) 
and higher risk of pseudarthrosis (reaching 36.3 % in some 
series); besides it requires prolonged postoperative immo-
bilization. Screw fi xation provides high fusion rates close 
to 100 %, lower risk of pseudarthrosis and shorter periods 
of postoperative immobilization, but, they are technically 
more demanding, require the intraoperative utilization of 

  Fig. 40.5    ( a – c ) Case 2 preoperative, intraoperative, and postoperative X-rays       
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fl uoroscopy and the pre-op study of the anatomy, specially 
concerning the vertebral artery, to lower the risk of vascular 
injury [ 1 ,  3 ,  15 ,  16 ,  21 ]. 

 Several studies compare different screw fi xation techniques: 
trans-articular C1–C2, C1 lateral-mass with C2 trans-pedicu-
lar, and C1 lateral-mass with C2 trans-laminar screws. Evidence 
shows no signifi cant differences on fusion rates or complica-
tions between one another. On the other hand, biomechanical 
studies have demonstrated superiority of the C1 lateral-mass 
with C2 trans-pedicular screws technique compared with the 
C1 lateral-mass with C2 trans- laminar technique when lateral 
bending and axial rotation were evaluated [ 1 ]. 

 In our study, we chose Harms technique, because of the 
anatomy studies performed at our laboratory that showed a 
safe surgical access for the minimally invasive approach.     
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        Several terms that reappear throughout this chapter are fi rst 
defi ned: neural foramen, nerve root, and foraminotomy. 

 When two contiguous vertebrae are apposed, a lateral, 
somewhat cylindrical tunnel is formed that serves as an exit 
for segmental nerve roots. From the standpoint of surgical 
importance, the ventral fl oor is made up of the disc space and 
the adjacent joint of Luschka. The roof is formed by the 
overlapping inferior and superior zygapophyseal joints. 
Superiorly and inferiorly, the pedicles of the respective ver-
tebrae form the bony limits; this constitutes the neural 
foramen. 

 The nerve root is the most important structure that passes 
through this foramen. It is invested by surrounding fat and 
accompanied by epidural veins (Fig.  41.1 ). This nerve root is 
composed of a sensory ganglion and its proximal pregangli-
onic axons and postganglionic motor axons arising from the 
anterior horn cells within the spinal cord and terminating in 
the muscle fi ber they innervate. These sensory and motor 
structures are bathed by cerebrospinal fl uid and invested by 
an outpouching of the common dural sac referred to as the 
dural root sleeve. It is this structure that is seen at the time of 
surgical exposure.  

 The C5 nerve root forms a 45-degree angle with the spinal 
cord as it traverses its foramen, and this angle increases as 
one descends; so that C8 is essentially at right angles as it 
enters the spinal canal outlet. 

 Foraminotomy is decompression of a nerve root by 
removal of offending pathologic material within and in the 
proximity of a neural foramen. Ventrally, disc material or 
osteophytic bone may be removed. The latter is particularly 
true of the joint of Luschka, whose hypertrophic excres-
cences usually encroach on the nerve root within its axilla. 
Dorsally decompression is accomplished by resection of the 
medial aspect of the superior and inferior facets; this is 
performed with a high-speed drill. 

 It is imperative to determine preoperatively the extent of 
neck fl exion tolerated by the patient without aggravating 
neurologic symptoms.
    1.    In spite of the inherent dangers of air embolism, I prefer 

the upright position to the prone (Fig.  41.2 ) [ 1  ,   2 ] The 
Mayfi eld headrest is used. Skeletal pin fi xation remains 
an option, but I prefer the “horseshoe” headrest. The 
suboccipital scalp is shaved suffi ciently to tape the head 
in place and to allow operative preparation of the surgi-
cal fi eld. Flexion of the neck distracts the facets and 
facilitates exposure, as does slight lateral fl exion contra-
lateral to the lesion.    

   2.    The level and length of the midline posterior cervical 
incision are determined by external landmarks, for 
example, a prominent C7 spinous process. Meticulous 
attention to hemostasis is essential. To accommodate the 
application of hemostatic Raney clips, the subcutaneous 
tissue may be slightly undercut.   

   3.    A self-retaining retractor is placed and the trapezius fas-
cia incised, allowing retraction of the muscle mass on 
the side of the lesion.   

   4.    Then, the splenius and semispinalis capita, the lower 
semispinalis cervicis, and the multifi dus muscles are 
separated from the spinous processes and contiguous 
laminae by subperiosteal dissection with a periosteal 
elevator or Bovie “cutting” electrocautery.   

   5.    The wound is repeatedly irrigated with a sterile saline or 
comparable solution to cool the operative fi eld when the 
electrocautery is used; this helps prevent potential air 
embolism. Muscle stripping is greatly facilitated when 
the bony projection of a bifi d spinous process is resected 
on the side of the exposure (Fig.  41.3 ).    

   6.    Having exposed the lamina at the level of interest, radio-
logic corroboration is obtained. While roentgenograms 
are being developed, the lateral dissection is continued 
so as to expose the medial two-thirds of the zygapophy-
seal joints in question. Although diffi cult for the assis-
tant, a handheld Meyerding retractor maintains this 
exposure best.   

      Cervical Foraminotomy: Indications 
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   7.    A high-speed drill is utilized in the removal of overlying 
superior and to a lesser extent the inferior facets. Part of 
the inferior and lateral lamina of the vertebra above and 
the superior and lateral lamina of the vertebra below are 
also drilled away (Figs.  41.4 ,  41.5 ,  41.6 ). The interposed 
ligamentum fl avum comes away with the bony removal. 
It is a very precarious structure in the neck, in contradis-
tinction to the low back. Bone wax is used to stop intra-
medullary bleeding.      

   8.    Cautious dissection of the structures within the neural 
foramen separates the fat and exposes the root sleeve 
and the ever-present extradural veins (Fig.  41.7 ). When 
these veins rupture, bleeding may be disconcerting, but 
should not present a serious problem. Hemostasis may 
be obtained by packing with a small cotton pledget or 
preferably with a bipolar coagulator.    

   9.    When soft disc protrusion is encountered, it is usually an 
extrusion of a substantial part of the nucleus pulposus. 
The extruded disc and the easily accessible intradiscal 
material are removed, but no endeavor is made to per-
form a complete discectomy. A more aggressive discec-
tomy only promotes myelopathy (Figs.  41.8 ,  41.9 ).     

   10.    When a so-called hard disc is encountered, the small, 
curved, and straight. Cloward curettes are employed to 
remove osteophytes arising from the intervertebral disc 
space and the axillary osteophytes emanating from the 
joint of Luschka (Fig.  41.10 ).      

   11.    A blunt nerve hook may be employed to guide the extent 
of bony resection, thus achieving adequate neural decom-
pression without undue bony removal (Figs.  41.8 ,  41.9 , 
 41.10 ,  41.11 ,  41.12 ).   

   12.    Closure: Having assured oneself of complete hemosta-
sis, absorbable gelatin foam is placed within the forami-
notomy and the wound closed in layers without a drain. 
The fascia is approximated with nonabsorbable suture, 
the subcutaneous tissue with resorbable synthetic suture 
material, and the skin closed with a nylon suture.   

   13.    When radicular pain is disabling, 20 mg of epidural methyl 
prednisone acetate may be applied, soaked in gelatin foam, 
directly to the exposed nerve root. This step reduces pain 
but potentially promotes local infection. Hence, I employ 
a prophylactic antibiotic intraoperatively in such instances. 
I have never encountered a local infection as a result of 
such practice, be it in the neck or the low back.   

Facet Joint

Lamina

Lamina
Disc

Nerve Root

  Fig. 41.1    Ventral retraction of the nerve root shows the intervertebral 
disc       

  Fig. 41.2    The upright position is used in preference to the prone posi-
tion. The Mayfi eld headrest supports the head. Skeletal pin fi xation 
remains an option, but the horseshoe headrest is preferred. The occipital 
scalp is shaven suffi ciently to tape the head in place and to allow opera-
tive preparation of the surgical fi eld. Flexion of the neck distracts the 
facets and facilitates the exposure, as does slight lateral fl exion contra-
lateral to the lesion. There is some inherent danger of air embolus in the 
upright position       
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   14.    Postoperatively, the patient is cared for in a 40-degree 
semi-Fowler position to reduce venostasis at the operative 
site. No external neck support is necessary, but the 
patient frequently feels more confi dent with a soft 
cervical collar.     

 A vast literature addresses the surgical treatment of cervi-
cal radiculopathy. It is hard to say if one method is superior 
to another. I have always employed posterior decompression 
of a nerve root in preference to anterior decompression and 
interbody fusion. Although the morbidity might be greater 
during the fi rst few days, posterior decompression does not 
immobilize a motion segment, allows one to operate at more 
than one level, and offers adequate decompression of an 
injured nerve root. There is no need for protracted neck 
immobilization, and one avoids iliac crest graft site pain. 

 In experienced hands, the operation can be carried out in 
less than an hour, even if two foraminotomies are performed.

  Remember: 
   1.    Preoperatively check the amount of neck fl exion possible 

without producing severe radiculopathy.   
   2.    Accompany electrocautery dissection with frequent 

irrigation.   
   3.    Dissect laterally to the medial two-thirds of the facet joint.   
   4.    With the bur, fashion a hole removing more of the cephalad 

facet.   
   5.    Extract soft tissue fragments without a radical excision of 

disc contents.   
   6.    Guide the dissection with a nerve hook.   
   7.    Control bleeding with packing, bipolar cautery, and 

hemostatic material.   
   8.    Understand the anatomy of the intervertebral foramen 

completely.        

  Fig. 41.3    The incision should extend two spinous processes above and 
two below the desired level. Open the skin and subcutaneous tissue. 
Slightly undercut the subcutaneous tissue and apply hemostatic Raney 
clips. Place the self-retaining retractor and incise the trapezius fascia. 
Retract the muscle mass on either side of the lesion. Use either a peri-
osteal elevator or the cutting electrocautery to remove the paraspinous 
musculature from the spinous process and the lamina of the involved 
side. Beginning at the tip of the spinous process, obtain the subperios-
teal plane before sweeping out on the lamina. Resection of the bifi d 
spinous process may aid greatly in the muscle stripping exposure. 
Irrigate repeatedly with saline. Maintain meticulous hemostasis       

  Fig. 41.4    After X-ray confi rmation of the level, expose the medial 
two-thirds of the zygapophyseal joint and maintain retraction with a 
handheld Meyerding retractor. For exposure of a specifi c disc space 
such as C5–C6, remove the overlying inferior articular process of CS 
and, to a lesser extent, the superior articular process of C6       

  Fig. 41.5    With the bur, remove the inferior, lateral lamina of the verte-
bra above and the superior, lateral lamina of the vertebra below. The 
interposed ligamentum fl avum comes away with the bony removal. Be 
very cautious       
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Facet Joint

Spinous
Process

Nerve Root

  Fig. 41.6    Removal of the lamina 
facet and the ligamentum fl avum 
of the involved level       

  Fig. 41.7    Cautiously dissect the structures within the neural foramen. 
Separate the fat and expose the nerve root. Beware of the ever- present 
epidural veins covering the nerve root. Hemostasis after rupture of 
these veins should be obtained with a small cottonoid pledget or with a 
bipolar coagulator. Surgicil and packing may be needed       

  Fig. 41.8    A blunt nerve hook is used to guide the extent of the bony 
resection. Removal of hard disc material from the intervertebral space 
may be accomplished after retraction of the nerve root with the kerasin 
punch       
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  Fig. 41.9    The pituitary rongeur may be used to retract this material       

  Fig. 41.10    Chisels and curettes may be used to remove osteophytes 
arising in the vertebral disc space and osteophytes emanating from the 
joint of Luschka       

Facet Joint

Facet Joint

Facet Joint

Nerve Root

Disc

Nerve Root

Dural Sac

  Fig. 41.11    The nerve root and 
disc space in the intervertebral 
foramen without the veins seen in 
Fig. 30G       

  

 

41 Cervical Foraminotomy: Indications and Technique



282

   References 

   1.    Brain WR, Wilkinson M: Cervical Spondylosis and Other Disorders 
of the Cervical Spine. Philadelphia, Saunders, 1967.  

   2.    Bucy PC, Chenault H: Compression of the seventh cervical root by 
herniation of an intervertebral disc. JAMA 126:26–27, 1944.  

  3.    Lee CK, Weiss AB: Isolated congenital cervical block vertebrae below 
the axis with neurological symptoms. Spine 6:118–124, 1981.  

  4.    Semmes RE, Murphey F: Syndrome of unilateral rupture of the 
sixth cervical intervertebral disc, with compression of the seventh 
nerve root. JAMA 121:1209–1214, 1943.  

  5.    Spurling RG: Lesions of the Cervical Intervertebral Discs. 
Springfi eld, Thomas, 1956.  

  6.    Tisovec L, Hamilton W: Newer considerations in air embolism during 
operation. JAMA 201:376–377, 1967.    

Facet Joint Lamina

Nerve Root
Disc

Transverse
Process

Vertebral
Artery

Transverse
Process

  Fig. 41.12    With an 
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nerve root from the intervertebral 
foramen, one clearly visualizes 
the joint of Luschka and the 
Process intervertebral disc       
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        Microcervical foraminotomy (MCF) is the term used by this 
author to specifi cally defi ne a posterior microsurgical tech-
nique that has proven extremely successful for the resolution 
of intractable cervical radicular pain [ 1 ]. The procedure was 
developed in 1972 and absolutely minimizes any degree of 
laminectomy or facet trauma while allowing for a thorough 
neurolysis and bony foraminal decompression along the pos-
terior and inferior aspect of symptomatic cervical nerve 
roots. As many as six foramina have been treated at one sit-
ting. The intervertebral disc, stabilizing bony structures, and 
any foraminal pathology anterior to the root are not disturbed 
during this operation. Although primarily indicated for the 
treatment of intractable pain and neurologic defi cit of a 
radicular distribution, the operation has proven to be just as 
successful in those individuals with persistent radicular 
symptoms unresponsive to previous anterior cervical or lam-
inectomy techniques. 

    Clinical Rationale for This Alternative 
Approach 

 A disappointing 5-year personal experience in the consis-
tency with which cervical radicular pain responded to 
accepted surgical techniques prompted this author to reas-
sess his surgical failures in 1971. In the absence of intrinsic 
neural disease, persisting foraminal pathology either unrec-
ognized or unreachable during a previous surgical operation 
seemed the most probable etiology. Because anterior forami-
nal pathology was protected by the vertebral artery and even 
the anterior foramen entrance could not be surgically reached 
without infl icting serious morbidity on the intervertebral 
disc, a conservative microsurgical technique was developed 
that allows neurolysis and decompression of any posterior 
irritative foraminal pathology. This technique is termed 
microcervical foraminotomy (MCF).  

    Patient Selection 

 Since 1972, 574 patients with 1571 symptomatic cervical 
nerve roots have been treated by this conservative posterior 
surgical approach. As many as six roots from C4 to C8 have 
been treated at one sitting. In the absence of intrinsic neural 
disease, preoperative correlation between abnormal radiodi-
agnostic studies and symptomatic nerve root levels has 
become minimally important because foraminal pathology 
treatable by this operation lies largely outside the spinal canal. 
Surgical indications for MCF are intractable pain or neuro-
logic defi cit of a radicular distribution unresponsive to either 
exhaustive conservative management or previous cervical 
operations. Regardless of any preoperative structural radio-
graphic pathology, this operation is only applied to those 
foraminal levels with clinical radicular symptoms. A expert 
knowledge of cervical radicular neuroanatomy including 
 dermatonal, myotomal, and refl ex distributions seems all that 
is necessary to localize a clinically symptomatic cervical 
nerve root and thus its associated neural foramen [ 2 ].  

    Instrumentation, Anesthesia, 
and Positioning 

    Surgical Microscope and Instrumentation 

 A Zeiss Opmi 1 surgical microscope with straight binoculars 
and 300-mm lens provides excellent visibility and surgical 
mobility. Medium to high magnifi cation is used. A self- 
retaining retractor with lateral blade (1 cm width, 5 cm 
depth) and dull medial hook is applied for unilateral wound 
retraction (Williams’ Microlumbar Discectomy Retractor; 
Codman and Shurtleff, Randolph, MA). Other than scalpel 
and electrocoagulator, instruments required are a blunt 
90-degree microhook, a 45-degree, 1.5-mm rongeur, 45- and 
90-degree, 1-mm rongeurs, and microcurettes (Fig.  42.1 ). 
The microcurettes best suited are one that is straight and two 
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additional that have been smoothly angled by the author to 
15 and 30 degrees, respectively. These curvatures should be 
placed approximately 1 cm from the tip.   

    Patient Preparation, Anesthesia, 
and Positioning 

 Patients receive a complete medical and pulmonary assess-
ment. Antiseptic sponges are provided for home showers and 
shampoos before hospital admission. The operation is carried 
out with the patient in the sitting position utilizing a Mayfi eld 
pin-type head holder. The chin is slightly fl exed to reduce 
cervical lordosis. General endotracheal anesthesia with 
mechanical ventilation is applied along with cardiac doppler 
and central venous pressure monitor for the detection and 
treatment of possible air emboli. The legs are wrapped, and 
systolic blood pressure is maintained above 120 mmHg with 
vasopressor as needed.  

    Operating Time 

 Wound entrance, closure, and a one-side, one-level forami-
notomy require 1 hour. Each additional foraminotomy adds 
approximately 0.5 hour to the operating time.   

    Incision Placement 

 Accurate placement of the skin incision is paramount to 
ensure minimal operating time and maximal hemostasis. 
After palpation of a familiar spinous process, a 1-inch needle 
is inserted well lateral to the midline and localized by lateral 
radiogram. A 1.5-inch skin incision is then marked in the 
midline after reviewing the anatomical placement of the nee-
dle. Once the wound is open, a visible spinous process is 
then notched with a rongeur for future identifi cation and 
grasped on its tip with a metallic clamp. A second lateral 
cervical X-ray is then obtained to accurately identify the 
vertebral level. Once the metallic clamp has been removed, 
the notched spinous process can be followed inward on its 
lateral surface by fi nger palpation to locate the symptomatic 
interlaminar level. A self-retaining retractor is then applied 
for direct visualization of the deeper anatomy. 

 This technique has proven absolutely necessary for the 
exact localization of foraminal levels, because it is extremely 
easy for even the most experienced spinal surgeon to become 
disorientated in the depths of a microsurgical cervical wound. 
If there is any doubt as to the location, check and recheck 
again until the appropriate interlaminar level is without ques-
tion. This operation is so successful for the relief of radicular 
pain that any persistence in its intensity for even 24 hours 
following surgery likely indicates that the surgeon was in the 
wrong place.  

    Surgical Technique 

    Dissection to the Lamina 

 A 1.5-inch posterior midline wound is generous for a two- 
level foraminotomy. If work is to be done bilaterally, expose 
only one side at a time as this will ensure minimal blood loss 
from venous oozing in what sometimes can be a lengthy oper-
ation. Unless open veins are unattended with the patient in the 
sitting position, air emboli will not occur. 

 The technique of foraminotomy presented here is much 
more diffi cult for the surgeon when working on a foramen 
toward the same side as that of the surgeon’s dominant hand. 
That is, right-side foraminotomies are technically the most 
diffi cult for the right-handed surgeon. When working toward 
the dominant side, tedious wrist extension movements are 
required while utilizing rongeurs and microcurettes. Such 
maneuvers are not the case when resculpting a foramen 
toward the surgeon’s nondominant side. Initially, therefore, 
always treat those foramina that will be technically the most 
diffi cult. Proceeding in this manner will markedly reduce the 
surgeon’s fatigue and thus further minimize blood loss and 
operating time. 

  Fig. 42.1    Instrumentation for microcervical foraminotomy (MCF) is 
minimal. Pictured from  top left clockwise  are a 90-degree microhook, a 
45-degree, 1.5-mm rongeur, a straight microcurette, a 90-degree, 1 -mm 
rongeur, and a 45-degree, 1-mm rongeur. Additional instruments not 
pictured are scalpel, electrocoagulator, electrocutting blade, small peri-
osteal elevator, and the author’s 15- and 30-degree-angle microcurettes 
made by smoothly bending straight microcurettes 1 cm from the cup. 
(Redrawn with permission from Williams RW. Microcervical forami-
notomy: a surgical alternative for intractable radicular pain. Spine 
1983;8(7):708–716.)       
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 Once the wound is open, an electrocutting knife is applied 
to unilaterally separate the paravertebral fascia from the 
 spinous processes. The lamina and ligamentum fl avum are 
often quite superfi cial, so use extreme caution with the cut-
ting current. The index fi nger can then be inserted through 
the fascia opening, applying gentle inward pressures to dis-
place the paravertebral muscles laterally. Periosteal elevators 
are seldom necessary. Finger palpation allows for accurate 
anatomical localization of the deeper interlaminar space 
when correlated with the previously notched spinous pro-
cess. Meticulous hemostasis is accomplished by electroco-
agulation. Care is taken to avoid electrical instrument contact 
with the ligamentum fl avum, thus preventing potential burn 
injury to the deeper neural structures. A unilateral self-
retaining retractor, as previously described, is then inserted 
to maintain surgical exposure.  

    Foraminotomy 

 Once the interlaminar space associated with the symptomatic 
root has been accurately identifi ed, the ligamentum fl avum is 
separated from its most lateral attachment to the upper lamina 
using a straight microcurette. This area of separation is usually 
no more than 1 cm lateral to the midline. If the interlaminar 
space is quite narrow or the opposing lamina borders are indis-
tinct as a result of osteoarthritic disease, a power bur can be 
applied to carefully reestablish the tissue planes. 

 Once the ligamentum fl avum is separated, an appropriate 
rongeur is inserted under the lateral laminar shelf and small 
bites of bone are removed in an upward direction (Fig.  42.2 ) 
until the foramen entrance can be identifi ed by blunt micro-
hook palpation (Fig.  42.3 ). Ligamentum fl avum is never 
intentionally removed during this operation because it pro-
vides great protection to the underlying dura and neural ele-
ments. Most important, during laminar bone removal, do not 
turn the mouth of the rongeur laterally into the facet or its 
synovium.   

 Mastering the technique of locating the posterior foramen 
entrance and evaluating its probable pathology by blunt 
microhook palpation will yield invaluable information to the 
surgeon. The degree of osteoarthritic stenosis, density of pos-
terior and inferior perineural adhesions, and angle with which 
the foraminal tube exits the spinal canal can all be assessed by 
this blind surgical maneuver. When strictly adhering to MCF 
technique, the perineural soft tissues and cervical root will be 
maximally protected. 

 After microhook location of the foramen entrance and 
evaluation of posterior root adhesion density, the angled 
microcurettes are used with gentle outward pushing move-
ments both laterally and ventrally to progressively separate 
perineural tissues from the posterior foraminal wall 
(Fig.  42.4 ). Again, this is a blind surgical maneuver and must 

  Fig. 42.2    Utilizing microcervical foraminotomy (MCF) technique, 
foraminotomy is initiated by the minimal removal of bone from the most 
lateral portion of the superior lamina ( arrow ) .  Do not turn the mouth of 
the rongeur laterally as it will fracture the facet injuring the synovium. 
Care is taken not to sacrifi ce the ligamentum fl avum during this minimal 
laminectomy as the ligament offers excellent protection for the underly-
ing dura and spinal fl uid space. (Redrawn with permission from Williams 
RW. Microcervical foraminotomy: a surgical alternative for intractable 
radicular pain. Spine 1983;8(7):708–716.)       

  Fig. 42.3    With an area of minimal upward laminectomy completed, a 
blunt 90-degree microhook is used to locate and explore the foramen 
entrance. Although this is a blind surgical maneuver, the operator soon 
learns to estimate the degree of stenosis and perineural adhesion density 
that will be encountered during posterior foraminal resculpting       

 

 

42 Microcervical Foraminotomy: An Alternative Posterior Technique for Intractable Radicular Pain



286

be done very carefully, especially when adhesions are dense 
between the root dura and bone. A thorough restoration of 
perineural tissue planes is critical, however, and must be 
accomplished throughout the entire posterior aspect of the 
foraminal tube including its outlet. Then and only then will 
the surgeon clearly visualize arterial-type pulsations in the 
nerve root sleeve. Such pulsations are the absolute key indi-
cator that perineural tissues are adequately separated from 
the periosteum of the posterior foraminal wall.  

 With perineural tissue planes reestablished, blind resculpt-
ing of the posterior and inferior foraminal bone can be accom-
plished with angled microcurettes and a 1-mm, 45-degree-angle 
rongeur) (Figs.  42.5 ,  42.6 ). Proceed tediously outward from 
the foramen entrance while avoiding mechanical pressures 
against the root. Motor responses are uncommon unless the 
surgeon is traumatizing the nerve. Be very cautious during res-
culpting as postoperative increases in motor defi cit, although 
usually transient, most often belong to the surgeon.   

 Stenotic lesions in the elderly may be of extremely hard 
bone, or soft osteoarthritic bone at any age. In either case, 
tedious bony decompression utilizing microcurettes has 
proven the safest method of protecting the nerve while reliev-
ing stenosis. Once stenotic pressures have been signifi cantly 
reduced by microcurette, it will be safe to begin resculpturing 
the posterior foraminal wall with a 1-mm, 45-degree- angle 
rongeur. Osteophytes in the root axilla are removed by a 

  Fig. 42.4    Microcurettes of varying angles are passed through the pos-
terior aspect of the foramen entrance with the sharp cup against bone. 
Gentle pressures are applied laterally with the smooth backside of the 
curette toward the nerve, allowing a progressive separation of perineu-
ral tissues from the posterior and inferior foraminal wall while protect-
ing the root from sharp instrumentation. Because the inside of the 
foramen is blind surgical territory, do not pull the curette medially 
while attempting to resculpt bone until absolutely sure the posterior 
root dura has been widely separated from the foramen periosteum       

  Fig. 42.5    The author’s lateral view concept of a foramen stenosed by 
osteoarthritic disease and what needs to be accomplished during micro-
cervical foraminotomy (MCF) resculpting. The peri-neural tissues are 
separated from the posterior and inferior foraminal wall using  outward  
or lateral pushing movements with the smooth backside of the microcu-
rettes against the root dura. Once perineural tissues have been freed 
from the bony wall, gentle  inward  curetting is applied to decompress 
the posterior and inferior stenosing pathology and smooth the foraminal 
bone. (Redrawn with permission from Williams RW. Microcervical 
foraminatomy: a surgical alternative for intractable radicular pain. 
Spine 1983;8(7):708–716.)       

  Fig. 42.6    On completion of resculpting, the posterior and inferior 
foraminal wall should feel widely decompressed to the surgeon when 
palpated with a blunt microhook ( arrow ) .  Note that no attempt was 
made to correct pathology in the anterior foramen. When stenotic pres-
sures and perineural adhesions have been thoroughly released, arterial- 
type pulsations of the nerve root become visible under magnifi cation. 
Until these pulsations are clearly present, the surgeon must suspect per-
sisting areas of dural adhesions or osteophytosis along the posterior 
foraminal wall. The one exception to this observation is, however, the 
rare bright red edematous nerve roots, as discussed in the text. (Redrawn 
with permission from Williams RW. Microcervical foraminatomy: a 
surgical alternative for intractable radicular pain. Spine 1983;8(7):
708–716.)       
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similar technique. For the foraminotomy to be considered 
complete, the perineural tissue planes must be fully reestab-
lished, the nerve root clearly pulsatile, and all posterior ste-
notic pressure points relieved. 

 When foramina must be treated bilaterally, complete all 
work on one side before proceeding to the opposite side. 
Remove the retractor, place a moist sponge in the unilateral 
wound to displace air, and only then expose the opposite 
interlaminar anatomy. Spinal fl uid leaks have not occurred 
following MCF, and potential surgical injuries to the facet 
and its synovium should be minimal. Blood loss rarely 
exceeds 100 mL. At wound closure, do not place sutures in 
the paravertebral muscles; this precaution will markedly 
reduce postoperative morbidity from muscle spasm.  

    Postoperative Care 

 Cervical ice packs are the mainstay during convalescence. 
The patient ambulates as desired with hospital and discharge 
medications consisting of oral muscle relaxants, antiinfl am-
matories, and nonnarcotic pain medication. For the fi rst 24 
hours following surgery, systemic antiinfl ammatories may 
be used. Discharge usually occurs on the third postoperative 
day unless numerous foramina have been resculpted.   

    Technical Observations 

     1.    Always obtain two lateral cervical spine X-rays to local-
ize the deeper cervical anatomy. The fi rst, taken with a 
needle as a marker, is used to place the midline skin mark 
in reference to superfi cial landmarks. The second lateral 
X-ray is then obtained after the wound has been opened. 
The surgeon should position a mechanical fi lm holder and 
X-ray tube during initial surgical preparation. Obtain the 
fi rst lateral X-ray before draping and leave both the X-ray 
tube and fi lm holder in their exact positions for inclusion 
under the fi nal surgical drapes. The second X-ray is then 
obtained after the wound has been opened. I cannot stress 
strongly enough how important X-ray localization of the 
deeper cervical anatomy will prove as the operation 
progresses.   

   2.    The volume of upper lateral lamina removed for identifi -
cation of the foramen entrance should be kept to a mini-
mum; this is best achieved with a 1.5-mm, 45-degree-angle 
rongeur. Larger instruments will fracture the facet plates 
and markedly increase long-term postsurgical muscle 
spasm. Additionally, ligamentum fl avum is not removed 
during MCF to provide maximal protection to the under-
lying dura and spinal fl uid space.   

   3.    The foramen entrance rarely lies more than 1 cm lateral 
to the midline. Be very precise in its location, because 

surgical disorientation at this stage of the operation can 
lead to disaster.   

   4.    Perineural soft tissues vary greatly in color, texture, and 
volume, depending on the chronicity and degree of 
infl ammation that have occurred along the posterior 
foraminal wall. Perineural tissues are hereby defi ned to 
include dura, fat, connective, and vascular tissue. Under 
magnifi cation within a normal foramen, the dura appears 
yellowish-gray with a wrinkled wet texture, fat is bright 
yellow and globular, connective tissue is white with a 
fi shnet appearance, and the capillary vasculature is easily 
visible on the dural sleeve and throughout the other peri-
neural tissues. 

 In patients with radicular pain only, one can expect a 
white glistening vascular dura beginning to stick to the 
foraminal periosteum. Fat and connective tissue will be 
present but sparse. As the clinical severity of symptoms 
evolve from only that of radicular pain to those of radicu-
lar pain associated with radiculopathies (increasing 
degrees of motor paresis, sensory loss, and ultimately 
muscle atrophy), the appearance of perineural tissues 
changes dramatically. In mild chronic radiculopathies, 
the dura appears bluish, puckered, and hypovascular 
whereas the perineural fat and connective tissue begin to 
atrophy and fi brose. In severe radiculopathies, the peri-
neural fat and connective tissue will have totally disap-
peared and the dura will appear purplish, shriveled, 
avascular, and densely adherent to the foraminal wall. 

 The only exception to these scenarios is the rare patient 
with acute severe burning radicular pain unresponsive to 
any type of conservative management. These patients 
usually have a nontraumatic onset of symptoms, hold the 
affected arm motionless in their lap, exhibit motor weak-
ness without atrophy, and experience severe burning par-
esthesias. Almost 50 % of these patients are latent 
diabetics, and this syndrome has never occurred bilater-
ally. At surgery, the symptomatic nerve roots are visibly 
bright red and swell dramatically as foraminal pressures 
are released. These are the only patients in whom arterial- 
type root pulsations may not become visible following 
completion of MCF. Always inform the patient with burn-
ing radicular pain that their symptoms will require some 
weeks to resolve.   

   5.    The angles with which the foramina exit the spine may 
vary greatly from patient to patient. Such variations may 
lead to technical diffi culties when trying to use a 1-mm, 
45-degree-angle rongeur to resculpt a foramen that exits 
anterolaterally at 30 degrees. In such cases, direct mechan-
ical trauma to the root or fracture into the facet can easily 
occur during use of a rongeur. This is the most important 
technical reason to initially utilize  microcurettes when 
reestablishing perineural tissue planes and resculpting 
stenotic foramina. There is one good trade- off, however. 
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Foramina angled laterally at only 20 to 30 degrees provide 
a spectacular “gun barrel” view of all posterior foraminal 
pathology. It is here that confi dence can be gained in 
 performing those technical maneuvers that most often are 
blind to the surgeon.   

   6.    The only signifi cant technical complication that has 
occurred with MCF is when a patient awakens with dense 
radicular paresis, the degree of which was not present pre-
operatively (2 %). The C5 root is by far the most sensitive 
to foraminal decompression, especially in latent diabet-
ics and those patients with long-standing radiculopathies 
clinically manifested by chronic pain, marked weakness 
with muscular atrophy, and sensory loss. At surgery these 
nerve roots appear withered, purplish, and may visibly 
expand dramatically following decompression. Although 
the postoperative paresis may be dense, it will recover to a 
minimum of its preoperative status within a maximum of 
4 months. Radicular pain, however, clears immediately. 
The physiologic mechanisms of this phenomena remain 
speculative. With honest preoperative counseling and 
the dramatic resolution of their radicular pain, however, 
all patients experiencing this complication ultimately 
expressed satisfaction with their surgical result. Always 
inform the patient with chronic CS radiculopathy of this 
potential complication.      

    Conclusion 

 Intractable cervical radicular pain is a common and often 
severely disabling clinical problem. In this 22-year surgical 
experience with 574 patients and 1571 symptomatic nerve 
roots, radicular pain was usually insidious in onset (60 %), 
with measurable neurologic defi cit occurring at more than one 
root level. For 15 %, neural decompensation had occurred to 
the point of myotomal atrophy. The textbook neuroanatomy of 
cervical radicular functions has proved reliable for allowing 
clinical examination to detect specifi c root levels generating 
radicular pain and neurologic dysfunction [ 2 ]. 

 Mastering use of the surgical microscope and microsur-
gical instrumentation has allowed investigation of the poste-
rior anatomy of the cervical nerve roots as they traverse the 
bony foramina. A variety of structural pathology has been 
observed that leads to the inadequacy of these neural passages. 
Most often partially calcifi ed deposits termed osteophytes 
are present associated with foraminal adhesions. Although 
radicular pain resolves after MCF, the reversibility of objec-
tive neurologic defi cit associated with such pathology seems 
directly related to the degree of neural irritation that these 
deposits cause in relation to time. As the chronicity of symp-
toms increase, so also will the degree of perineural tissue 
atrophy and withering discoloration of the nerve root. In the 
most severe cases, neurologic defi cits may only be stabilized 

by this procedure or only slightly improved over a period of 
months. 

 The relief of radicular pain by this technique speaks 
strongly for extraneural pathology as its primary etiology. 
Because the operation does not alter the cervical disc or ante-
rior foraminal anatomy, the resolution of pain must result 
from relief of root irritative lesions lying posteriorly while 
allowing relaxation of the root away from similar pathology 
that exists anteriorly. Whatever the mechanism, the root can 
be observed to develop rhythmic arterial timed pulsations 
following wide resculpting of a foramen. Perhaps these pulsa-
tions are transmitted via previously ischemic vasonervorum, 
or from the vertebral artery that lies anteriorly. Cerebrospinal 
fl uid pulsations would not appear to be the mechanism, how-
ever, because myelographic fl ow patterns in the root sleeve 
seem unchanged following foraminal decompression by 
MCF, and there have been no spinal fl uid leaks. 

 A considerable number of patients (40 %) manifest disco-
genic pain syndrome [ 3 ] in association with radicular pain. 
These symptoms have also resolved following MCF. Because 
the cervical disc is never altered by this technique, the patho-
physiology of discogenic pain would seem speculative. In 
addition, preoperative radiodiagnostic studies of all types cor-
related with clinical examination have only been of value in 
diagnosing the occasional patient with spinal cord disease not 
suited for this operation. When radicular pain is the prominent 
presenting symptom, however, foraminal pathology outside the 
realm of radiologic diagnosis is most often the etiology. 

 Most radicular pain will radiate over the C6 and C7 root 
distributions unilaterally. Because 40 % of all patients have 
asymptomatic preoperative myelographic defects and only 
7 % of these become symptomatic, never operate on a clini-
cally asymptomatic foramen. For those readers who desire 
further detailed statistics on MCF, refer to the original 10-year 
surgical series published in 1983 [ 1 ]. Although an additional 
339 patients have been subsequently treated during the past 
12 years, the comprehensive presentation and statistical anal-
ysis of the original MCF surgical series remains essentially 
unchanged.     
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            Introduction 

 Minimally invasive approaches to the cervical spine have 
evolved dramatically over the past two decades [ 1 ]. It is cur-
rently feasible to perform minimally invasive procedures on 
a wide variety of cervical spine disorders with less injury 
to soft tissue, less postoperative axial neck pain, and faster 
recovery compared to open surgery [ 2 – 4 ]. The new chal-
lenge, however, has become the judicious matching of the 
pathology to the surgical corridor and technique that carry 
the best clinical outcome and least risk of complications. 
Degenerative disease of the cervical spine is a commonly 
encountered set of pathologies often manifesting in the form 
of radiculopathy, myelopathy, or both. Minimally invasive 
surgical approaches to such disorders include an anterior and 
a posterior approach, each of which has pros and cons. The 
type of surgical approach used is essentially dictated by the 
nature of the cervical lesion itself, as recognized on clinical 
and radiographic fi ndings, as well as the surgeon’s judgment 
and expertise [ 5 ]. Although the anterior approach has gained 
wide acceptance in the management of such disorders, the 
posterior approach is now becoming increasingly adopted 
as it avoids complications such as tracheal and esophageal 
perforation, carotid and vertebral artery injuries, recurrent 
laryngeal nerve paralysis, as well as cervical nerve root 
injury and accelerated adjacent segment disease [ 3 ,  4 ,  6 ]. In 
this chapter, we discuss current advances in the management 
of degenerative diseases of the cervical spine, with special 
focus on minimally invasive posterior cervical approaches. 
We describe the technical nuances and complications of 

two minimally invasive posterior cervical decompression 
procedures, the cervical microendoscopic discectomy/
Foraminotomy (CMED/F) and the cervical microendoscopic 
decompression of stenosis (CMEDS). We also review cur-
rent evidence on the short- and long-term effects of these 
procedures on patient outcome.  

    Degenerative Cervical Disease: Natural 
History and Controversies 

 Degenerative disease of the cervical spine falls into one of 
three categories: (1) cervical radiculopathy, (2) cervical 
spondylotic myelopathy (CSM), or (3) mixed myeloradicu-
lopathy. These occur as a result of direct compression of neu-
rological elements of the spine, namely cervical nerve roots 
and spinal cord, by a herniated disc, a hypertrophied liga-
mentum fl avum or facet joint, and/or a vertebral body osteo-
phyte. Radiculopathy alone rarely results in irreversible 
nerve damage, and so the risk-benefi t evaluation of surgical 
intervention in such patients is signifi cantly infl uenced by 
the possibility of iatrogenic detriment. Despite excellent out-
comes reported in several retrospective surgical series [ 7 – 11 ], 
patients presenting with radiculopathy alone are often treated 
conservatively until further surgical decompression is indi-
cated [ 12 ,  13 ]. Failure of conservative therapy and/or pro-
gression of neurological symptoms with or without disability 
are common indications for surgical intervention in patients 
with radiculopathy [ 14 ]. It is therefore important to distin-
guish patients with myelopathy or mixed myeloradiculopa-
thy from those with pure radiculopathy in the management 
of degenerative cervical disease. 

 Unlike the majority of radiculopathy cases, patients with 
CSM are more likely to experience neurological deteriora-
tion over the course of the disease [ 15 ]. CSM possesses an 
unpredictable natural history, in which severe complications 
may still arise even in patients with long periods of stable 
disease [ 16 ]. Surgical decompression of cervical stenosis has 
been inconsistently reported to improve neurological outcomes 
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in patients with myelopathies using variable surgical 
approach [ 3 ,  4 ,  17 – 20 ]. Despite good outcomes reported in 
several series, surgical management of patients with CSM 
remains a subject of controversy, especially when dealing 
with patients in the early stages of disease. It is currently 
unclear whether surgical decompression can protect against 
future risk of neurological deterioration in patients initially 
presenting with mild myelopathy. Accordingly, there is a 
need for prospective, randomized trials that evaluate the effi -
cacy of surgical treatment in patients presenting with 
myelopathy. A 2-year study by Kadanka et al. found no dif-
ference in motor outcomes for conservative vs. surgical treat-
ment [ 21 ]. In a more recent 10-year prospective randomized 
trial, a total of 64 patients presenting with CSM were ran-
domized into one of two arms: (1) conservative management 
and (2) surgical management [ 22 ]. The study noted no statis-
tically signifi cant difference in neurological outcome 
between the two treatment arms [ 22 ]. It can be argued that 
longer follow-up durations may potentially reveal an advan-
tage to surgery, given that the quiescent period for severe 
complications can stretch for decades. Further, surgery may 
still be an option in severely myelopathic patients who are 
often not included in clinical trials.  

    Rationale for the Minimally Invasive 
Posterior Cervical Approach 

 Current advances in technology, techniques, and strategies 
have expanded the surgical toolbox available for the manage-
ment of degenerative cervical disorders. The use of tubular 
dilator retractors, for example, has allowed direct access to 
the cervical spine using very small incisions [ 23 ]. Similarly, 
endoscopic and fi ber optic technologies have paved the way 
for direct visualization of deep structure using a minimally 
invasive technique [ 23 ]. In contrast to open surgery, mini-
mally invasive approaches to the cervical spine carry the 
advantage of reduced risk of chronic neck pain and cervical 
kyphosis [ 3 ]. Chronic neck pain is an underappreciated iatro-
genic consequence of open decompressive surgery, particu-
larly following laminoplasty [ 17 ,  24 ]. This kind of pain is 
often considered temporary and unavoidable, and is rarely 
followed in long-term evaluation of outcomes. However, rates 
of neck pain stretching to 3 months post-surgery can be as 
high as 60 % [ 17 ]. Reduction in neck pain will undoubtedly 
improve the quality of life of patients after surgery. In open 
surgery, particularly when using posterior cervical decom-
pression techniques, aggressive stripping of paraspinal mus-
cles, cervical facetectomy, as well as removal of the lamina, 
spinous process, and interspinous ligaments can destabilize 
the spine and predispose patients to develop cervical kyphosis 
[ 25 ]. Predisposing factors for kyphosis include multilevel 
decompression, facet resection, preoperative instability, and 

skeletal immaturity [ 26 ]. Minimally invasive procedures are 
effective in preventing the pain, muscle spasms, and neuro-
logic deterioration associated with kyphosis. 

 Minimally invasive posterior cervical decompressive 
procedures carry the advantage of traditional posterior 
approaches in avoiding violation of important neck struc-
tures such as the trachea, esophagus, recurrent laryngeal 
nerve, carotid and vertebral arteries, as well as cervical 
nerve roots and sympathetic chain [ 3 ,  4 ,  6 ]. These tech-
niques can also avoid postoperative and long-term axial 
neck pain associated with open surgical posterior 
approaches. Two main minimally invasive posterior cervical 
decompressive procedures are currently used in the surgical 
management of degenerative cervical disease: (1) microen-
doscopic cervical foraminotomy/discectomy (CMEF/D) 
and (2) the CMEDS. In 2000, Burke et al. fi rst described the 
CMEF/D using a tubular retractor on a cadaver model [ 27 ]. 
The authors reported adequate decompression of nerve roots 
and resection of bone comparable to those achieved with 
open surgery [ 27 ]. More recently, the CMEDS was devel-
oped and implemented in the management of cervical spine 
disorders [ 23 ,  28 ]. This procedure is, in fact, a replicate of 
the well- established minimally invasive approach to the 
decompression of lumbar stenosis [ 29 ]. The CMEDS allows 
bilateral posterior decompression up to three levels using 
tubular dilator retractors and a small incision.  

    Indications and Contraindications 

 Patients with radiculopathy caused by lateral disc herniation 
and/or single or multilevel foraminal stenosis, as corrobo-
rated by radiography, are candidates for CMEF/D [ 4 ]. 
Because of the natural history of the disease, in which spon-
taneous recovery is common and nerve damage is rarely irre-
versible, patients must fi rst have failed medical management 
before being considered for surgery. Nevertheless, in cases 
of persistent pain or disability, surgery is the treatment of 
choice. Other indications for CMEF/D include patients with 
persistent or recurrent nerve root symptoms after anterior 
cervical discectomy and fusion and patients in whom ante-
rior cervical approaches are contraindicated [ 4 ,  23 ]. 
Contraindications to CMEF/D include kyphotic deformities, 
symptomatic central disc herniation, and diffuse ossifi cation 
of the posterior longitudinal ligament [ 4 ]. 

 Indications for CMEDS include patients who present 
with myelopathy caused by ligamentum fl avum or facet 
joint hypertrophy that is evidenced by radiography. In con-
trast to radiculopathy, the unpredictable natural history of 
myelopathy, characterized by sudden onset of severe symp-
toms after long periods of quiescence, makes surgical inter-
vention the rule rather than the exception. Existing cervical 
kyphosis is a risk factor for progressive kyphosis post-surgery, 
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so such patients are instead indicated for either an anterior 
minimally invasive approach or an open approach in the 
case of marked kyphosis requiring fusion. Compression 
occurring at more than three spinal levels cannot be 
addressed with a minimally invasive approach, and requires 
an open procedure.  

    Preoperative Evaluation 

 A thorough history and physical examination is performed 
on all patients considering surgical intervention. In light of 
the history, patients participate in a detailed discussion bal-
ancing the risks of the surgery against the short- and long- 
term benefi ts resulting from the amelioration of disease 
progression. Radiographic evaluation should include a mag-
netic resonance imaging (MRI) or a post-myelogram com-
puted tomography (CT) scan, in addition to an anteroposterior, 
lateral, and dynamic cervical radiographs. The anatomical 
location and extension of the cervical pathology should be 
studied thoroughly. Electromyography (EMG), nerve con-
duction studies (NCS), and nerve blocks serve as additional 
tools for localizing and isolating the affected nerve(s). A 
case-by-case approach is crucial in the management of 
patients presenting with radiculopathy, myelopathy, or both. 
A careful evaluation of the progression of symptoms over the 
course of disease should be undertaken. Moreover, the physi-
cal and psychological impact of the disease should be subject 
to thorough investigation in every patient. Different patients 
have different tolerance to pain and disability and this will 
undoubtedly infl uence the decision-making process. Finally, 
as with any other kind of surgery, a careful assessment of 
comorbidities should be undertaken prior to the procedure 
and a detailed discussion with the patient and family regard-
ing risks, benefi ts, and other treatment options should not be 
underestimated.  

    Operative Equipment 

 Ensuring availability of essential operating room equipment, 
prior to CMEF/D and CMEDS, is important for achieving 
top-notch results. The main equipment needed in these pro-
cedures include (1) Mayfi eld or other head holder compati-
ble with sitting position, (2) tubular retractor system 
including sequential dilators, endoscope, and camera, (3) 
endoscopic instruments including drill, Kerrison punch, and 
micro-curettes, and (4) intraoperative fl uoroscopy (C-arm) 
(Fig.  43.1 ).   

    General Operative Setup 

 Patients are placed under general anesthesia and intubated 
endotracheally. Arterial line is obtained to allow optimal 
blood pressure control and thus avoid hypoperfusion of the 
spinal cord. Foley catheter is usually not required for short 
procedures. Neurophysiological monitoring in the form of 
EMG, somatosensory evoked potentials, and motor evoked 
potentials is connected to ensure early detection of neuro-
logical damage during the procedure. Intravenous periopera-
tive antibiotics are given. Corticosteroids may be considered 
in certain instances; however, their use before or during sur-
gery is operator- and case-dependent. Posterior approaches 
to the cervical spine can be performed while the patient is in 
the prone or sitting position. Of note, the sitting position is 
associated with reduced pooling of blood in the operative 
fi eld, decreased epidural bleeding, and better lateral visual-
ization on fl uoroscopy (Fig.  43.2 ). Accordingly, the sitting 
position is preferred by the senior author (RGF) [ 30 ]. After 
patient positioning, the head is fi xed using a Mayfi eld 3-pin 
head holder. The neck is maintained in an upright position, 
perpendicular to the fl oor, and the head is slightly fl exed not 
to compromise airway patency and jugular venous drainage. 
All pressure points are properly padded and the arms are 
appropriately supported. A pearl for this procedure is the 
placement of a pillow under the buttocks of the patient to 
facilitate the upright position so that the patient does not slip 
downwards (Fig.  43.1a ). The C-arm is set up in a way that 
allows easy manipulation underneath the patient to obtain 
lateral fl uoroscopic images. A 1.8 cm longitudinal incision 
line is then marked approximately 1.5 cm off the midline 
ipsilateral to the side of surgical intervention (Fig.  43.2 ).   

    Operative Technique 

 The cervical spine is prepped and draped in usual sterile 
fashion. The operative level(s) is then confi rmed under fl uo-
roscopy guidance using a K-wire. Local anesthesia (0.5 % 
Marcaine with epinephrine) is injected along the incision 
line and the incision is made using a sharp blade. Hemostasis 
is maintained using a bipolar cautery. Slight retraction of the 
skin allows direct visualization of the underlying fascia 
which is then dissected using a Bovie cautery. Using the 
Metz scissors, blunt dilation is performed down to the lateral 
bone mass. The smallest dilator is then inserted through the 
posterior cervical musculature under fl uoroscopic guidance. 
It is advised to project the dilator laterally reaching down to 
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the facet-lamina junction at the targeted level. This technique 
can avoid injury to the spinal canal which is located medial 
to the working area. Subsequent serial dilators of increasing 
sizes are gently inserted until a 16 or 18 mm METRx  retractor 

is eventually put in place, angulated, and secured over the 
facet-lamina junction. The retractor is then stabilized using a 
table-mounted fl exible retractor arm and the dilators are 
removed (Fig.  43.2 ). At this point, fl uoroscopic confi rmation 

  Fig. 43.1    ( a ) Patient in sitting 
position with a compatible 
Mayfi eld being put in place; ( b ) 
tubular retractor system including 
sequential dilators; ( c ) working 
channel (retractor); ( d ) table- 
mounted fl exible retractor arm; 
( e ) operative view showing 
working channel, retractor arm, 
and endoscope; ( f ) intraoperative 
fl uoroscopy (C-arm)       
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of the retractor position is made (Fig.  43.1 ). A 25° angled 
endoscope is then placed and connected to the tubular retrac-
tor using a cylindrical plastic friction-couple. Remaining soft 
tissue is removed off the target lamina using Bovie cautery 
and pituitary rongeurs. An up-angled curette is used to defi ne 
the sublaminar space and to gently detach the ligamentum 
fl avum. The surgical technique for each of CMEF/D and 
CMEDS is described below. 

  CMEF / D technique : The CMEF/D continues with a hemi-
laminotomy and foraminotomy performed using a Kerrison 
punch or a high-speed drill. It is important to start with the 
medial facet joint and then move laterally, utilizing the drill 
if needed, until adequate decompression is achieved, which 
is defi ned as being able to palpate the medial and lateral ped-
icle with a small nerve hook for the pedicle below and above. 
This will allow adequate exposure of the nerve root inside 
the foramen without compromising the biomechanical integ-
rity of the spine at that level [ 31 ]. Using a fi ne cutting bit and 
an adjustable guard sleeve can protect important nervous 
structures during bone drilling. After the laminotomy is 
completed, the ligamentum fl avum can be manipulated 
medially to expose the dura and the proximal aspect of the 
nerve root (Fig.  43.3 ). The nerve root can now be directly 
observed for any compression caused by an osteophyte or a 
disc fragment. A fi ne angled dissector can further be used to 
gently palpate anterior to the nerve root to check for any hid-
den compressing lesion (Fig.  43.3 ). Excessive retraction of 
the nerve root should be avoided. It may be wise to drill the 
superomedial quadrant of the caudal pedicle to allow greater 
exposure. It is important not to miss the opportunity to 

remove any compressing lesion in the area, as this may 
directly impact postoperative pain and overall patient out-
comes. At the completion of decompression, the fi eld should 
be copiously irrigated with antibiotic solution. Hemostasis is 
obtained using Gelfoam (Baxter Healthcare, Glendale, CA) 
and the entire apparatus is removed. The fascia and subcuta-
neous tissue are closed in layers and the skin is fi nally closed 
using subcuticular stitch and Dermabond.  

  CMEDS technique : The CMEDS technique continues with 
achieving a complete ipsilateral laminotomy at the level of 
interest. In contrast to CMEF/D, initial manipulation of the 
ligamentum fl avum is not performed during CMEDS; 
instead, it is left to serve as a natural barrier that protects the 
dura. After completing the laminotomy, the working channel 
is repositioned medially towards the contralateral side at an 
angle of approximately 45° off the midline. Decompression 
then proceeds using a high-speed drill and a protecting sleeve 
to remove the contralateral lamina. Drilling is continued 
carefully until the contralateral facet is reached (Fig.  43.4 ). 
Dissection and removal of the ligamentum fl avum is then 
begun using a combination of micro-curettes and Kerrison 
punch. While the dura becomes more exposed with the ongo-
ing decompression, any bony prominence or spur that might 
cause dural injury or compression should be drilled off or 
removed using a Kerrison punch (Fig.  43.4 ). After the 
decompression is completed, a fi ne probe can be used to 
ensure proper decompression of the contralateral foramen. 
The working channel is then returned to the initial position 
and further ipsilateral decompression is performed. If 
deemed necessary, surgical decompression of the adjacent 

  Fig. 43.2    ( a ) Operative sitting position; ( b ) incision line; ( c ) working channel stabilized using a table-mounted fl exible retractor arm       
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  Fig. 43.3       Surgical 
decompression 
CMEF/D. Superfi cial osseous 
structures are revealed after soft 
tissue excision ( a ). Lateral edge 
of dura is identifi ed after 
laminotomy ( b ). Performing 
foraminotomy using Kerrison 
punch and drill and unroofi ng the 
nerve root ( c ). Nerve hook under 
the nerve root in search for disc 
fragments ( d ).  is  interlaminar 
space,  ds  drill sleeve,  nr  nerve 
root,  nh  nerve hook       

  Fig. 43.4    Surgical 
decompression CMEDS: 
Decompression of stenosis 
proceeds medially to the base of 
the spinous process and the 
ventral side of the contralateral 
lamina ( a ,  b ). Palpation of the 
contralateral pedicle after 
completion of contralateral 
decompression ( c ). Completely 
decompressed, pulsatile dura ( d ). 
 sp  spinous process,  cl  
contralateral lamina,  cf  
contralateral foramen       
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levels can be achieved by angulating the working channel 
either superiorly or inferiorly. Eventually, a decompressed 
and pulsatile spinal cord and dura should be obtained. As 
discussed above, the fi eld should then be irrigated with anti-
biotic solution and good hemostasis and closure should be 
performed.   

    Clinical Outcomes 

 Several studies have reported favorable outcomes for 
CMEF/D with a symptomatic relief rate ranging between 87 
and 97 % [ 3 ,  6 ,  32 – 35 ]. This technique has shown an effi cacy 
comparable to that of open procedures, but with fewer post-
operative sequelae and shortened hospital stay [ 6 ,  33 ]. In 
their recent review of prospectively collected database, 
Lawton and the senior author (RGF) noted signifi cant 
improvement in short-term (1 year follow-up) and long-term 
(3–6 years follow-up) outcomes of 38 patients who under-
went CMEF/D [ 3 ]. Only one complication related to the pro-
cedure was reported in the study being “durotomy” which 
required no further intervention [ 3 ]. Another patient required 
an anterior decompression ( AND FUSION ?) surgery on fol-
low- up due to non-resolved radiculopathy [ 3 ]. Average oper-
ation times, blood loss, and hospital stay were 
154.27 ±26.79 min, 27.92 mL, and 21.22 ± 14.23 h, respec-
tively [ 3 ]. Similarly, Lidar et al. reported favorable outcomes 
for CMED (discectomy alone) performed in 32 patients with 
herniated discs [ 32 ]. The mean follow-up duration was 39 
months (range: 20–67 months) [ 32 ]. This study also reported 
one intraoperative complication consisting of dural tear and 
one case of non-resolved neck pain [ 32 ]. Further, in a study 
comparing outcomes of CMEF (foraminotomy alone) per-
formed in 25 patients to those of open surgery performed in 
26 patients, the senior author and Khou reported lower over-
all operative time (115 vs. 171 min), less blood loss (138 vs. 
246 mL per level), and shorter hospital stay (20 vs. 68 h) 
compared to open surgery [ 6 ]. The authors concluded that 
the minimally invasive approach can achieve results equiva-
lent to those of open surgery, with a smoother postoperative 
clinical course [ 6 ]. 

 CMEDS have also demonstrated effi cacy and safety in 
case series [ 36 – 38 ]. In their review of 10 patients who pre-
sented with cervical myelopathy and underwent endoscopic 
partial laminectomy, Yabuki et al. reported symptomatic 
improvement in all patients [ 36 ]. The mean operative time 
was 164 ± 3 min and the mean intraoperative blood loss was 
45.5 ± 27 mL [ 36 ]. The authors concluded that minimally 
invasive posterior approach to patients with myelopathy can 
be a good alternative to open surgery [ 36 ]. Boehm et al. also 
reported favorable outcomes in 9 patients who presented 
with myelopathy and subsequently underwent CMEDS [ 37 ]. 
In this study, complete recovery was reported in 4 out of 9 

patients, whereas clinical improvement was noted in the 
other 5 patients [ 37 ]. The mean follow-up duration was 17 
months [ 37 ]. Although the results of several clinical studies 
on CMEDS have been promising, longitudinal and random-
ized studies remain lacking.  

    Complications 

 The complication rate associated with minimally invasive 
posterior cervical approaches (CMEF/D and CMEDS) is 
relatively low when compared to open surgery [ 3 ,  6 ,  32 ]. 
Potential complications, however, may include wound infec-
tions and cerebrospinal fl uid (CSF) leaks [ 6 ]. To date, the 
senior author reports no infection in his surgical series. 
Further, the rate of unintended dural tears and subsequent 
CSF leaks were signifi cantly decreased in the recent years, 
reaching an annual rate of 1 %. Small dural tears can be man-
aged using tissue plugs (fat/muscle) as well as fi brin glue. 
For larger dural tears, additional lumbar CSF drainage is 
usually recommended. Good outcome is achieved in most 
cases of dural leaks associated with CMEF/D and 
CMEDS. Other possible complications of CMEF/D and 
CMEDS may occur as a result of aggressive manipulation of 
tools within the foramen or around the spinal canal leading 
to nerve root or cord injury. Life-threatening bleeding and/or 
arterial dissection can occur as a result of direct compression 
or injury to the vertebral artery. This can be avoided by early 
detection of the venous plexus surrounding the vertebral 
artery and thus avoiding aggressive compression and manip-
ulation of tools in the area. Other potential complications 
include recurrent herniation and instability of the cervical 
spine caused by excessive removal of facet joint. In their 
series of 84 patients who underwent CMEF/D, Caglar et al. 
reported a 1.2 % rate of postoperative kyphosis [ 39 ].     
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        The costotransversectomy is a thoracic spine approach that 
can be made in one of two positions: prone [ 1  ,   2 ] or in the 
lateral decubitus position tilted anteriorly 20 degrees [ 3 ]. 
Either of two skin incisions, midline or paraspinous, and one 
of three fascial incisions, midline, longitudinal paraspinous 
or transverse paraspinous, can be used. The pathology deter-
mines the exact approach. For biopsy and exposure of an 
intervertebral disc or vertebral body, position the patient 
prone, make a midline incision, and retract the paraspinous 
muscle mass laterally (Fig.  44.1 ). A transverse incision in the 
paraspinous fascia and muscle may be necessaiy. For decom-
pression after Harrington rod insertion, a long midline inci-
sion allows adequate lateral retraction to expose the 
costotransverse joint. Resect the transverse process, resect 
the pedicle, and decompress the spinal canal. 4 Adequate 
interbody fusion can be most diffi cult with the prone posi-
tion, midline incision approach. Optimum exposure for 
resection of an entire vertebral body and two intervertebral 
discs followed by a strut graft is through a semilateral decu-
bitus position, a paraspinous skin incision, and a paraspinous 
fascial incision [ 3 ]. 
    1.    Position the patient prone on the operating table on a suit-

able frame. The horseshoe-shaped cushion with two chest 
pads or a four-poster operating frame made of radiolucent 
material allows excellent chest excursion and support dur-
ing the operation. For approaches in the upper thoracic 
spine, the patient's arms are at the side and the head should 
be carefully positioned on the well- padded cervical head-
rest with carehll padding of the forehead and malar emi-
nences. Pay particular attention to the eyes and allow no 
pressure on them. Securely anchor the endotracheal tube. 
For approaches to the lower thoracic spine, position the 
arms at 90 degrees to the chest, the elbows well padded 
such as for a lumbar operation. The patient's head can 
be turned.   

   2.    After prepping and draping, make a midline incision of 
suffi cient length to allow retraction of paraspinous mus-
culature for work lateral to the costotransverse joint 
(Fig.  44.1 ).  Alternately, a curvilinear skin incision with 
its midportion  6  cm from the midline and the two ends of 
the incision approximately  3  cm from the midline can be 
used to expose directly the lateral outer border of the 
paraspinous musculature.    

   3.    Extend the midline incision as in any posterior spinal 
dissection, cutting with cautery to the spinous processes 
and removing muscle attachments from the lamina with 
a sharp periosteal elevator (Fig.  44.2 ). Continue this 
subperiosteal removal of musculature and fascia later-
ally onto the rib beyond the costovertebral joint. For uni-
lateral retraction use the single-tooth self-retaining 
lamina retractor, with the single-tooth edge in the spi-
nous process and the wide retractor blade beneath the 
paraspinous musculature.  The paraspinous incision cuts 
through the thoracolumbar fascia laterally and elewtes 
the paraspinous muscle mass medially.     

   4.    With sharp periosteal dissection, remove the periosteum 
from the rib, the capsule of the costotransverse joint, and 
the muscle and fascial tissue covering of the transverse 
process (Fig.  44.2 ).   

   5.    Incise the costotransverse joint. Rongeur the tip of the 
transverse process back to the level of its junction with 
the pedicle, lamina, and superior articular process 
(Fig.  44.3 ).    

   6.    Identify the neurovascular bundle in the inferior portion 
of the fi eld as it crosses to the lower edge of the rib 
(Figs.  44.4 ,  44.5 ,  44.6 ). It should be remembered that 
the neurovascular bundle courses on the lower edge of 
the rib. These vessels leave the intervertebral foramen, 
which is just caudad to the base of the transverse pro-
cess, and cross to the lower edge of the rib. The ribs are 
angled caudally from medial to lateral. The articulation 
of the rib to the spine is in the cephalad portion of the 
vertebral body at the disc above. At the level of the angle 
of the rib, the rib is at the midvertebral body level. 
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Therefore, the neurovascular bundle courses exposed in 
this area between the intervertebral foramen and the 
inferior border of the rib.      

   7.    Open the periosteum on the outer surface of the rib 
with the electrocautery. Open the wound with a deep 
self- retaining retractor. The Cloward self-retaining or 
Beckman- type retractor enhances the exposure.   

   8.    Elevate the posterior periosteum of the rib subperioste-
ally to the costovertebral articulation. Remove the peri-
osteum circumferentially from the rib. Take care when 
removing the anterior periosteum from the rib to avoid 
damaging tbe pleura, which lies immediately under the 
rib bed.   

   9.    Cut the rib lateral at the angle of the rib (Fig.  44.4 ).   
   10.    Elevate the rib with a bone damp to dissect the anterior 

surface of the rib under direct vision vvith less chance of 
damage to the pleura. Dissect the pleura and the endo-
thoracic fascia off the spine at the costovertebral joint 
with careful blunt dissection. Avulsing the rib from the 
vertebral body frequently leads to bleeding from the 
articulation. Completely remove the rib with a rongeur 
into the joint (Fig.  44.3 ); this requires time but produces 
less bleeding than avulsion.   

   11.    Remove the rib to the costovertebral joint (Fig.  44.4 ). 
Deep in the wound, the periosteum and endothoracic 
fascia provide protection from damaging the next deepest 
layer, the pleura. Dissect and identify the neurovascular 
bundle.   

   12.    Dissect sharply at the base of the transverse process 
directly down the pedicle onto the vertebral body. 
Dissect clear the area between the base of the transverse 

  Fig. 44.1    Costotransversectomy approach. Position the patient prone. 
Make a midline incision and retract the paraspinous muscle mass later-
ally. A transverse incision of the paraspinous fascia and muscle may be 
needed. Make the incision of suffi cient length to allow this lateral 
retraction. Alternatively, a curvilinear skin incision, its midportion 6 cm 
from the midline and the end approximately 3 cm from the midline, 
may be used to expose directly the lateral border of the paraspinous 
musculature. For the more lateral incision, the paraspinous musculature 
is dissected from lateral to medial toward the midline. For the midline 
incision, the paraspinous musculature is elevated from the posterior 
elements medial to lateral       

Transverse
Process

Costotrans-
verse joint

Costotrans-
verse joint

Lamina

Rib

  Fig. 44.2    With sharp dissection, 
remove the periosteum from the 
rib and the capsule of the 
costotransverse process. Open 
the costotransverse joint       
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process, the pedicle, and the costovertebral articulations. 
Identify the vertebral body and the disc space above 
(Fig.  44.5 ).   

   13.    Take care to avoid the next most cephalad neurovascular 
bundle. By performing this resection at two levels, that 
is, resecting two rib beds and two transverse processes, 
the neurovascular bundle between the two levels is 

clearly identifi ed. The neurovascular bundle contents 
can then be separated to identify the nerve.   

   14.    Dissect medially on the nerve, with gentle pulling 
control the nerve, and then identify the dural sleeve and 
posterior and anterior dura in the intervertebral foramen. 
After identifi cation and retraction of the dura, the pedicle, 
lamina, and articular process can be resected if necessary 

Cut Edge
of Transverse
Process

Neurovascular
Bundle

Lamina

Pleura

Rib

  Fig. 44.3    Rongeur the tip of the 
transverse process back to the 
level of its junction with the 
pedicle and periarticular process. 
Identify the neurovascular bundle 
on the inferior surface of the rib. 
Open the periosteum on the outer 
surface of the rib with the 
electrocautery. Elevate the 
posterior periosteum of the rib 
subperiostally to the costal–
vertebral articulation. Remove 
the periosteum circumferentially 
from the rib. Take care when 
removing the anterior periosteum 
of the rib to avoid damaging the 
pleura immediately beneath the 
rib bed       

Lamina

Cut Edge
of Transverse
Process

Neurovascular
Bundle

Resected Rib
Pleura

  Fig. 44.4    Remove the rib, fi rst 
cutting it laterally, elevating it 
with a bone clamp, and 
dissecting the remainder of the 
periosteum from the rib down to 
the costovertebral joint. Deep in 
the wound, the periosteum and 
endothoracic fascia provide some 
protection from pleural damage. 
Bluntly dissect and retract the 
periosteum, fascia, and pleura 
anteriorly. Dissect and identify 
the neurovascular bundle. 
Remove the rib to the 
costovertebral joint. Remember: 
avulsion of the rib from the 
costovertebral joint may produce 
unnecessary bleeding       
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with the Kerrison rongeur. The key is using the nerve to 
fi nd the dura and cord.   

   15.    To dissect on the front of the spine, be careful to elevate 
the prevertebral fascia. Fractures may be exposed with 
visualization of the posterior body wall as well as the disc 

and anterior structures. Vertebral body biopsies may be 
carried out with this incision.   

   16.    It is strongly recommended that any operation in this 
area have defi nite X-ray confi rmation of level.   

   17.    Closure: Close fascia, subcutaneous tissue, and skin.    

Cut Edge
of Lamina

Neurovascula
Bundle

Dura

Pleura

  Fig. 44.5    Remove the remainder 
of the transverse process and the 
pedicle after dissecting each clear 
of soft tissue and carefully 
cutting only on bone. Identify the 
disc space and vertebral body 
deep in the wound. Isolate the 
neurovascular bundle. A 
costotransversectomy can be 
done at two levels to allow 
exposure of two neurovascular 
bundles. The disc between any 
two neurovascular bundles can be 
exposed. After identifi cation of 
the nerve and neurovascular 
bundle, traction on the nerve 
allows identifi cation of the dura 
and the spinal canal. Keeping the 
dura in view prevents damage 
during canal decompression       

Cut Ledge
of Transverse
Process

Costo-vertebral Joint
A+V
Pleura

Rib end

Intercostal Nerve

  Fig. 44.6    Composite view of the 
neurovascular bundle, pleura, and 
resected transverse process and 
rib       
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    Remember: 
   1.    Identify the costotransverse joint.   
   2.    Dissect the transverse process.   
   3.    Identify the neurovascular bundle caudad to the transverse 

process and rib.   
   4.    Remove the interior periosteum and pleura from the rib 

laterally.   
   5.    Avoid avulsion of the rib bed.   
   6.    Beware of the neurovascular bundle above.   
   7.    Use the neurovascular bundle to proceed into the spinal canal.        
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        Posterior and posterolateral approaches for thoracic disc her-
niations include (a) laminotomy-facetotomy, (b) transpedicu-
lar; and (c) limited costotransversotomy (Fig.  45.1 ) [ 1  –  21 ].  
  Caution:   Clinically signifi cant thoracic disc herniation is a 
rare entity (comprising only 0.15 % to 0.8 % of all disc proce-
dures). Degenerative thoracic discs have a tendency to pro-
trude in the midline (or paracentrally) more often than 
laterally, and the displaced discal material is frequently calci-
fi ed and adherent to the dura. As a consequence, symptomatic 
thoracic discs most often place the spinal cord at risk through 
a combination of acute and chronic compression, dynamic 
mechanical injury, and intrinsic or radicular vascular insuffi -
ciency. As a result, an approach for a specifi c thoracic disc 
herniation should be carefully planned so that it is carried 
out from a direction that accomplishes, for that particular 
anatomical setting, adequate thecal sac decompression with 
minimal risk of injury to the spinal cord  ( Fig.    45.2  ) .   

    Procedure 

     1.    Under general endotracheal anesthesia, the patient is 
positioned prone on padded chest rolls, rolled blanket 
 bolsters, or a Wilson spinal frame to provide adequate 
cushioning for the chest and abdomen while allowing 
vacant space under these areas (thereby promoting 
 epidural venous drainage and adequate pulmonary 
exchange). The operating table (or Wilson frame) is 
slightiy fl exed, thereby widening the thoracic interlami-
nar and interpedicular spaces. The knees are placed in 30 
degrees of fl exion, and support stockings are used to pro-
mote venous drainage. Soft foam padding is placed at all 
pressure points, and special care is taken to avoid pressure 
on the lateral femoral cutaneous and common peroneal 
nerves. The head is turned sideways on a foam cushion, 

with special caution to prevent compression upon the 
globes. The arms are positioned upward in a relaxed man-
ner with slight shoulder and elbow fl exion (care is taken 
to avoid any traction on the brachial plexus). Padding is 
placed under the elbows to protect the ulnar nerves in the 
olecranon grooves. The breasts and genitalia are care-
fully checked for undue pressure points. 
  Caution:   Appropriate additional support of the patient 
should be provided so that a small amount of lateral tilt 
in the operating table away from the surgeon may safely 
be applied at any point during the procedure. In addi-
tion, it is important that the anesthetist be prepared to 
infl ate the lung should the pleura be inadvertently 
compromised.    

   2.    The spinous processes, transverse processes, and associ-
ated posterior rib tubercles provide helpful superfi cial 
landmarks for localization. Using a fi ngernail (or a 
marking pen), the surgeon gently indents (or marks) the 
skin to delineate the intended spinous processes and 
associated transverse processes and rib tubercles. 

 Note that heads of the 1st, 11th, and 12th ribs articu-
late only with their own vertebra whereas the heads of 
all the other ribs possess two facets and articulate with 
their own vertebra and the one above (i.e., the 8th rib 
articulates with both the T7 and T8 vertebrae and crosses 
the T7–T8 disc space) (Fig.  45.3 ).  

 An appropriate Betadine skin prep is applied, and 1 g 
cephalosporin (or when indicated by hypersensitivity, 
80 mg gentamicin) is administered intravenously. 
An 18-gauge spinal needle is inserted off the midline at 
the suspected appropriate interspinous space, and a lat-
eral radiograph is obtained to confi rm the deeper levels 
of anatomy; this permits the skin incision to be precisely 
located in relation to the surgical pathology and overly-
ing bony elements. A large percentage of thoracic disc 
protrusions occur along the lower four thoracic disc 
spaces (easy to localize); the middle third of the thoracic 
spine ranks next in frequency; clinically relevant hernia-
tions in the upper thoracic spine (where radiographic 
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confi rmation of level is often tedious) are fortunately 
quite rare.   

   3.    A midline or paramedian incision (3–5 cm in length) cen-
tered at the level of the appropriate disc space is utilized 
medial to or along the paravertebral muscle mass. A symp-
tomatic disc is approached from the side of lateralizing 
signs or symptoms or from the site of greatest  protrusion. 
In the absence of such indications, a left-sided approach 
(for the right-handed surgeon) is employed. 

 Once the incision is made, hemostasis is obtained 
with bipolar coagulation. A small self-retaining retractor 
is placed, and the subcutaneous tissues are incised with 
electrocautery.     

    Laminotomy-Facetotomy Approach 

     4.    A curvilinear incision is made in the thoracolumbar 
 fascia 1 cm off the midline and roughly parallel to the 
supraspinous ligament. A subperiosteal dissection of the 
paraspinous musculature and tendinous attachments is 
carried out using a combination of curved periosteal 
elevators and small Cobb elevators. An open gauze 
sponge is gently pushed along the spinous processes and 
laminae to assist in this dissection. The dissection is car-
ried as far lateral as the facet joint. Use caution to avoid 
penetration of the interspinous or interlaminar ligaments 
or injury to the facet (especially its synovial membrane) 
by too vigorous and forceful dissection with periosteal 
elevators. A self-retaining McCulloch microdiscectomy 
retractor is inserted. 
  Caution:   The medial prong of the retractor should be posi-
tioned carefully between the interspinous ligaments to pro-
mote adequate visualization of the interlaminar space.  

  Fig. 45.1    (a) Laminotomy · facetotomy approach. (b) Transpedicular 
approach. (c) Limited costotransversotomy approach. The  red  areas 
represent the segments of the bony elements that are removed in each 
approach       

  Fig. 45.2    Potential exposure of the spinal canal and disc space afforded 
by posterior and posterolateral approaches       

  Fig. 45.3    Anatomical relationships. The 8th rib ( RH ) articulates with 
both the  T 7 and  T8  vertebrae ( VB)  and crosses the T7–T8 disc space. 
( L , lamina;  TP , transverse process       
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  Caution:   Soft tissue remnants overlying the base of the 
spinous processes, the ligamentum fl avum, and laminae 
are removed when necessary (Fig.    45.4   ).     

   5.    The initial exposure of the spinal canal is guided by pos-
terior spinal element landmarks, especially the laminae 
and their relationship to underlying structures (notably 
the disc space and associated nerve root of interest). 
The rostral bordering lamina at each level of the thoracic 
spine overlies the disc space for that respective motion 
segment. As a result, it is the rostrally bordering lamina 
at each interlaminar interval that requires removal for 
exposure of that respective disc space. Adequate expo-
sure of the T7–T8 disc space requires partial or complete 
removal of the T7 hemilamina. The laminotomy is 
accomplished (under magnifi cation) with a high-speed 
bur or rongeur (Fig.  45.5 ).  

  Caution:   Exercise care in the use of the high-speed 
bur to avoid the presence of any gauze or cottonoids in 
the wound that may inadvertently catch on the spin-
ning bur and cause a severe whipping injury to sur-
rounding tissues.    

   6.    The initial removal of the ligament is easiest along its 
thinner medial aspect. A scalpel can be used to incise the 
ligament at its apex, and an angled Kerrison rongeur can 
then be carefully inserted beneath the ligament for 
removal. On the other hand, enough lamina can be 
removed such that the rostral margin of the underlying 
ligamentum fl avum is detached, a maneuver that will 
permit easy access into the epidural space. In this setting, 
an angled Kerrison rongeur (2 or 3 mm) can be simply 
utilized to resect the ligament from rostral to caudal 
(Fig.  45.6 ). Note that the ligamentum fl avum consists of 

  Fig. 45.4    Initial exposure of the interlaminar interval shows the liga-
mentum fl avum ( LF ), rostral ( RL ) and caudal-bordering lamina ( CL ), 
medial spinous processes ( SP ), and lateral facet joint complex ( FJ )       

  Fig. 45.5    (a) The rostrally bordering lamina ( RL ) is progressively removed with a high-speed bur. (b) Uncovering the underlying ligamentum 
fl avum ( LF )         

  Fig. 45.6    Once the rostral end of the segmental ligamentum fl avum ( LF ) 
has been unroofed, an angled Kerrison rongeur can be used to progres-
sively resect the ligament in a rostral to caudal direction.  TS , thecal sac       
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both a horizontal and vertical shelf, such that the ligament 
thickens as it extends from medial to lateral.    

   7.    Adequate decompression of the thoracic spinal canal 
always involves the removal of the medial portion of the 
facet joint. The inferior articular facet is usually 
removed together with the adjoining lamina. The supe-
rior articular facet, on the other hand, is usually removed 
in conjunction with the vertical shelf of the ligamentum 
fl avum (Fig.  45.7 ). Adequate removal of the lateral por-
tion of the ligamentum fl avum and the medial aspects of 
the facet joint (particularly the superior articular facet) 
should permit full visualization (without overhang) of 
the medial portion of the appropriate pedicle(s) 
(Fig.  45.8 ).   

  Caution:   It is particularly important, in the removal of 
the vertical shelf of the ligamentum fl avum and the 
medial portion of the facet, to proceed with utmost care 
so as to avoid any compression of the thecal sac contents. 
Use of the operating microscope (for better lighting, 
variable magnifi cation, and improved stereoscopic 
vision) can be quite benefi cial in this regard.    

   8.    Following adequate translaminar facet exposure, ade-
quate working space lateral to the thecal sac and between 
adjoining pedicles (into the foramen) is created to identify 
laterally placed discal pathology without the need for the-
cal sac retraction. The lateral spinal canal epidural space 
(subarticular zone) is thoroughly explored to ascertain the 
position and status of the exiting nerve root (Fig.  45.8 ), 
the location and relationships of the disc protrusion, and 
the possibility of associated pathology (such as seques-
tered fragments, facet or uncinate spurs, or unexpected 
foraminal masses). Hemostasis in the lateral recess is 
maintained using bipolar cautery. 
  Caution:   Through this approach, it is very diffi cult to 
identify or deal with paracentral or central discal 
pathology, and no attempt should be made to retract an 
already compressed thecal sac in these endeavors.    

   9.    The portion of the disc space lateral to the thecal sac is 
identifi ed and entered (Fig.  45.9 ).  
  Caution:   Operative results following laminotomy- 
facetotomy approaches for the removal of central and 
paracentral thoracic disc herniations have traditionally 
been dismal, likely a result of the degree of spinal cord 
retraction that is required to resect discal pathology that 
lies anterior to the thecal sac.    

   10.    The wound is closed in layers (deep fascia, superfi cial 
fascia, and subcutaneous tissue with absorbable sutures; 
skin with staples).      

  Fig. 45.7    (a) The vertical shelf of the ligamentum fl avum ( LF ) is removed in conjunction with the medial portion of the facet joint ( FJ ) .  
(b) This step can be accomplished utilizing either a high-speed bur or an angled Kerrison rongeur       

  Fig. 45.8    Following adequate translaminar facet resection, adequate 
working space lateral to the thecal sac ( TS ) and between adjoining ped-
icles ( P ) is created. Note the exposure of the exiting nerve root ( NR)        
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    Transpedicular Approach 

 Repeat steps 1–3 to prep the patient.
    4.    The paraspinous muscles are dissected subperiosteally 

from the spinous processes, laminae, and facet joints to 
the tips of the transverse processes (beyond the lateral 
border of the facet capsules) (Fig.  45.10 ).    

   5.    Using the high-speed bur, the facet joint posterior to 
the appropriate disc space is progressively removed. 
The inferior articular facet is removed fl ush to the caudal 
margin of the pedicle above (Fig.  45.11a ). The superior 
articular facet and its pedicle are removed fl ush to the 
cephalad portion of the inferior bordering vertebral 
body; this generally requires removing approximately 
the cephalad one-third of this pedicle (Fig.  45.11b ).  

  Caution:   When performed unilaterally, this pedicular 
facetotomy will not result in destabilization of the 
involved motion segment.    

   6.    Following removal of the inferior articular facet, the 
foramen is completely unroofed and the appropriate 
nerve root can be readily identifi ed as it exits just 
beneath its respective pedicle (Fig.  45.11 ). The nerve 
root should be followed medially and laterally to ensure 
free passage from the subarticular zone of the spinal 
canal into the foramen and then out into the extrafo-
raminal zone in relation to the rib head. Blunt nerve 
hooks of various lengths and angles are helpful in these 
maneuvers.   

   7.    Following the pediculotomy, adequate lateral exposure to 
the disc space is created (a 1.5- to 2.5-cm working space), 

  Fig. 45.9    The lateral portion of the disc space is well visualized       
  Fig. 45.10    Exposure of the laminae ( L ), facet joints ( FJ ), and trans-
verse processes ( TP ) in preparation for the transpedicular approach       

  Fig. 45.11    (a) A facet joint posterior to the appropriate disc space has 
been progressively removed using the high-speed bur. The pedicle ( P ) 
for that motion segment is well visualized. (b) The superior articular 
facet and its pedicle ( P ) have been removed fl ush to the cephalad border 

of the inferior bordering vertebral body ( VB ) to fully expose the disc 
space. The foramen has also been completely unroofed, and the exiting 
nerve root is readily identifi ed passing just beneath its respective 
pedicle       
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and a clear view of offending disc fragments as well as the 
paracentral aspects of the thecal sac is thereby obtained 
(Fig.  45.11 ).   

   8.    The soft central portion of the intervertebral disc is 
entered, and degenerative disc material is fi rst removed 
from the core portions of the disc (Fig.  45.12 ). After an 
adequate cavity has been created in the center portion of 
the disc, posterior disc material is then progressively 
removed, beginning at the more lateral aspects and pro-
ceeding toward the midline (Fig.  45.13 ). A downward- 
acting curette is helpful in this maneuver to push fi rmer 
disc material from the more posterior aspects into the 
empty central cavity.     

   9.    The most posteriorly displaced portions of disc and 
associated posterior longitudinal ligament (especially 
when calcifi ed or adherent to the dura) are delivered last 

into the cavity created by the removal of more anterior 
and central discal components. 
  Caution:   The limitations of this approach relate to the dif-
fi culty in visualizing, without thecal sac retraction, severely 
protruding midline calcifi ed discs or osteophytes .   

   10.    The wound is closed in layers.      

    Limited costotransversotomy Approach 

 Repeat steps 1–3 to prep the patient.
    4.    The paraspinous muscles are incised and refl ected to 

expose the tubercle and neck of the appropriate rib, the 
entire adjoining transverse process, and the lateral mar-
gins of the facet joint capsule (lateral pars interarticularis) 
(Fig.  45.14 ).    

  Fig. 45.12    (a) The center part of the disc is entered. (b) Soft disc remnants are removed       

  Fig. 45.13    Posterior disc material is progressively displaced into the 
empty central cavity       

  Fig. 45.14    Exposure of the tubercle ( T ) and neck of the rib adjoining 
the transverse process  (TP)  and lateral margin of the facet joint capsule 
( FJ)  for the limited costotransversotomy approach       
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   5.    The transverse process, associated intertransverse mus-
cles, and costotransverse joint are progressively removed 
using a high-speed bur or rongeurs until fl ush with the 
lateral pars (Fig.  45.15 ).    

   6.    Following division of the costotransverse and capsule 
ligaments, the rib head is progressively removed using 
the high-speed bur in a lateral to medial direction until 
its attachment at the adjoining vertebral bodies and 
appropriate disc space is identifi ed (Fig.  45.16 ).  
  Caution:   Particular care is taken in this maneuver to 
preserve the intercostal nerve, segmental artery, and 
underlying pleura. An operating microscope may be 
quite helpful .   

   7.    The intercostal nerve is traced medially and the interver-
tebral foramen is clearly defi ned (Fig.  45.17 ). Care is 

taken to preserve and protect the segmental artery. The 
intercostal nerve exits the intervertebral foramen through 
its rostral half; the intervertebral disc lies adjacent to the 
caudal portion of the foramen. The intercostal arteiy 
travels along the vertebral body and comes to lie above 
the nerve in the intercostal groove.    

   8.    The caudal portion of the pedicle directly above the disc 
space of interest and the cephalad portion of the pedicle 
directly below are identifi ed by defi ning the margins of 
the foramen with a blunt nerve hook. A small portion of 
each pedicle can then be removed utilizing a high-speed 
bur to widen the working space. Just enough of the 
adjoining pedicles are resected so that the lateral aspects 
of the spinal canal above and below the disc space of 
interest are adequately exposed.   

  Fig. 45.15    The transverse process has been removed using the high-
speed bur down to the disc space ( DS ) . RH , rib head;  P , pedicle       

  Fig. 45.16    (a) Progressive removal of the rib head ( RH ) pleura ( P ). (b) Down to the disc space ( DS )       

  Fig. 45.17    The intercostal nerve ( IN ) is traced medially and the inter-
vertebral foramen defi ned.  P , pedicles;  DS , disc space       

 

 

 

45 Posterior and Posterolateral Approaches to the Thoracic Disc



310

   9.    The disc protrusion is excised approximately 1 cm ventral 
to the spinal canal utilizing curettes, rongeurs, and, if 
calcifi ed, a high-speed bur. This discal removal should 
include degenerative nuclear and annular material as 
well as the contiguous cartilaginous end plates.   

   10.    Using a high-speed bur, it may be necessary, beneath an 
elongated and more posteriorly protruded fragment, to 
remove a few millimeters of the adjoining vertebral bod-
ies to create a hollow space into which the displaced 
material can be progressively withdrawn away from the 
dural sac (thereby avoiding even the slightest distortion 
or manipulation of the thecal contents) (Fig.  45.18 ). At 
this stage, it is possible in some cases to dissect across 
the base of a fi rm protrusion such that it can now be 
removed nearly intact; in others, it is necessary to 
retrieve the displaced material in smaller fragments 
(Fig.  45.19 ). The amount of vertebral bone resected in 
this maneuver is insuffi cient to compromise the stability 
of the spinal column as the lamina and facet joints 
remain undisturbed.     

   11.    Following removal of the most posterior and central 
aspects of the protruded disc (responsible for the actual 
spinal canal compromise), a small mirror or endoscope 
can be used to inspect the ventral aspects of the canal to 

confi rm the adequacy of the decompression (Fig.  45.20 ). 
The major advantage of this approach over the transpe-
dicular one is that there is better visualization of the 
anterior aspects of the thecal sac, especially centrally.    

   12.    The wound is closed in layers.     

  Fig. 45.20    A small mirror is used to verify adequate thecal sac 
decompression.       

  Fig. 45.18    A hollow space has been created beneath a posteriorly pro-
truded fragment to allow its progressive displacement away from the 
thecal sac ( TS )       

  Fig. 45.19    A displaced fragment ( F ) is retrieved back into the empty 
disc space       

  

 

P.H. Young



311

  Remember:  
 These key concepts are important for successful thoracic 
disc decompression. 
     1.    Adequate exposure with minimal removal of bony and 

ligamentous structures to prevent destabilization.   
   2.    Adequate decompression of thecal sac and foraminal 

 contents by complete extirpation of displaced disc material 
or osteophytes.   

   3.    Negligible spinal cord manipulation or retraction.   
   4.    Minimal manipulation of the intercostal nerve.   
   5.    Preservation of radicular thoracic cord vascular supply.   
   6.    Absolute avoidance of the pleural space and its contents.          
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            1.    Bleeding from lumbar spinal surgery is best minimized by 
proper positioning of the patient to prevent abdominal 
pressure that increases spinal venous pressure. A variety 
of frames exist that allow proper positioning with the 
abdomen hanging free. Position the patient on a conven-
tional operating table prone on the horseshoe-shaped 
Pheasant cushion with separate shoulder posts. Put the 
patient’s iliac crest line at the angle on the cushion and 
at the break in the table. Put the table in fl exion and level 
the back by raising the head. Pad the knees with foam 
rubber and the shins and anterior borders of the feet with 
pillows. Flex the knees with the padded 60-degree 
wooden wedge. Always check the pulses and use TED 
stockings. Adequate decompression of the abdomen and 
free excursion of the chest is the objective. Use a frame 
that allows a free abdomen and good chest expansion 
while still allowing some fl exion and extension of the 
table. The shoulder posts allow full chest expansion. 
Position the upper arms at no more than 90 degrees to 
the trunk and pad the ulnar notch to prevent ulnar 
neuropraxia.   

   2.    For the operative approach itself, make the incision to 
dermis only. Inject 1:500,000 epinephrine in saline 
through the dermal incision into subcutaneous tissue. 
Then make a straight incision to the bone of the spinous 
process. Use of hemostats or electrocoagulation is a mat-
ter of choice, and digital pressure on the wound edge by 
the assistants is important. Clear the spinous process 
with the cutting cautery. If the technique of Cobb eleva-
tion of the spinous process is used, start the subperiosteal 
dissection with the small Cobb elevator. The medium-
sized Cobb is then used for subperiosteal dissection of 
tissue off the lamina.   

   3.    Remember that the tip of the spinous process has a 
 bulbous confi guration; the elevator must fi rst be directed 
with the cutting edge dorsally to go under the edge of the 

bulbous tip (Fig.  46.1 ). Cut to bone, then with the  cutting 
edge turned ventrally sweep out across the lamina 
(Fig.  46.2 ). The potentially troublesome artery at the 
tip of the spinous process should be controlled in the 
dissection; it usually enters the cephalad third of the spi-
nous process, and this can be avoided with a deep mid-
line cut and careful subperiosteal dissection.     

   4.    Pack with 4 × 8 gauze after adequately sweeping the tissue 
off each lamina to the facet joints with the medium- sized 
Cobb (Fig.  46.3 ). Remove the packing, irrigate, and 
retract on the lamina with two medium Cobb elevators. 
Cut the intervening soft tissue from the interspinous 
tissue with the cautery (Figs.  46.4 ,  46.5 ); the broadest 
Cobb elevator then sweeps the material in the inner lami-
nar area laterally to the facet joints (Fig.  46.5 ).      

   5.    Insert a small, self-retaining retractor or, for maximum 
retraction, use the Taylor retractor of appropriate depth 
placed outside the facet joint by the fi nger tip. Then use 
roller gauze fashioned into a sling around the surgeon’s 
foot and tied over the handle of the Taylor retractor; this 
allows stay retraction of the area between the facet joints. 
Irrigate and visualize the interlaminar areas at each level. 
Various self-retaining claw retractors can be used.   

   6.    Expose and identify the sacrum as early as possible. Test 
motion at each spinous process with a Lewin clamp. Tap 
on each lamina to fi nd the dull sound of the sacrum and 
look at the preoperative anteroposterior (AP) X-ray for 
aid in cases of sacralization of L5. Make a defi nite iden-
tifi cation and obtain an X-ray.   

   7.    Three-dimensional thinking is most important in realizing 
the location of anterior structures when looking at the 
posterior spine. For example, when determining the loca-
tion of the pedicle and the intervertebral disc in relation to 
the interlaminar area, remember that the L5–S1 interver-
tebral disc is at the level of the interlaminar space and the 
pedicle is caudad to the disc and under the S1 lamina. 
As one progresses in a cephalad direction, the disc space 
proportionately is in a more cephalad position than the 
interlaminar space. Therefore, exposure of the L2–L3 disc 
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space requires signifi cant removal of the second lumbar 
lamina, as this disc is in a more cephalad position com-
pared with the interlaminar space. The facet joint is the 
important landmark for  identifi cation of spinal structures 
at the initial level of the spinal dissection. After identifi ca-
tion of the facet joint, remember that the superior articular 
process is anterolateral to the inferior articular process. 
The joint capsule itself is a glistening structure with 
horizontal striations. By identifying the facet joints, the 
location of the transverse process is known. The trans-
verse process projects laterally and slightly caudally from 
the  base  of the superior articular process. The pedicle is 
immediately anterior to the base of the superior articular 
process. The transverse process forms the third branch 
of this triplaned three- pronged structure made up of 
the superior articular process in the parasagittal plane, 
the pedicle projecting anteriorly in the transverse plane, 

and the transverse process projecting laterally in the 
coronal plane (Figs.  46.6 ,  46.7 ,  46.8 ,  46.9 ).       

   8.    The projection of the tube of the pedicle on the dorsal 
elements is found at a point formed by a line bisecting 
the transverse process in the coronal plane and a perpen-
dicular line just lateral to the superior articular process 
in the parasagittal plane. From this point the direction is 
approximately 20 degrees from the midline angled from 
lateral to medial. This is the usual orientation of the ped-
icle (Figs.  46.7 ,  46.8 ). The angle of the pedicle decreases 
as one proceeds cephalad in the spine, and the tube of 
the pedicle becomes more elliptical. For procedures in 
which the pedicle is opened, such as a vertebral body 
biopsy or the fi xation of the vertebral body with a screw, 
the tube of the pedicle is entered with a slow-moving 
drill, using the landmarks presented above [ 1 ].   

   9.    For an approach to the transverse process, as for an inter-
transverse fusion, locate the transverse process just caudal 
to the base of the superior articular process. Extend the 
electrocautery cutting of the facet joint capsule down to 
the base of the transverse process.   

   10.    With a Cobb elevator, dissect the capsule and ligamen-
tous incisions out among the transverse process, using a 

Spinous
Process

Cephalad

Periosteum

Lamina

Caudad

  Fig. 46.1    For exposure of the lumbar spine with Cobb elevators, begin 
on the tip of the spinous process with the smallest Cobb to cut to bone 
and remove the dense attachments to the tip of the spinous process. 
Progressing laterally around the bulbous end of the spinous process, 
turn the elevator face up to allow dissection under the bulbous tip to the 
bone of the lamina in a subperiosteal plane. By cutting directly to bone 
in the midline, bleeding from the artery to the caudal tip of the process 
can be avoided. Electrocautery may be used to cut to the subperiosteal 
plane under the bulbous tip       

Spinous
Process

  Fig. 46.2    Sweep out on the lamina subperiosteally, removing the soft 
tissue       
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rotary motion, not a deep pressing scraping motion. It is 
very important to remember that vascular structures are 
just beneath the tip of the transverse process. Fracture of 
the transverse process or an inadvertent slip off the tip of 
a transverse process can produce signifi cant bleeding 
and penetration into the retroperitoneal space. In many 
patients the transverse process is thin and easily broken. 
For any exposure for fusion of the intertransverse area, 
remember that the shallow gutter beneath the facet and 
at the base of the transverse process is an important area 
that should be cleaned of soft tissue for placement of 
bone graft. After elevating soft tissue off transverse pro-
cesses, a plane between each transverse process is devel-
oped by sweeping the intertransverse material laterally 
to the transverse process tips. 
  Caution:   Elevate this intertransverse material superfi -
cial to the coronal plane of the transverse processes. Do 
not plunge anterior to the transverse processes. Bleeding 
may be encountered and the retroperitoneal space may 
be entered. Again, once the facet joint is located, the 
transverse process can be located.     

    11.    The third area of interest is the anatomy of the ligamen-
tum fl avum. The ligamentum fl avum has a superfi cial 

and a deep portion. Cut the lateral edge of the superfi cial 
ligamentum fl avum medial to the facet joint with a knife. 
Remove the superfi cial portion in the interlaminar space 
from lateral to medial with a curette. The ligamentum 
fl avum covers the inner laminar area at each level, 
attached to the rim of the lower lamina and extending 
cephalad through approximately 50 % of the undersur-
face of the superior lamina (Fig.  46.10 ). Use the Kerrison 
to make a laminotomy in the superior lamina. The dura 
is protected by the ligamentum fl avum for about half of 
the upper lamina.    

   12.    Cut an arc-shaped incision medially in the ligamentum 
fl avum with a knife down to the innermost layers until 
the blue can be seen through the fi bers. Open the last 
fi bers with the knife handle. Insert a cottonoid under the 
lateral leaf of ligamentum fl avum and remove it with a 
large Kerrison. 

 The ligamentum fl avum is thinner in the midline. 
After a total laminectomy, the intact exposed ligamen-
tum fl avum is opened in the midline by passing a 
Penfi eld dissector under the ligamentum fl avum caudad 
to cephalad and cutting with a knife longitudinally in the 
midline. Then insert the cottonoid laterally and resect 

  Fig. 46.3    Repeat the process at each level and pack with 4 × 8 sponges       

Spinous
Process

Lamina

  Fig. 46.4    Remove the sponges and insert two elevator. retracting the 
soft tissue laterally       
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the ligamentum fl avum medial to lateral on both sides. 
The full extent of the ligamentum fl avum must be 
 understood to make a full exposure. The ligamentum 
 fl avum extends onto the medial aspect of the facet joint 
itself and to the pedicle in the lateral recess of the spinal 
canal (Fig.  46.11 ).    

   13.    The ligamentum fl avum forms a major portion of the 
soft tissue of the lateral recess (Figs.  46.12 ,  46.13 , 
 46.14 ,  46.15 ). This recess is the groove traversed by the 
nerve root as it exits around the pedicle to the interver-
tebral foramen. After resection of the more medial hori-
zontal aspect of the ligamentum fl avum, the lateral 
vertical portion of the ligamentum fl avum in the lateral 
recess can be excised with a 40-degree angled Kerrison. 
The dura and root must be well retracted medially and 
protected.       

   14.    In an entirely different way of retracting the ligamentum 
fl avum, the ligamentum fl avum can be cut from the bone 
laterally, refl ected medially, sutured to the interspinous 
ligament during the case, and laid back over the dura 
afterward, preserving its dural covering capability 
although obviously compromising its mechanical func-
tion. Start on the leading edge of the lower lamina. Cut the 
ligamentum fl avum off the bone with a curette. Progress 
around lateral cephalad until dura is identifi ed and insert a 
cottonoid. The cephalad attachment is cut off the bone 
with a long 90-degree angled curette between the cepha-
lad lamina and the ligamentum.   

   15.    The key to the anatomy and the key point of reference 
inside the spinal canal is the pedicle (Fig.  46.14 ). Locate 

Cut the
Interlaminal
Fascial
Tissue

  Fig. 46.5    Cut the remaining soft tissue in the interlaminar area with 
the electrocautery or #15 blade. Then sweep with the broadest Cobb in 
the interlaminar area out laterally to the level of the facet joints. Repack 
each level with a 4 × 8 sponge       

Spinous Process

Lamina

Inferior Articular Process

Superior Articular Process

Transverse
Process

Nerve Root

Pedicle

  Fig. 46.6    A transverse plane 
section of the lumbar neuromotor 
segment emphasizing the 
orientation of the transverse 
process, superior articular 
process, and pedicle as a 
three-prong structure. The facet 
joint is seen as the roof of the 
lateral recess. The nerve exits 
below the pedicle at each level. 
The nerve branches into a dorsal 
primary ramus that innervates 
from one to three facet joints at 
adjoining spinal levels. The 
ventral primary ramus is 
responsible for limb function and 
sensation       
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Superior
Articular
Process

Transverse Process

Lamina

Inferior
Articular
Process

Pedicles

Spinous Process

  Fig. 46.7    The initial identifying 
structure in the exposure of the 
spine is the spinous process. The 
laminae are next anteriorly after 
following the lamina laterally; 
the second important identifying 
structure is the facet joint. 
Three-dimensional thinking is 
vital to accurate spinal surgery 
and requires the ability to orient 
the intercanal structures from 
visualization of the posterior 
elements. With the facet joint 
identifi ed, locate the transverse 
process immediately caudad and 
lateral to the facet. The transverse 
process can be exposed without 
dangerous plunging in the 
intertransverse area       

  Fig. 46.8    The key to intracanal anatomy is the pedicle. With identifi ca-
tion of the facet and the transverse process, locate the pedicle. Usually 
the center of the pedicle is at a point formed by the intersection of three 
lines, one line bisecting the midtransverse plane of the transverse pro-
cess, and another parasagittal line at the lateral margin of the superior 
articular process. The last line in the transverse of the pedicle is approx-
imately 20 degrees from the vertical. This last angle becomes slightly 
more obtuse lower in the lumbar spine. Therefore, an instrument may 
be passed through the posterior elements, down the tube of the pedicle 
into the vertebral body, by locating the projection of the pedicle on the 
posterior elements       

  Fig. 46.9    The key to intracanal anatomy is to locate the pedicle. 
Identify the pedicle, and the location of the disc and nerve root can be 
reasonably accurately predicted. Immediately cephalad within 1 cm of 
the pedicle is the intervertebral disc. Immediately caudad to the pedicle 
is the exiting nerve root. Do not do extensive probing in the medial 
pedicular area, as the pedicular plexus will bleed. Location of the disc 
relative after the posterior structures is important. Remember, as one 
progresses cephalad in the lumbar spine, the disc is further cephalad 
relative to the interlaminar space. Therefore, the L5–S1 disc is approxi-
mately at the level of the interlaminar space between L5 and S1. The 
L2–L3 disc space is well cephalad under the lamina of L2 rather than at 
the level of interlaminar space between L2 and L3. The ligamentum 
fl avum covers the interlaminar area. Shaded areas indicate the pedicle       
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Lamina

Pedicle

Nerve Root

Ligamentum Flavum

  Fig. 46.10    The ligamentum fl avum inserts approximately midway 
under the cephalad lamina and inserts on the cephalad edge of the cau-
dad lamina. This underview of the posterior elements from the interver-
tebral canal demonstrates the ligamentum fl avum and its insertion on 
the lamina. The ligamentum fl avum is the principal stabilizing ligament 
of the posterior elements. Prediction of spinal stability often depends on 
integrity of the posterior soft tissue column, specifi cally the ligamen-
tum fl avum. With a vertical laminar fracture, the principal function of 

the ligamentum fl avum is maintained. By contrast, with a displaced 
horizontal laminar fracture of the slice variety, integrity of the ligamen-
tum fl avum is disrupted. The ligamentum fl avum is thinner in the mid-
line. It can be opened in the midline by passing a Penfi eld dissector 
under this midline portion and cutting onto the dissector. The two 
halves of the ligament can be opened by retracting each laterally. This 
midline cleft is useful in passing the laminar wires for segmental 
fi xation       

Lateral
Recess

Pedicle

Intervertebral
Foramen

DiscVertebral Body

Nerve Root

Ligamentum Flavum  Fig. 46.11    The parasagittal view 
of the spinal canal, demonstrating 
the anterolateral insertions of the 
ligamentum fl avum. The 
ligamentum fl avum inserts into 
the medial facet joint capsule and 
the pedicle at the interlaminar 
area. This horizontal shelf of 
ligamentum fl avum comprises a 
major soft tissue component of 
the lateral recess, and is resected 
with the angled Kerrison rongeur 
from the opposite side of the 
table for a full lateral 
decompression and exposure       
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the pedicle with a probe. The nerve root exits caudally 
around the pedicle and any retraction in a medial direction 
from the pedicle will be retracting the nerve root 
(Figs.  46.9 ,  46.10 ). Less than 1 cm cephalad to the 
 pedicle is the intervertebral disc. Identify the pedicle, 
then approach the disc. Two cottonoids are introduced 
simultaneously lateral to the dura at the level of the disc, 
one packed cephalad, the other packed caudad. Use 
dural dissectors to clear the disc of fat and veins. Three 
cottonoid patties are placed: one cephalad, one caudad, 

and one laterally in the IVF. Insert a nerve root retractor 
on the surface of the disc to retract the dura in a medial 
direction. 
  Caution:   The venous drainage in the area of the pedicle 
is often profuse. Excessive probing of this area will pro-
duce unnecessary venous bleeding.  
  Caution:   Beware of a hidden fold of dura over the disc. 
The retractor should be held parallel to the angle of the 
nerve root and pressure maintained only for a minimum 
amount of time.     

Lateral Recess

Dural Sac

Facet Joint

Ligamentum
Flavum

  Fig. 46.12    The lateral recess as 
visualized across the spinal canal 
shows the important role of the 
ligamentum fl avum as it sweeps 
down the undersurface of the 
lamina to insert on the pedicle 
and facet joint. It is a signifi cant 
soft tissue component of the 
lateral recess       
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Disc
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Ligamentum Flavum

  Fig. 46.13    The pedicle, disc 
space, and nerve root under the 
horizontal shelf of the 
ligamentum fl avum in the lateral 
recess       
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     Remember: 

 The key to intracanal anatomy is the location of the pedicle. 
With the pedicle identifi ed the disc is just cephalad, the root 
is medial, and the intervertebral foramen is caudad.
    16.    Orientation of facet joints is also critical in understand-

ing the anatomy of the canal. Coronally oriented facet 

joints are common in the lower lumbar spine. The large 
medial overhang of a coronal facet can be very deceptive 
when identifying the fl oor of the spinal canal (Figs.  46.16 , 
 46.17 ). Many degenerate facets in this area have a 
biplane confi guration with both parasagittal and coronal 
faces in the same articular facet. For a full decompression, 
any medial overhang of facet should be removed to the 
parasagittal level of the medial wall of the pedicle.     

  Fig. 46.15    The lateral recess as 
visualized by computer- assisted 
tomography (CAT) scan. The 
lateral recess height is measured 
from the undersurface of the 
superior facet to the fl oor of the 
canal at the superior edge of the 
pedicle       

Cephalad

Hidden L4 Root

L4-L5 Disc Space

L5 Pedicle

Dural Sac

L5 Vertebral Body

L5 Nerve Root

  Fig. 46.14    A specimen cleaned 
of veins shows the relationship of 
the disc to the pedicle as 
visualized from a partial 
hemilaminectomy. The nerve 
root exits around the pedicle and 
the disc space is immediately 
cephalad to the pedicle       
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  Fig. 46.16    The facet joints often assume a biplanar direction in the 
signifi cant sagittal and coronal aspect of the facet. The coronal portion 
of the facet produces a roof to the lateral recess and contributes to com-
promise of space in that area       

  Fig. 46.17    Malalignment of the facets, facet joint trophism, and uni-
lateral rotational damage to the articular facet not only interfere with 
the basic biomechanical function of the neuromotor segment, but also, 
with hypertrophy and degenerative change, may contribute to nerve 
root canal stenosis       
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  Fig. 46.18    For traumatic conditions of the lumbar and thoracic spine, 
it is critically important to identify each structure on the anteroposte-
rior (AP) X-ray fi lm. The vast majority of posterior element fractures 
can be clearly identifi ed with plane X-rays beginning with the more 
posterior structures and progressing anteriorly. This depth perception- 
type thinking is important in understanding spinal anatomy. We stress 
the beginning with the spinous process, and comment on the presence 
of fractures, spread, or rotation of the processes. The lamina is fre-
quently diffi cult to see, superimposed on the rest of the spine, but lami-
nar pathology should be identifi ed. Next, progress to the level of the 
facet joints and the pars interarticularus. Comment should be made 
about the spread of facet joints, integrity of articular process, and pos-
sible fractures through the pars interarticularus. The next level is the 
transverse process. Is it split vertically, ripped off, or damaged? Next, 
the pedicles: are they spread in relation to the level above and below or 
do they exhibit fracture lines? Next consider the posterior body wall. 
Spread of the pedicles indicates that there is an interruption in the pos-
terior body wall. The lateral X-ray is often used to assess the anterior 
column, and oblique X-rays aid in identifi cation of the facet and pars 
interarticularus area       

   17.    An important aspect of approaching the lumbar spine is 
to have proper depth perception thinking, that is, to be 
able to identify posterior structures and to locate very 
necessary anterior structures in relation to these poste-
rior structures. Always reading X-rays through the fi lm 
posterior to anterior helps train one to see through 
 posterior elements to anterior structures when in surgery. 
When reading a lumbar spine fi lm for lumbar fractures, 
we stress this progression of identifi cation of structures 
from posterior to anterior at each level of the lumbar 

spine (Fig.  46.18 ). Therefore, begin with the spinous 
processes and comment on the presence of fractures, 
and spread or rotation of the processes. The laminae are 
frequently diffi cult to see superimposed on the rest of 
the spine but laminar pathology should be identifi ed. 
 Differentiating a vertical laminar fracture from a hori-
zontal one is of maximum clinical importance. Then 
proceed to the level of facet joints and pars interarticu-
laris. Comment about spread of facet joints, about integ-
rity of articular processes and possible fracture through 
the para interarticularis. The next level is the transverse 
process. Are these split transversely or vertically? Are 
they intact? Then consider the pedicles: are they spread 
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in relation to the level above and below or do they exhibit 
fracture lines? Next observe the posterior body wall. The 
spread of the pedicles indicates that there is an interrup-
tion of the posterior body wall. Is the posterior body wall 
intact? Use the lateral X-ray for better defi nition of the 
anterior column. Is the bony anterior column intact, 
meaning the vertebral end plates and vertebral body 
wall? Posterior and anterior longitudinal ligaments are 
included with the annulus and the disc in the soft tissue 
anterior column. Anatomy of the lumbar spine should be 
divided into soft tissue posterior elements, bony poste-
rior elements, soft tissue anterior elements, and bony 
anterior elements. Ligamentum fl avum, interspinous 
ligament, and interlaminar ligament are included in the 
posterior column soft tissues.    

   18.    Closure: Use a mattress suture with a large needle and 
absorbable suture. The lower limb of the mattress suture 

is to the bottom of the paraspinous musculature through 
the interspinous area, the upper limb through the fascia 
only. Follow with subcutaneous and skin closure.    

  Remember: 
   1.    The fi rst landmark is the facet joints.   
   2.    The second landmark is the ligamentum fl avum.   
   3.    The third landmark is the pedicle.    

       Acknowledgment   Special thanks to the late Dr. Homer Pheasant for 
assistance with this chapter.  
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        The major objective in surgery of herniated lumbar discs is 
decompression of the involved nerve root or roots and cauda 
equina with restitution of the normal anatomical disposition 
of elements of the cauda equina within the spinal and root 
canals. Minimal manipulation of neural elements is impera-
tive, as an anatomical environment that will preclude recur-
rent root entrapment at the operated region is provided. 

 The lateral position provides a physiologic placement of the 
patient with maximum exposure of lateral elements of the 
main lumbar dural tube and nerve roots. At the same time, it 
provides a postural substrate that offers maximum exposure 
of the intralaminar space, ligamentum fl avum, and interbody 
spaces in the region without risk of increased intraabdominal 
or intrathoracic pressure and secondary distension of the 
epidural venous complex.
    1.    Essentials of positioning. Following the induction of ade-

quate general anesthesia, position the patient so that, with 
respect to the lateral position, his painful extremity is 
placed superiorly. In initiating positioning, we have found 
that the surgeon and three assistants are the optimum num-
ber to effect this maneuver with ease. The proposed level 
of operation is placed at the midpoint for fl exion of the 
operating table and the patient’s back is moved to the lat-
eral table edge closest to the surgeon. The table is then 
fully fl exed and the inferior lower extremity is fl exed at the 
hip and knee, with the knee supported by a padded kidney 
rest inserted at the break point. The superior extremity is 
fully extended and supported medially by two pillows, one 
at the level of the thigh and the other at the level of the leg. 
At this time several bands of 3-inch cloth adhesive tape 
are run from one lateral runner of the operating table to 
the other to maintain the pelvis in a fl exed position. These 
maneuvers accomplish the following: (1) the lumbar curve 
is straightened and largely reversed, (2) the ligamentum 
fl avum at the operative level as well as the intralaminar 

space is distracted, (3) the nerve root sheaths at the 
 superior aspect of the canal are disposed and lengthened 
to allow for optimum exposure and visualization of the 
lateral recess of the spinal canal, and (4) the interbody 
space is distracted posteriorly and superolaterally so that 
adequate evacuation and visualization within the interspace 
may be accomplished. 

 The inferior axilla is supported on an axillary roll. The 
upper limb is supported either in a cradle or on a pillowed 
Mayo stand. The patient’s thorax is made parallel with the 
fl oor by manipulation of the reverse Trendelenburg setting 
of the operating table. The table is then side-tilted away 
from the surgeon so that the lumbar region is turned 
approximately 15 to 20 degrees from the vertical plane.   

   2.    The lumbodorsal region is appropriately prepped and 
then marked with a soft pen. Initially the posterosuperior 
iliac spines are identifi ed and marked. The fi rst interspace 
palpable superior to a line drawn between these spines is 
the L5–S1 intraspinous space. This is identifi ed and an 
appropriate mark for level is made. To assist with identifi -
cation of the appropriate operative level, a perpendicular 
line is drawn from the iliac crest to the midline, and the 
relationship of this line to the L4–L5 interspace is judged 
according to anteroposterior (AP) lumbosacral spine fi lms. 
Rather than using X-ray identifi cation of the proper level, 
we have found it effi cacious to identify the sacrum and the 
L5–S1 level in all cases before embarking on decompres-
sion of the L4–L5 region. At higher levels X-ray identifi -
cation has been used in the operating room. 

 For the purposes of this discussion, a L5–S1 exposure 
for decompression of the S1 nerve root and excision of 
the herniated nucleus pulposis at the L5–S1 level are 
described. An incision is marked 1 cm superior and lat-
eral to the spines of L5 and S1. The length of this mark is 
variable according to the physique of the given patient. 
Infi ltration is undertaken in the subperiosteal and para-
spinous muscular planes at both the L5 and S1 levels 
with a solution of 0.5 % xylocaine with epinephrine. 
Approximately 5 to 7 mL of this solution is used at each 
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level. The subcutaneous tissues are then infi ltrated with a 
similar solution in the region of the marking for the 
incision. We use a draping system that incorporates three 
towels, one at the superior, one at the inferior, and one at 
the medial surface of the fi eld. A 3 M Steridrape is then 
placed over the three towels and marked area with a cuff 
fashioned on the lateral fi eld that acts as an anchor for the 
secondary laporotomy drapes which will follow. 

 After draping, the surgeon has the option of either 
sitting or standing during the operative procedure. The 
scrub nurse positions herself or himself to the right in the 
case of a right-handed surgeon and the assistant is posi-
tioned to the left. A Mayo stand is placed between the 
surgeon and the nurse with a secondary table at his or her 
side to augment the essential instrumentation for each 
portion of the case as it evolves. A 9 French suction appa-
ratus is positioned on the surgeon’s left and a blunt-tipped 
bipolar coagulating forceps is placed on the surgeon’s 
right for easy access (Fig.  47.1 ).  
 The patient is stabilized in this position with rolls of 

tape. The inferior axilla is supported with an axillary roll. 
The upper limb is in a cradle. The patient’s thoracic spine is 
made parallel with the fl oor by manipulation of the reverse 
Trendelenburg setting on the operating table. The table is then 
tilted away from the surgeon so that the lumbar region is 
turned approximately 15–20 degrees from the vertical plane. 
In summary, the position allows (1) straightening and reversal 
of the lumbar curve; (2) distraction of the inner laminar space 

and ligamentum fl avum; (3) maximum visualization of the 
lateral recess of the spinal canal; and (4) distraction of the 
inner body space posteriorly and superolaterally so that ade-
quate evacuation and visualization within the inner space may 
be accomplished.   
   3.    Incision and laminar exposure. With incision of the cuta-

neous and subcutaneous spaces, the lumbodorsal fascia is 
identifi ed approximately 1 cm parallel to the spines of L5 
and S1. Bleeding at the cutaneous margins is controlled 
with Michel clips, which also prevent the displacement of 
the Steri-drape from the wound edge. The spines of L5 
and S1 are identifi ed by palpation and an incision is made 
parallel to these spines in the lumbodorsal fascia to expose 
the paraspinous muscular groups (Fig.  47.2 ). The assis-
tant introduces a hand Meyerding retractor and the sur-
geon, using a 20-mm Hoen periosteal elevator, develops a 
subperiosteal plane at the level of the spine of S1 and 
develops this plane inferiorly along the spine to the level 
of the lamina. Once the lamina is appreciated, the perios-
teal instrument is rotated in position and appropriately 
utilized so that the subperiosteal plane can be developed 
laterally to the level of the facet joint. The assistant intro-
duces gauze sponges to assist in the dissection of the 
paraspinous musculature (Fig.  47.3 ). Attention is then 
turned to the L5 spine where a similar dissection is under-
taken, before which Mayo scissors are employed to incise 
the multifi dus rotator that separates the two spines in a 
muscular band. This dissection being completed, the 

  Fig. 47.1    The lateral position for lumbar disc surgery provides a 
physiologic placement of the patient with maximum exposure of lat-
eral elements of the dural sac and nerve roots. The lateral position 
offers maximum exposure of the intralaminar space, ligamentum fl a-
vum, and interbody spaces in the region. There is no risk of increased 
intraabdominal or intrathoracic pressure with its secondary distension 

of epidural veins with the lateral decubitus position. It is a comfortable 
position for the surgeon either sitting or standing and provides excel-
lent visualization for teaching. The operative level is placed at the mid-
point for fl exion of the operating table and the patient’s back is moved 
to the lateral edge of the table. The lower leg is fl exed and padded. 
The upper leg is fully extended, supported on two pillows       
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gauze packings are removed; the hand Meyerding retractor 
is introduced laterally to the level of the facet joint and 
palpation is undertaken. The sacrum is identifi ed as well 
as the lamina of L5. Retraction of the paraspinous muscu-
lature is then maintained with a Hoen self-retaining 
retractor. To position this instrument optimally, initially 
the spinous component of the retractor system is placed at 
the midline; next, the muscle retracting blade is placed 
over the hand Meyerding retractor and that retractor is 
removed; fi nally, the handle of the retractor system is 

attached to both blades and retraction is effected. Removal 
of retained muscle may then be undertaken with a pitu-
itary rongeur.     

   4.    Laminotomy, partial facetectomy, and foraminotomy. 
A 4-mm bone curette is then used under the inferior edge 
of the lamina of L5 to establish the plane between the 
leading edge of that lamina and the ligamentum fl avum. 
As has been noted, the lateral position places the ligamen-
tum fl avum in a fully stretched position so that it is 
readily appreciated with a maximum visualization of the 

  Fig. 47.2    Incise the skin and 
subcutaneous tissue in the 
midline. Michel clips are placed 
on the cutaneous margins of the 
wound. Incise the lumbar and 
dorsal fascia parallel to the 
spinous processes of L5–S1 and 
expose the lamina and 
interlaminar areas with periosteal 
elevators. Expose subperiosteally 
the lamina at the involved levels. 
Expose the interlaminar area as 
much as seen in Figures 
  46.9    –  46.13    . The Taylor retractor 
inserted outside of the facet joint 
or the self-retaining Hoen 
retractor provides adequate 
retraction of the paraspinous 
musculature       

Elevator
on LaminaParaspinous

Musculature

Spinous Process

  Fig. 47.3    Exposure of the ligamentum fl avum is carried out by fi rst mak-
ing an incision in the lateral aspect of the inner laminar area in the soft 
tissue between the facet and pars. Sweep lateral to medial with a curette 
clearing the superfi cial ligamentum fl avum. The stretched horizontal 
fi bers in this position of the ligamentum fl avum are easily identifi ed by 
their texture and yellow color. The cephalad extent and attachment of the 
ligamentum fl avum is dissected with a curette under the lamina of the 
cephalad vertebra. The caudad portion of this lamina is removed with a 
rongeur in fashioning the laminotomy. This removal of bone is continued 

laterally with the angled Kerrison punches until a suitable-sized lami-
notomy is performed. All bony exposure should be carried out before 
division of the ligamentum fl avum, as much done as necessary for expo-
sure. The standard ligamentum fl avum removal is carried out by fi rst 
making a medial cephalad-to-caudad incision in the ligamentum fl avum 
down through its fi bers until the bluish tinge of dura is seen. The last 
fi bers of ligamentum fl avum may be entered with the handle of the knife, 
dura pushed away, and cottonoid introduced laterally, allowing resection 
of the ligamentum fl avum without damage to the dura       
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interlaminar space. Following development of the natural 
plane of cleavage between the ventral surface of the L5 
lamina and ligamentum fl avum, a laminotomy is fash-
ioned utilizing a Leksell rongeur. We then favor employ-
ment of 45-degree angled bone punches of 3-, 5-, and 
7-mm sizes with reduced depth of footplates to accomplish 
further superior and lateral extension of the laminotomy 
opening. If there is encroachment by a hypertrophied or a 
sizable facet joint, the medial aspect of this joint is appro-
priately trimmed with either a Leksell rongeur or a combi-
nation of bone curettes and angled bone punches. 

 Optimum exposure of the ligamentum fl avum having 
been gained, this structure is then incised medially parallel 
to the spine with a #15 blade scalpel. A small cottonoid 
pledget is then introduced into the epidural space and the 
ligamentum fl avum is excised with the # 15 blade, with 
appropriate manipulation of the cottonoid in the epidural 
space to protect underlying dura during the course of this 
maneuver. Incision is initially made along the margin of 
the S1 lamina, secondarily along the margin of the L5 
lamina. The ligamentum fl avum is then refl ected laterally 
and excised either with a large bone punch or by trans-
verse incision at the region of the facet joint (Fig.  47.4 ). 
 The operative procedure from the stage of excision of the 
ligamentum fl avum onward is potentially enhanced by the 
employment of the operating microscope at either 6 × or 
10 × setting with a 250- or 275-mm lens.   
 With excision of the ligamentum fl avum, superior and lat-

eral bony removal is undertaken. It is important to stress that, 
in the course of root decompression and disc excision by this 
technique,  exposure of the lateral recess and lateral compo-
nent of the spinal canal with entry into the root canal is 
imperative and is one of the primary surgical maneuvers in 
reducing unnecessary retraction on the root during decom-
pression and evacuation of the interbody space.  This bony 
access is acquired utilizing a combination of angled bone 
punches initiated superiorly and laterally that are augmented 

by bone curettes. Important in the overall technique is the 
introduction of soft cottonoids before the placement of bone- 
cutting instruments to reduce the possibility of a dural tear or 
neural injury. In the event that there is considerable dorsal 
displacement of neural elements, it is inadvisable to intro-
duce foot-plated instruments into the bony recess, and under 
these circumstances either sharp curettes or a high-speed air 
drill should be employed to effect appropriate bony exposure 
(Fig.  47.5 ).    
   5.    Root, fragment identifi cation, and removal.  The ultimate 

goal of bony exposure before removal of a free fragment 
or exploration of the interspace is complete visualization 
of the lateral aspect of the main dural tube, the shoulder, 
axilla, and a minimum of 2 cm of the appropriate nerve 
root.  With lateral disc herniation most often there will be 
dorsal median displacement of the nerve root, and with 
the attainment of exposure of the lateral recess of the spi-
nal canal the fragment of disc material will readily be 
appreciated. At this time cottonoids may be placed supe-
rior to the shoulder of the nerve root and distal and lateral 
on the nerve root to displace this structure slightly medi-
ally and enhance exposure of the lateral recess region. 
Dissection of epidural fat and/or adhesions in the region 
is undertaken with either a blunt-tipped or fi ne-tipped 
bipolar coagulating forceps and either a #7 French or a #5 
French Frazier suction apparatus. If normal anatomical 
planes are obscured, it is imperative that magnifi cation of 
vision be employed. For ultimate visualization we con-
sider the operating microscope to be far superior to the 
customary headlight and loupes because of the intensity 
of illumination provided with the microscopic light 
source as opposed to the standard headlight systems as 
well as the versatility of magnifi cation offered. For mini-
mization of trauma to the root it is imperative to effect 
separation of adhesions particularly from the ventral 
 surface of the root before extraction of a fragment from 
this interface. In particular, for lateral disc protrusions 

Lateral Blade
Adjacent to
Facet Joint

Medial Third
of Facet
Excised

Laminotomy
Foraminotomy
With Gelfoam

Medial Blades
Straddle
Spinous Process

  Fig. 47.4    The ligamentum 
fl avum has been resected and the 
laminotomy formed. Exposure of 
the lateral recess and lateral 
component of the spinal canal 
with entry into the root canal is 
imperative and is one of the 
primary surgical maneuvers in 
reducing unnecessary retraction 
on the nerve root during 
decompression and evacuation of 
the inner body space. This access 
is acquired by utilizing the 
angled bone punches and 
curettes. Cottonoids protect the 
dura and nerve root from the 
angled instruments during this 
lateral decompression       
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a retractor is seldom necessary to mobilize the nerve root 
for visualization of the disc fragment and maintenance of 
proper exposure for interspace exploration (Fig.  47.6 ). 
Therefore, with proper placement of cottonoids the 
 fragment is further exposed and its dorsal component 
freed of any epidural venous complex with bipolar coagu-
lating forceps. A cruciate incision is then made over the 
fi brotic tissues and a small pituitary rongeur or Rhoton 
forceps is utilized to gently tease the fragment from the 
spinal canal. With excision of the fragment there is con-
siderable relaxation of neural elements in the area. In the 
event that a fragment is not appreciated and adequate lat-
eral bony excision and visualization have been gained, it 
is advisable to use angled instruments, such as an eye 
muscle hook or a Frazier dural guide, to explore both 

dorsally and ventrally along the nerve root as well as 
ventrally in the spinal canal in the region of the root axilla 
and shoulder. The fragment and/or herniation will readily 
be identifi ed at this time.  

 Another maneuver of some value is the introduction of 
normal saline into the interbody space; this may be accom-
plished by employing a #20 spinal needle and a Luer-lock 
syringe. A normal interspace will accept little more than 
0.5 mL saline, whereas a degenerated interspace will read-
ily accept saline solution without diffi culty. With introduc-
tion of the saline it is possible to identify a region of tear 
in the annulus by the egress of fl uid and aid in the identifi -
cation of a disc fragment.   

   6.    Disc excision. With removal of the fragment and/or identi-
fi cation of the interspace a window is fashioned through 

Foraminotomy

Free Fragment of
Disc

Nerve
Root

Cottonoid Displacing
Proximal Shoulder

  Fig. 47.5    The ultimate goal of 
bony exposure before removal of 
free fragments or exploration of 
the inner space is complete 
visualization of the lateral aspect 
of the main dural tube, the 
shoulder, axilla, and a minimum 
of 2 cm of appropriate nerve root. 
All adhesions must be carefully 
removed with a dural dissector 
before evacuation of a lateral free 
fragment. Cottonoids are placed 
superior to the shoulder of the 
nerve and distal-lateral to the 
nerve root to displace this 
structure slightly medially and 
enhance exposure of the lateral 
recessed region       
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Annulus

  Fig. 47.6    A cruciate incision is 
made over the disc space and 
bulging disc material and a small 
pituitary rongeur is utilized to 
remove the fragment from the 
canal. The annulus is incised 
with a #11 blade and the contents 
removed with a pituitary rongeur. 
Remove the disc material that is 
soft and degenerated and lacks 
resistance to excision. Beware of 
penetrating the anterior annulus 
into the retroperitoneal space       
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the posterior, longitudinal ligament and annulus fi brosis 
with a #11 blade, with care being taken to ensure that the 
inferior and superior edges of the window are on the infe-
rior and superior margins of the bodies involved and that in 
the course of a lateral extention of the window opening no 
injury is incurred by the superior nerve root in the area, 
which is passing laterally in the region of the pedicle. With 
proper execution of this maneuver one may then set the 
stage for complete visualization into the interspace. At this 
time a small pituitary rongeur is introduced into the inter-
space and evacuation of disc material commences. It has 
been our practice to remove only that disc material which 
is softened, degenerated, and lacks resistance to excision. 
We consider that the Scoville cartilage curettes are essen-
tial for proper evacuation of the interspace and, therefore, 
we use combinations of straight, 45-degree, and 90-degree 
angled curettes in effecting our exploration and excision of 
degenerated disc material. Following the development of a 
dead space in the central portion of the interspace the 
curettes are introduced to free degenerated material into the 
central portion of the dead space and then under direct 
vision this debris is removed. It is apparent that as more 
excision is undertaken it is necessary to use the 45-degree 
and 90-degree angled curettes to bring the disc material 
into the central portion of the interspace for removal by the 
pituitary rongeur. It is obvious that care must be taken in 
evacuation of the interspace to avoid transgressing the 
anterior annulus and entering the retroperitoneal space. 
Provided that the dorsal openings in the annulus and poste-
rior longitudinal ligament are adequate, the evacuation can 
be accomplished under direct vision, thereby reducing the 

possibility of such an event (Fig.  47.7 ). Following removal 
of the degenerated disc material the interspace may be 
inspected both by direct vision and by palpation with blunt 
instruments. We have used angled endoscopy instruments 
to inspect the margins of removal of disc material from 
within the interspace. The interspace is then irrigated copi-
ously with Bacitracin solution (50,000 units in 500 mL 
normal saline).    

   7.    Foraminotomy completion, fi nal exploration. Attention is 
once again turned to the root area, the displacing cotto-
noids are removed, and the foraminotomy is completed 
using angled bone punches and/or curettes. At comple-
tion of the procedure a minimum of 2 to 2.5 cm of nerve 
root is completely visualized. Finally, exploration is 
undertaken with eye muscle hooks dorsally and ventrally 
down the root canal, followed by a Frazier dural guide 
dorsally and ventrally down the root canal to assure that 
there is no further fragment of disc material or bony 
encroachment or compromise in the area. Exploration is 
then undertaken ventrally in the spinal canal in the supe-
rior and inferior plane, initially with eye muscle hooks 
and secondarily with the Frazier dural guide once again to 
ensure freedom from encroachment of any retained disc 
material. Copious irrigation is then undertaken with 
Bacitracin, and a pledget of Bacitracin-soaked gelfoam is 
placed in the foraminotomy laminotomy opening.   

   8.    Closure is then accomplished in layers with meticulous 
hemostasis to ensure a minimal presence of blood in the 
muscular layer, which is a source of irritation and postop-
erative spasm. Care is taken to ensure a secure closure, 
particularly at the level of the lumbodorsal fascia.     

Root Canal
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  Fig. 47.7    Foraminotomy is 
completed using angled bone 
punches and/or curettes. At 
completion a minimum of 
2–2.5 cm of nerve root is 
completely visualized. 
Exploration is undertaken with 
the eye muscle hooks dorsally 
and ventrally and down the root 
canal followed by Frazer’s dural 
guide dorsally and ventrally 
down the root canal to ensure 
there is no further fracture of disc 
material or bone encroachment or 
compromise in the area. The 
exploration is completed 
ventrally in the spinal canal as 
well       
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   Remember: 
   1.    Obtain adequate bony exposure. This is required particu-

larly in the lateral spinal recess and region of the facet 
joint. Care should be taken whenever possible to preserve 
the normal anatomical substrate.   

   2.    Minimize handling and manipulation of the involved nerve 
root or nerve roots. Obtain adequate lateral exposure in the 
spinal canal at the lateral recess region with reduction of 
retraction of the involved nerve roots and gentle displace-
ment of the same by appropriate  placement of cottonoids.   

   3.    Reduce the biomechanical impact of the surgery. Remove 
only what is estimated to be degenerated components of 
interspace material.   

   4.    Dissection with the operating microscope is at times 
imperative to assure proper handling of neural elements 
and optimum appreciation of dissection planes.   

   5.    Perform an adequate foraminotomy for decompression of 
the root with exploration of all ventral surfaces in the 
region with angled instruments.   

   6.    Encourage early mobilization during the postoperative 
period. This action is important to reduce spasm and 
functional limitation as well as to build the patient’s con-
fi dence in relation to his own capabilities to activity.       
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        Microscopic lumbar discectomy is an ideal way to remove a 
disc fragment. Indications include the following:
    1.    Morbidity of suffi cient severity and duration to warrant 

operative intervention.   
   2.    Presence of radicular leg pain, intensity of leg pain greater 

than 50 % over back pain, with the pain distribution pref-
erably over the course of a radicular nerve.   

   3.    Neurologic defi cit and motor sensory refl ex loss, enabling 
the surgeon to establish which nerve is involved.   

   4.    Studies should indicate an anatomical lesion that corre-
sponds to the patient’s symptoms. That anatomical lesion 
should be in a location that corresponds to the symptoms 
and is usually a herniated disc, extruded disc fragment, 
sequestered disc fragment, or a segmental localized lat-
eral recess stenosis.     
 Our decompressive technique uses microscopic operative 

techniques to achieve three aims:
    1.    Remove the obstruction from the canal and the disc frag-

ment from the nerve.   
   2.    Visualize the nerve and blood vessels to provide better 

protection for both.   
   3.    Cause as little injury as possible to normal structures 

through better visualization, better lighting, and better 
exposure.     
 We are confi dent that removal of a source of persistent 

radiculopathy, such as an extruded disc fragment, in conjunc-
tion with an excellent postoperative rehabilitation program, 
offers the potential to return the patient to full activity. 

 With the patient’s studies on the X-ray view box in the 
operating room, after induction of general anesthesia, the 
patient is placed on the Andrews frame. The skin is prepped, 
and two or three needles are inserted in a paraspinous position. 
A lateral X-ray is taken (Fig.  48.1 ). Using the needles and 
the position of the disc as a guide, the skin incision is placed 
over the disc space. Usually, this is from the midportion of 
the disc space, approximately 2 cm caudally. After the X-ray 

is taken, the needles are removed and lines are drawn on the 
skin perpendicular to the spine with a marking pen to indi-
cate the location of the pins. Full prepping and draping is 
carried out. The skin incision is made using the marking pen 
lines to put the incision over the disc space. Then a Cobb 
elevator approximately the width of the skin incision is 
placed into the wound, and dissection is carried gently 
through the subcutaneous fat to the fascia at the spinous pro-
cess. The Cobb stretches the lumbodorsal fascia over the 
edge of the spinous process, and the fascial incision is made 
on the lateral edge of the bulbous tip of the spinous process. 
Holding the fascia with the Cobb with one hand, use the 
Bovie or knife to incise the fascia. Make a generous fascial 
incision and place the Cobb elevator into the wound onto 
the undersurface of the spinous process. With the curve of 
the blade facing medially, using gentle dissection, sweep out 
laterally. A lateral-facing Cobb may be inserted to pull later-
ally. Palpation of the cephalad and caudal lamina allows the 
gentle sweeping of the muscles off the interlaminar area. 
Holding the muscle back, place the Williams blade-point 
retractor. The spike is placed in the interspinous space and 
the blade length touches the facet capsule. Open the retrac-
tor, exposing the interlaminar area. With the retractor in 
place, place the Kocher in the interlaminar area (Fig.  48.2 ). 
There is no vigorous exposure of the area. Palpation alone 
allows determining the cephalad lamina and the caudal 
lamina. Then, obtain a fi nal X ray that indicates the appropri-
ate interlaminar area. Remember that the interlaminar area is 
caudal to the disc space that is to be exposed. The Kocher 
should be caudal to the skin marks used to indicate the disc 
space and caudal to the disc space on the X-ray. After return 
of the interlaminar marking X-ray, the microscope is brought 
in and the Kocher removed under direct vision. The micro-
scope is used from the time the second X-ray is taken. We use 
a large pituitary to gently remove any soft tissue over the inter-
laminar area. The superfi cial ligamentum fl avum is exposed.   

 Incise the superfi cial ligamentum fl avum laterally and 
dissect it medially or cut it free from the caudal lamina and 
dissect caudal to cephalad. The deep ligamentum fl avum is 
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exposed (Fig.  48.3 ). We handle the deep ligamentum fl avum 
in one of three ways. One method is to make a longitudinal 
incision in the lateral third of the ligamentum fl avum. Then, 
protecting the nerve with the Penfi eld 4, resect the lateral 
third of the ligamentum fl avum with the Kerrison. A more 
common method is to use a small cutting acorn bur and do a 
laminotomy of the cephalad lamina to the insertion of the 
ligamentum fl avum. The laminotomy can be small and in 
the cephalad lateral corner to expose the lateral ligamentum 
fl avum. Use a curette to detach the cephalad insertion of the 
ligamentum fl avum. Use a nerve hook to free up the ligamen-
tum fl avum and to dissect it cephalad to caudal. The nerve 
hook can hold the ligamentum fl avum up and allow removal 
with the Kerrison to begin.  

 The method we prefer is to use a curette to detach the 
 caudal attachments of the deep ligamentum fl avum from the 
leading edge of the caudal lamina and from the lateral wall of 
the facet (Fig.  48.4 ). With the Kerrison, do a small laminot-
omy to open the epidural space (Fig.  48.5 ). The ligamentum 
fl avum is removed with the Kerrison caudal to cephalad. The 
ligament, being elastic, shrinks up, helping the dissection. 
Detach it laterally and dissect it cephalad (Fig.  48.6 ). To ensure 
lateral exposure, fi rst the inferior and then the superior facet 
may need to be trimmed with a Kerrison (Fig.  48.7 ). Gentle 
palpation with the dental identifi es the pedicle. You should 
have a distinct understanding of the intracanal structures. 
The pedicle is the key to intracanal anatomy (Fig.  48.8 ). When 
the pedicle is identifi ed, you know that the disc space is less 
than 1 cm cephalad. The traversing nerve root is immediately 
medial and the exiting foramen is caudal to the pedicle. The 
foramen below is caudal to the pedicle; the foramen above is 

  Fig. 48.1    Place two needles lateral to the spine at the approximate 
level of the disc space. The spinous process is not used as the marker 
because its relationship to the disc space varies. For an operation on the 
disc, the skin incision is best placed directly over the disc from the 
center of the disc for 2 cm caudal       

  Fig. 48.2    Three-dimensional thinking is important. You must under-
stand the relationship of the spinous process, the lamina, the interlami-
nar area, the facet joints, and the transverse processes to the disc space. 
The interlaminar area leads to the disc space. The second X-ray is taken 
with the Kocher in the interlaminar area       

  Fig. 48.3    The exposed right-side interlaminar area with the view of the 
pedicle superimposed. The superfi cial layer of the ligamentum fl avum 
can be removed by gently cutting the attachment of the superfi cial liga-
ment to the facet joint capsule and dissecting this medially with the 
curette. This maneuver exposes the yellow longitudinal fi bers of the 
deep ligamentum fl avum. The dashed line indicates the pedicle       
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cephalad to the pedicle. The exiting nerve root of that  segment 
is  cephalad to the disc space and the pedicle. The traversing 
nerve root of one segment becomes the exiting root of the level 
below. For example, the 5th nerve root is the traversing root of 
the L4–L5 neuromotion segment (or level) and the exiting 
nerve root of the L5–S1 segment. The exiting nerve root of the 
L4–L5 segment is the 4th nerve root.      

 This view shows:
    1.    Location of the safe zone of disc entry   
   2.    The medial border of the pedicle   

   3.    The traversing nerve root   
   4.    The exiting nerve root     

 At L4–L5, for example, #1 is the L4–L5 disc space, #2 the 
L5 pedicle, #3 the 5th root, and #4 the 4th root. 

 The ligamentum fl avum attaches to the leading edge of the 
caudal lamina and to less than 50 % of the surface of the ceph-
alad lamina. It is not necessary to remove all the ligamentum 
fl avum when excising an extruded disc fragment. The amount 
of ligamentum fl avum removed is determined by the surgeon’s 
ability to adequately assess the retractability of the nerve after 

  Fig. 48.4    A straight  (a)  and then an angled (b) curette are used to 
detach the deep ligamentum fl avum from the cephalad edge of the cau-
dal lamina. The ligamentum fl avum inserts directly on the edge. The 
elastic nature of the ligamentum fl avum allows it to shrink slightly, 

which helps distance it from the caudal lamina. Then, the curette 
detaches the ligamentum fl avum laterally from the medial aspect of the 
facet joint capsule       

  Fig. 48.5    The Kerrison may be used caudally to open the entry zone 
of the caudal foramina at the critical angle (a). The critical angle is the 
junction of the caudal lamina and the superior facet. The nerve root 

exits under this critical angle. Removal of bone in this area (b; dashed 
line) is usually carried out after detachment of the ligamentum fl avum 
from the caudal edge       
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fragment removal as well as his or her ability to identify the 
nerve and fragment before removal. When there is an element 
of lateral recess stenosis and a signifi cant portion of the medial 
aspect of the facet is removed, then more of the ligamentum 
fl avum should be resected. An assessment of preoperative 
studies should be the best  indication of how large the lami-
notomy and medial facetectomy should be. Remove enough 
bone to safely expose the nerve. 

 With identifi cation of the pedicle, a safe zone to enter 
the disc is immediately cephalad to the pedicle and lateral to 
the medial wall of the pedicle. The traversing nerve root will 
not be located lateral to the medial wall of the pedicle. This 
method allows a lateral exposure of the disc. When the nerve 

root is very tight and cannot be retracted, use one of the 
following fi ve approaches.
    1.    Go lateral. Identify the medial wall of the pedicle; go 

cephalad and lateral to the medial wall of the pedicle. 
Remove the lateral ligamentum fl avum (Fig.  48.9 ). When 
removing lateral portions of the ligamentum fl avum, 
d issect a plane directly on the undersurface of the liga-
mentum fl avum to be removed. In cases of an axillary 
fragment, the nerve root may be pushed laterally under the 
ligamentum fl avum and in danger of injury unless the 
Kerrison punches only the ligamentum fl avum. Expose 
the disc laterally and puncture the disc with a micro- 
Penfi eld 4 (Fig.  48.10 ). When it is obvious that you have 
punctured the disc, not the nerve, expand the hole in the 
annulus with a regular Penfi eld 4 or make a small cruciate 
incision with a #15 blade. Remove disc material with a 
micro-pituitary while protecting the nerve with the micro-
sucker retractor. Then insert the down-pushing Epstein 
curette under the annulus. Push down with the Epstein 
curette and attempt to push disc material down into the 
disc space to remove the disc material laterally (Fig.  48.11 ). 
Keep the Epstein under the annulus or posterior longitudi-
nal ligament. Use the right-angled Shuler or Frazier or the 
dental to go between the nerve and the annulus, and push 
down on the posterior longitudinal ligament to push the 
disc fragment into the disc space.      

   2.    Check the axilla (Fig.  48.12 ). Often a large, extruded axillary 
fragment can be removed very early in the approach before 
there is any attempt at retracting the nerve root. Exposure 
of the axilla usually requires doing a limited laminotomy 
of the caudal lamina. We do not signifi cantly retract the 
nerve root until the fragment has been removed.    

  Fig. 48.6    The nerve hook or curette is used to dissect a space between 
the dura and the ligamentum fl avum       

  Fig. 48.7    The Kerrison removes the ligamentum fl avum from caudal 
to cephalad (a). Careful defi nition of the space between dura and liga-
mentum fl avum is continued. A cottonoid can be inserted into the 

space (b). After clear identifi cation of the medial wall of the pedicle 
and the nerve, the lateral recess can also be excised       
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   3.    Remove more of the lateral recess stenosis out to the 
medial wall of the pedicle.   

   4.    Remove bone at the critical angle, which is the junction of 
the caudal lamina and the superior facet, doing an entry- 
zone foraminotomy of the traversing nerve root.   

   5.    The fi fth tactic is to do a laminotomy of the cephalad 
lamina up to the insertion of the ligamentum fl avum and 
remove the cephalad-most insertion ligamentum fl avum. 
Approach the nerve root from the cephalad-most aspect 
of the interlaminar area at the shoulder of the nerve root 
and palpate the back of the body above. Often the nerve 
root can be manipulated slightly more easily from this 
more cephalad position than from a more caudal position 

  Fig. 48.8    The relationship of the pedicle to the disc space and the nerve 
root. Identify the pedicle in the wound with the nerve hook or dental. 
Knowing the pedicle, you can identify the disc less than 1 cm cephalad to 
the pedicle. The nerve root is immediately medial to the pedicle and the 
nerve root in the interlaminar area is immediately caudal to the nerve 
root. The transverse process is immediately lateral to the pedicle. To iden-
tify the pedicle from the transverse process, simply bisect the diameter of 
the transverse process; this leads directly to the pedicle. The vascular 
leash is caudal to the nerve root, slightly cephalad to the disc space, or 
over the disc space for larger exposures of the spinal canal. The vascular 
leash should be identifi ed and coagulated with the bipolar. The safe zone 
for exposure for the disc is lateral to the medial wall of the pedicle and 
just cephalad to the pedicle. The traversing nerve root is medial and the 
exiting nerve root is too far cephalad. There are blood vessels in this area. 
You can expose and enter the disc here when the nerve root is tight, 
allowing an excavation of a portion of the disc       

  Fig. 48.9    (a) When exposure is needed lateral to the nerve root, the 
Penfi eld 4 is inserted under the lateral leaf of the ligamentum fl avum. 
Between this lateral leaf of the ligamentum fl avum and the dural sac, 
gently retract the dura away from the lateral leaf of the ligamentum 

fl avum. This step allows insertion of the small 40-degree-angle 
Kerrison rongeur to remove the lateral leaf of the ligamentum fl a-
vum. (b) The nerve is exposed and the ligamentum fl avum partially 
resected       

  Fig. 48.10    After removal of the lateral leaf of the ligamentum fl avum, 
the nerve root is well visualized as well as the suggestion of nuclear frag-
ments under the root. Gently insert the Penfi eld 4 lateral to the nerve root. 
Assess the tension in the nerve root and its ability to be retracted       
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that is closer to the pedicle that the nerve root is exiting 
around.   

   1.    Check the axilla. Often a large fragment can be removed 
from the axilla without fi rst attempting to expose the nerve 
root. Retraction of the nerve root against a large axillary 
fragment can produce nerve root damage.   

   2.    Go lateral. In this lateral area, by removal of the lateral 
leaf of ligamentum fl avum in a small portion of the medial 
aspect of the superior facet, the disc can be exposed and 
the fragment removed.   

   3.    Remove a small portion of bone over the critical angle. 
The critical angle is the junction of the caudal lamina and the 
superior facet. It is the entry zone to the exiting foramina 
below the pedicle.   

   4.    Expose the shoulder of the root. Remove an additional 
amount of ligamentum fl avum and caudal portion or the 
cephalad lamina and expose the disc and fl oor of the canal 
cephalad to the nerve root. The tight nerve root may be 
more retractable in a more cephalad position than it is 
caudally in an area where the nerve root is tighter as it 
attempts to exit around the pedicle.     
 With a large, extruded, more central lesion producing 

cauda equina compromise, several unusual steps may be nec-
essary, such as fi rst decompressing the opposite sides, then 
removing the fragment after a large laminotomy on its more 
prominent side. 

 After identifi cation of a free fragment, isolate it with the 
microsucker retractor and a regular Penfi eld 4 (Fig.  48.13 ). 
Use a nerve hook to remove the fragment; then expose the disc 
space; identify the hole in the annulus of the disc space; go 
into the disc space with the micro-pituitary; and remove any 
other loose pieces of disc material. Beware of overpenetration 

  Fig. 48.11    The down- pushing 
Scovall curettes can be used to 
work disc material from under 
the nerve root down into the disc 
space, allowing safer removal of 
disc material lateral to the nerve 
root (a). By creating space in the 
disc space with disc removal, a 
fragment can be worked into the 
disc space to allow removal 
lateral to the nerve root (b); this 
is particularly important for large 
fragments medial to the nerve 
root, because under such 
circumstances retraction of the 
nerve root against the fragment 
can produce signifi cant nerve 
root damage       

  Fig. 48.12    If the tension is too great in the nerve root to allow any 
manipulation of the root, the surgeon must undertake the following 
steps       
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into the disc space; try to go only to the depth of the joint on 
the pituitary. Use the nerve hook to bring fragments to the 
annulotomy (Fig.  48.14 ). We use the shortened Frazier and 
the dental to explore the spinal canal cephalad, then caudal, 
in the axilla and in the foramina to fi nd any other loose 
pieces. When the fragment is under the posterior longitudi-
nal ligament, we use the micro-Penfi eld 4 to puncture the 
posterior longitudinal ligament. Expand the hole with a regu-
lar Penfi eld 4 and identify the disc contents before making a 
small cruciate incision with a #15 blade to facilitate exposure 
of the disc material. We do not do a large annulectomy or 
incision of the annulus or a radical debridement or curetting 
of the disc space. We do only what is necessary to remove 
loose fragments of intervertebral disc and to accomplish the 
ultimate objective, which is freeing the nerve root. 
Retractability and lack of tension in the nerve root are the   

 key to the success of the surgery and mark the end of the 
operation. Do a fi nal exploration of the back of the vertebral 
body above and below, the foramen above and below, the 
axilla, and the disc hole. Gently palpate the undersurface of 

the nerve for an adherent fragment. When the nerve root is 
free and easily retractable, with no obstruction and no nerve 
root tension, then adequate decompression has been 
achieved. Obtain hemostasis, and follow with irrigation and 
closure. This surgery can be done as an outpatient procedure 
with special precautions set up or with 1- to 2-day hospital 
stay. Prophylactic antibiotics are continued for 24 hours. 

 Keep the wound dry for 10 days after the surgery. The usual 
restrictions involve not driving and not lifting anything heavier 
than a coffee cup for 3 to 4 weeks. We begin the postoperative 
trunk stabilization rehabilitation program between 2 and 
4 weeks after the surgery and start over with the initial stages 
of the trunk stabilization program. We encourage patients to 
walk as much as is comfortable, as often as possible, from the 
time they wake up from the surgery. 

 Use of the microscope defi nitely provides better lighting 
and better visibility. The technique of using the scope and 
getting used to moving the scope around for a proper view of 
the interlaminar area allows the surgeon to better accomplish 
the objective of the operation. Virtually any operation medial 

  Fig. 48.13    Whether from this 
lateral position or a much more 
medial position in a less critical 
situation, the Penfi eld 4 is 
inserted with the right hand (a) 
and the Williams microsucker 
retractor is inserted with the left 
hand (b)       

  Fig. 48.14    The microsucker 
retractor is used to gently retract 
and elevate the nerve root, 
allowing disc removal       
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to the medial wall of the pedicle can be done effectively 
through the scope with excellent lighting and visibility. 
By moving the scope around and positioning it and looking 
into the interlaminar area from several different angles, visi-
bility of the interlaminar area and its contents should be 
enhanced. Techniques of exploration of the interlaminar area 
are enhanced by the microscope. 

 The autofocus and zoom lenses enhance visibility. We 
often use the drill under the scope. The drill can be used to 
perform the medial facetectomy or limited laminotomy 

with great effectiveness. Understanding the anatomy, 
 palpating the back of the body above and the back of the 
body below, exploring the axilla, and palpating the exiting 
foramina are all techniques necessary for disc excision. 
Adequate care must be taken with draping of the scope to 
prevent its contamination. Once these techniques are under-
stood, the risk of infection should be lower with the small 
incision and smaller exposure. The small incision is simply 
a result of not needing a larger incision for effective removal 
of a herniated disc.   
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        The most commonly used approaches to this area are the 
direct paraspinous muscle-splitting incision and the more 
lateral approach, which elevates and dissects under the lum-
bosacral muscle (Fig.  49.1 ). The muscle-splitting incision 
affords not only alar transverse exposure for fusions but also 
excellent exposure for laminectomy 1,2 . The more lateral 
approach removes a bicortical portion of the posterior supe-
rior iliac spine, attempts to preserve muscle and fascial integ-
rity, and allows excellent exposure of the tips of the transverse 
processes to the facet joints. 3,4  There is probably no great 
advantage to preserving the denervated muscle with the more 
lateral approach. We recommend the more lateral approach 
for alar transverse fusion and the muscle- splitting incision 
when laminectomy and root exploration are needed in addi-
tion to fusion. 
    1.    Position the patient prone on the table with an appropri-

ate operating frame.   
   2.    After adequate prepping and draping, make a curved 

paraspinous incision approximately three fi ngerbreadths 
from the midline, L4 to S2 (Fig.  49.2 ).    

   3.    Cut through skin and subcutaneous tissue to the lumbar 
fascia. The posterior superior iliac spine is in the inferior 
portion of the wound. Palpate the transverse process of 
L5 and L4. Remove the fascial insertions on the iliac 
crest and refl ect medially with a small sliver of bone 
(Fig.  49.3 ).    

   4.    With an elevator, dissect subperiosteally both the inner 
and outer tables of the posterior iliac crest to a depth of 
2 to 3 cm.   

   5.    Osteotomize the ilium with an osteotome, beginning at 
the medial portion of the posterosuperior iliac spine not 
involving the sacral iliac joint and extending approxi-
mately 5 to 6 cm on the iliac crest. 
  Caution:   The clunial nerves will be in the lateral aspect 
of the wound and must be avoided. A safe margin of 

error is approximately one handbreadth lateral to the 
posterosuperior iliac spine   1 .     

    6.    Remove the bicorticate iliac spine graft. The incision in 
the paraspinous fascia is extended cephalad on the lateral 
border facet to the proximal level of the L4 transverse pro-
cess. Medially, the interlaminar areas can be exposed for 
a canal decompression or a laminectomy (Fig.  49.4 ).    

   7.    Dissect under the fascia through the muscle with a fi nger 
or blunt instrument and sweep the muscle tissue from 
lateral to medial off the transverse processes. Dissect 
bluntly until the exact location of the transverse process 
is identifi ed, then dissect with an elevator the muscle and 
fascial tissue from the transverse process.   

   8.    Identify the L5–S1 facet joint. Lateral to this is the alar 
of the sacrum; cephalad to this is the transverse process 
of L5 (Figs.  49.5 ,  49.6 ).   
  Caution:   Beware of the fi rst posterior sacral foramen 
and its vessels. Avoid this by staying cephalad in the 
area of the ala of the sacrum.     

    9.    Elevate the soft tissue from the dorsal surface of the 
transverse process of L5, the ala of the sacrum, and the 
L5–S1 facet joint. If L4 is to be fused, the same expo-
sure should apply to the L4 transverse process and the 
L4–L5 joint. 
  Caution:   Beware of the vessels between the transverse 
process of L5 and the ala of the sacrum. Avoid breaking 
the transverse process and causing bleeding anterior to 
the intertransverse muscles. The spinal nerves are ante-
rior in the retroperitoneal space. Penetration of the retro-
peritoneal space in this area is possible.     

    10.    Use a Hibbs or self-retaining Gelpi-type retractor to 
open the wound. Do not expose areas not to be fused. 
For fusions in this area, be sure the so-called gutter 
between the base of the transverse process and the base 
of the superior articular process is completely cleaned of 
soft tissue.   

   11.    Closure: Reapproximate the lumbar fascia to the fascial 
tissue in the area of the removed posterosuperior iliac 
spine.    
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     Laminectomy and Root Exploration 
Combined with Fusion 

     1.    The approach is essentially as described above with a 
curved incision made through the lumbar fascia.   

   2.    Open the fascia and dissect with your fi nger directly 
through the muscle to the transverse process of L5. 
Palpate the L5–S1 facet and ala of the sacrum.   

   3.    With the periosteal elevator, remove the muscle attach-
ments to the posterior elements in this area and expose the 
bone of the lamina, facet joint, and transverse process. 
Use a self-retaining Gelpi retractor to expose the poste-
rior elements. No attempt is made to expose the spinous 
process tips.   

   4.    Removal of the lamina and canal exploration should pro-
ceed as described in Chapters   34     and   35    .   

   5.    A separate fascial incision should be made over the outer 
table of the iliac crest for the fusion. Remove the perios-
teum from the outer table, split the outer table, and obtain 
the graft.   

   6.    Closure: Resuture the lumbar fascia and close the skin.      

    Midline Skin Incision 

     1.    Often bilateral alar transverse fusions are done through a 
midline incision. Also, exposure of the ala of the sacrum 
may be needed for hook insertion for Harrington instru-
mentation. A suffi cient longitudinal skin incision is 
required to allow full exposure under the skin and subcu-
taneous tissue.   

   2.    When the pathology does not require a midline fascial 
incision, the same curved-type paraspinous fascial inci-
sion described above can be made bilaterally for the alar 
transverse fusion in combination with the midline skin 
and subcutaneous incision.   

   3.    For pathology that requires a midline fascial incision such 
as a total laminectomy or Harrington instrumentation, cut 
directly to the spinous process and use a periosteal eleva-
tor to clean the muscle tissue from medial to lateral off the 

  Fig. 49.1    The skin incisions on the bilateral paraspinous approach to 
the lower lumbar spine may be one of two types: (1) a lateral incision 
three fi ngerbreadths from the midline designed to include the iliac crest 
in the wound while the iliac crest is removed and dissection performed 
under the paraspinous musculature from lateral to medial; (2) a more 
medial paraspinous approach designed for muscle splitting and direct 
approach to the facet joint and transverse processes without including 
the iliac crest through that incision. A midline incision may be used for 
a bilateral paraspinous fusion. The incision must be long to allow ade-
quate lateral retraction to help develop the incision in the lumbodorsal 
fascia and lateral approach to the paraspinous musculature       

Lumbosacral Fascia

Spinous
Process

Incisions

  Fig. 49.2    The paravertebral 
fascia incisions       

 

 

R.G. Watkins, III and R.G. Watkins, IV

http://dx.doi.org/10.1007/978-1-4939-2465-3_34
http://dx.doi.org/10.1007/978-1-4939-2465-3_35


341

spinous processes, lamina, and dorsal surface of the 
sacrum. Muscle and fascia must be elevated medial to 
lateral out to the tips of the transverse processes. Bleeding 
is often encountered underneath the large amount of later-
ally retracted muscle and fascia and subcutaneous tissue.   

   4.    Identify the transverse process of the 5th lumbar verte-
brae. Locate this by identifying the L4–L5 facet. Use the 
base of the superior articular process of L5 to fi nd the 

transverse process of L5. For the deepest L5 with partial 
sacralization of the transverse process of L5, the inter-
transverse space caudad to the transverse process of L5 
may be minimal.   

   5.    Identify the L5–S1 facet joint and the superior articular 
process of S1. The ala of the sacrum is much like a transverse 
process of S1 and is lateral and caudad to the superior 
articular process of S1. 

Paraspinous
Musculature

  Fig. 49.3    The more medial 
paraspinous muscle-splitting 
incision. Open the fascia and 
dissect with your fi nger directly 
through the muscle to identify 
the L5–S1 facet, the ala of the 
sacrum lateral to that facet, and 
the L4–L5 joint cephalad. 
Remove the muscle attachments 
to the facets and transverse 
processes from L4 to the sacrum       

Lateral Cephalad

Lamina L5

Lamina S1

Caudad

Ligamentum

Flavum

Medial

Midline

  Fig. 49.4    If a decompression is 
to be done, dissect more medially 
and clear the laminae of soft 
tissue       
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  Caution:   Beware of the dorsal foramen of S1 and its 
accompanying vessels.     

    6.    Dissect with a periosteal elevator laterally from the 
superior articular process of S1 to the ala of the sacrum. 

Verifi cation by X-ray is very diffi cult, as in many cases 
the projection of the ala is on the anterior surface of the 
sacrum.   

   7.    Remove the fascial attachments to the edge of the ala 
anteriorly and posteriorly with a periosteal elevator. 
Beware of bleeding in the intertransverse area between 
L5 and the ala. Packing of these areas when bleeding 
starts is often of greater benefi t than excessive electrocau-
tery. The retroperitoneal space and 5th lumbar nerve root 
are anterior to the structures and should not be violated in 
the approach.   

   8.    With identifi cation of the L5–S1 facet, the transverse 
process of L5, and the ala of the sacrum, any necessary 
procedure in this area can be completed.   

   9.    Closure: Allow muscle layers to fall together; close fas-
cia, subcutaneous tissue, and skin.    

    Remember: 
   1.    Position the fascial incision so as to allow full retraction 

and proper exposure under the lumbar fascia.   
   2.    Use fi nger palpation to identify the important structures, 

that is, transverse process of L5, L5–S1 facet joint, and 
ala of the sacrum.   

   3.    Removal of a bicorticate posterosuperior iliac spine 
enhances exposure.   

   4.    Use packing with hemostatic material when possible to 
control bleeding.   

   5.    Avoid fracture and damage to the transverse process.   
   6.    Expose the transverse process but beware of vessels and 

spinal nerves anterior to the intertransverse musculature.        

Transverse Process L5

Ilial Crest

L4-L5 Facet Joint

L4-S1 Facet Joint

Lamina L5

Lamina S1

Sacral Ala

Inferior Articular Process L4

Inferior Articular Process L5

Superior Articular Process S1

  Fig. 49.5    Identify the L5–S1 
facet. Lateral to this facet is the 
ala of the sacrum, and cephalad 
to this is the transverse process of 
L5. Beware of the fi rst posterior 
sacral foramen and its vessel. 
Avoid this by staying cephalad at 
the level of the ala of the sacrum. 
Elevate the soft tissue from the 
dorsal surfaces of the transverse 
processes of L5, the ala of the 
sacrum, and the L5–S1 facet. 
Beware of the vessels between 
the transverse processes of L5 
and the ala of the sacrum. Avoid 
breaking the transverse process. 
Spinal nerves are anterior in the 
retroperitoneal space and must be 
protected       

Transverse Process L5

L5-S1 Facet Joint

Ala of Sacrum

  Fig. 49.6    A better view of the ala of the sacrum. For the more lateral 
approach, remove the medial 5–6 cm of the iliac crest using an osteo-
tome.  Caution:  The clunial nerves will be in the lateral aspect of the 
wound and must be avoided. The safe margin of error is approximately 
one hand-breadth lateral to the posterosuperior iliac spine. Removal of 
the posterosuperior iliac spine improves visualization. Then continue 
the exposure of the transverse processes, facets, and ala of the sacrum       
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         Foraminal lumbar disc herniations cause an extreme amount 
of pain due to compression of the dorsal root ganglion and 
they present a unique problem for surgical excision because 
of the location volar to the facet joint. The tubular posterolat-
eral approach into the foramen avoids excessive muscle 
stripping from the midline and avoids signifi cant removal of 
the facet joint thereby decreasing the need for a potential 
fusion. The key to the approach is proper positioning of the 
tubular retractor and a three-dimensional understanding of 
the spinal anatomy when looking at a limited view of the 
lateral aspect of the facet joint.
    1.    Position the patient on a radiolucent operating frame in 

prone position.   
   2.    Thoroughly prepare the skin with betadine solution.   
   3.    Bring in the c-arm imager for an AP image (Fig.  50.1 ).    
   4.    Trendelenburg bed so that operative disc is perpendicu-

lar to fl oor. L5–S1 and L4–L5 typically require reverse 
trendelenburg to raise head of bed. This allows tube to 
be placed more perpendicular to fl oor for better ergo-
nomics (Fig.  50.2 ).    

   5.    Use oblique X-ray to determine skin incision. Typical 
angles: L2–L3 = 15°, L3–L4 = 20°, L4–L5 = 25°, and L5–
S1 = 30°. The iliac crest will often limit the severity of the 
angle for approach to L5–S1. This is visualized on the 
oblique X-ray. Take off the degree of obliqueness until 
the crest moves laterally allowing access to the facet joint 
at L5–S1. Using the oblique X-ray for skin incision 
adjusts for the varying thickness of patients and the posi-
tion of the disc and neural sac in relation to the pars.   

   6.    Mark a line on the skin that is just lateral to the pars 
interarticularis of the operative level.   

   7.    Mark a line bisecting this line at the caudal edge of the 
cephalad pedicle and the cephalad edge of the caudal 

pedicle. This delineates the skin incision (approximately 
2 cm) (Fig.  50.3 ).    

   8.    Incise skin. Inject with marcaine and epinephrine.   
   9.    Incise fascia at same angle as oblique X-ray with 11 

blade scapel. Insert fi rst tubular dilator. (If patient is too 
obese for scalpel to reach fascia, may use blunt tip 
k-wire to penetrate fascia in line with oblique X-ray. Use 
oblique X-ray to guide k-wire down to pars, ensuring 
that it is not passed lateral and deep to pars and into fora-
men. Insert fi rst tubular dilator over k-wire and remove 
k-wire.)   

   10.    Palpate junction of pars interarticularis with base of 
superior facet and transverse process.   

   11.    Sequentially dilate over trocar to accommodate 18 mm 
tube.   

   12.    Check oblique image to confi rm position (Fig.  50.4 ). 
If any doubts, check lateral X-ray for depth.    

   13.    Secure 18 mm tube to table clamp.   
   14.    Bring in microscope.   
   15.    Remove soft tissue in the tube with suction in one hand 

and electrocautery in the other hand. Use a pituitary ron-
geur to remove remaining soft tissue.   

   16.    Use electrocautery and curette to dissect soft tissue off 
pars interarticularis, lateral aspect of superior facet, and 
base of the cephalad transverse process (Fig.  50.5 ).    

   17.    It is important to visualize the bone of the pars interar-
ticularis. Clear off soft tissue to identify the pars.   

   18.    At this point, the cephalad-lateral portion of the caudad 
facet joint, may need to be removed with the drill or 
Kerrison rongeur to provide exposure of the intertrans-
verse area immediately lateral to the pars interarticularis   

   19.    Use a curette to detach the intertransverse ligament from 
the cephalad transverse process, the lateral surface of the 
pars interarticularis, and the lateral portion of the facet 
joint (Fig.  50.6 ). Identify the ligament and use a blunt 
nerve hook to pull it from medial to lateral. Free up the 
ligament with a small Kerrison rongeur under direct 
visualization.    

   20.    Identify the pedicle.   

      Posterolateral Foraminal Approach 
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   21.    Identify the nerve as it exits around and just caudal to the 
pedicle (Fig.  50.7 ).    

   22.    Explore caudal to the nerve root using gentle pressure 
with the Penfi eld 4 and sucker-retractor. Usually the disc 
fragment is removed caudal to the nerve root (Fig.  50.8 ). 
Beware of vessels in the pedicular area.    

   23.    Identify the caudal aspect of the nerve and use a sucker- 
retractor to retract the nerve cephalad. Using the 
Penfi eld 4, identify the disc caudal to the nerve. Beware, 
the dorsal ganglion may feel like a disc fragment under 
the nerve.   

  Fig. 50.1    AP c-arm image. Note operative L4–L5 operative disc 
 endplates are not parallel to X-ray beam       

  Fig. 50.2    Reverse Trendelenburg makes L4–L5 operative disc end-
plates parallel to X-ray beam and perpendicular to fl oor. Therefore, 
operative tube will be perpendicular to fl oor for better ergonomics       

  Fig. 50.3    Oblique c-arm image with vertical skin mark just lateral to 
the L4 pars and horizontal mark at edges of L4 and L5 pedicles for 
approach to the left L4–L5 foramen. Note, if surgery to be done at 
L5–S1, work in the triangle between the iliac crest, L5 transverse pro-
cess, and L5–S1 facet joint       

  Fig. 50.4    Ideal position of tube: operative disc in caudal/lateral 
 quadrant, facet joint in medial/caudal quadrant, transverse process in 
cephalad/lateral quadrant, and pars interarticularis in cephalad/medial 
quadrant       
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  Fig. 50.5    Identify structures: 
transverse process, pars, 
intertransverse ligament, 
superior facet       

  Fig. 50.6    Use a curette to detach 
the intertransverse ligament from 
the cephalad transverse process, 
pars interarticularis, and facet 
joint       

  Fig. 50.7    Identify structures: 
cephalad and caudal transverse 
processes, pars, exiting nerve 
root, blood vessel, disc herniation       
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   24.    Tease the disc fragment free with the Penfi eld 4 while 
retracting the nerve root cephalad with the sucker- 
retractor. A nerve hook may also be used to free the disc 
fragment (Fig.  50.9 ).    

   25.    If the disc fragment does not mobilize, penetrate the 
fragment with the micro-Penfi eld 4. Penetrate the disc 
with the micro-Penfi eld 4 to ensure the absence of spinal 
fl uid, before using the 15 blade scalpel (Fig.  50.10 ).    

   26.    Remove the disc fragment with the micro-Penfi eld 4, 
nerve hook, or pituitary rongeur (Fig.  50.11 ).    

   27.    If additional exposure is needed, identify the pedicle 
below. The disc space is immediately cephalad to the 
caudal pedicle, and exposure to the caudal pedicle allows 

adequate exposure to the disc. Beware of the vascular 
leash over the disc, caudal to the nerve.   

   28.    Most foraminal spurs occur at the caudal edge of the body 
above, which is the cephalad margin of the disc space, 
often directly under the exiting nerve root. Any attempt to 
remove the foraminal spurs from the fl oor of the canal 
should fi rst be preceded by entering the disc space, excis-
ing a portion of the disc, using a curette to create a space 
in the disc space and endplate under the spur, and then 
pushing the spur into the space created. A downward fac-
ing Epstein curette is very helpful for this procedure.   

   29.    Often the lateral border and cephalad tip of the s uperior 
facet is slightly trimmed with the Kerrison  rongeur 

  Fig. 50.8    Identify disc caudal 
to nerve root       

  Fig. 50.9    Remove disc 
herniation with nerve hook       

 

 

R.G. Watkins, III and R.G. Watkins, IV



347

or drill. Occasionally, the lateral border of the pars is 
trimmed. In exposing medially in the intertransverse 
area, remember the traversing nerve root and dura are 
medial.   

   30.    In cases of foraminal stenosis, the superior facet of 
the caudal joint has migrated cephalad and may be 
impacted into the pedicle/transverse process junc-
tion. Remove an amount of bone to gain access to the 
intertransverse area, cephalad pedicle, nerve root, 
and disc space.   

   31.    When the nerve root is free and easily retractable with-
out obstruction or tension, adequate decompression has 
been accomplished (Fig.  50.12 ).    

   32.    Irrigate the wound. Close the lumbodorsal fascia with a 
UR6 needle (Fig.  50.13 ). Close the skin with subcuticu-
lar suture (Fig.  50.14 ).  
•    The procedure can be performed on an outpatient 

basis (with special precautions) or with a one night 
hospital stay. Patients may walk the night of the sur-
gery or, at the latest, the next day.  

•   Patients may shower at 10 days and swim at 3 weeks. 
The usual restrictions involve no driving and no lifting 
anything heavier than a coffee cup for 3–4 weeks. The 
postoperative trunk stabilization rehabilitation program 
starts between 4 and 6 weeks. Patients are encouraged 
to walk as much as possible.          

  Fig. 50.10    Incise annulus with 
15 blade scalpel if the herniation 
does not mobilize       

  Fig. 50.11    Remove disc 
fragment       
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  Fig. 50.14    Close skin with 
subcuticular stitch       

  Fig. 50.13    Close fascia with 
UR6 needle       

  Fig. 50.12    Be sure nerve is 
freely mobile from cephalad to 
caudal pedicle       
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           Paramedian Approach 

     1.    Microendoscopic discectomy (MED) can be performed 
under local, regional, or general anesthesia. Epidural 
anesthesia is preferred, because it is more comfortable 
for the patient than local anesthesia and avoids the side 
effects of general anesthesia. The anesthesiologist 
should place the epidural catheter while the patient is in 
the preoperative holding area. The catheter should be 
inserted in an upper lumbar or lower thoracic interspace 
well away from the operative fi eld.   

   2.    In the operating room, place the anesthetized patient in 
the prone position with abdomen free and spine fl exed to 
open the interlaminar space. Position a C-arm fl uoro-
scope to obtain lateral fl uoroscopic images of the opera-
tive interspace. Check these images before prepping and 
draping the patient to ensure that the operative level can 
be visualized. A typical operating room setup is pictured 
in Figure  51.1.     

   3.    After the operative fi eld has been prepped and draped, 
attach the fl exible arm assembly to the operating table 
rail ipsilateral to the disc herniation; the arm will hold the 
tubular retractor/endoscope assembly in position, freeing 
the surgeon’s hands. Palpate the lumbar midline and 
mark this line with a surgical pen. Draw a second line 
parallel to the midline, approximately one fi ngerbreadth 
(1.5 cm) to the side of the disc herniation. Insert a 
22-gauge spinal needle into the paraspinous tissues along 
this paramedian line at the approximate level of the 
appropriate disc space. Under fl uoroscopic guidance, 
reposition the needle until an imaginary line drawn along 
the needle is parallel to the vertebral endplates and bisects 

the disc space (Fig.  51.2 ). At the L5–S1 interspace, where 
the end plates are typically divergent, the needle trajec-
tory should be parallel to the L5 end plate. Accurate 
placement of the skin incision directly in line with the 
fi nal surgical target (e.g., disc space) facilitates optimal 
use of the space within the tubular retractor; this opti-
mizes the various trajectories attainable by the surgical 
instrument(s) without having to move the tubular retrac-
tor. Adhering to this principle signifi cantly improves the 
effi ciency of this procedure. Withdraw the needle and 
make a 15-mm longitudinal incision centered at the nee-
dle puncture site. Carry the incision into the superfi cial 
subcutaneous tissues only (Fig.  51.3 ).     

   4.    Insert the 12-inch, 0.062-diameter guidewire through 
the incision under fl uoroscopic guidance. Direct the 
guidewire toward the inferior edge of the superior lam-
ina. Stop advancing it after the dorsal lumbar fascia has 
been penetrated (Fig.  51.4 ).    

   5.    Insert the cannulated soft tissue dilators over the guide-
wire and each other (Fig.  51.5 ). After the fi rst dilator has 
penetrated the dorsal lumbar fascia, remove the guidewire 
and advance the dilator until it is docked on the inferior 
edge of the superior lamina. Confi rm the positioning of 
the dilator in the sagittal plane using lateral fl uoroscopy 
(Fig.  51.6 ). It is important to obtain a true lateral image to 
avoid erroneous information from the bony landmarks of 
the contralateral side. Determine axial plane orientation 
by palpating the lamina with the tip of the initial dilator; it 
should lie just lateral to the base of the spinous process 
and just above the laminar edge.     

   6.    Use the fi rst dilator to gently dissect the soft tissue from 
the dorsal aspect of the laminar edge; this allows for 
easier identifi cation of this important landmark. Place 
the second and third dilators over the fi rst in a sequential 
manner, establishing an operative corridor between the 
fi bers of the lumbar paraspinous muscles, but leaving 
their normal spinal attachments intact (Fig.  51.7 ).    

   7.    Advance the tubular retractor over the third dilator, 
down to the lamina. Maintain downward pressure on the 
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Anesthesia
Station

Video
Monitor

Fluoro
Monitor

C-Arm

  Fig. 51.1    The typical operating 
room setup for a 
microendoscopic discectomy 
(MED). The surgeon is 
positioned ipsilateral to the disc 
herniation. The video monitor 
(contralateral side) is placed in 
the surgeon’s functional line of 
sight, and the fl uoroscopy 
monitor is placed toward the foot 
of the patient       

  Fig. 51.2    The incision is placed along a paramedian line located 
1.5 cm from the midline, ipsilateral to the side of the disc herniation. (a) 
Using fl uoroscopy, the trajectory of a 22-gauge spinal needle should be 

parallel to the vertebral end plates and bisect the disc space, as illus-
trated. (b) It is important to ensure that the skin incision is accurately 
placed in line with the surgical pathology       
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dilators so that they remain docked and paraspinous 
 tissue cannot enter the retractor. Connect the tubular 
retractor to the fl exible arm assembly to maintain its 
position. Confi rm the position of the retractor fl uoro-
scopically and remove the dilators (Fig.  51.8 ).    

   8.    Connect the endoscope to the coupler and camera, the 
light source, and a suction tube. White balance the endo-
scope. Insert the endoscope into the tubular retractor. 
Secure the endoscope to the retractor using the attached 
ring clamp. The endoscope can be positioned anywhere 
within the 360-degree arc of the tubular retractor 
(Fig.  51.9 ) and can be advanced or withdrawn within the 
retractor, allowing for variable magnifi cation (Fig.  51.10 ). 

Condensation on the endoscope lens is removed by 
attaching the aspiration port to suction. Other extrane-
ous matter can be removed from the lens by irrigation 
or by removing the endoscope, wiping the lens, and 
reinserting it.     

   9.    After the endoscope is inserted into the tubular retractor, 
orient the video image to correspond with the underly-
ing anatomy (Fig.  51.11 ). Medial anatomy should 
appear at the top of the video screen (12 o’clock), and 
lateral anatomy should appear at the bottom (6 o’clock). 
To achieve proper orientation, place a surgical instru-
ment in a lateral anatomical position within the tubular 
retractor. Rotate the camera/coupler until the video 
image shows the instrument at the bottom of the video 
screen.    

   10.    Identify the inferior edge of the superior lamina using a 
curette. Remove residual soft tissue overlying the lam-
ina with a pituitary rongeur or clear soft tissue using 
electrocautery (a Bovie with an extended tip). Provide 
hemostasis with either the Bovie or the modifi ed bipolar 
forceps (Fig.  51.12 ).    

   11.    Detach the ligamentum fl avum from the undersurface of 
the lamina using the small, angled curette (Fig.  51.13 ). 
Proceed with laminotomy or medial facetectomy using 
the various Kerrison punches or a modifi ed high-speed 
drill, if bone work is necessary (Fig.  51.14 ). Open the 
ligamentum fl avum with the angled curette and remove 
it in piecemeal fashion with a Kerrison rongeur 
(Fig.  51.14 ). In general, use the 90-degree Kerrisons 
when working medially or inferiorly and the 40-degree 
Kerrisons when working superiorly or laterally.      

   12.    There is an initial tendency to “cone” the exposure down 
to the fi nal target. Inadequate exposure restricts the 

  Fig. 51.3    A 15-mm longitudinal skin incision is made to the depth of 
the superfi cial subcutaneous tissue       

  Fig. 51.4    (a) External and (b) fl uoroscopic images illustrate placement of the guidewire through the dorsolumbar fascia toward the inferior lami-
nar edge       
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already confi ned working space of the tubular retractor. 
To avoid this, it is important to complete soft tissue or 
bony exposure at each level before proceeding into the 
epidural space; this allows for optimal utilization of the 
available working space within the tubular retractor and 
improves effi ciency. Further, obtain progressive hemo-
stasis to avoid pooling of blood from above the level of 
interest.   

   13.    To operate beyond the confi nes of the tubular retractor, 
“wand” the retractor. Wanding is accomplished by loos-
ening the fl exible arm, pivoting the tubular retractor 
within the small skin incision, and tightening the arm. 

Pedicle-to-pedicle access can thus be achieved through 
the initial 15-mm incision (Fig.  51.16 ). This maneuver 
may be necessary if the surgeon cannot access a particu-
lar surgical “target,” such as a portion of the lamina, 
ligamentum, or disc immediately adjacent to the tip of 
the endoscope. If this should occur, wand the retractor 
to bring the target to the center of the operative fi eld. 
As with other endoscopic procedures, centering the area 
of interest maximizes visualization and allows effi cient 
instrument use within the retractor.    

   14.    Identify the nerve root adjacent to the dural sac. Perform 
epidural dissection using any one or a combination of 

  Fig. 51.5    Illustrated from  left  to 
 right  are the three cannulated 
sequential dilators (5.3 mm, 
10 mm, 14.5 mm), the 16-mm 
tubular retractor, and the 
25-degree endoscope       

  Fig. 51.6    (a) External and (b) fl uoroscopic images illustrate docking 
of the initial dilator tip onto the inferior edge of the superior lamina. 
Confi rmation of this important landmark is easily accomplished by 

“walking” the tip of a dilator in the caudal direction until the stepoff 
into the interlaminar space is identifi ed and confi rmed fl uoroscopically       
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the Penfi eld instruments, the fi ne suction tip, the bipolar 
forceps, the modifi ed ball-tip probe, the micronerve 
hook, or the 90-degree dissector. Undercut enough of 
the medial facet so that the lateral edge of the nerve root 
is exposed before retraction (Fig.  51.17 ). Use the pedicle 
as a landmark; it can be palpated with the ball-tip probe 
and will allow defi nitive identifi cation of the nerve root 
if the anatomy is diffi cult to discern (Fig.  51.18 ).     

   15.    Identify disc herniations by exploring the nerve root 
with the Penfi eld 4 or the small ball-tip probe. If neces-
sary, retract the root medially and protect it with the 

modifi ed nerve root retractor or the suction retractor. 
Fine cotton patties (cottonoids) can also be used to pro-
vide dural retraction. Control epidural bleeding, if 
encountered, using Gelfoam, cotton patties, or the bipo-
lar forceps. Use the microscissors to divide coagulated 
epidural veins or tenacious epidural adhesions.   

   16.    If required, use the microknife to perform an  annulotomy, 
protecting the nerve root with the retractor (Fig.  51.19 ). 
Remove herniated disc material with the various pitu-
itary rongeurs in a standard fashion. Carry out intradiscal 
and extradiscal exploration using techniques commonly 

  Fig. 51.7    (a) Placement of the sequential dilators with a rotating 
motion gently dilates the fascia and paraspinal muscles to establish the 
initial operative corridor to the disc space. (b) Fluoroscopy is used to 

confi rm that each dilator is docked onto bone; this minimizes the 
amount of soft tissue that can enter into the tubular retractor.       

  Fig. 51.8    (a) The tubular retractor is centered on the laminar edge. This position is confi rmed fl uoroscopically (b) and the retractor is locked in 
place as shown on the  left        

 

 

51 Microendoscopic Discectomy for Lumbar Disc Herniations: Paramedian and Far Lateral Approaches



354

used during open microdiscectomy. Finally, check the 
root for evidence of residual compression or retained 
disc fragments using various instruments (e.g., ball-tip 
probes, 90-degree dissector).    

   17.    Following nerve root decompression, irrigate the wound 
thoroughly through the tubular retractor. Loosen the 
fl exible arm and remove the retractor. As the retractor is 
withdrawn, the surgical corridor closes spontaneously as 
the paraspinous muscles resume their normal anatomical 
position (Fig.  51.20 ). Close the fascia with a single 
suture. Close the subcutaneous tissues with an inverted 
suture. Apply sterile closure tapes and a small adhesive 
bandage to the skin (Fig.  51.21 ).        

    Far Lateral Approach 

     1.    Administration of anesthesia, positioning of the patient, 
and operating room setup are performed as described for 
the paramedian approach.   

   2.    After the operative fi eld has been prepped and draped, 
identify and mark the lumbar midline. Draw another line 
4.5 to 5 cm lateral to the midline, ipsilateral to the disc 
herniation. Identify the level of the appropriate  interspace 
using a 22-gauge spinal needle and the C-arm 
(Fig.  51.22 ). As with the paramedian approach, an imag-
inary line extending along the needle should bisect the 
disc space. After removing the needle, center a 15-mm 
incision on the needle entry site and carry the incision 
into the subcutaneous tissues.    

   3.    Insert a K-wire through the incision and underlying lum-
bodorsal fascia, directing it toward the transverse pro-
cess and pedicle of the superior vertebra (e.g., the L4 
vertebra for a far lateral disc herniation at L4–L5). Insert 
the initial dilator over the K-wire, through the lum-
bodorsal fascia, and remove the K-wire. Dock the dilator 
on the base of the transverse process at its junction with 
the pars interarticularis. Confi rm sagittal orientation of 
the dilator using the C-arm. Determine mediolateral ori-
entation by palpating the bony landmarks with the tip of 
the dilator (Fig.  51.23 ).    

   4.    Insert the two sequential dilators over the initial dilator, 
followed by the tubular retractor. Remove the dilators 
from the tubular retractor and connect the retractor to the 
fl exible arm. Insert the endoscope through the retractor 
and ensure proper image orientation (Fig.  51.24 ).    

   5.    Clear residual soft tissue from the base of the transverse 
process and pars using a small pituitary rongeur and the 
electrocautery (Fig.  51.25 ). Coagulate the pars artery 
with a bipolar forceps and divide it with the microscis-
sors. Separate soft tissue from the undersurface of the 
pars using the small, angled microcurette (Fig.  51.26a ). 
This maneuver detaches the medial edge of the inter-
transverse ligament from the pars and allows for entry 
into the neuroforamen.     

   6.    Remove bone from along the inferomedial aspect of 
the transverse process and most lateral aspect of the 
pars with an angled Kerrison rongeur (Fig.  51.26b ). 

  Fig. 51.9    The endoscope is positioned within the retractor and can be 
rotated 360 degrees around the retractor perimeter. This usage ensures 
optimal visualization of a given area and allows the surgeon to move the 
endoscope assembly if it impedes an instrument’s trajectory, without 
having to move the entire retractor       

  Fig. 51.10    Magnifi cation of the anatomy is achieved by telescoping 
( arrow ) the endoscope within the tubular retractor       
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  Fig. 51.11    (a, b) The initial 
orientation of the endoscopic 
picture relative to the patient’s 
anatomy is random. The picture 
is oriented by placing an 
instrument in the lateral 
anatomical position of the tubular 
retractor. (c, d) The camera/
coupler mechanism is then 
rotated until the image 
corresponds to the patient’s 
orientation       

  Fig. 51.12    (a) External and (b) endoscopic images illustrate the use of the bipolar cautery and suction to achieve hemostasis along the laminar edge       
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This maneuver opens the lateral aspect of the neurofora-
men, allowing for palpation of the pedicle with the ball-
tip probe and straightforward identifi cation of the exiting 
nerve root as it travels around the pedicle (Fig.  51.27 ).    

   7.    When the exiting nerve root has been defi nitively identi-
fi ed at the level of the pedicle, dissect laterally and infe-
riorly along the root, following its caudad course toward 

the disc by “wanding” the tubular retractor. If an over-
hanging articular process is encountered (secondary to 
coexisting facet hypertrophy), remove the lateral margin 
of the articular process with a Kerrison rongeur or endo-
scopic drill, further exposing the distal course of the root 
(Fig.  51.28 ).    

   8.    Identify the dorsal root ganglion, which comprises the 
enlargement of the exiting nerve root just lateral and 
inferior to the neuroforamen. Treat this structure gently, 
as excessive manipulation of the dorsal root ganglion 
can produce signifi cant postoperative pain.   

   9.    Explore and decompress the root and remove herniated 
disc fragments (Fig.  51.29a – 51.29c ). If necessary, enter 
the interspace for further disc removal. Finally, reexplore 
the root to confi rm that it has been fully decompressed 
(Fig.  51.29d ).    

   10.    Irrigate the wound, remove the tubular retractor, and 
close the fascia and subcutaneous tissues. Apply sterile 
skin closures and a small adhesive bandage.     

   Remember (for Paramedian Approach): 
   1.    Ensure the skin incision is in line with the main surgical 

“target.”   
   2.    Identify (and confi rm by palpation and fl uoroscopy) the 

inferior laminar edge of the superior vertebra.   
   3.    Obtain optimal exposure and hemostasis at each level 

before entering the epidural space.   
   4.    Center your “target” by wanding the tubular retractor.   
   5.    Defi nitively identify the lateral edge of the nerve root by 

undercutting the medial aspect of the facet and palpating 
the pedicle.   

   6.    Confi rm adequate decompression in all directions.     

  Fig. 51.13    Endoscopic image illustrates detachment of the ligamentum 
fl avum from the undersurface of the inferior aspect of the superior 
lamina       

  Fig. 51.14    Using standard open microsurgical techniques through the 
tubular retractor, bony resection is performed with the Kerrison punches 
or the drill. The extent of bony resection is customized to allow 
adequate access to the herniated disc or any migrated fragments. 

These external (a) and endoscopic images (b) illustrate the use of the 
MedNext drill to perform a laminotomy. The drill is commonly used in 
conjunction with a suction tube to minimize “spraying” of the endo-
scope lens with bone dust and blood       
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   Remember (for Far Lateral Approach): 
   1.    Skin incision is 4.5 to 5.0 cm from the midline at the level 

of the disc space.   
   2.    Confi rm by palpation and fl uoroscopy that the initial dila-

tor tip is at the junction of the transverse process and pars 
interarticularis of the superior vertebral body.   

   3.    Identify and coagulate the pars artery at the lateral edge of 
the pars.   

   4.    Remove just enough of the inferomedial aspect of the 
transverse process and the superolateral aspect of the 
pars to defi nitively identify the pedicle and the exiting 
nerve root.   

   5.    Follow the root distally to the disc space and pathology.   
   6.    Remove the lateral aspect of the facet, if necessary.   
   7.    Avoid excessive manipulation of the dorsal root 

ganglion.        

  Fig. 51.15    Endoscopic images demonstrate the technique used for 
opening the ligamentum fl avum. Alternatively, if a large enough lami-
notomy or lateral recess exposure is performed, the ligament can be 

easily detached from its cephalad bony or lateral capsular attachments. 
The ligament can then be partially retained as a fl ap or removed, if 
necessary       

  Fig. 51.16    Fluoroscopic images 
demonstrate the pedicle-to-
pedicle access attainable by 
wanding (pivoting) the retractor 
in a cephalad or caudad direction       
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  Fig. 51.17    The lateral edge of the traversing root must be identifi ed. 
Undercutting the lateral recess aids exposure of the root. The 25-degree 
endoscope is positioned medially, providing a “medial-to- lateral” view 
of the lateral recess and facet. Note that the traversing root is stretched 
over an underlying contained disc herniation       

  Fig. 51.18    Palpation of the 
caudal pedicle with the ball-tip 
probe as illustrated in (a) and (b) 
helps with identifi cation of the 
nerve root when the anatomy is 
unclear       

  Fig. 51.19    Endoscopic image illustrating a left-sided herniated disc at 
L4-L5 in a patient with conjoined L4 and L5 roots. The traversing L5 
root ( solid arrow ) is being retracted medially by the root retractor; the 
exiting L4 root ( open arrow ) can be seen at the disc level. An annulot-
omy was performed in the axilla of the L4 root with the microknife       
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  Fig. 51.20    Endoscopic image illustrates reapposition of the dilated 
paraspinal muscle as the tubular retractor is removed       

  Fig. 51.21    Microendoscopic discectomy (MED) allows for effective 
discectomy using standard open microsurgical techniques while pro-
viding the cosmetic and muscle-sparing benefi ts of endoscopy       

  Fig. 51.22    (a) The incision for the far lateral technique is located along a paramedian line drawn 4.5 to 5 cm to the side of the disc herniation. (b) 
A 15-mm incision is made along this line and centered over the affected disc space.       
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  Fig. 51.23    External and fl uoroscopic images illustrate placement of the initial dilator. With fl uoroscopic guidance, the tip of the initial dilator is 
directed in a cephalad and medial direction to the junction of the base of the transverse process and the pars interarticularis       

  Fig. 51.24    The external image (a) demonstrates placement of the 
tubular retractor over the dilators. The fl uoroscopic image (b) confi rms 
the initial position of the retractor, centered at the junction of the trans-
verse process and pars, after the dilators have been removed. There is a 

danger of inadvertently advancing the dilators or the tubular retractor 
into the intertransverse space. Therefore, it is imperative that these 
instruments are docked onto bone and that their depth is guided and 
confi rmed fl uoroscopically       
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  Fig. 51.25    The endoscopic image is oriented to the patient’s anatomical position (a) as previously noted. (b) Once exposed, the pars can be seen 
medially and the inferior edge of the transverse process ( TP ) is cephalad, running in a medial-to-lateral direction       

  Fig. 51.26    (a) The superior and medial attachments of the intertransverse ligament are released using a curved curette, as shown. (b) The most 
lateral aspect of the foramen can then be “unroofed” to allow identifi cation of the pedicle and exiting nerve root       
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  Fig. 51.27    By defi nitively palpating the pedicle (fl uoroscopic image), the surgeon can reliably identify the exiting root as it travels around this 
structure. The root can then be safely exposed, as demonstrated       

  Fig. 51.28    The root is followed by wanding the retractor in a caudal 
direction to the level of the disc space. If there is signifi cant facet hyper-
trophy limiting access to the disc space medial to the root, resection of 
the lateral margin of the facet can be performed using the drill and/or 
the Kerrison punches       
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  Fig. 51.29    Discectomy and 
removal of any free fragments is 
performed under direct vision 
(a–c). The root is thoroughly 
examined to ensure 
decompression has been 
achieved (d)       
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               Indications 

 Parviz Kambin fi rst described the percutaneous foraminal 
approach through the “triangular zone” (Fig.  52.1a, b ) for 
lumbar discectomy in 1983 and coined the term arthroscopic 
microdiscectomy to describe his technique. The original 
endoscopic system did not have a working channel in the 
endoscope and thus the procedure was limited to performing 
a fl uoroscopically guided mechanical discectomy and then 
checking the disc intermittently with the endoscope. This 
limited the indications to contained lumbar herniations.  

 The indications for this surgical approach expanded after 
improvements in endoscopic instrumentation began with the 
development of a rigid multichannel spinal endoscope with a 
2.7 mm working channel by Anthony Yeung in 1993 
(Fig.  52.2 ). This allowed targeted mechanical discectomy 
under constant endoscopic visualization. It also allowed the 
surgeon to safely navigate the entire foramen and epidural 
space to remove foraminal, extraforaminal, and extruded 
central and paracentral herniations.  

 Because the posterolateral approach accesses the disc 
through the foramen, foraminal and extraforaminal hernia-
tions are ideal indications. The posterolateral endoscopic lum-
bar discectomy approach is also advantageous for targeting 
recurrent disc herniations after a standard posterior discec-
tomy, upper lumbar and lower thoracic herniations, posterior 
annular tears, discitis, and foraminal bony stenosis. 

 The posterolateral foraminal approach avoids the poste-
rior epidural scar tissue in a recurrent herniation and is not 
more diffi cult than a standard fi rst time discectomy. Typically 

the old scar tissue can limit the migration of the recurrent 
herniation and it is easily accessible. 

 Upper lumbar herniations require more aggressive lami-
notomies when approached posteriorly due to the increased 
overlap of the lamina in relationship to the disc space. The 
facet joints are also more sagitally oriented and thus there is 
a higher chance for postoperative instability with the tradi-
tional posterior approach. The posterolateral approach avoids 
any potential boney destabilization and since the iliac crest 
does not limit the trajectory of the approach at these levels, 
one can start as lateral as needed to access the herniation 
with a more shallow approach to the disc. Lower thoracic 
herniations can be safely removed with the advantage of not 
requiring any manipulation or retraction of the spinal cord or 
conus. 

 Symptomatic annular tears are often treated with fusion 
or total disc replacement, but posterior lateral endoscopic 
discectomy and thermal treatment of single quadrant radial 
annular tears is a minimally invasive alternative that can 
often shrink and seal chemically sensitized tears enough to 
delay the larger reconstructive surgery. Nucleus pulposus tis-
sue interposed within the annular tear can prevent the annu-
lus from healing. This interposed nucleus pulposus is 
removed along with the infl amed granulation tissue to allow 
the annular fi bers to reconnect and potentially heal. 
Sometimes the thermal treatment actually seals the tear if 
there are enough intact annular layers, but if the tear is large, 
one can only debride the margins and hope it scars back 
together (Fig.  52.3a–c ). The sensitized nerve endings in the 
granulation tissue and tear are denatured with the thermal 
laser and radiofrequency treatment, partially denervating the 
posterior annulus and reducing its pain stimulus. The saline 
irrigation also fl ushes out the neurotoxic chemicals and 
metabolites that can cause chemical irritation.  

 In discitis, this technique can obtain a good tissue sample 
for biopsy and culture. It also accomplishes a thorough 
debridement and wash out of the disc space without creating 
any surgical dead space for the infection to spread. 

      Endoscopic Foraminal Approach 
to the Lumbar Spine 

           Christopher     A.     Yeung      ,     Justin     S.     Field      , 
and     Anthony     T.     Yeung     
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 Endoscopic trephines, rasps, burrs, Kerrisons, and laser 
allow targeted boney removal of the ventral portion of the 
superior articular facet and vertebral body osteophytes to 
treat foraminal stenosis. This approach directly accesses the 
area of stenosis. 

    Contraindications 

 Endoscopic removal of disk herniation is only limited by the 
accessibility of endoscopic instruments to the herniation site. 
Contraindications are relative and depend on the location of 
disc herniation, the patient’s anatomy, and surgeon experi-
ence. Sequestered herniations and highly migrated extruded 
herniations can be successfully treated from the posterolat-
eral approach, but are more easily removed by a posterior 
transcanal approach. The surgical approach to L5–S1 is more 
diffi cult in patients with high iliac crests (above the L4–L5 
disc space on lateral X-rays) and a horizontal L5–S1 disc 
space since this forces the approach to be steeper, making it 
more diffi cult to reach the herniation in the posterior quad-
rant of the disc. A centrally located herniation at L5–S1 is 
also diffi cult to access since one needs a fairly shallow 
approach to access the base of the herniation. Degenerative 

scoliosis can make surgical access through the foramen 
diffi cult on the concave side. These are not insurmountable 
barriers to the experienced endoscopic surgeon. However, 
surgeons learning the technique should start by operating on 
foraminal and contained paracentral herniations. Then as 
they become more familiar with the foraminal anatomy and 
their endoscopic surgical skills improve, they can success-
fully treat the herniations that are more diffi cult to reach. For 
example, advanced techniques to overcome anatomic con-
straints at L5–S1 and foraminal stenosis at the scoliosis 
 concavity include removal of the ventral portion of the supe-
rior articular process to allow a shallower approach trajectory 
and more central access to the posterior disc pathology. 
A biportal approach allows larger more fl exible rongeurs to 
reach the herniation through the accessory contralateral 
 portal while visualizing it from the main portal.   

    Alternative Treatments 

 Microscopic lumbar discectomy via the posterior approach 
is considered the gold standard and is the main alternative. 
Unfortunately there are a lot of other percutaneous discec-
tomy techniques that are confused with and often categorized 

  Fig. 52.1    ( a ) Illustration of spine at L5–S1, right-sided view with the 
patient in the prone position. Kambin’s triangular working zone is the 
site of surgical access for posterolateral endoscopic discectomy. It is 
defi ned as a triangular zone bordered by the superior facet of the infe-
rior vertebra and traversing nerve root dorsally, the exiting nerve root 
ventrally, and the superior endplate of the inferior vertebra caudally. In 
foraminal decompression, the foramen from pedicle to pedicle can be 
reached by manipulating and protecting the exiting and traversing 
nerve with various confi gured access cannulas. (Adapted with permis-
sion from Yeung AT, Yeung CA: Posterolateral selective endoscopic 
discectomy: The YESS technique, in Kim DH, Fessler RG, Regan JJ, 
eds:  Endoscopic Spine Surgery and Instrumentation: Percutaneous 
Procedures , New York, NY, Thieme Medical Publishers, Inc, 2005.) 

( b ) Cadaver dissection photograph showing anatomy of the left pos-
terolateral foraminal area from L2–S1 ( blue hubbed needles  are 
inserted into the disk). Only in the L5–S1 disk space is access to the 
spinal canal restricted because of the pelvis and the relatively wide 
facet ( gray hubbed needle  in the L5–S1 disk). High lumbar disk her-
niations from L1 to L3 are easier to reach endoscopically through the 
posterolateral foraminal portal due to the signifi cant posterior overlap 
of the lamina encountered in a posterior approach. L4–L5 provides 
ample room for either approach. Note the furcal nerve branches enter-
ing the psoas muscle. These furcal nerves are frequently present in the 
foramen, adjacent to the foraminal ligament (the lateral extent of the 
ligamentum fl avum). It is sometimes diffi cult to differentiate the liga-
ment from a furcal nerve       
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with posterolateral endoscopic lumbar discectomy, but are 
entirely different. These procedures include automated per-
cutaneous lumbar discectomy (APLD), percutaneous disc 
decompression, various indirect percutaneous “laser” dis-
cectomy techniques, nucleoplasty (coblation), and intradis-
cal electrothermal therapy (IDET). These aforementioned 
techniques are fl uoroscopically guided, non-visualized 
 procedures that theoretically treat disc herniations by remov-
ing nucleus material centrally and thus indirectly decom-
pressing the disc herniation. They do not directly target or 
remove the herniated portion of the disc and nerve root 
decompression cannot be verifi ed during these procedures. 
Their indications are limited to contained herniations. 

 Posterolateral endoscopic lumbar discectomy is like any 
other typical “surgical procedure” and is based on direct sur-
gical exposure, visualization of the target pathology, and 

direct removal of the offending pathology. Laser and radio-
frequency bipolar probes are only adjunctive tools used to 
fi ne tune the discectomy, control hemostasis, and remove 
boney osteophytes.  

    Technique(s) 

    Setup/Exposure 

 Proper OR setup requires a radiolucent table with an antilor-
dotic frame, one C-arm, and a tower with the usual monitor 
for endoscopic viewing. The patient is placed prone on the 
antilordotic frame with the arms away from the side of the 
body. Care is taken to line up the patient with the C-arm to 
ensure a perfect posterior–anterior and lateral view for 

  Fig. 52.2    Illustration of a multichannel operative endoscope (the 
Yeung Endoscopic Spine Surgery [YESS] system, Richard Wolf 
Medical Instruments Corp, Vernon Hills, IL). The rigid spinal endo-
scope is designed with an operative working channel for insertion of 
tools, multichannel irrigation, and a cannula system that exposes patho-

anatomy and protects spinal nerves. (Adapted with permission from 
Yeung AT, Yeung, CA: Advances in endoscopic disc and spine surgery: 
foraminal approach, in Szabó Z, ed.  Surgical Technology International 
XI . San Francisco, CA, Universal Medical Press, Inc, 2003: 255-263—
Fig 5 p 259)       

 

52 Endoscopic Foraminal Approach to the Lumbar Spine



368

 fl uoroscopic imaging. The surgical level must be centered to 
avoid parallax error. The imaging/video equipment, instru-
ment table, and operating room personnel are positioned in 
relation to the surgeon as shown (Fig.  52.4 ). Although some 
surgeons utilize the lateral position, the prone position is pre-
ferred as it allows easier visual orientation of the video image 
in relation to the patient and more ergonomic manipulation 
of the operating instruments. The prone position also allows 
a biportal (bilateral) approach for real time visualization of 
larger and fl exible working instruments from this accessory 

cannula while the operating scope simultaneously directs 
smaller instruments through its operating channel during 
discectomy.  

 Local anesthetic and IV sedation with Versed and 
Fentanyl are the preferred choice for anesthesia versus gen-
eral anesthesia. This allows for real time nerve monitoring 
utilizing the patient’s pain response to avoid any injury to 
the exiting or traversing nerve root. One-half percent lido-
caine is the preferred local anesthetic since this can anesthe-
tize the area enough to avoid pain, but does not prevent a 

  Fig. 52.3    ( a ) Sagittal T2 MRI of the lumbar spine showing a posterior 
high intensity zone (HIZ) at L5–S1 which represents an annular tear. 
( b ) Endoscopic intradiscal view of an annular tear. Note the infl amed 
red granulation tissue within the annular fi bers. ( c ) After thermal 

 treatment with the bipolar radiofrequency probe, the granulation tissue 
has been ablated and removed. The annular fi bers are now in a better 
situation to heal and scar together       
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painful response when the nerve roots are stimulated. 
The anesthesiologist should avoid using Propofol for IV 
sedation since this can induce general anesthesia and pre-
vent the patient from responding to a maneuver that could 
cause a nerve root injury.  

    Instruments/Equipment 

 There are a few endoscopic systems in clinical use today 
with similar instrumentation, but we will only describe the 
one used by the authors. The Yeung Endoscopic Spine 
Surgery System (YESS)/Vertebris system (Richard Wolf 
Medical Instruments Corp, Vernon Hills, IL) consists of the 
following instruments (Fig.  52.2 ).
•    Multichannel, 20° oval spinal endoscope with either a 2.7, 

3.1, or 4.1 mm working channel and integrated continu-
ous irrigation (infl ow and outfl ow) ports  

•   7 and 8 mm access cannulas with various open slotted, 
beveled, and tapered tips  

•   Guide wire and tissue dilator/obturator cannulated with a 
central channel and eccentric channel to accommodate a 
needle for local annular anesthetic (eccentric channel) 
while simultaneously positioned over the guide wire 
 (central channel)  

•   Specialized single and double action rongeurs for 
visualized fragmentectomy through the endoscope 
working channel  

•   Larger straight and hinged rongeurs that fi t through the 
access cannulas for biportal fragmentectomy and fl uoro-
scopically guided uniportal discectomy  

•   Cutting tenotomy type forceps to release annular fi bers  
•   Trephines for annulotomy and removal of bone for foram-

inal enlargement (foraminoplasty)  
•   Micro rasps, curettes, and penfi eld probes  
•   Annulotomy knife  
•   Flexible bipolar radiofrequency probe (Elliquence, 

Oceanside, NY) for hemostasis, thermal contraction of 
the annular collagen, and thermal ablation of the annular 
nociceptors   

  Adjunctive equipment 
•   Straight and fl exible suction-irrigation shavers for 

discectomy  
•   Pump suction-aspirator to connect to the suction- irrigation 

shavers for stronger suction than standard wall suction  
•   Side fi ring Holmium-YAG laser for fi ne tissue and bone 

vaporization/dissection  
•   Endoscopic high speed drill for foraminoplasty  
•   Fluid pump for consistent and continuous irrigation      

X-ray Technician

Anesthetist

C-ARC Video Equipment
Image
Processing

NurseSurgeon

Instrument Table

X-Ray

Technician

Suction
Irrigation
Equipment

  Fig. 52.4    Illustration of the operating room setup. The patient is in the 
prone position with the anesthesiologist or anesthetist at the head of the 
operating table and the surgeon and nurse at the patient’s left for a left 
sided herniation. (Adapted with permission from Yeung AT, Yeung CA: 

Posterolateral selective endoscopic discectomy: The YESS technique, 
in Kim DH, Fessler RG, Regan JJ, eds:  Endoscopic Spine Surgery and 
Instrumentation: Percutaneous Procedures , New York, NY, Thieme 
Medical Publishers, Inc, 2005)       
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    Procedure(s) 

    Protocol for Optimal Needle Placement 

 Optimal needle placement is critical as all subsequent instru-
mentation follows this trajectory. The needle entry point 
typically starts about 10–13 cm from the midline and is posi-
tioned to allow entry into the disc parallel to the endplates to 
allow intradiscal positioning without damaging the  endplates. 
The patient’s body habitus will determine just how far lateral 
from the midline one will have to start. A good estimate can 
be made by laying a metal rod transversely on the patients 
back and marking a point 1 in lateral to the point where the 
rod does not touch the skin. After determining the lateral 
extent of the incision site, you will then check a lateral X-ray 
and position the incision in line with the disc inclination. 

 To obtain the most accurate needle placement customized 
to the patients’ individual body habitus, a thin metal rod is 
utilized as a radio-opaque marker and ruler to draw lines on 
the skin to mark surface topography for guidance in free 
hand biplane C-arm needle placement. These surface mark-
ings help identify and target three key landmarks for needle 
placement: the anatomic disc center, the annular foraminal 
window (centered within the medial and lateral borders of 
the pedicles), and the skin window (needle entry point/skin 
incision).
•    Utilizing a metal rod as radio-opaque marker and ruler, 

draw a longitudinal line over the spinous processes to 
mark the midline on the PA view and draw a transverse 
line bisecting the targeted disc space to mark the trans-
verse disc plane on the PA view. The intersection of these 
two lines marks the anatomic disc center (Fig.  52.5a ).   

•   On the lateral view draw a line with the rod tip at the ante-
rior border of the disc positioned parallel to the endplates 
and bisecting the disc. This represents the disc inclination 
plane and determines the cephalad/caudal position of the 
needle entry point. To avoid parallax and measurement 
error, the rod should be held perpendicular to the fl uoros-
copy beam and should not be leaning away from or 
towards the patient (Fig.  52.5b, c ).  

•   The distance from the rod tip to the plane of the posterior 
skin is measured by grasping the rod at the point where 
the posterior skin plane intersects it (Fig.  52.5d ).  

•   This distance is then measured on the posterior skin from 
the midline along the transverse plane line. At the lateral 
extent of this measurement a line parallel to the midline is 
drawn to intersect the disc inclination plane line. This 
intersection marks the skin entry point or skin window for 
the needle (Fig.  52.5e ).    
 The skin window’s lateral location from the midline 

determines the trajectory angle into the foraminal annular 
window. This method for determining the lateral needle 

starting point will produce a safe starting point and an 
approach trajectory of approximately 20–30° (Fig.  52.5f ). 

 To optimize the approach trajectory to access the specifi c 
herniation type, the entry point can usually be adjusted a lit-
tle more medial (for foraminal or extraforaminal herniations) 
or lateral (for central and some paracentral herniations). 
Typically one would want to start as lateral as possible to 
create a shallow entry trajectory to the disc to target the base 
of the typical paracentral herniations and central herniations. 
However, starting too far lateral risks injury to the abdominal 
contents and the trajectory should never be zero degrees. 
Preoperative measurements can also be performed on the 
axial MRI images to estimate the most optimal and safe lat-
eral starting point to access the offending pathology. Starting 
the procedure in the base of the disc herniation has been 
described as the Inside-out technique, since one would fi rst 
start in the disc proper and then work into the epidural space 
as you are removing the herniation. This is the safest 
approach and helps orient the surgeon prior to removing the 
herniated disc material. 

 Advanced indications to remove sequestered herniations 
require a modifi ed surgical approach. To access a cephalad 
migrated herniation the surgeon would position the starting 
incision more caudally in order to position the access cannula 
in a trajectory that approximates the herniation in the ventral 
epidural space. Conversely with a caudally migrated hernia-
tion the starting incision is positioned more cephalad to allow 
a trajectory to reach the caudally migrated herniation. This 
technique to remove the sequestered herniations has been 
described as the outside-in technique since the end of the 
access cannula is fi rst positioned in the epidural space directly 
where the sequestered herniation is outside of the disc proper. 

 The positive disc inclination plane of the L5–S1 disc is 
noteworthy. A steep positive inclination line (lordosis) will 
position the optimal skin window more cephalad from the 
transverse plane line, which helps avoid the iliac crest. 
A fl atly inclined L5–S1 disc will position the optimal skin 
window with the iliac crest obstructing the trajectory of the 
needle. The skin window will have to start more medial to 
avoid the iliac crest and sometimes this creates a steep 
approach trajectory that makes it diffi cult to access the hernia-
tion. This can often be overcome by resecting the ventral-lat-
eral aspect of the superior articular facet with the trephine and 
bone drill to allow a shallower approach into the disc to access 
the targeted herniation. If an acceptable trajectory is not pos-
sible to access the herniation, then this surgical approach is not 
indicated and a posterior approach is preferred. 

 The fi rst neutrally aligned disc inclination plane is usually 
at L4–L5 or L3–L4. A neutrally aligned disc inclination 
plane is in the same plane as the transverse plane line, thus 
the skin window is in line with the transverse plane line. 
A negatively inclined disc, often at L1–L2 and L2–L3, places 
the skin window caudal to the transverse plane line.  
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  Fig. 52.5    Protocol for optimal needle placement. ( a ) PA fl uoroscopic 
view enables topographic location of the midline and the transverse 
disk plane. The intersection of these lines is the PA anatomic disk cen-
ter. ( b ) Lateral fl uoroscopic view enables topographic location of the 
disk inclination plane. ( c ) The inclination plane of each target disk is 
drawn on the skin. It will either be cephalad to (L5–S1), parallel to 
(typically L4–L5 or L3–L4), or caudal to the transverse disk plane. ( d ) 
The distance from the anterior disk annulus to the posterior skin plane 
is measured along the inclination plane. ( e ,  f ) This same distance is 
measured laterally from the midline along the transverse disk plane for 

each target disk. At the end of this measure a line is drawn longitudi-
nally to intersect with the disk inclination line. This is the estimated 
skin entry point or “skin window” for the needle. Adjustments on nee-
dle entry site are made to reach the annulus at an approximate angle of 
about 20–30° for a standard paracentral herniation ( f ), skimming under 
the lateral facet. (Adapted with permission from Yeung AT, Yeung, CA: 
Advances in endoscopic disc and spine surgery: foraminal approach, in 
Szabó Z, ed.  Surgical Technology International XI . San Francisco, CA, 
Universal Medical Press, Inc, 2003: 255- 263—Fig 2, p 257)       
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    Needle Placement 

 Once the starting point and needle trajectory is determined, 
the skin window and subcutaneous tissue is infi ltrated with 
one half percent lidocaine. A 6 in long, 18 gauge needle is 
then inserted from the skin window at the desired trajectory 
and passed anteromedially toward the anatomic disc center 
marked on the posterior skin. Infi ltrating the needle tract 
with one half percent lidocaine as you are advancing the 
needle will anesthetized the tissue tract avoiding pain when 
the dilator is passed later in the procedure. 

 The needle is advanced to the annulus while monitoring it 
in the postero-anterior Ferguson view (angled in the disc 
inclination plane to provide a true PA view of the disc space). 
You should check a lateral view before advancing the needle 
tip medial to the medial border of the pedicle to confi rm 
appropriate trajectory and avoid inadvertent dural puncture 
in the case of an overly shallow trajectory. The needle tip 
should be centered in the foraminal annular window on the 
PA Ferguson view and just touching the posterior annular 
surface on the lateral view. Then the needle can be advanced 
to the center of the disc while monitoring the PA Ferguson 
view. Then check the lateral view again. Ideally the needle 
tip will be in the posterior 25 % of the disc indicating ade-
quate posterior needle placement needed to access the para-
central disc herniations. Flouroscopically the needle tip can 
even be located slightly posterior to the posterior border of 
the vertebral bodies if the herniation is large with extensive 
posterior migration. If you are operating on a foraminal disc 
herniation, then the needle tip can be in the center of the disc 

indicating a 45° trajectory into the disc. This is appropriate 
since the surgeon would not need to access the posterior epi-
dural space as much to remove the foraminal herniation.  

    Evocative Chromo-Discography 

 Perform confi rmatory contrast discography at this time. The 
following contrast mixture is used: 9 cc of Isovue 300 with 
1 cc of indigo carmine dye. This combination of contrast 
ratio gives readily visible radio-opacity on the discography 
images, and intraoperative light blue chromatization of 
pathologic nucleus and annular fi ssures which help guide the 
targeted fragmentectomy. The annular fi bers do not readily 
accept dye so this can help differentiate the visualized tissue. 
If the dye is seen leaking into the epidural space on the fl uo-
roscopic images, then one will know that the herniation is 
not contained, but extruded and helps the surgeon plan the 
endpoint of the discectomy. With an extruded paracentral 
herniation, one should always visualize the decompressed 
traversing nerve root from inside the annulotomy that the 
nucleus herniated through (Fig.  52.6 ). If it is a contained her-
niation with attenuated posterior annulus still present, thor-
ough nucleus removal is usually accomplished without 
visualizing the traversing nerve root since the intact posterior 
annular fi bers will obscure visualization of the traversing 
nerve root. If complete decompression is questioned, one can 
always cut the remaining annular fi bers medially to be able 
to visualize the traversing nerve root, but this makes the sur-
gically created annulotomy larger.   
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  Fig. 52.6    Endoscopic view of 
the foramen after removal of an 
extruded herniated nucleus 
pulposus. The traversing nerve 
root is visualized and complete 
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    Instrument Placement 

 Insert a long thin guide wire through the 18 gauge needle 
channel. Advance the guide wire tip, 1–2 cm deep into the 
annulus, then remove the needle and make a small transverse 
stab incision. Slide the bluntly tapered tissue dilating obtura-
tor over the guide wire until the tip of the obturator is fi rmly 
engaged in the annular window. An eccentric parallel chan-
nel in the obturator allows for circumferential annular infi l-
tration with small volumes of one half percent lidocaine, 
enough to anesthetize the annulus, but not the exiting and 
traversing nerve roots. Hold the obturator fi rmly against the 
annular window surface and remove the guide wire. 

 Advance the obturator bluntly through the annulus with a 
mallet. Annular fenestration is the most painful step of the 
entire procedure. Advise the anesthetist to heighten the seda-
tion level just prior to annular fenestration. Advance the obtura-
tor tip deep into the annulus and confi rm on the C-arm views. 
Now slide the beveled access cannula over the obturator toward 
the disc. Advance the cannula until the beveled tip is deep in the 
annular window. Remove the obturator and insert the endo-
scope to get a view of the disc nucleus and annulus. 

 Alternatively if you are worried about further extruding a 
large disc herniation or you want to inspect the outer annular 
fi bers before fenestrating the annulus, the surgeon can 
engage the outer annulus with the blunt obturator. Then the 
beveled cannula is advanced over the obturator to the annu-
lus. The obturator is removed and the endoscope is inserted. 
The outer annular fi bers can be inspected to ensure that no 
neural structures are in the path of the cannula prior to the 

annulotomy. Then an annulotomy knife or a cutting trephine 
can be used for the annular fenestration under direct vision. 
Prominent disc tissue can be removed prior to entering the 
disc with the cannula. This is often the best way to attack 
foraminal and extraforaminal herniations. 

 The foraminal annular window is an easily identifi able 
C-arm and intraoperative anatomic landmark and is the start-
ing location for endoscopic disc excision. Through the endo-
scope, the surgeon may see various amounts of blue stained 
nucleus pulposus. The general purpose access cannula has a 
bevel hypotenuse of 12 mm and outside diameter of 7 mm. 
When the cannula is slightly retracted to the midstraddle 
position in relationship to the annular wall, the wide angle 
scope visualizes the epidural space, annular wall/posterior 
longitudinal ligament and the intradiscal space in the same 
fi eld (Fig.  52.7 ).   

    Performing the Discectomy 

 The basic endoscopic method to excise a paramedian 
extruded lumbar herniated disc via a uniportal technique is 
described here (Fig.  52.8 ). Most of the time with accurate 
needle targeting, the opening of the cannula is already within 
the actual herniated nucleus fragment and is immediately 
visualized with the endoscope. The radio-frequency bipo-
lar probe is used to coagulate any small bleeders to achieve 
hemostasis and clear visualization. The endoscopic rongeurs 
can be utilized immediately to begin removing the herniation. 
If there are annular fi bers between the opening of the cannula 
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  Fig. 52.7    Initial placement of 
the cannula in the midstraddle 
position at the annulus allows 
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and the herniation then enlarge the annulotomy medially to 
release the base of the herniation with a cutting forcep. This 
connects the surgical annulotomy with the annulotomy from 
the herniation. The side-fi ring Holmium- YAG laser can also 
be utilized to enlarge and widen the annulotomy. This is per-
formed to release the annular fi bers at the herniation site that 
may pinch off or prevent the extruded portion of the hernia-
tion from being extracted. Directly under the herniation apex 
a large amount of blue stained nucleus is usually present, 
likened to the submerged portion of an iceberg. The nucleus 
here represents migrated and unstable nucleus. The endo-
scopic rongeurs are used to extract the blue-stained nucleus 
pulposus under direct visualization. The larger straight and 
hinged rongeurs are used directly through the cannula after 
the endoscope is removed if needed. Fluoroscopy and sur-
geon feel guides this step. By grabbing the base of the herni-
ated fragment, one can usually extract the extruded portion 
of the herniation (Fig.  52.9 ).   

 The surgeon must be aware that sometimes there are 
accessory nerves of various diameters within the foramen 
branching off of the traversing or exiting nerve roots. These 

nerves are called furcal nerves (Fig.  52.1 ). They can consist 
of motor or sensory nerve fi bers. Damage to these nerves can 
produce motor weakness or dysesthetic pain even when the 
exiting and traversing nerve roots are totally intact and unin-
jured. Thus they should be preserved if at all possible, but 
often when small ones need to be sacrifi ced to remove the 
herniation there is no sequelae. The presence of these nerves 
typically goes unnoticed in open posterior surgery, even dur-
ing transforaminal lumbar interbody fusions, but they are 
readily seen through the endoscope (Fig.  52.10a–c ).  

 After removing the readily visualized herniated nucleus 
pulposus, perform a small debulking decompression by using 
a straight and fl exible suction-irrigation shaver to create the 
working cavity. This step requires shaver head C-arm local-
ization before power is activated to avoid nerve/dura injury 
and anterior annular penetration. The debulking process 
allows better intradiscal visualization, removes the unstable 
nucleus material to prevent future reherniation, and allows 
any residual herniated disc tissue to follow the path of least 
resistance into the cavity. The working cavity is inspected for 
persistent herniated fragments. If a non- contained extruded 
disc fragment is still present by fi nding blue stained nucleus 
material posteriorly, then these fragments are teased into the 
working cavity with the endoscopic rongeurs and the fl exible 
radio-frequency trigger-fl ex bipolar probe and removed. The 
fl exible radio-frequency bipolar probe is also used to con-
tract and thicken the annular collagen at the herniation site 
and to maintain hemostasis throughout the case. 

 Complete herniation removal is verifi ed by visualizing 
the decompressed traversing nerve root (Fig.  52.6 ). One 
should note however, that if the herniation is a contained 
paracentral herniation, you would not expect to see the 
decompressed traversing nerve. You would see the undersur-
face of the thinned out annulus from within the disc. Prior to 
removing the endoscope, we also routinely visualize and 
confi rm the exiting nerve root or the perineural fat encasing 
the nerve root is uninjured and inject 1 cc of 80 mg depome-
drol in the foramen to help decrease infl ammation and reduce 
the incidence of dysesthesia (Fig.  52.11 ).  

 The majority of herniations can be treated via the unipor-
tal technique. A biportal (bilateral access) technique is indi-
cated for large extruded central herniations and at L5–S1 
when the approach trajectory is not shallow enough to posi-
tion the end of the cannula at the base of the herniation.  

    Wound Closure 

 Only small adhesive strips are needed to close the skin and a 
sterile 2 × 2 gauze. A single suture may be used to close the 
8 mm incision, but sutures are not necessary. Most bleeding 
is stopped by tissue pressure and cauterization of the wound 
incision is not necessary.   

  Fig. 52.8    Illustration of the basic uniportal “Inside-out-technique” for 
endoscopic discectomy treating a paracentral extruded herniation. The 
beveled cannula can be positioned to view the intradiscal cavity, annu-
lar wall, and epidural space in the same fi eld of vision. Any annular 
fi bers between the cannula and base of the herniation are cut medially 
to enlarge the annulotomy and allow the extruded herniation to be 
extracted. The base of the herniation is pulled into the disk cavity and 
out through the cannula with the endoscopic rongeurs under direct visu-
alization. A 20° trajectory is good for a paracentral herniation to allow 
access to the posterior disc where the herniated fragment lies. The tra-
jectory for foraminal and extraforaminal herniations can be steeper as 
the access point for the cannula is exactly where these herniations are 
located. (Adapted with permission from Yeung AT, Yeung, CA: 
Advances in endoscopic disc and spine surgery: foraminal approach, in 
Szabó Z, ed.  Surgical Technology International XI . San Francisco, CA, 
Universal Medical Press, Inc, 2003: 255-263—Fig 6, p 260)       
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    Postoperative Regimen 

 Despite the less invasive skin and muscle dissection, the 
annulotomy at the disc is similar to a traditional posterior 
discectomy and thus so is the postoperative protocol. The 
patient should be instructed to avoid bending, lifting, and 
twisting for 4–6 weeks to allow the annulus to heal and to 
reduce the incidence of recurrent disk herniation from the 
foraminal access portal and from the annular defect pro-
duced by the disk herniation. A lumbar corset for a couple of 

weeks can make the patient feel more comfortable. Physical 
therapy is not required, but can be considered on an individ-
ual basis. Patients are instructed to use their pain as a guide 
after the 6 week period.  

    Avoiding Pitfalls and Complications 

 As with any spine surgery, there are the usual risks of infec-
tion, nerve injury, dural tears, bleeding, and scar-tissue forma-
tion. Transient dysesthesia, the most common postoperative 

  Fig. 52.9    ( a ) Preoperative T2 MRI of a large L4–L5 paracentral 
extruded and caudally migrated herniation. The extruded portion is con-
tiguous with the disc space and can be removed utilizing the inside-out 
technique. (Adapted with permission from Yeung AT, Yeung CA: 
Posterolateral selective endoscopic discectomy: The YESS technique, in 
Kim DH, Fessler RG, Regan JJ, eds:  Endoscopic Spine Surgery and 
Instrumentation: Percutaneous Procedures , New York, NY, Thieme 
Medical Publishers, Inc, 2005.). ( b ) Postoperative T2 MRI after endo-
scopic herniation removal. Note the path of the cannula from endoscopic 

transforaminal approach seen as a T2 hyperintense signal within the disc 
space. The extruded herniation is completely removed and the thecal sac 
is fully decompressed. This approach decreases surgical morbidity and 
reduces perineural scarring in the epidural space caused by retracting the 
nerve root in a traditional posterior approach. (Adapted with permission 
from Yeung AT, Yeung CA: Posterolateral selective endoscopic discec-
tomy: The YESS technique, in Kim DH, Fessler RG, Regan JJ, eds: 
 Endoscopic Spine Surgery and Instrumentation: Percutaneous 
Procedures , New York, NY, Thieme Medical Publishers, Inc, 2005)       
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complaint, occurs in approximately 5–15 % of cases, and 
is almost always transient. Its cause remains incompletely 
understood and may be related to nerve recovery, operating 
adjacent to the dorsal root ganglion of the exiting nerve, or 
a small hematoma adjacent to the ganglion of the exiting 
nerve, as it can occur days or even weeks after surgery. There 
are also anomalous nerve fi bers in the annular tissue which 

may be furcal nerves or nerves growing into an infl ammatory 
membrane in the area of the foramen that is not the traversing 
or exiting nerve. It could show up in the removed surgical 
specimen without permanent effect on the patient, but may 
cause temporary dysesthesia. Using blunt techniques to dilate 
the annular fi bers and routine injection of 80 mg depome-
drol decrease the incidence of dysesthesia, but it cannot 
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  Fig. 52.10    ( a ) Endoscopic view of a large furcal nerve in the lateral 
foramen. Furcal nerves can be anywhere within the foramen. They are 
typically small, but can be as large as the main exiting and traversing 
nerves. Here the pituitary rongeur is removing the herniation and avoid-
ing the furcal nerve. (Adapted with permission from Yeung AT, Yeung, 
CA: In vivo endoscopic visualization of patho-anatomy in painful 
degenerative conditions of the lumbar spine, in Szabó Z, ed.  Surgical 
Technology International XV . San Francisco, CA, Universal Medical 
Press, Inc, 2006: 243-256—Fig 6, p 247). ( b ) Endoscopic view of a 
furcal nerve branching from exiting nerve after lateral foraminal 

decompression. (Adapted with permission from Yeung AT, Yeung, CA: 
In vivo endoscopic visualization of patho-anatomy in painful degenera-
tive conditions of the lumbar spine, in Szabó Z, ed.  Surgical Technology 
International XV . San Francisco, CA, Universal Medical Press, Inc, 
2006: 243-256—Fig 7, p 247). ( c ) Endoscopic view of the furcal nerve 
in the foraminal epidural fat. A furcal nerve can often be diffi cult to 
distinguish from the lateral extent of the ligamentum fl avum, which is 
called the foraminal ligament. Careful probing of the structure in the 
sedated, but awake patient distinguishes the two. The herniated nucleus 
pulposus anteriorly is stained with indigocarmine dye       

 

C.A. Yeung et al.



377

be avoided completely, as it has occurred even when there 
were no adverse intraoperative events and in cases where the 
continuous electromyography (EMG) and somato-sensory 
evoked potentials (SSEP) did not show any nerve irritation. 
We do not use intraoperative neuromonitoring since the 
awake patient is our real time indication of any nerve irrita-
tion. Postoperative dysesthesia is treated with transforaminal 
epidurals, sympathetic blocks, and the off- label use of prega-
balin or gabapentin. 

 Avoidance of complications is enhanced by the ability to 
visualize normal and patho-anatomy clearly, as well as 
through the use of local anesthesia and conscious sedation 
rather than general or spinal anesthesia. Adopting the 
“inside-out-technique” will give the surgeon more leeway in 
planning his surgical approach, since direct targeting to the 
herniation based on imaging studies may provide some 
“surprises” when visualization is not as clear as anticipated 
due to bleeding and the herniation turns out to be more than 
a simple herniation not appreciated by the imaging study. 
Staying inside the disk space or returning to the disk space 
when visualization is obscured to re-orient the surgeon is an 
important factor to consider. In experienced hands, some 
surgeons have safely utilized general anesthesia when cir-
cumstances make it safer for the patient. The patient, under 
a local anesthetic, usually remains comfortable during the 
entire procedure, with the exception of periods such as dur-
ing evocative chromo-discography, annular fenestration, or 
when instruments are manipulated past the exiting nerve. 
Local anesthesia of 0.50 % lidocaine permits generous use 
of this diluted anesthetic for pain control but allows the 
patient to feel pain when the nerve root is manipulated. 
Nerves can also be adherent to the annulus or nucleus. Pain 
experienced by the patient is very helpful to the surgeon 

when probing or operating in the foramen, as he can then 
look to document or free these adhesions before removing 
the herniation. 

 The visualization of conjoined nerves, furcal nerve 
branches, and anomalous anatomy such as sympathetic 
nerves may shed light on why current imaging studies cannot 
fully explain the reason(s) that some patients with identical 
imaging studies have debilitating pain and others do not. 
These variations in normal anatomy and anomalous nerves 
in the foramen also present a new set of surgical risks to the 
endoscopic surgeon.     
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        Conventionally, because of the diffi culty in surgical approach 
and the anatomical proximity of the major vessels to the 
involved vertebra(e), curettage and resection of vertebral 
tumors have been commonly practiced, including removal of 
the malignant tissue in a piecemeal fashion. The disadvan-
tages of these conventional approaches are clear, including a 
high possibility of tumor cell contamination of the surround-
ing structures and diffi cult identifi cation of a demarcation 
zone separating neoplastic tissue from healthy tissue. These 
factors may contribute to incomplete resection of the tumor as 
well as recurrence of the spinal malignant neoplasm [ 1  ,   2 ]. 

 To reduce local recurrence as much as possible and to 
increase survival rate, we have developed a new surgical 
technique of spondylectomy (vertebrectomy) termed total en 
bloc spondylectomy (TES) [ 1  –  5 ]. Using this technique, we 
were able to excise the tumor mass with a wide or narrow 
margin, but sometimes with an minimal intralesional margin 
in the pedicle. 

    Indications for Total En Bloc Spondylectomy 

 The TES operation was designed primarily for patients who 
met the following criteria: a primary malignant tumor, 
aggressive benign tumor, or solitary metastasis that did not 
spread into or invade adjacent visceral organs, showed little 
or no adhesion to the vena cava or aorta, and did not show 
multiple metastases. A contiguous involvement of three or 
fewer vertebrae represented a relative indication for the TES 
operation. 

 The indications for surgical treatment of spinal metastases 
are neurologic defi cit, intractable pain, and spinal instability. 
The oncologic factors to be considered include the success 
of treatment of the primary tumor, whether the metastases 
are solitary and localized, if the metastases are limited and 

can be controlled, and if there is a life expectancy of at least 
12 months. 

 To provide a more informative staging, a new surgical 
classifi cation was devised that incorporated a description of 
the affected anatomical site and the extent of the tumor. The 
anatomical site of the neoplasm was classifi ed as follows: (1) 
vertebral body, (2) the pedicle, (3) the lamina and spinous 
process, (4) spinal canal (epidural space), and (5) paraverte-
bral area (Fig.  53.1 ). The numbers used to denote the ana-
tomical sites refl ect the common sequence of tumor 
progression. The number of anatomical sites is also related 
to the surgical classifi cation as described here. Using the 
anatomical and surgical classifi cation, the new surgical 
 classifi cation of vertebral tumors was designed (Fig.  53.2 ). 
The classifi cation concept was modifi ed from the surgical 
staging system of Enneking and coworkers [ 6 ]. For instance, 
type 3 lesion in our classifi cation involves the vertebral body 
(anatomical site 1), the pedicle (anatomical site 1), and the 
lamina (anatomical site 3). We considered type 1, 2, and 3 
lesions as intracompartmental and types 4, 5, and 6, as extra-
compartmental. Type 7 tumor is a multiple skip lesion. The 
TES operation is recommended for type 2, 3, 4, and 5 lesions, 
relatively indicated for type 1 and 6 lesions, and not recom-
mended or contraindicated for type 7 lesions.    

    Surgical Technique 

 The TES technique consists of two steps: en bloc resection 
of the posterior element and en bloc resection of the anterior 
column. The following is a description of each step. 

  Step 1: En Bloc Laminectomy (En Bloc Resection of the 
Whole Posterior Element of the Vertebra) 
    1.    Exposure    

  The patient is placed prone over the Relton–Hall four- 
poster frame to avoid compression to the vena cava. A straight 
vertical midline incision is made over the spinous processes 
and is extended three vertebrae above and below the involved 
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segment(s). The paraspinal muscles are dissected from the 
spinous processes and the laminae, and then retracted later-
ally. If the patient underwent posterior route biopsy, the tracts 
are carefully resected in a manner similar to that used in a 
limb-salvaging procedure. After a careful dissection of the 

area around the facet joints, a large articulated spinal retractor 
is applied. By spreading the retractor and detaching the mus-
cles around the facet joints, a wider exposure is obtained. The 
operative fi eld must be wide enough on both sides to allow 
dissection under the surface of the transverse processes. In the 
thoracic spine, the ribs on the affected level are transected 3 
to 4 cm lateral to the costotransverse joint, and the pleura is 
bluntly separated from the vertebra (Fig.  53.3 ).  

 To expose the superior articular process of the uppermost 
vertebra, the spinous and the inferior articular processes of 
the neighboring vertebra are osteotomized and removed with 
dissection of the attached soft tissues, including the ligamen-
tum fl avum.
    2.    Introduction of the T-Saw Guide     

 To make an exit for the T-saw guide through the nerve 
root canal, the soft tissue attached to the inferior aspect of 
the pars interarticularis is dissected and removed, using 
utmost care so as not to damage the corresponding nerve root. 
A C-curved malleable T-saw guide is then introduced through 
the intervertebral foramen in a cephalocaudal direction. 
In this procedure, the tip of the T-saw guide should be intro-
duced along the medial cortex of the lamina and the pedicle 
so as not to injure the spinal cord and the nerve root 
(Fig.  53.4 ). After passing the T-saw guide, its tip at the exit 
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  Fig. 53.1    Defi nitions of anatomical sites of the vertebra. (From Tomita 
N, et al: Int Orthop 18:292, 1994)       

  Fig. 53.2    Schematic diagram of surgical classifi cation of vertebral tumors. (From Tomita N, et al: Int Orthop 18:292, 1994)       
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of the nerve root canal can be found beneath the inferior 
border of the pars interarticularis. In the next step, a thread-
wire saw (T-saw; fl exible multifi lament threadwire saw, 
0.54 mm in diameter 7 ; Fig.  53.5 ) is passed through the hole 
in the wire guide and is clamped with a T-saw holder at each 
end. The T-saw guide is removed, and tension on the T-saw 
is maintained. When two or three vertebrae are resected, 

the T-saw is inserted into a thin polyethylene catheter 
(T-saw catheter) and both are passed under the lamina. This 
procedure is also applied to the contralateral side.  
    3.    Cutting the Pedicles and Resection of the Posterior 

Element    
  While tension is maintained, the T-saw is placed beneath 

the superior articular and transverse processes with a spe-
cially designed T-saw manipulator. With this procedure, the 
T-saw placed around the lamina is wrapped around the pedicle. 
With a reciprocating motion of the T-saw, the pedicles are cut 
and then the whole posterior element of the spine (the spinous 
process, the superior and inferior articular processes, the trans-
verse process, and the pedicle) is removed in one piece 
(Fig.  53.6 ). The cut surface of the pedicle is sealed with bone 
wax to reduce bleeding and to minimize contamination by 

  Fig. 53.3    Operative schema of the posterior exposure       

  Fig. 53.4    Operative schema of introducing the T-saw guide       

  Fig. 53.5    Photograph of the thread-wire saw (T-saw) compared with a 
Gigli saw and a match       

  Fig. 53.6    Operative schema of the pediclotomy       
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tumor cells. To maintain stability after segmental resection of 
the anterior column, a temporary posterior instrumentation is 
performed (Fig.  53.7 ). When one vertebra is resected, seg-
mental fi xation at two above and two below is recomended. 
However, if two or three vertebrae are resected, more than 
two above and two below segmental fi xation is mandatory.   

  Step 2: En Bloc Corpectomy (Resection of the Anterior 
Column of the Vertebra) 
    1.     Blunt Dissection Around the Vertebral Body     

  At the beginning of the second step, the segmental arter-
ies must be identifi ed bilaterally. The spinal branch of the 
segmental artery, which runs along the nerve root, is ligated 
and divided. This procedure exposes the segmental artery, 
which appears just lateral to the cut edge of the pedicle. In 
the thoracic spine, the nerve root is cut on the side from 
which the affected vertebra is removed. The blunt dissection 
is done on both sides through the plane between the pleura 
(or the iliopsoas muscle) and the vertebral body. Usually, the 
lateral aspect of the body is easily dissected with a curved 
vertebral spatula. Then, the segmental artery should be dis-
sected from the vertebral body. By continuing dissection of 
both lateral sides of the vertebral body anteriorly, the aorta is 
carefully dissected posteriorly from the anterior aspect of the 
vertebral body with a spatula and the surgeon’s fi ngers 
(Fig.  53.8a,   53.8b ). When the surgeon’s fi ngertips meet ante-
rior to the vertebral body, a series of spatulas, starting from 
the smallest size, are inserted sequentially to extend the dis-
section. A pair of the largest spatulas is kept in the dissection 
site to prevent the surrounding tissues and organs from iatro-
genic injury and to make the surgical fi eld wide enough for 
manipulating the anterior column. 

    2.     Vascular Anatomy Around the Vertebral Body     
  It is important to understand vascuar anatomy around the 

vertebral body [ 8 ]. The fi rst four segmental (posterior intercos-
tal) arteries commonly run directly upward apart from the 
vertebral column and turn more transversely over the 
 costovertebral joint (Fig.  53.9 ). The azygos vein cephalad to 
T4 ascends away from the vertebral column (Fig.  53.10 ). This 
anatomical specifi city in the upper thoracic area indicates that 
there is a decreased chance of critical damage to these vessels 
during isolation of the affected vertebral body and paired 
discs posteriorly in total en bloc spondylectomy.   

 At spinal levels caudal to T4, the thoracic and abdominal 
aorta descends downward in direct contact with the anterior 
vertebral column. Obviously, it is true that surgeons must be 
extremely careful not to violate the vessel but they can usually 
make sure of the aortic pulsation at their fi ngertips and thus the 
retraction of the aorta anteriorly from the affected vertebral 
body is relatively undemanding, technically speaking. 

 In the cases of our cadavor reseach [ 8 ], the segmental 
artery to the vertebra had some variations: 48 of 348 segmen-
tal arteries in 17 subjects originated from intercostal arteries 
adjacent to the corresponding level, not from the thoracic 
aorta: 38 variants were identifi ed at T4 or more cephalad and 
10 at T5 or caudal. Adachi observed that 88 (9 %) of all 977 
intercostal arteries did not originate from the thoracic aorta 
( n =  48): 28 of 88 variations were at T5 or caudal (Fig.  53.11 ) 
[ 9 ]. Adachi concluded that, in Japanese, approximately 4 % 
of thoracic segmental arteries do not originate directly from 
the thoracic aorta, and 8 % of the vertebrae lack a segmental 

  Fig. 53.7    Operative schema of setting the posterior instrumentation       

  Fig. 53.8    (a, b) Operative schema of anterior dissection around the 
vertebral body       
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artery in the middle to lower thoracic spinal levels [ 9 ]. This 
anatomical variation must be kept in mind when no segmen-
tal arteries are identifi ed around the affected vertebral bodies 
during total en bloc spondylectomy.  

 In the lumbar spine between LI and L4, the lumbar artery 
consistently arose from the abdominal aorta at each corre-
sponding spinal level bilaterally in our cadaver series [ 8 ]. 
The fi rst and second lumbar arteries arising on each side of 

the posterior aortic midline display essentially horizontal 
segmental distribution, whereas those from L3 and L4 levels 
run vertically downward behind the aorta and then horizon-
tally up to the intervertebral foramina. Variations in origins 
and distribution can occur and should be anticipated. In 63 
cadavers, Adachi observed that 5 (1 %) variants in a total of 
498 lumbar arteries had been recorded between L1 and L4 that 
did not arise from the abdominal aorta [ 9 ]. Based on anterior 
scoliosis surgery, Winter et al. 10  reported that the number of 
lumbar arteries may vary: four in 70 % to 74 % of the clinical 
cases, three in 20 % to 22 %, and fi ve in 5 % to 7 % of their 
cases. Variations include a conjoined form of lumbar artery 
distributing two segments simultaneously, and the collateral 
branched from the lumbar artery at neighboring levels. 

 The muscle fi bers of the medial crus of the lumbar dia-
phragm originated most frequently and fi rmly from the L2–
L3 disc levels bilaterally, and the second lumbar artery ran 
dorsally to the medial crus (Fig.  53.12 ). This important por-
tion of the diaphragm must be separated posteriorly before 
the isolation and excision of vertebral tumors. In total en 
bloc spondylectomy attempted to this level, it is thus very 
important to separate the medial crus from its vertebral ori-
gin, followed by the exploration of the second lumbar artery 
from L2 involved with malignancy. At this spinal level, how-
ever, the aorta pulsates very strongly with decreased risk of 
injury if it is carefully retracted forward. The inferior vena 
cava ascends anterior to the medial crura of the diaphragm, 
primar-ily on the right. Additionally, great care must be 
taken because the azygos and hemiazygos veins are dorsal 
and cephalad to the medial crura of the diaphragm, espe-
cially in the case with an L1 vertebral tumor. Attention must 

  Fig. 53.9    Topographic view of the aortic arch and posterior intercostal 
arteries at the upper thoracic spine on the right side in the cadaveric 
study. 8  The highest aortic arch level was at T3–T4, and the subsequent 
thoracic aorta descends in direct contact with the vertebrae at T5 or 
below. The second to fourth posterior intercostal arteries originate from 
the aorta at T5.  C , common carotid artery;  S , subclavian artery;  E , 
esophagus;  A , aortic arch;  T5 , T5 vertebral body;  ICA , intercostal artery. 
 Arrow  indicates the cranial direction. (From Kawahara N, et al: Spine 
21 (12):1402, 1996)       

  Fig. 53.10    Photograph shows the azygos vein ascending in the upper 
thoracic spine in the cadaveric study. 8  The azygos vein directly con-
tacts with the thoracic vertebrae at T4 or below.  AZ , azygos vein;  T4 , T4 
vertebra.  Arrow  indicates the cranial direction. (From Kawahara N, 
et al: Spine 21(12):1403, 1996)       

  Fig. 53.11    Variations in intercostal arteries in the cadaveric study. 8  
The left second, third, and fourth intercostal arteries branch from the 
fi fth intercostal artery (*) anterior to the head of the fi fth rib. The left 
sixth intercostal artery (**) branches as a variant seventh intercostal 
artery.  T6 , T6 vertebra.  Arrow  indicates the cranial direction. (From 
Kawahara N, et al: Spine 21(12):1404, 1996)       
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also be paid not to injure the inferior vena cava posteriorly 
because it ascends in direct contact with the vertebral col-
umn at L3 and L4, the same as actual for aortic bifurcation as 
well as venous confl uence at L4 and L5 (Fig.  53.13 ).  
    3.     Passage of the T-Saw     

  T-Saws are inserted at the proximal and distal cutting 
levels of the vertebral bodies, where grooves are made along 
the desired cutting line using a V-notched osteotome after 
confi rmation of the disc levels with needles.

    4.     Dissection of the Spinal Cord and Removal of the 
Vertebra      
 Using a cord spatula, the spinal cord is mobilized from 

the surrounding venous plexus and the ligamentous tissue. 
The teeth-cord protector, which has teeth on both edges to 
prevent the T-saw from slipping, is then applied. The anterior 
column of the vertebra is cut by the T-saw, together with the 
anterior and posterior longitudinal ligaments (Fig.  53.14 ). 
After cutting the anterior column, the mobility of the verte-
bra is again checked to ensure a complete corpectomy.  

 The freed anterior column is rotated around the spinal 
cord and removed carefully to avoid injury to the spinal cord. 
With this procedure, a complete anterior and posterior 
decompression of the spinal cord (circumspinal decompres-
sion) and total en bloc resection of the vertebral tumor are 
achieved (Fig.  53.15 ). 
    5.     Anterior Reconstruction and Posterior 

Instrumentation     
  Bleeding, mainly from the venous plexus within the spi-

nal canal, should be exhaustively arrested. An anchor hole on 
the cut end of the remaining vertebra is made on each side to 
seat the graft. A vertebral spacer, such as autograft, fresh 
and/or frozen allograft, apatite-wollastonite glass ceramic 
prosthesis (Lederle, Tokyo, Japan), and a titanium mesh cyl-
inder (MOSS-Miami, DePuy Motech, Warsaw, IN), is prop-
erly inserted to the anchor holes within the remaining healthy 
vertebrae. After checking the appropriate position of the ver-
tebral spacer radiographically, the posterior instrumentation 
is adjusted to slightly compress the inserted vertebral spacer. 
If two or three vertebrae are resected, application of the con-
nector device between the posterior rods and anterior spacer 

  Fig. 53.12    Right medial crus of the lumbar diaphragm and surrounding 
vessels in the cadaveric study. 8  The medial crus originates at L2–L3. 
 IVC , inferior vena cava;  MC , right medial crus;  P , psoas muscle. 
 L.1, L.2 , and  L.3  indicate the fi rst, second, and third lumbar arteries. 
 Arrow  indicates the cranial direction. (From Kawahara N, et al: Spine 
21(12):1404, 1996)       

  Fig. 53.13    Major vessels in the lumbar spine in the cadaveric study. 8  
The inferior vena cava ascends in tight contact with the vertebrae in 
conjunction with lordosis. A aorta;  IVC , inferior vena cava;  P , promon-
trium;  L3 , L3 vertebra.  Arrow  indicates the cranial direction. (From 
Kawahara N, et al: Spine 21 ( 12 ):1404, 1996)       

  Fig. 53.14    Operative schemes for cutting the anterior column. A pair of 
the spatulas is kept around the affected vertebral body to prevent the sur-
rounding tissues and organs from iatrogenic injury and to make the surgi-
cal fi eld wide enough for manipulating the anterior column. The anterior 
column of the vertebra is cut by the T-saw, together with the anterior and 
posterior longitudinal ligaments. The teeth-cord protector, which has teeth 
on both edges to prevent the T-saw from slipping, is then applied       
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is recommended (Fig.  53.16a – 53.16c ). Finally, a Bard 
Marlex mesh (Bard, Billerica, MA, USA) covers the entire 
anterior and posterior reconstructed areas to establish the 
compartment for suppressing bleeding. 
    6.     Postoperative Management     

  Suction draining is preferred for 2 to 3 days after surgery, 
and the patient is allowed to start walking 1 week after sur-
gery. The patient wears a thoracolumbosacral orthosis for 2 
to 3 months until the bony union or incorporation of the arti-
fi cial vertebral prosthesis is attained.  

    Case Study 

 A 58-year-old man was hospitalized because of severe back 
pain and paraparesis. Eight years before admission, the 
patient was diagnosed with thyroid cancer, which was treated 
with thyroidectomy. Imaging workup showed a tumor growth 
throughout the entire T6 vertebra as well as the epidural 
space of T5 and T6 (Fig.  53.17 ). Examination of a biopsy 
material confi rmed the lesion to be a metastatic thyroid can-
cer. Total en bloc spondylectomy was performed at the T5 
and T6 vertebrae (Fig.  53.18 ). Anterior reconstruction was 
carried out using a titanium mesh cylinder, containing autog-
enous iliac cancellous chip bones. A MOSS Miami screw 

  Fig. 53.15    Photograph of the en bloc corpectomy. The freed anterior 
column is rotated around the spinal cord and removed carefully to avoid 
injury to the spinal cord. With this procedure, a complete anterior and 
posterior decompression of the spinal cord (circumspinal decompres-
sion) and total en bloc resection of the vertebral tumor are achieved       

  Fig. 53.16    Operative schemes of spinal reconstruction. (a) When one 
vertebra is resected, two above and two below segmental fi xation is 
enough. (b, c) However, if two or three vertebrae are resected, more 
than two above and two below segmental fi xation is mandatory, and 
application of the connector device between the posterior rods and the 
anterior spacer is recommended       

  Fig. 53.17    The T 2 -weighted magnetic resonance imaging of the 
patient with solitary thyroid cancer metastasis, showing compression of 
the cord at T5 and T6 levels       
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and rod arrangement was performed posteriorly between T2 
and T9 levels. A pair of DLT bars of the Cotrel–Dubousset 
construct allowed the titanium mesh cylinder to be securely 
positioned. Radiographs did not show any loosening of the 
implants anteriorly and posteriorly at 2.5-year follow-up 
(Fig.  53.19a ,  53.19b ). The patient has been well for the past 
3 postoperative years.     

    Discussion 

 The ring-shaped bony structure of the vertebra, containing the 
spinal cord, hinders a wide surgical margin. Other obstacles 
exist, such as the thin surrounding soft tissues, major vessels, 

and visceral organs neighboring the involved vertebra. Thus, 
most operations are amenable to curettage or piecemeal 
resection. However, the intralesional procedure apparently 
leads to incomplete resection and to defi nite contamination 
by tumor cells. 

 Roy-Camille et al. [ 11  ,   12 ], Stener [ 13  –  15 ], Stener and 
Johnson [ 16 ], Sundaresan et al. [ 17 ], and Boriani et al. [ 18  ,   19 ] 
have described total spondylectomy for improving local 
 curability, with excellent clinical results. In contrast, our pro-
cedure involves peripheral manipulation, except for the pedi-
cle, and the lesion is removed en bloc. The TES technique 
minimizes the risk of contamination compared with that 
described by these authors. 

 The major risks in TES operation include (1) mechanical 
damage to the adjacent neural structures during the excision 
of the pedicles; (2) possible contamination by tumor cells 
during pediculotomy; (3) injury of the major vessels during 
blunt dissection of the anterior aspect of the vertebral body; 
(4) disturbance of spinal cord circulation at the level of sur-
gery; and (5) excessive bleeding from the internal vertebral 
vein and epidural venous plexus during the second step of 
surgery. To reduce the risk of nerve root and spinal cord 
damage, we designed the T-saw [ 7 ]. It is made of multifi la-
ment twisted stainless steel wires and has a smooth surface 
to cut hard bony materials with minimal damage to the sur-
rounding soft tissues. If the T-saw is properly passed into the 
nerve root canal and pulled posteriorly, it should not damage 
the nerve root. It is obvious that resection of the vertebra in 
one piece without cutting a certain point of the ring-shaped 
bony structure is impossible because of the encasement of 
the spinal cord within the vertebra. The pedicle is the best 
site for this purpose since (1) it is the narrowest portion 

  Fig. 53.18    Photograph of the resected specimen of the T5 and T6 
vertebrae       

  Fig. 53.19    Radiograph taken 
2.5 years after surgery without 
instrumentation failure 
posteriorly. (a) Anteroposterior 
view. (b) Lateral view       
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 connecting the posterior element with the anterior part so 
that the intralesional cut surface will minimize the chance of 
contamination to a great extent, and (2) the spinal cord and the 
nerve root can be freed easily atraumatically. Pediculotomy is 
thus justifi ed from the anatomical standpoint. However, the 
pedicle does not always serve as a safe point for cutting, 
particularly when it is involved with the malignant process. 
Under such circumstances, the ipsilateral side of the lamina 
and contralateral part of the pedicle are cut together. These 
cutting levels may be considered separately in each case. 

 Blunt dissection of the anterior part of the vertebral body 
is another risky maneuver in the TES operation. The ana-
tomical relationship between the vertebra, major vessels, and 
the visceral organs should be well acknowledged. 8  Based on 
anatomical studies on cadavers, TES is less likely to damage 
the thoracic aorta between T1 and T4. However, the artery 
must be carefully retracted anteriorly in areas caudal to T5 
before manipulation of the affected vertebra(e). For a lesion 
at LI and L2, the diaphragm and the fi rst two lumbar arteries 
should be treated with utmost care. Possible circulatory com-
promise after the ligation of the radicular artery is another 
concern. In the cat model, the authors [ 3 ] found that ligation 
of the Adamkiewicz artery reduced spinal cord blood fl ow by 
approximately 81 % of the control value, and this decremen-
tation did not affect spinal cord evoked potentials. Abundant 
arterial network around the dura mater and the spinal cord 
may completely compensate for the ligation of one or two 
radicular arteries. Actually, there has been no neurologic 
degradation in all 60 patients in our series who underwent 
TES. Bleeding from the epidural venous plexus is often pro-
fuse. Hemostasis of tamponade in the epidural space using 
Oxycell cotton, Aviten, or fi brin glue is mandatory. In addi-
tion to hypotensive anesthesia (systolic blood pressure, 
60–80 mmHg), exhaustive management to arrest bleeding 
must be followed. 

 Roy-Camille et al. [ 11  ,   12 ] suggested that the origin of the 
iliopsoas and iliac muscles from the lumbar spine make one- 
stage posterior total spondylectomy unfeasible. They also 
stressed the close proximity of major abdominal vessels to the 
anterior vertebral column in the lumbar spine, which enhances 
the risk in a patient with increased lumbar lordosis. For this 
reason, they recommended a two-stage operation to resect 
malignant vertebral neoplasms occurring between L2 and L4. 
Stener reported total spondylectomy through a single- stage 
posterior approach for tumors at L3 or cephalad but denied the 
indication of this procedure at L4 [ 15 ]. Stener advocated com-
bined anteroposterior approach for a tumor at L4 based on the 
following reasons: the close contact of major vessels, espe-
cially the inferior vena cava with the L4 vertebral body, and 
interference by the iliac crest in accessing L4–L5 and L5 pos-
teriorly. The authors [ 1  –  4 ] agree with these two anatomical 
annoyances pointed out by Stener [ 15 ] but, for a case with an 
iliac wing positioned rather distal, they do not always disagree 

with single-stage posterior total en bloc spondylectomy for a 
solitary L4 vertebral tumor. For a tumor involving the L5 
vertebra, it is undoubtedly necessary to use a two-stage 
anteroposterior approach because of the additional diffi culty 
of managing the common iliac and iliolumbar arteries and 
veins as well as the lumbosacral neural plexus. 

 A wide surgical margin or at least a minimal margin is 
achievable around the affected vertebra(e) when the lesion is 
intracompartmental (type 1, 2, or 3), particularly when the 
healthy part of the lamina or pedicle is cut. For a vertebral 
tumor extending into the spinal canal (type 4) or one invading 
the paravertebral areas (type 5), a marginal margin may be 
possible when the lesion is well encapsulated with a fi brous 
reactive membrane. In type 6 lesions, it is possible to obtain a 
wide margin at the proximal and caudal osteotomized sites of 
the vertebrae, but paravertebral tumor sometimes adheres 
to or invades surrounding soft tissues, major vessels, and 
 visceral organs neighboring the involved vertebra. In such a 
instance, anterior dissection followed by a posterior TES 
operation is indicated.     
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         Spinal pain is one of the most common physical complaints 
and affects people of all demographics. Minimally invasive 
therapeutic treatments are good options for these patients 
when more conservative treatments do not adequately con-
trol the patient’s symptoms. Much has been written about the 
anatomy of the spine and the various “pain generators” as 
potential sources of the pain. Spinal pain can be divided 
between nociceptive and neuropathic. Nociceptive pain 
includes muscle, ligament, tendon, fascia, disc, and bone ori-
gins. Subjective complaints associated with nociceptive pain 
are dull, aching, and usually poorly localized. Localization 
however can be elicited with specifi c movements of the 
spine. Neuropathic pain is usually associated with infl amma-
tion or damage to a neural structure, which can be either 
acute or chronic. Subjective complaints associated with neu-
ropathic pain are electrical, burning, stabbing, pins and nee-
dles, or radiating. Changes in position of the spine can also 
elicit neuropathic pain due to compromise of the spinal 
canal, neuroforamina, neural tension, or dynamic bulging of 
a disc. Nociceptive and neuropathic pain commonly coexists 
and effective treatment entails accurately identifying and tar-
geting treatment to their sources. Knowledge of the anatomy 
can allow one to target the spinal “pain generators” with 
guided injections. Injections are a minimally invasive thera-
peutic option in the treatment of pain. The medications most 
commonly used are local anesthetics and corticosteroids. 
These medications help reduce pain via its anesthetic and 
anti-infl ammatory properties. Injection allows placement of 
medication directly over the location where its action is most 

desired. This chapter will focus on the “evidence based 
 indications” and proper execution of each type of procedure 
used to treat pain derived from spinal origin. 

    Trigger Point Injections for Nociceptive 
Myofascial Pain 

 Trigger points are focal areas of taut muscle bands that cause 
nociceptive myofascial pain. The taut muscle band can feel 
like a hard, tender “knot” in the body of a muscle. Local ten-
derness is present when pressure is applied directly over these 
points, and pain frequently radiates from these to distant loca-
tions in a distribution associated with the specifi c muscle. 
A local twitch response can also be elicited with direct pres-
sure or needle entry. Practically any muscle can potentially 
harbor a trigger point. Some examples of muscles and liga-
mentous structures in the cervical, thoracic, and lumbosacral 
regions that can potentially be reached with an in- offi ce trig-
ger point injection are listed (Fig.  54.1 , Table  54.1 ). 

      Indications 

 Trigger points are the result of local contraction of a small 
number of muscle fi bers within a muscle, as opposed to 
contraction of the entire muscle. The taut bands in a trigger 
point are due to the shortened sarcomeres in a muscle fi ber. 
Numerous factors can contribute to the development of 
trigger points. Among these factors are muscle strain, pos-
tural or mechanical imbalance, overuse syndromes, muscle 
overload, direct trauma, and physical or psychological 
stress. Muscle damage is not a requisite for the develop-
ment of trigger points, but biochemically, there may be 
associated injury to cell membranes or sarcoplasmic reticu-
lum resulting in release of calcium-ions, and disruption of 
cytoskeletal proteins [ 1 ]. Presence of excess calcium-ions 
interferes with release of actin from myosin and hence with 
relaxation of muscle fi bers. Sustained contraction may 
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cause localized muscle ischemia, which in turn may result 
in lower pH and release of infl ammatory mediators in mus-
cle tissue. Another theory suggests that there is release of 
excessive acetylcholine, which can result in increased muscle 
fi ber contractions [ 1 ].  

    Evidence Based Rationale 

 Trigger point injections are often used to treat myofascial 
pain. Many studies have been performed to evaluate the out-
comes of trigger point injections. One study showed that 
lidocaine injection into myofascial trigger points improves 
pain and quality of life [ 2 ]. Another study found that injec-
tion of lidocaine was superior to placebo or dry needling in 
the short term [ 3 ]. Trigger point injections can also lead to 
statistically signifi cant improvements in pain, range of 
motion, and depression scores with both local anesthetic 
injection and dry needling of trigger points [ 4 ]. A prospec-
tive randomized evaluation of treatments for myofascial trig-
ger points argues that dry needling provides as much relief as 
when local anesthetic or corticosteroid are injected [ 5 ]. 
Therefore, local anesthetic injection, steroid injection, and 
dry needling have all be shown to be effective options to treat 
trigger points.  

    Technique 

 Trigger points are identifi ed by palpation over the painful 
region. A taut band of muscle is identifi ed. Palpation over this 
region produces both local and radiating pain that is concor-
dant to the patient’s subjective report of his own pain symp-
toms. Though some may use EMG or nerve stimulation to 
confi rm intramuscular needle placement and ultrasound to 
visualize affected muscles and taut bands, the procedure is 
most commonly performed without the need for additional 
equipment [ 6 ]. Placement of the needle into the trigger point 
may produce a visible and palpable muscle “twitch response.” 
Once the needle is in place, medication can be injected or dry 
needling can be performed. Some advocate directing the nee-
dle in multiple planes within a trigger point area in order to 
maximize the mechanical breakdown of the taut band. Some 
advocate the use of other injectates in trigger point injections 
such as botulinum toxin or prolotherapy. Platelet- Rich Plasma 
(PRP) is another option for the injection of painful soft tissue, 
but injection over ligamentous, tendinous and articular injuries 
are preferable to injection over muscle. 

 Botulinum toxin inhibits the ability of muscle to contract 
by interfering with presynaptic release of acetylcholine. 
Studies have not demonstrated superiority of botulinum 
toxin over other forms of injectate [ 3 ,  7 ]. One study sug-
gested that the degree and duration of pain relief, improved 
function, and patient satisfaction was comparable between 
injection of Botox and injection of local anesthetic. However, 
botulinum toxin injection seems to improve pain scores and 
quality of life when compared to dry needling [ 2 ]. In a review 
of fi ve clinical trials, one trial concluded that botulinum 
toxin was effective in reducing pain, while four concluded 

  Fig. 54.1    Cervical, thoracic, and lumbar musculature       

   Table 54.1    Muscles and ligamentous structures in the cervical, thoracic, 
and lumbosacral regions   

 Cervical  Thoracic  Lumbosacral 

 Sternocleidomastoid  Trapezius  Quadratus lumborum 
 Scalene  Rhomboids  Longissimus Lumborum 
 Spinalis Cervicis and 
Capitis 

 Levator scapulae  Iliocostalis Lumborum 

 Semispinalis Cervicis 
and Capitis 

 Longissimus 
Thoracis 

 Sacroiliac ligament 

 Longus Capitis  Iliocostalis 
Thoracis 

 Gluteus medius 

 Longus Colli Cervicis  Spinalis Thoracis  Gluteus maximus 
 Longissimus Cervicis 
and Capitis 

 Supraspinatus  Piriformis 

 Iliocostalis Cervicis  Infraspinatus 
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that it was not [ 8 ]. Another study injected botulinum toxin 
directly into trigger points but did not improve cervicotho-
racic myofascial pain [ 9 ]. It is also important to note the risk 
of dysphagia and other adverse effects that are associated 
with the use of the botulinum toxin. While cost of botulinum 
toxin can be a drawback and results of various studies are 
mixed, botulinum toxin injection into trigger points could be 
considered after patients have tried other measures without 
effi cacy. Botulinum toxin is FDA approved for the treatment 
of chronic migraines, upper limb spasticity, cervical dystonia 
and detrusor muscle herperactivity. Any other intramuscular 
utilization of Botulinum toxin is considered an “Off-Label” 
use [ 10 ,  11 ]. 

 Prolotherapy is a treatment for musculoskeletal pain that 
involves the injection of a substance, commonly dextrose, 
phenol, and or sodium morrhuate solution, to initiate an 
infl ammatory reaction in soft tissue. The theory behind this 
treatment involves the release of infl ammatory mediators that 
eventually recruit fi broblasts and other local growth factors to 
the injected areas. The infl ux of growth factors in theory helps 
rebuild stronger, healthier soft tissue, though this is yet to be 
fully established [ 12 ]. Patients should expect potential 
increased pain, swelling, and the redness for several days fol-
lowing the injection. These reactions signify the infl amma-
tory and proliferative processes that the injection was intended 
to trigger. Risk of the treatment includes infection and 
increased pain with greater than intended infl ammation. 
However, the risk is generally low, and prolotherapy can be 
considered for treatment of painful musculoskeletal condi-
tions when other treatments have failed. 

 The PRP injection is a form of prolotherapy in that it also 
involves injecting a substance to promote growth factors 
[ 13 ]. The injectate making up PRP is an autologous blood 
product obtained through a centrifugal process that isolates a 
high concentration of platelets and growth factors from 
whole blood [ 14 ]. Many manufacturers market devices that 
utilize the centrifugal process to isolate PRP products, which 
are in turn injected into soft tissues or joints. This process 
allows clinicians to inject supra-physiologic concentrations 
of growth factors to stimulate and accelerate tissue prolifera-
tion. Its use in musculoskeletal medicine has increased as 
evidence emerges that it may augment healing in muscles, 
tendons, and ligaments [ 15 ]. 

 While overall evidence for prolotherapy and PRP are con-
fl icting, the most promising evidence for prolotherapy and 
PRP has been with the treatment of chronic low back pain 
and ligamentous injuries and tendinopathy. A Cochrane 
Database review concluded that prolotherapy may help 
improve chronic low-back pain and disability when used 
adjunctively with other treatments. Prolotherapy can also 
effectively treat refractory tendinopathies, such as in studies 
on lateral epicondylosis and Achilles tendinopathy. A single- 

blinded randomized clinical trial concluded more rapid 
symptom improvement in patients receiving prolotherapy 
and eccentric exercises for Achilles tendinopathy than with 
eccentric exercises alone [ 16 ]. A systematic review of injec-
tion therapy including prolotherapy and PRP for lateral epi-
condylitis concluded that there is strong pilot-level evidence 
supporting the use of prolotherapy and PRP [ 17 ]. A retro-
spective study evaluating PRP at various sites of chronic ten-
dinopathy noted an overall 75 % decrease in pain, and 85 % 
patient satisfaction rate [ 18 ]. There is emerging evidence 
supporting prolotherapy and PRP in cases of osteoarthritis 
[ 17 ,  19 ]. A randomized-controlled trial showed that PRP was 
better than placebo in treating symptoms in patients with 
early knee osteoarthritis, but also noted that the benefi ts 
began to deteriorate after 6 months [ 20 ]. Preliminary results 
of another randomized-controlled trial suggest that PRP 
improves clinical symptoms of moderate osteoarthritis at 1 
year follow-up. The same study did not fi nd statistically sig-
nifi cant differences between the benefi ts of PRP and hyal-
uronic acid, though there was a trend towards PRP in patients 
with lower grade osteoarthritis [ 21 ]. A separate prospective 
comparative study concluded that PRP showed higher and 
longer-lasting improvements in pain, symptoms, and recov-
ery of articular function [ 22 ]. There are also some studies on 
small animals using PRP to treat intervertebral disc degen-
eration, with a trend towards a protective effect on damaged 
discs especially when utilized earlier in the disease process 
[ 13 – 27 ]. However, existing studies are limited by small sam-
ple size and design. In addition, high-level clinical trials that 
prove the effi cacy of PRP remains lacking, especially when 
comparing PRP to other forms of injections and when con-
sidering the most appropriate volume, preparation, timing, 
and number of injections. Further research on the topic will 
help develop protocols and indications.   

    Facet Joint Injections/Medial Branch Blocks 
and Radiofrequency Ablation 

 Facet joint injections, medial branch blocks, and medial 
branch radiofrequency nerve ablation are strategies employed 
to treat pain from the zygapophysial (facet) joints. Facet 
joints are true synovial joints composed of the superior and 
inferior articular processes of adjacent vertebrae surrounded 
by a fi brous capsule. 

    Indications 

 Facetogenic pain is commonly due to traumatic or degenera-
tive causes [ 28 ]. Post-traumatic facet pain can be caused by 
high velocity fl exion from rapid deceleration injuries or 

54 Injections of the Cervical, Thoracic, and Lumbar Spine



392

hyperextension resulting in capsular stretch or joint com-
pression [ 29 ,  30 ]. Facet pain from degenerative spondylosis/
spondylolisthesis can lead to gradual onset of pain localized 
to a portion of the axial spine (i.e., high cervical, and lower 
lumbar) [ 31 ]. Isolated facetogenic pain is associated with 
myofascial radiation patterns. Facetogenic pain can be asso-
ciated with radicular patterns of pain when facet hypertrophy 
leads impingement of exiting or traversing nerve roots.  

    Evidence Based Rationale 

 Clinical diagnosis can help guide physicians, but fi ndings are 
generally nonspecifi c for facetogenic pain. The most specifi c 
way to diagnose facet pain is by utilizing medial branch 
blocks or intra-articular facet joint injections [ 31 ]. Local 
anesthetic is injected to provide short term pain relief for 
diagnostic purposes, which can assist in determining candi-
dates for radiofrequency denervation. Medial branch blocks 
may provide longer lasting pain relief in a small percentage 
of patients [ 32 ]. There is moderate evidence to support ben-
efi ts of medial branch blocks. Randomized, placebo- 
controlled and double-blinded studies have shown signifi cant 
pain relief with radiofrequency nerve ablation, indicating 
strong evidence for its benefi ts [ 33 ]. Intra-articular steroid 
facet joint injections may be both diagnostic and have thera-
peutic benefi ts [ 34 ]. Available evidence from randomized, 
controlled trials and observational studies for benefi ts of 
intra-articular facet joint injections is mixed and rated mod-
erate to limited.  

    Techniques 

    Medial Branch Blocks 
 The medial branch nerve is a terminal division of the dorsal 
rami of a spinal nerve. It provides sensation from the facet 
joints and segmental motor innervation to the multifi di mus-
cles. In the cervical spine, the medial branch courses around 
the waist of the articular pillars. In the thoracic spine, the 
medial branches course over the superior aspect of the trans-
verse process. In the lumbar spine, the medial branch is at the 
junction between the superior articular process and the trans-
verse process [ 35 ]. Each facet joint is innervated by the 
medial branches from the same vertebral level and the level 
above it. Therefore, when attempting to block pain transmis-
sion from a facet joint, medial branches must be blocked at 
both of these levels. One or two sets of medial branch blocks 
resulting in 50–75 % or greater pain reduction is necessary 
prior to proceeding with radiofrequency ablation (RFA). 
RFA for facet generated pain has been shown to be an effec-
tive means of managing axial back and neck pain [ 28 – 35 ]. 

 Cervical medial branch blocks can be performed with 
the patient prone or side lying. The prone positioning is 
aided by having the patients head turned to the contralateral 
side of treatment which removes the jaw from the fl uoro-
scopic beam allowing clear visualization of the lateral 
aspect of the cervical spine. The fl uoroscopic beam is then 
oriented with slight caudal tilt in line with the facet joint 
plane. The needle is initially placed at the lateral aspect of 
the waist of the articular pillar. Then the fl uoroscope is 
placed in lateral position and the needles are advanced 
along the lateral border of the pillar to the mid-coronal 
plane at each desired level. In a lateral decubitus position, a 
lateral view of the cervical spine is used to target the mid 
coronal plane of the cervical articular pillar. Care should be 
taken with either approach not to advance the needle too far 
anteriorly past the anterior portion of the articular pillar 
(Figs.  54.2  and  54.3 ).   

 Lumbar medial branch blocks are performed with the 
patient in a prone position. In an AP or slightly oblique fl uo-
roscopic approach, the spinal needles are directed towards 
the superolateral aspect of the pedicle at the junction of 
the superior articular process and transverse processes 
(Figs.  54.4  and  54.5 ).   

 Thoracic medial branch blocks are performed with the 
patient in a prone position. The needles are directed towards 
the superior aspect of the transverse process. For levels T5–
T8, the course of the medial branches run slightly superior 
and dorsal to the typical target point at other thoracic levels 

  Fig. 54.2    AP fl uoroscopic view of left cervical medial branch block       
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and adjustment of the needle target should be made to accom-
modate this variation [ 36 ]. 

 RFA of the medial branches is performed using insulated 
needles place in a similar location to the medial branch 
block. Sensory and/or motor stimulation along with fl uoro-
scopic confi rmation of location are used to accurately place 
probes in proximity to the medial branch. Local anesthetic 
is used and then the RFA is performed. Temperature and 

duration settings of RFA vary but several studies have used 
settings around 80 °C for a duration of 60–90 s to perform 
the RFA [ 37 ] (Fig.  54.6 ).   

    Facet Joint Intra-articular Injection 
 The target of the facet joint injection is within the joint cap-
sule between the superior and inferior articular process. 
Cervical facet injections are performed with the patient lying 

  Fig. 54.3    Lateral illustration of cervical medial branch block         Fig. 54.4    AP fl uoroscopic view of right lumbar medial branch block       

  Fig. 54.5    ( a ) AP and ( b ) lateral medical illustration of bilateral lumbar medial branch block       
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prone. A 25–35° of caudal tilt of the fl uoroscope lines up 
visualizes the joint space. The spinal needle is advanced 
towards this space. Slight resistance is felt once the needle 
contacts the joint capsule. Lateral fl uoroscopic views can be 
used to assess depth. Once needle is advanced through the 
capsule into the joint space, medication is injected. The cer-
vical facet joint holds approximately 0.5–1 mL. Injecting too 
much fl uid may cause distention and injury to the capsule. 
For C1–C2 facet joint injections, opening the patient’s mouth 
will provide a clearer image. Injection at this level can be 
particularly risky as the vertebral artery lies very close to the 
lateral portion of the joint and the C2 nerve root lies over the 
medial half of the joint space. Therefore, it is important to 
keep the needle directed over the lateral third of the joint 
space. The use of contrast and non-particulate steroid is rec-
ommended for injection at this level given the higher risk of 
intravascular injection and arterial embolism from particu-
late steroids, which could lead to stroke. Direct injury to the 
spinal cord is another complication if the needle position is 
too deep and too medial. 

 To perform thoracic facet joint injections, the appropriate 
level is identifi ed, and the fl uoroscope is placed in a far 
 (50–60°) caudal tilt. Thoracic facet joints cannot be fully 
visualized even at this extreme fl uoroscope position and the 
steep angle of the joint line allows access to only the most 
inferior and posterior portion of the facet joint. However, the 

inferior articular process can be visualized and the needle is 
directed at a shallow angle towards its lower portion. Lateral 
fl uoroscopic view can be used but anatomy at here makes 
assessing depth diffi cult. Once needle is in place, medication 
is injected into the joint, the thoracic facet joint holds up to 
1 mL of fl uid. 

 The patient is positioned prone and the fl uoroscope is 
rotated obliquely to one side approximately 20–30° to per-
form the lumbar facet joint injection. The intra-articular joint 
space between the superior and inferior articular processes is 
visualized. The spinal needle is advanced towards this space. 
Slight resistance is felt once the needle passes through the 
joint capsule. Contrast may be used to confi rm intra-capsular 
location. Once needle is in place medication is injected into 
the joint, the lumbar facet joint holds approximately 
1–1.5 mL of fl uid. 

 Facet joint injections are relatively safe with low risk of 
bleeding and infection. The most common complication is the 
risk of increased pain after the injection. Injection of too much 
volume can stretch the capsule and cause pain. Needle contact 
with the articular surface, may cause pain. Cervical injections 
are inherently more risky due to the denser arrangement of 
nerves and arteries. Accidental injection into the vertebral 
arteries can be particularly dangerous; arterial embolism from 
particulate steroids could lead to stroke and neurologic com-
promise. Another complication is injury to the spinal cord if 
the needle placed too deeply and medially [ 33 ,  34 ].    

    Epidural Injections 

 The epidural space is the area surrounding the dural sac in the 
spinal canal and extending to the brain. In the spinal canal, the 
epidural space is bordered anteriorly by the posterior longitu-
dinal ligament, laterally by the pedicles, neuroforamina and 
nerve roots, and posteriorly by the lamina and ligamentum 
fl avum. Epidural fat and blood vessels are present in certain 
areas within the epidural space. Spinal nerve roots exit the 
vertebral column through the vertebral neuroforamen, mak-
ing this an area of interest for targeted injections. The cervical 
neuroforamen faces obliquely anterior and lateral, whereas 
the thoracic and lumbar neuroforamen faces obliquely poste-
rior and lateral. Neuroforamen are bordered superiorly and 
inferiorly by the pedicles of the adjacent vertebra, anteriorly 
by vertebral bodies and intervertebral discs, and posteriorly 
by the facet joints. 

    Indications 

 The primary indication for epidural steroid injections is 
radicular pain. Radicular pain occurs when there is injury or 
infl ammation of the spinal nerve root due to mechanical or 

  Fig. 54.6    AP fl uoroscopic view of bilateral lumbar medial branch 
radiofrequency ablation       
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chemical irritation. This may be due to a disc herniation 
impinging upon the nerve, or other causes of central spinal or 
neuroforaminal stenosis. It is classically described as achi-
ness in the proximal portions of a limb with associated shoot-
ing pain, numbness and paresthesias along a dermatomal 
pattern. Pain radiating along dermatomes to the upper and 
lower extremities suggest cervical and lumbosacral radicu-
lopathy respectively, while dermatomal pattern of pain along 
the anterior thoracic wall suggests thoracic radiculopathy 
(Fig.  54.7 ). Clinical history of patient’s pain should be 

 correlated with physical exam (muscle weakness/atrophy, 
diminished refl exes, sensory changes, straight leg raise test), 
available imaging, and electrodiagnostic studies. Patients 
with primarily axial pain or whose limb pain is referred from 
bony, facetogenic, or myofascial sources typically do not 
respond appropriately to epidural injections. Epidural steroid 
injections are accepted as a standard treatment for radiculitis 
and neurogenic claudication [ 38 ]. Epidural steroid that are 
commonly used for epidural use do not have an FDA  labeling 
or approval for epidural use [ 39 ].   

    Evidence Based Rationale 

 Treatment of cervical, thoracic or lumbar radiculitis often 
includes the use of corticosteroids. In the acute phase of 
radicular symptoms, treatment options include oral cortico-
steroids, often a 6-day tapering dose of methylprednisolone. 
Studies have shown this treatment option can speed recovery 
from acute radiculitis [ 40 ,  41 ]. Epidural corticosteroid injec-
tions allow placement of medication directly at the location 
where its action is most desired which reduces systemic 
absorption and effects when compared with oral corticoste-
roid intake. Furthermore, targeted injection near the spinal 
nerve roots has diagnostic and surgical prognostic benefi ts 
[ 42 – 44 ]. Transforaminal epidural injections or selective 
nerve root blocks are of value in the preoperative evaluation 
of patients with clinical fi ndings of root irritation but nega-
tive imaging studies [ 45 ]. They are also of value in helping to 
diagnose the source of radicular pain when imaging studies 
suggest possible compression of multiple nerve roots [ 46 – 56 ]. 
Some have also suggested that epidural injections could be 
used as a surgery-sparing or delaying intervention [ 57 ]. 

 Comprehensive review of existing studies found that epi-
dural steroid injections have short and sometimes long term 
benefi ts [ 57 – 60 ]. Patients who are most likely to have a ben-
efi cial response are those who demonstrate acute/subacute 
symptoms in a dermatomal distribution, with corresponding 
fi ndings on imaging, clinical exam, and electrodiagnostics. 
Electrodiagnostic evidence suggestive of acute radiculopa-
thy includes positive sharp waves, fi brillation potentials, and 
decreased recruitment in muscles innervated by the affected 
nerve root. Electrodiagnostic evidence suggestive of chronic 
radiculopathy includes increased motor unit action potential 
amplitude, duration, and phasicity. A comparison of the 
three different routes of injecting epidural steroids demon-
strated that all three routes of administration were clinically 
effective, but caudal and transforaminal routes were more 
likely to obtain longer relief. This study also showed that the 
most signifi cant improvement was noted with transforaminal 
injections when compared to fl uoroscopically guided caudal, 
and blind interlaminar epidurals [ 61 ]. According to American 
Society of Interventional Pain Physicians (ASIPP) guide-
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lines, these procedures should be repeated only as a medical 
necessity and limited to a maximum of six times per year. 
Injections should be spaced at least 2 months apart. ASIPP 
guidelines describe numerous studies that have been per-
formed throughout the years on effi cacy and outcomes of 
caudal, interlaminar, and transforaminal steroid injections. 
Multiple systematic reviews, randomized trials, and observa-
tional studies show strong evidence for caudal epidural ste-
roid injections [ 33 ]. There is strong to moderate evidence 
supporting transforaminal epidural steroid injections [ 33 ]. 
In terms of quality of evidence from controlled studies, the 
authors conclude that outcomes are predominantly negative 
for lumbar interlaminar and positive for cervical interlaminar 
epidural injections. Overall, evidence for interlaminar injec-
tions is considered moderate to limited. However, multiple 
observational studies have shown positive results with all 
forms of epidural injections [ 33 ]. 

 Steroids used for epidural injection include methylpred-
nisolone (40–80 mg), triamcinolone (40–80 mg), betameth-
asone (6–12 mg), and dexamethasone (4–12 mg). Of these, 
all except dexamethasone are particulate steroids. There has 
been no clear evidence-based demonstration of superiority 
of one steroid over another. There have been some argu-
ments suggesting particulate steroids may be marginally 
more effi cacious than non-particulate steroids [ 62 ]. 
However, there have been numerous reports of CNS compli-
cations such as stroke and paralysis that were felt to be 
related to vascular embolism of particulate steroids. In light 
of these reports, some considerations have been given to 
non-particulate steroids being somewhat safer than using 
particulate steroids [ 63 ]. It is desirable to use the lowest ste-
roid dose possible because of adverse effects of cumulative 
steroid administration such as osteoporosis and adrenal 
insuffi ciency among others. Suggested dosing is 3 mg/kg/
year or 210 mg of methylprednisolone steroid equivalents 
per year limitation in an average person. A lifetime total 
dose of 420 mg of methylprednisolone equivalents has also 
been advocated [ 33 ]. Studies that suggest lower doses of 
steroids can achieve comparable results to higher doses with 
less side effects [ 64 – 66 ].  

    Technique 

 Three approaches can be used to inject medications into the 
epidural space: caudal, transforaminal and interlaminar. 
Transforaminal and interlaminar approaches can be used for 
cervical, thoracic, and lumbosacral epidural injections 
whereas the caudal approach is used for lumbosacral radicu-
lopathy. A catheter can be utilized to provide a more precise 
delivery of injectate and decrease the need for large volumes 
of injectate. 

    Caudal 
 Fluoroscopic guidance is used to identify the sacral hiatus in 
a lateral view. A spinal needle is advanced in a cephalad 
direction into the sacral hiatus. A slight release can be appre-
ciated as the needle passes through the sacrococcygeal liga-
ment and into the most caudal region of the epidural space. 
Contrast solution is then injected with or without a catheter, 
to confi rm epidural spread then followed with injectate (ste-
roid and local anesthetic). The risk of dural puncture 
increases if the needle is inserted rostral to the level of S2, 
which is the level where the thecal sac often terminates [ 67 ]. 
Incidence of cauda equinea syndrome can be around 2.7 per 
100,000 epidural blocks [ 33 ].  

    Interlaminar 
 Interlaminar epidural injections are performed with the 
patient in the prone position with slight fl exion of the spine 
in the target area. The advantage of the interlaminar approach 
is that the injectate is placed in the general area of desired 
treatment and may also spread in the dorsal epidural space to 
affect multiple levels. Thus, it may more effectively target 
symptoms from multilevel spinal disease [ 68 ] (Fig.  54.8 ).  

 A paramedian approach is recommended. The spinal nee-
dle is advanced to the junction of the spinous process and the 
inferior lamina of the intralaminar space under fl uoroscopic 
guidance. Contact with the lamina validates depth of the nee-
dle tip. The needle is then marched off the superior edge of 
the lamina (Fig.  54.9 ). The needle can then be advanced with 
or without lateral fl uoroscopic guidance using either pneu-
matic or hydraulic loss of resistance through the ligamentum 
fl avum into the epidural space. Many practitioners prefer 
Hydraulic Loss of resistance using a glass syringe and saline 
[ 69 ]. Aspiration is performed prior to injection of contrast to 

  Fig. 54.8    Positioning for cervical interlaminal epidural injection       
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check for blood or CSF. The potential size of the dorsal 
 epidural space is directly related to the volume of the spinal 
canal at the targeted level [ 70 ,  71 ].  

 Cervical interlaminar injections are commonly performed 
at or above the level of the suspected pathology associated 
with pain. The space between thoracic vertebrae is better 
visualized by more pronounced caudal angulation of the 
 fl uoroscope. This is due to the “shingling” of the thoracic 
lamina. Thoracic interlaminar space is largest at the most 
cephalad and caudal segments of the thoracic spine. A cath-
eter can be used to access the mid-thoracic segments when 
necessary. The authors recommend access at the T1–T2 or 
T2–T3 interlaminar space and utilization of a soft tip cathe-
ter for cervical epidural injections. The dorsal epidural space 
is larger in the thoracic spine and fl exion of the cervical spine 
reduces lordosis which increases interlaminar space and 
improves catheter navigation when advanced up the cervical 
spine (Fig.  54.10 ).   

    Transforaminal 
 Previous publications claim the transforaminal epidural 
approach leads to greater benefi t than interlaminar or caudal 
[ 57 ,  72 ,  73 ]. The retroneural thoracic and lumbar transfo-
raminal approach requires prone positioning with a lateral to 
medial needle approach with the fl uoroscopic beam at a 45° 
oblique angle on the ipsilateral side of the targeted side. The 
needle is advanced toward the 6-o’clock position of the ped-
icle at the junction of the transverse process and the pars 

anteroposterior (AP) and lateral views are then used to 
ensure the needle tip is in the “safe triangle” at the superior 
dorsal quadrant of neural foramen (Figs.  54.11 ,  54.12 ,  54.13 , 
and  54.14 ). The S1 neuroforamen can also be visualized 

  Fig. 54.9    Paramedian approach for cervical interlaminar epidural 
injection         Fig. 54.10    AP fl uoroscopic view of cervical interlaminar epidural 

steroid injection with entry point at the T1–T2 interlaminar space       

  Fig. 54.11    AP fl uoroscopic view of lumbar transforaminal epidural 
steroid injection with needles in place       
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  Fig. 54.12    Lateral fl uoroscopic view of lumbar transforaminal epi-
dural steroid injection with needles in place         Fig. 54.13    AP fl uoroscopic view of lumbar transforaminal epidural 

steroid injection after administering contrast and medications       

  Fig. 54.14    ( a ) AP and ( b ) Lateral medical illustration of lumbar transforaminal epidural steroid injection       
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and targeted in this view, but is more traditionally targeted in 
the AP view [ 74 ]. Cervical transforaminal epidural injections 
are not advised for unskilled proceduralist. Since 2002, there 
have been numerous case reports that describe paralysis, 
stroke, and death [ 63 ,  75 ].       

    Complications 

 Complication rate for epidural steroid injections are reported 
to be low. A study by Mcgrath et al. reported an overall com-
plication rate of 2.4 % with the most common complications 
being increased pain (1.1 %), pain at injection site (0.33 %), 
and persistent numbness (0.14 %) [ 76 ]. Another study reports 
infections in 1–2 % of all spinal injections with severe infec-
tions (meningitis, osteomyelitis, epidural abscess) even rarer 
with an incidence of 0.1–0.01 % Epidural hematoma occurs 
in approximately less than 1 in 150,000 epidural injections. 
Intravascular injection with transforaminal approach is at 
11.2 % versus 1.9 % for interlaminar approach [ 77 ]. 

 Should one encounter larger amounts of clear return upon 
entry of the spinal canal, a litmus test can be performed to 
verify if CSF is present. Most dural punctures heal without 
requiring intervention, but patients with persistent dural leaks 
and headache may be treated with hydration, rest in supine 
position, analgesics, and/or autologous blood patch [ 78 ]. 
Direct needle injury to the spinal cord is also possible when 
performing injections at levels L2 and above. Other compli-
cations include epidural infection and hematoma, which in 
turn may compress the spinal cord, nerve roots, or cause a 
cauda equina syndrome. Vascular injection of steroids has 
been related to devastating neurologic injury when arterial in 
nature. Left sided injections between T8 and L1 need to be 
specifi cally mentioned because the artery of Adamkiewicz, 
the largest spinal segmental artery, lies at these levels in 
60–80 % of patients [ 79 ,  80 ]. Altered anatomy post surgical 
due to neovascularization and scar can increase the risk of 
neural or vascular injection [ 81 ].   

    Sacroiliac Joint injections 

 The SI joint is formed by the sacrum and the ilium. The major-
ity of this apposition is formed by a fi brocartilaginous connec-
tion. However, inferoposteriorly   , there is a small true synovial 
joint. SI injections are performed targeting this space. 

    Indications 

 Sacroiliac (SI) joint injections are performed for patients 
with pain suspected of arising from the SI joints, which 
affects between 15 and 30 % of individuals with chronic 

axial low back pain [ 82 ]. Sacroiliac joint pain is associated 
with leg length discrepancy, older age, infl ammatory arthri-
tis, scoliosis, previous spine surgery, pregnancy, and trauma. 
Pain from the SI joints may be unilateral or bilateral and are 
typically localized to the lower back and buttock region. 
There may also be referred pain to the proximal posterior or 
lateral thigh. Patients also tend to have tenderness over the 
border of the sacrum and ilium and pain with provocative 
tests such as FABER and Gaenslen’s test.  

    Evidence Based Rationale 

 Findings on physical exam and imaging studies for the diag-
nosis of SI joint pain are often nonspecifi c [ 83 ]. Many 
patients with SI joint pain have radiographically normal 
appearing SI joints [ 84 ]. SI joint injections can serve as diag-
nostic and therapeutic injections [ 83 ,  85 ]. Clinical studies 
have demonstrated intermediate-term benefi t for both intra- 
and extra-articular injection of steroid at the SI region [ 83 ].  

    Technique 

 The patient placed in a prone position with contralateral 
oblique fl uoroscopic angulation. The needle entry point is 
slightly inferior and medial to the joint space. It is then 
advanced towards the joint space in a cephalad direction. 
Contrast can be injected to confi rm the intra-articular place-
ment, then followed by the injectate. ASIPP guidelines rec-
ommend that joint injections be repeated only as necessary 
and limited to a maximum of six local anesthetic and steroid 
blocks per year [ 33 ]. If adequate relief of symptoms is 
obtained, then sacral medial branch rhizotomy or fusion 
 procedure can be performed for longer lasting relief.   

    Discography 

 Intervertebral discs consist of a central nucleus pulposus sur-
rounded by a ligamentous annulus fi brosis. In a normal disc, 
only the outer third of the disc has neural innervations and vas-
cular supply. Internal disc disruption occurs with disc height 
loss and fi ssure formation in the annulus fi brosis which is 
thought to lead to discogenic pain, as the disc material and fi s-
sures stimulate the nerves in the outer third of the disc [ 33 ,  86 ]. 

    Indications 

 Discography is indicated in the evaluation of chronic axial 
spine pain to diagnose or rule out discogenic nociceptive pain. 
It can also be used in surgical patients to rule out internal disc 
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disruption or recurrent herniations, explore pseudoarthrosis 
and to determine how many levels to include in a spine fusion 
[ 33 ]. Stimulation of intervertebral discs and the reproduction 
of patient’s usual axial pain indicates a positive physiologic 
test for discogenic pain. At least one and preferably two adja-
cent discs above or below must be stimulated as well to serve 
as controls to identify the painful level. The control discs 
should not reproduce the patient’s usual pain. Discography 
with intraoperative fl uoroscopic imaging or post procedure 
CT or MRI scanning can provide further radiologic evalua-
tion of the internal anatomy of a disc and more details of the 
surrounding structures [ 86 ].  

    Evidence Based Rationale 

 Due to the subjective nature of discography, clinical out-
comes data and peer reviewed literature have published a 
wide range of results. Despite confl icting reports, discogra-
phy does have applications in a number of clinical settings 
[ 33 ]. In 2008, Wolfer et al. published a systemic review of 
lumbar discography in asymptomatic patients. A meta- 
analysis was performed combining data from 11 studies and 
showed lumbar discography in asymptomatic patients had a 
low false positive rate of only 6 % [ 87 ]. This emphasizes the 
importance of performing discography at multiple levels to 
establish controls and properly identify the painful and 
pathologic disc. In 2005, Cohen et al. published a compre-
hensive review of lumbar discography which reported dis-
cography to be the more accurate than other radiologic 
studies in detecting degenerative disc disease. A true correla-
tion between discography and surgical outcome has yet to be 
determined and further studies are needed [ 86 ].  

    Technique 

 For lumbar discography the patient is placed in the prone 
position. AP fl uoroscopy is fi rst used to identify the targeted 
discs and to align the vertebral bodies. The fl uoroscopic 
beam is then rotated 25–35° to an oblique view until the 
superior articular process reaches the midline of the vertebral 
end plate. The needle entry site is determined by the skin 
overlapping the superior articular process. The skin and deep 
tissues are fi rst anesthetized with local anesthetic. A two 
needle technique is recommended using a 1.5–3 in 18 gauge 
needle is inserted toward the superior articular process fol-
lowed by a 22 gauge 5–8 in needle is then inserted through 
the 18 gauge needle and advanced just lateral to the superior 
articular process toward the midline of the disc. When the 
needle reaches the disc, increased resistance is encountered. 
As the needle is advanced into the disc, AP and lateral fl uo-
roscopic images should be obtained to insure the needle tip is 

in the center of the disc. Once the needles are positioned at 
all levels, radiographic contrast mixed with antibiotics is 
injected under fl uoroscopy at each level. As contrast is 
injected, the resistance is monitored and the patient is asked 
about their symptoms. Manometry can be used to monitor 
the opening pressure of the disc and the increase in pressure 
as contrast is injected. Discs that are painful at less than 
15 psi above opening pressure are considered clearly posi-
tive, between 15 and 50 psi are considered indeterminate and 
discs painful at 50 psi and above or not painful at all are con-
sidered negative. A positive discogram should reproduce the 
patient’s usual pain at least a 7 on a 10 point scale ideally 
with low volume of injection and under low pressure less 
then 15 psi. The contrast spread and any disc disruption or 
leakage of contrast should also be recorded. The Dallas 
discogram scale is a four point scale used to grade annular 
disruption. Grade 0 describes injected contrast medium con-
tained wholly within a regular nucleus pulposus. Grades 1–3 
describe extension of contrast medium along radial fi ssures 
into the inner third, middle third and outer third of the annulus 
fi brosus respectively. Later grade 4 was added to include grade 
3 fi ssures that extended circumferentially around the annulus 
fi brosus by at least a 30° arc. Post procedure CT or MRI imag-
ing can be obtained within 2–3 h for further radiologic evalua-
tion [ 87 ] (Figs.  54.15 ,  54.16 , and  54.17 ).    

 Thoracic discography is similar in technique to lumbar 
discography but is only recommended for skilled procedural-
ists because of increased risk posed by the anatomy. The dif-
ference being, in thoracic discography the needle is advanced 
into the disc through a hyperlucent region centered over 
the disc on oblique fl uoroscopy. This hyperlucent region is 

  Fig. 54.15    AP fl uoroscopic view of lumbar discography       
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bordered by the superior and inferior vertebral endplates, 
 laterally by the medial head of the rib and medially by the 
boarder of the pedicle. The needle should be advanced in 
this view until contact with the disc is made. AP and lateral 

fl uoroscopic imaging is used to validate placement in the 
center of the nucleus. 

 Cervical discography is also only recommended for 
skilled proceduralists. The patient is positioned supine with 
the head slightly turned contralateral to the side of needle 
entry. Needle entry is most commonly performed from the 
patient’s right side to avoid the esophagus. The fl uoroscopic 
beam is tilted slightly caudal then rotated obliquely until the 
uncinate process and the intervertebral foramen are visual-
ized. A point, just medial to the ipsilateral uncinate process 
should be targeted. A blunt tip pointer is used to depress the 
skin and separate the vascular and visceral structures below 
the skin. The depression of the skin also decreases the dis-
tance to the target. A 10° bend in the needle helps steering. 
After the uncinate process is contacted, the needle tip is 
angled medially and marched off into the disc towards its 
center. A slight change in resistance will be appreciated 
when entering the disc. Central positioning should be con-
fi rmed with AP and Lateral fl uoroscopic imaging. Injection 
of contrast should be performed with a lateral fl uoroscopic 
image. Normal cervical disc volumes range from 0.3 to 1 cc 
of contrast [ 89 ]. If the patient’s shoulders or arms are 
obstructing the lower cervical discs in lateral view, apply 
gentle  caudal traction to the arms to help clear the image. 
Once all needles are positioned, the stimulation phase is per-
formed in a similar manner to lumbar discography 
(Figs.  54.18  and  54.19 ).   

  Fig. 54.16    Lateral fl uoroscopic view of lumbar discography       

  Fig. 54.17    ( a ) Axial and ( b ) lateral medical illustration of lumbar discography       
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 If the patient complains of a scratchy feeling in their 
throat, suspect a perforation of the esophagus. Perforation of 
the esophagus may increase the risk of discitis. If the needle 
moves signifi cantly with swallowing and is accompanied by 
signifi cant patient discomfort, the esophagus has been 
perforated.  

    Complications 

 Although extremely rare, the most unique and serious com-
plication of discography is discitis. If discitis does occur, it is 
diffi cult to treat with oral or IV antibiotics due to the poor 
blood supply of the discs. Prophylatic IV antibiotics and 
antibiotics mixed in with contrast may help decrease the risk 
of discitis [ 33 ,  88 ,  89 ]. Discography can have a high false 
positive rate which is likely related to the subjective nature 
pain, poor communication between patient and physician, 
as well as interexaminer variability [ 33 ,  88 ,  89 ]. “Control” 
levels, which are normal discs have been recommended as a 
way to improve specifi city of the study. Carragee et al. sug-
gested performing discography at a normal level may lead to 
accelerated progression of disc degeneration and therefore 
careful consideration of risk and benefi ts should be used in 
recommending procedures involving disc injection [ 90 ].   

    Vertebroplasty/Kyphoplasty 

 Disease states such as osteoporosis, osteopenia, or neoplastic 
lesions lead to a failure of trabecular bone, which decreases 
the axial load capacity of a vertebral body. 

 Vertebral compression fractures are caused when axial 
loading of the spinal column exceeds the load capacity of a 
vertebral body. This is caused by traumatic events that can 
range from high velocity impact to a sneezing episode. 
The vast range of causes is directly related to the change in 
load capacity that is seen with disease states that affect bone 
density and strength. Compression fractures are most com-
monly seen in the sixth to eighth decade of life when osteopo-
rosis, osteopenia, and malignancies are peaking. The 
prevalence of radiographic vertebral compression fractures 
has been reported to be as high as 26 % in women 50 years and 
older. The frequency of radiographic evidence of vertebral 
compression fracture increases from 500 per 100,000 person 
year in women aged 50 to 54 to 2,960 per 100,000 person 
years in women more than 85 years old [ 91 ]. The highest inci-
dence of compression fractures occurs in the thoracolumbar 
region specifi cally T8, T12, L1 and the lower lumbar region 
 (frequently L4) [ 92 ]. 

    Evidence Based Rationale 

 Vertebral Compression fi xation either with “Vertebroplasty” 
or “Kyphoplasty” are indicated in the treatment of painful 
acute vertebral body compression fractures associated with 
trauma, osteoporosis or malignancies as well as painful ver-
tebral body tumors or metastasis that do not respond to con-
servative treatments. 

 Numerous retrospective and unblinded prospective studies 
have reported positive results in the treatment of vertebral 

  Fig. 54.18    AP fl uoroscopic view of cervical discography       

  Fig. 54.19    Lateral fl uoroscopic view of cervical discography       
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compression fractures with vertebroplasty and kyphoplasty. 
In 2003 Evans et al. published a retrospective report of 245 
patients with vertebral compression fractures who underwent 
treatment with vertebroplasty. The mean visual analog pain 
scale reported decreased from 8.9 to 3.4 after vertebroplasty 
and the percent of patients who had substantially impaired 
ambulation decreased from 72 to 28 % [ 93 ]. Jensen et al. 
reported 90 % pain relief in 29 patients with osteoporotic ver-
tebral compression fractures [ 94 ]. In a recent randomized con-
trolled trial by Kallmes et al. 131 patients with osteoporotic 
vertebral body fractures were randomly assigned to receive a 
vertebroplasty or a sham procedure. Both groups showed 
immediate improvement in disability and pain but at 1 month 
out there was no signifi cant difference between the two groups 
in terms of pain rating or disability as judged by the modifi ed 
Roland-Morris questionnaire scores [ 95 ].  

    Technique 

 Vertebral augmentation is performed with the patient is 
placed prone on the fl uoroscopy table, the patient is sedated, 
IV antibiotics are given and the patient is prepped and draped 
sterilely. AP fl uoroscopy is fi rst used to identify the appropri-
ate level and to line up the endplates. The approach can be 
performed under AP or oblique fl uoroscopic views. In the 
AP approach, the targeted site is the superior lateral portion 
of the pedicle. 

 There are two techniques for entering the vertebral body, 
transpedicular or extrapedicular. Transpedicular is preferred 
in the mid thoracic to sacrum and extrapedicular can be con-
sidered at higher thoracic levels due to small size and sagittal 
orientation of the pedicles. 

 Transpedicular approach can be performed in a direct AP 
view or in an oblique view directly in line with the pedicle. 
The authors prefer the direct AP approach. In the AP view, 
targeted vertebral body is identifi ed, then angulation of the 
fl uoroscopic is used to align the superior endplate of the frac-
tured vertebrae. A 22 gauge 3.5 in spinal needle is used to 
contact the pedicle from a superior lateral entry point on the 
skin. The periosteum is anesthetized using bupivacaine plain. 
A lateral image is performed with the needle in place. Care 
should be taken to align the lateral image perpendicular to 
the spinal column with clear view of the disc space above the 
targeted level. The trajectory of the needle should be aligned 
with the angle of the pedicle. This confi rms the entry point 
and anticipated trajectory of the trochar. In the AP image, a 
small incision is made adjacent to the spinal needle. The tro-
char is then advanced along the same trajectory as the spinal 
needle until periosteum is contacted. The needle is then 
advanced with gentle tapping or a rotating motion into the 
pedicle. The trajectory of the trochar through the pedicle 
should start superior and lateral at the posterior edge of 
the pedicle and angle inferior and medial at the junction of 

the pedicle and the posterior vertebral body. Advancement of 
the trochar through the pedicle should be performed in an AP 
image keeping the tip of the trochar lateral to the medial 
pedicle border as it is advanced anterior. Advancement in the 
vertebral body should be performed in the lateral position, 
with the end target being a point that is mid vertebral body on 
the AP and at the junction of the anterior and middle third of 
the vertebral body on the lateral image. The    polymethacry-
late or other polymer is then mixed and injected slowly under 
intermittent or live lateral fl uoroscopy. The injected polymer 
should fi ll along cleavage planes and the injection should be 
stopped when the injected polymer approaches any cortical 
margin. If the injected material does not cross over the 
 midline of the vertebral body, a trochar should be placed 
under the same technique through the contralateral pedicle. 
Once the injection is complete, the stylet should be placed 
back into the trochar to avoid retrograde tracking of cement 
and the trochar is removed. Suffi cient time should be given 
for the polymer to harden before movement. 

 Kyphoplasty is similar to vertebroplasty in the initial 
needle placement stages. Once the needle is in the vertebral 
body, the needle is only advanced to the posterior one third of 
the vertebral body. A manual bone drill is then carefully 
advanced through the needle canula to the junction of the mid-
dle and anterior third of the vertebral body. The drill is then 
removed and an infl atable bone tamp is deployed with contrast 
under intermittent fl uoroscopy and monitoring of pressure 
using a manometer. Infl ation of the bone tamp should stay 
within manufacturers guidelines or if the deployed tamp 
reaches any cortical margin. Removal of the bone tamp leaves 
a residual cavity in the vertebral body. The injection of poly-
mer follows the same protocol described above (Fig.  54.20 ).   

  Fig. 54.20    Lateral fl uoroscopic view of lumbar kyphoplasty       
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    Complications 

 Extravasation of injectable polymer beyond the cortical bor-
ders of the vertebral body can lead to neurologic or vascular 
complications. Retrograde tracking along the vertebrobasilar 
plexus can result in infi ltration into the spinal canal. Vascular 
uptake can result in pulmonary embolism. Studies have sug-
gested an increase incidence of adjacent level fracture after 
primary vertebral augmentation due to increase in vertebral 
rigidity at the treated level.   

    Spinal Cord Stimulation/Peripheral Field 
Stimulation 

 Spinal cord stimulation technology utilizes the placement of 
electrodes placed in the epidural space adjacent to the dorsal 
columns of the spinal cord. While the mechanism of spinal 
cord stimulation is not yet fully understood, the basic neuro-
modulating effects of this type of electrical stimulation is 
largely based on the “gate-control theory” of pain intro-
duced by Melzack and Wall in 1965. This hypothesis is 
based on the concept of stimulation of large A-β fi bers results 
in pain suppression via recruitment of inhibitory interneu-
rons within the substantia gelatinosa of the spinal cord [ 96 ]. 
The A-β fi bers generally conduct benign sensations such as 
vibration and position sense. Large diameter axons are acti-
vated at a lower electrical threshold than smaller ones, there-
fore it is predicted by this theory that stimulating a mixed 
nerve to the point of sensory paresthesias will also produce 
pain relief [ 96 ]. 

    Indications 

 Spinal cord and peripheral fi eld stimulation generates an 
electrical fi eld to stimulate the dorsal columns of the spinal 
cord or peripheral tissue to help control pain. Spinal cord 
stimulation is indicated for the treatment of neuropathic pain 
associated with post laminectomy surgery syndrome and 
sympathetically mediated pain such as complex regional 
pain syndrome. Spinal cord stimulation has also been used to 
treat a variety of other pain conditions including phantom 
limb pain, ischemic limb pain, tumors, brachial plexus inju-
ries, spinal cord injuries, multiple sclerosis, peripheral vas-
cular disease, arachnoiditis, and refractory angina [ 97 ,  98 ]. 
Subcutaneous peripheral fi eld stimulation can be used in the 
treatment of chronic regional pain such as chronic low back 
pain, facial pain or abdominal pain [ 99 ,  100 ].  

    Evidence Based Rationale 

 As neuromodulation techniques have become more popular 
and widely used many retrospective studies have been pub-
lished documenting its effi cacy. In 1995 Turner et al. pub-
lished a systematic literature synthesis and attempted to 
combine the results from 39 case studies reporting the results 
of spinal cord stimulation in the treatment of failed back sur-
gery syndrome. After analyzing the cases they concluded 
that at a mean follow-up of 16 months an average of 59 % of 
patients had 50 % or greater pain relief [ 101 ]. In a prospec-
tive study of 320 consecutive patients who underwent either 
trial and or permanent spinal cord stimulator implants at a 
mean follow-up of 7.1 years, 52 % of patients had 50 % or 
greater pain relief and 58 % had a reduction or elimination of 
analgesic intake [ 102 ]. Kemler et al. published a 6 month 
randomized trial in patients with refl ex sympathetic dystro-
phy. Patients were assigned to receive treatment with spinal 
cord stimulation and physical therapy or physical therapy 
alone. In the study by Kemler et al. 63 % or patients with 
spinal cord stimulation reported much improvement in pain 
compared to on 6 % in the physical therapy group [ 103 ]. In 
another randomized control study North et al. demonstrated 
treatment with SCS provided improved pain relief and 
decreased long term opioid consumption when compared to 
patients who had repeat surgical operations [ 104 ]. With a 
successful implant being one that relieves 50 % or more of 
the patient’s pain, the success rate in most studies appear to 
be approximately 50–60 % [ 97 – 106 ]. Few studies have 
reported success rates outside of this range with success rates 
as high as 88 % and as low as 37 % [ 105 ,  106 ].  

    Technique 

 Spinal cord and peripheral fi eld stimulation are generally 
performed in two stages, a trial stage and a permanent 
implant stage. During the trial stage of spinal cord stimula-
tion, access is gained to the epidural space by a similar tech-
nique as an intralaminar epidural and electrodes are placed in 
the dorsal epidural space at the appropriate spinal cord level 
that corresponds to the patients region of pain. In peripheral 
stimulation the leads are placed subcutaneously over the 
fi eld of pain or along a peripheral nerve. During the trial the 
leads are left exiting the skin and attached to a temporary 
external stimulator trial unit. The patient is given instructions 
and sent home to test the unit. Seven to 10 days later the 
patient returns for follow-up and removal of trial leads. 
A determination is made at that time if patient had suffi cient 
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pain relief or increase in functional activity to warrant 
 moving on with permanent implantation. A trial is consid-
ered successful if the patient receives pain reduction of 50 % 
or greater [ 97 ]. During the second stage of permanent 
 implantation the leads are placed in the same manner as the 
trial but are permanently anchored using anchors and non 
absorbable suture. A subcutaneous pocket is then made usu-
ally above or below the belt line for the implantable pulse 
generator, the leads are tunneled subcutaneously to the 
implantable pulse generator and connected. All incisions are 
then closed and the device is fully implanted. Adjustments 
can be made to the stimulating coverage, amplitude and 
pulse width with assistance of the equipment representative 
(Figs.  54.21  and  54.22 ).    

    Complications 

 The most common complications are lead migration and 
breakage with infection rates being similar to other spine 
surgical interventions at 3.4 % [ 97 ].   

    Intradiscal Biologic Injections for Disc 
Degeneration 

 Over the past few years intradiscal biologic injections have 
emerged as promising new therapeutic options for treating 
degenerative disc degeneration. While full scale studies are 

still limited, preliminary reports and animal models have 
shown promising results [ 107 – 113 ]. The term biologics is 
used to describe any molecule appropriated from the body 
and used therapeutically in a native or modifi ed form [ 111 ]. 
The intent of intradiscal biologic injections is to regenerate 
the degenerative disc and eliminate pain [ 107 – 113 ]. One 
such strategy is by increasing the accumulation of extracel-
lular matrix by enhancing its synthesis through various 
growth factors or to inhibit its degradation by inhibiting cer-
tain cytokines [ 109 ,  111 ]. Growth factors such as bone mor-
phogenic protein-2 (BMP-2), osteogenic protein-1 (OP-1), 
growth differentiation factor-5 (GDF-5), transforming 
growth factor-B (TGF-B), and insulin like growth factor-1 
(IGF-1) stimulate matrix production, while interleukin-1 and 
tumor necrosis factor inhibit synthesis of matrix and enhance 
its catabolism. Thus administration of such growth factors or 
cytokine antagonists directly into the disc are thought to 
increase the cellular matrix within the annulus fi brosus and 
nucleus pulposus and thus prevent, arrest or reverse interver-
tebral disc degeneration. One limitation that is still in ques-
tion of growth protein or cytokine antagonist is the rate of 
clearance of these substances and its duration of action [ 109 , 
 111 ]. Injection of fi brin sealant has also been described as a 
means to deposit a provisional fi brin scaffold that facilitates 
soft tissue repair [ 107 ]. Gene therapy is another promising 
therapeutic modality whereby intradiscal injection of viral or 
nonviral vectors with transgenes shown to increase the accu-
mulation of cellular matrix and proteins are used [ 111 ]. 
Regenerative mesenchymal stem cells which can be extracted 

  Fig. 54.21    AP fl uoroscopic view of spinal cord stimulator lead 
placement       

  Fig. 54.22    Lateral fl uoroscopic view of spinal cord stimulator lead 
placement       
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from bone marrow or adipose tissue have the ability to 
 differentiate into mature cells and are also being studied as a 
potential source for cellular therapy through direct intradis-
cal injections [ 108 ,  110 – 112 ]. 

    Indications 

 The indications for intradiscal biologic injections are in 
patients with discogenic pain and degenerative disc disease 
causing chronic axial spine pain. Discography can be used to 
positively identify the level and source of pain prior to con-
sidering injection.  

    Evidence Based Rationale 

 In animal models, a single injection of various growth factors 
including basic fi broblast growth factor, GDF-5, IFG-1, or 
TGF-B into a mouse caudal disc yielded varied results. The 
authors found that an injection of GDF-5 and TGF-B induced 
a fi brochondrocytic expansion into the nucleus pulposus with 
increased disc height, while IGF-1 only seemed to yield tran-
sient results [ 109 ]. A single in vivo intradiscal OP-1 injection 
in an adolescent rabbit model with disc degeneration restored 
the decrease in disc height and degenerative changes [ 113 ]. 
In a study by Buser et al. four lumbar intervertebral discs 
from each of 31 minipigs    were randomized to untreated con-
trols, degenerative injury with a nucleotomy and nucleotomy 
plus fi brin sealant injection. The intervertebral discs were 
harvested at different stages for anatomical and histological 
grading. The authors concluded that fi brin sealant facilitated 
structural, compositional and mechanical repair of the dam-
aged intervertebral disc, the hypothesized mechanism was 
through the conductive scaffolding properties and metaboli-
cally active constituents such as thrombin, factor XIII and 
aprotinin acetate [ 107 ]. In a pilot study by Orozco et al., ten 
patients with chronic back pain and a diagnosis of lumbar 
disc degeneration were treated with intradiscal injection of 
mesenchymal stem cells, feasibility and safety of the injec-
tion were confi rmed and there was strong indications of clini-
cal effi cacy [ 102 ]. The patients had up to 85 % improvement 
in their pain within 3 months and an average optimal effi cacy 
of 71 % [ 98 ].  

    Technique 

 The needle placement technique and fi nal needle position is 
identical to the previously described discography needle 
placement.   

    The Future of Spinal Injections 

 As we look ahead toward the future of spinal injections, 
there appears to be trend leading towards more minimally 
invasive procedures as well as biologic injections and regen-
erative medicine. Further large scale peer reviewed studies 
on these subjects will be necessary to truly validate and con-
fi rm the safety and effi cacy of such procedures.     
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   Anterior cervical approaches to spine , 1–5  

 anatomical landmarks , 3–4  
 cervical anatomy , 3–5  
 muscles , 3–4  
 nerves , 4–5  
 neurovascular structures, retraction of , 3  
 traction during surgery , 3  

   Anterior cervical nerve, in anterior medial approach to C1, C2, C3 , 
27, 29  

   Anterior extraperitoneal midline incision of L2–S1 , 173–177  
   Anterior jugular vein 

 in anterior medial approach to C1, C2, C3 , 29  
 in Lincoln highway approach to cervical spine , 63  

   Anterior lateral approach to upper cervical spine , 33–37  
   Anterior longitudinal ligament, in trans-eleventh rib extrapleural 

approach , 121, 122  
   Anterior medial approach 

 to C1, C2, C3 , 27–32  
 to midcervical spine , 39–43  

   Anterior medial C1–C3 approach to cervical spine , 2  
   Anterior medial midcervical spine, approach to cervical spine , 2  
   Anterior rectus sheath, in transperitoneal midline approach 

to L4–S1 , 180  
   Anterior retroperitoneal fl ank approach to L2–L5 of lumbar spine , 

151–158  
 complications of , 167  

   Anterior retroperitoneal fl ank approach to L5–S1 , 169–172  
   Anterior retroperitoneal muscle-sparing approach to L2–S1 of lumbar 

spine , 159–167  
   Anterior scalene muscle 

 in anterior medial approach to midcervical spine , 41  
 division of, in supraclavicular approach , 57  
 in lateral approach to cervical spine , 51, 53  
 in supraclavicular approach , 55, 56, 59  

   Anterior spinal artery, in posterior aspect approach, C1–C2 , 259  
   Anterior tubercle of transverse process, in lateral approach to cervical 

spine , 45, 46, 48  
   Anterolateral approach 

 to C1–C3 , 2  
 to midcervical spine , 2  

   Aorta 
 in anterior extraperitoneal midline incision of L2–S1 , 176  
 in trans-eleventh rib extrapleural approach , 122  
 in transperitoneal midline approach to L4–S1 , 183  

   Arterial thrombosis, as complication of anterior retroperitoneal 
muscle-sparing approach to L2–S1 , 167  

   Arteriovenous structures, retraction, in transaxillary approach to upper 
dorsal spine , 85  

   Arthroscopic microdiscectomy , 367  
   Ascending aorta, in anterior approach to cervical spine , 4  
   Atlantooccipital membrane, in posterior aspect approach, C1–C2 , 

255, 257  
   Automated percutaneous lumbar discectomy (APLD) , 369  

    B 
  Balloon-assisted endoscopic retroperitoneal gasless approach 

 lumbar spine , 197–201  
 operating room setup , 198  
 patient positioning , 198  

   Bifurcation 
 in anterior extraperitoneal midline incision of L2–S1 , 176, 177  
 aorta, in anterior extraperitoneal midline incision of L2–S1 , 175  

   Bilateral paraspinous lumbosacral approach , 341–344  
 incision , 342–344  
 laminectomy , 342  
 midline skin incision , 342–344  
 root exploration, with fusion , 342  

   Bleeding, in transoral approach to C1–C2 , 7  
   Bone grafting, methods of, in posterior approach to C1–C2 joints , 

266–267  
   Bowel 

 packed off, in transperitoneal midline approach to L4–S1 , 181  
 in transperitoneal midline approach to L4–S1 , 181, 182  

   Boyle-Davis retractor insertion, in transoral approach to C1–C2 , 8  
   Brachial plexus, in supraclavicular approach , 56–59  
   Brachiocephalic trunk, in supraclavicular approach , 59  
   Brau-ALIF blade deployment, in anterior retroperitoneal muscle- 

sparing approach to L2–S1 of lumbar spine , 164–165  

    C 
  C1 

 anterior medial approach to , 27–32  
 C2, C3, anterior medial approach to , 27–32  
 ventral approaches to , 17–25  
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   C1–C2 joints, posterior approach to , 261–269  
 positioning patient , 261  
 surgical exposure , 261–263  

 approach , 261–262  
 atlantoaxial joints, subperiosteal dissection , 262–263  
 lateral masses of C1, exposure of posterior aspect of , 263  

 transarticular screw fi xation of C1–C2 , 263–266  
 advantages , 264  
 bone grafting , 266–267  
 contraindications , 264  
 indications , 263  
 transarticular screws, insertion at C1–C2 , 265–266  

   C2 
 anterior medial approach to , 27–32  
 C3, anterior medial approach to , 27–32  
 minimally invasive approach to posterior occiput , 271–276  

 atlanto-axial complex , 271  
 C1–C2 fi xation , 271  
 cervical instability , 271  
 clinical experience , 274  
 Harms's technique , 272, 276  
 paramedian approach with tubular retractor for screw insertion , 

272, 273  
 posterior cervical anatomy, surgical anatomy , 272  
 preoperative, intraoperative and postoperative X-rays , 

274, 275  
 vertebral artery, surgical anatomy , 272–273  

 ventral approaches to , 17–25  
   C3 

 anterior medial approach to , 27–32  
 nerve root, in lateral approach to cervical spine , 48  

   C4, nerve root, in lateral approach to cervical spine , 46–48  
   C5 

 nerve root, in lateral approach to cervical spine , 46–48  
 vertebral body, in lateral approach to cervical spine , 46  

   C6 
 anterior tubercle, in lateral approach to cervical spine , 53  
 vertebral body, in lateral approach to cervical spine , 46  

   Carotid artery 
 in anterior medial approach to C1, C2, C3 , 29  
 common, right, in anterior approach to cervical spine , 4  
 external 

 in anterior approach to cervical spine , 2  
 in anterior lateral approach to upper cervical spine , 35  
 in anterior medial approach to C1, C2, C3 , 29, 30  
 in anterior medial approach to midcervical spine , 42  
 in Lincoln highway approach to cervical spine , 65  

 internal 
 in anterior lateral approach to upper cervical spine , 35  
 in anterior medial approach to midcervical spine , 42  

 in Lincoln highway approach to cervical spine , 64  
 in supraclavicular approach , 56, 58  

   Carotid sheath 
 in anterior medial approach to midcervical spine , 43  
 entry lateral to, in supraclavicular approach , 56  
 entry medial to, in supraclavicular approach , 56  
 in lateral approach to cervical spine , 46, 52, 53  
 in Lincoln highway approach to cervical spine , 63  
 in supraclavicular approach , 57, 58  

   Carotid triangle 
 dissected anatomy of , 29  
 structures of , 30  

   Cephalad transverse process , 345, 347  
   Cervical fascial layer, arteriovenous structures , 42  
   Cervical foraminotomy , 279–284  

   Cervical microendoscopic decompression of stenosis (CMEDS) , 
295–296  

 indications , 292  
 minimally invasive posterior cervical decompressive procedures , 

292  
 outcomes , 297  
 surgical technique , 295–297  

   Cervical nerve, anterior, in anterior medial approach to C1, C2, C3 , 29  
   Cervical radiculopathy , 291  
   Cervical spondylotic myelopathy (CSM) , 291, 292  
   Cervicothoracic junction , 67  

 transsternal approach to , 73–82  
 operative approach , 75–78  
 postoperative management , 78–82  
 surgical anatomy , 73–74  

   Cervicothoracic spine, anterior approach , 69–72  
   Clivus, ventral approaches to , 17–25  

 anesthesia , 20  
 airway , 20  
 gastric contents, diversion of , 20  
 ventilation , 20  

 basic indication , 17  
 nasal care , 25  
 pharyngogastric tube , 25  
 postoperative management , 25  

 airway , 25  
 antibiotics , 25  
 mouth care , 25  
 nasogastric tube , 25  

 preoperative assessment , 18–20  
 electrical studies , 20  
 mouth , 18–19  
 physical evaluation , 19–20  

 radiologic investigations , 18  
 surgery , 20–23  

 instrumentation , 20–21  
 “open door” maxillotomy , 22–23  
 positioning , 20–21  
 transmandibular transglottic approach , 23  
 transoral odontoidectomy , 21–22  

 surgical anatomy , 17  
 technical problems , 23–25  

 bleeding , 23  
 craniocervical stability , 24  
 intradural surgery , 23  
 jaw, accurate replacement of , 24  
 mandible, dislocation of , 25  
 pharyngeal function , 25  

   Cobra-type retractor, in lateral approach to cervical spine , 53  
   Common carotid artery 

 left, recurrent , 4  
 right, in anterior approach to cervical spine , 4  

   Common iliac artery, right, in anterior extraperitoneal midline incision 
of L2–S1 , 176  

   Compartment syndrome, as complication of anterior retroperitoneal 
muscle-sparing approach to L2–S1 , 167  

   Convertebral joint on spinal nerve, in lateral approach to cervical 
spine , 49  

   Costal cartilage 
 insertion of diaphragm attachment, in trans-eleventh rib 

extrapleural approach , 122  
 in trans-eleventh rib extrapleural approach , 119–121  

   Costal vertebral articulation, in thoracotomy approach , 101  
   Costotransverse lamellae 

 in lateral approach to cervical spine , 46, 48  
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   Costotransversectomy , 299–303  
 limited, thoracic disc , 310–313  

   Costovertebral articulation 
 in thoracotomy approach , 101  
 twelfth rib, in trans-eleventh rib extrapleural approach , 122  

   Craniocervical junction , 17  
 dissection of , 19  
 metastatic lesion at, spinal cord compression , 12  
 surgical anatomy of , 18  

   Cricoid cartilage, in anterior approach to cervical spine , 2  
   Crus, left, in trans-eleventh rib extrapleural approach , 122  

    D 
  Deep strap muscles, in anterior medial approach to midcervical spine , 40  
   Diaphragm, in trans-eleventh rib extrapleural approach , 117–123  
   Digastric muscle 

 anterior belly of, in anterior approach to cervical spine , 3  
 in anterior lateral approach to upper cervical spine , 35  
 in anterior medial approach to C1, C2, C3 , 27–32  
 posterior belly of, in anterior approach to cervical spine , 2  

   Disc 
 costotransverse lamellae, in lateral approach to cervical spine , 47  
 lateral approach to , 356–358  
 in lateral approach to cervical spine , 45  

   Discectomy 
 microscopic lumbar 

 exiting nerve root , 376, 379  
 extruded portion, herniation , 376, 377  
 furcal nerves , 376, 378  
 “inside-out-technique,” 375 , 376  
 laser and radiofrequency bipolar probes , 369  
 procedures , 369  
 techniques , 369  

 oblique lateral approach to L2–L5 , 230, 231  
   Discitis , 367, 404  
   Discography , 401–404  

 AP fl uoroscopic view of lumbar , 402  
 axial and lateral medical , 402, 403  
 cervical , 403  
 complications , 404  
 description , 401  
 evidence based rationale , 402  
 indications , 401–402  
 lateral fl uoroscopic view , 402–403  
 lumbar discography, lateral fl uoroscopic view , 402, 404  

   Disc spaces, in thoracotomy approach , 98, 101  
   Discectomy, in lateral position , 325–331  
   Dorsal spine, incision, transaxillary approach , 84  
   Dura of spinal cord, in posterior aspect approach, C1–C2 , 259  
   Dysfunction after en bloc sacrectomy , 247–248  

 neurological defi cits , 247  
 stability loss , 248  

    E 
  Ear, in anterior medial approach to C1, C2, C3 , 27  
   Eleventh rib approach , 111–115  

 extrapleural , 117–123  
   En bloc sacrectomy , 247–253  

 bleeding , 252–253  
 disinfection , 252–253  
 dysfunction after , 247–248  

 neurological defi cits , 247  
 stability loss , 248  

 neurological defi cits , 247  

 operating time , 252–253  
 sacral tumors 

 classifi cation , 247  
 surgical staging of , 247  
 surgical techniques , 248–252  

 extended sacrectomy , 248, 252  
 high sacral amputation , 248–249  
 low sacral amputation , 248  
 total sacrectomy , 249–252  

   En bloc spondylectomy, total , 381–389  
 anterior reconstruction , 386–387  
 case study , 387–388  
 en bloc corpectomy , 384–387  
 exposure , 382  
 indications for , 381  
 pedicles, cutting , 383  
 postoperative management , 387  
 spinal cord, dissection of , 386  
 surgical technique , 381–389  
 T-saw 

 guide, introduction of , 382–383  
 passage of , 386  

 vertebral body 
 blunt dissection around , 384  
 vascular anatomy around , 384–386  
 vertebral tumor, surgical classifi cation of , 381  

   Endoscope, telescoping within tubular retractor, microendoscopic 
discectomy for lumbar disc herniations , 351  

   Endoscopic approach, video, to thoracic spine , 129–132  
   Endoscopic foraminal approach, to lumbar spine , 367–379  
   Endoscopic retroperitoneal gasless approach, balloon-assisted, lumbar 

spine , 197–201  
   Epidural injections , 396–401  

 after administering contrast and medications , 399, 400  
 caudal , 398  
 cervical interlaminar epidural steroid injection , 398, 399  
 complication rate , 401  
 evidence based rationale , 397–398  
 fat and blood vessels , 396  
 indication , 396–397  
 interlaminar , 398  
 lateral medical lumbar transforaminal epidural steroid injection , 

399, 400  
 with needles in place , 399–400  
 paramedian approach, cervical interlaminar , 398–399  

   Esophagus, in Lincoln highway approach to cervical spine , 61, 64  
   Evocative chromo-discography , 374, 379  
   Extended sacrectomy , 248, 252  
   External carotid artery, in anterior approach to cervical spine , 4  
   External jugular vein, in Lincoln highway approach to cervical spine , 62  
   External oblique muscle, in anterior retroperitoneal fl ank approach to 

L2–L5 of lumbar spine , 151  
   Extra-compartmental lesion, vertebral tumor , 381  
   Extraperitoneal midline incision of L2–S1 , 173–177  

 anterior , 173–177  
   Extreme lateral interbody fusion (XLIF) , 137, 143, 147  

    F 
  Facet joint 

 injections , 393–396  
 bilateral lumbar medial branch block , 394, 395  
 cervical medial branch block , 394–395  
 evidence based rationale , 394  
 facetogenic pain , 393–394  
 left lumbar medial branch block , 394, 395  
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 Facet joint (cont.) 
 radiofrequency ablation, bilateral lumbar medial branch , 396  
 right cervical medial branch block , 394  
 thoracic facet joints , 396  

 in lateral approach to cervical spine , 49  
 vertebral arteries lateral to , 10  

   Facial artery 
 in anterior approach to cervical spine , 4  
 in anterior lateral approach to upper cervical spine , 33  
 in anterior medial approach to C1, C2, C3 , 29, 30  
 in anterior medial approach to midcervical spine , 42  
 in Lincoln highway approach to cervical spine , 61  

   Far lateral approach, microendoscopic discectomy for lumbar disc 
herniations , 351–365  

   Fat pad, in lateral approach to cervical spine , 52, 53  
   Fibrous periosteal band, in posterior aspect approach, C1–C2 , 259  
   Flapper valve effect , 227, 241, 242  
    Foramen transversarium  

 in lateral approach to cervical spine , 47, 48  
 in posterior aspect approach, C1–C2 , 258  
 in supraclavicular approach , 59  

   Foraminal lumbar disc herniations , 345  
   Foraminotomy 

 cervical , 279–284  
 in lateral position , 325–331  

    G 
  Gardner Wells tong traction, in anterior medial approach to C1, C2, 

C3 , 27  
   Gate-control theory , 406  
   Genitofemoral nerve, in anterior retroperitoneal fl ank approach to 

L2–L5 of lumbar spine , 155–157  
   Glossopharyngeal nerve, in anterior medial approach to C1, C2, C3 , 30  

    H 
  Hernia, as complication of anterior retroperitoneal muscle-sparing 

approach to L2–S1 , 167  
   High sacral amputation , 247–252  
   Hodgson.    See  Lateral approach to cervical spine 
   Hodgson retractor, in lateral approach to cervical spine , 51  
   Hyoid bone 

 in anterior approach to cervical spine , 2  
 in anterior medial approach to C1, C2, C3 , 29  

   Hypogastric plexus, superior 
 in anterior retroperitoneal fl ank approach to L5–S1 , 171  
 in transperitoneal midline approach to L4–S1 , 182–183  

   Hypogastric sympathetic plexus, superior , 245, 246  
   Hypoglossal nerve 

 in anterior approach to cervical spine , 2  
 in anterior lateral approach to upper cervical spine , 35  
 in anterior medial approach to C1, C2, C3 , 27–31  
 in Lincoln highway approach to cervical spine , 64  

   Hypopharynx, packing, in transoral approach to C1–C2 , 8  

    I 
  Ileus, as complication of anterior retroperitoneal muscle-sparing 

approach to L2–S1 , 167  
   Iliac artery 

 common, right, in anterior extraperitoneal midline incision of 
L2–S1 , 175, 176  

 left 
 in anterior extraperitoneal midline incision of L2–S1 , 176, 177  
 in anterior retroperitoneal fl ank approach to L2–L5 of lumbar 

spine , 156, 158  

 in anterior retroperitoneal fl ank approach to L5–S1 , 171  
 in transperitoneal midline approach to L4–S1 , 181  

 right 
 in anterior extraperitoneal midline incision of L2–S1 , 

176, 177  
 in transperitoneal midline approach to L4–S1 , 181–183  

   Iliac vein, left 
 in anterior extraperitoneal midline incision of L2–S1 , 176, 177  
 in anterior retroperitoneal fl ank approach to L5–S1 , 171  
 in superior hypogastric sympathetic plexus , 246  
 in transperitoneal midline approach to L4–S1 , 183  

   Iliolumbar vein, in anterior retroperitoneal fl ank approach to L2–L5 of 
lumbar spine , 156  

   Incision 
 in anterior approach to cervicothoracic spine , 70, 71  
 in anterior extraperitoneal midline incision of L2–S1 , 173–177  
 in anterior lateral approach to upper cervical spine , 34  
 in anterior medial approach to C1, C2, C3 , 28  
 in anterior medial approach to midcervical spine , 40  
 in anterior retroperitoneal fl ank approach to L5–S1 , 169  
 in anterior retroperitoneal muscle-sparing approach to L2–S1 of 

lumbar spine , 160  
 in bilateral paraspinous lumbosacral approach , 341–343  
 in lateral approach to cervical spine , 52  
 in lateral approach to disc , 356  
 in posterior approach sacrectomy , 248, 249  
 in trans-eleventh rib extrapleural approach, along eleventh rib , 121  
 in transoral approach to C1–C2 , 9  

   Infection, as complication of anterior retroperitoneal muscle-sparing 
approach to L2–S1 , 167  

   Inferior cervical cardiac, in transsternal approach to cervicothoracic 
junction , 74  

   Inferior thyroid artery 
 in anterior approach to cervical spine , 2, 4  
 in anterior medial approach to midcervical spine , 42  
 in Lincoln highway approach to cervical spine , 63, 64  
 in supraclavicular approach , 56  

   “Inside-out-technique,” for endoscopic discectomy , 375, 376  
   Intercostal artery, in thoracotomy approach , 101  
   Intercostales, medial, in trans-eleventh rib extrapleural approach , 

119, 120  
   Internal carotid artery 

 in anterior lateral approach to upper cervical spine , 34  
 in anterior medial approach to midcervical spine , 42  

   Internal jugular vein 
 in anterior approach to cervical spine , 2  
 in anterior lateral approach to upper cervical spine , 33  
 in anterior medial approach to midcervical spine , 42  
 in Lincoln highway approach to cervical spine , 62  
 in supraclavicular approach , 56, 58  

   Internal oblique muscle, in anterior retroperitoneal fl ank approach to 
L2–L5 of lumbar spine , 153, 154  

   Intervertebral disc 
 in lateral approach to cervical spine , 46, 47  
 in Lincoln highway approach to cervical spine , 64  
 in thoracotomy approach , 101  

   Intervertebral foramen, in lateral approach to cervical spine , 49  
   Intervertebral spaces, radiographic imaging , 14  
   Intra-compartmental lesion, total en bloc spondylectomy , 389  
   Intradiscal biologic injections for disc degeneration , 407–408  
   Intradiscal electrothermal therapy (IDET) , 369  

    J 
  Jefferson fracture, open reduction , 267–269  
   Jugular bulb, structures exiting, in anterior lateral approach to upper 

cervical spine , 35  
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   Jugular vein 
 anterior 

 in anterior medial approach to C1, C2, C3 , 29  
 in Lincoln highway approach to cervical spine , 63  

 in anterior medial approach to C1, C2, C3 , 29  
 external, in Lincoln highway approach to cervical spine , 62  
 internal 

 in anterior approach to cervical spine , 2  
 in anterior lateral approach to upper cervical spine , 34  
 in anterior medial approach to midcervical spine , 42  
 in Lincoln highway approach to cervical spine , 62  
 in supraclavicular approach , 56, 58  

 in Lincoln highway approach to cervical spine , 62  

    K 
  Kambin’s triangular working zone , 367, 368  

    L 
  Lateral femoral cutaneous (LFC) , 203, 305  
   LI segmental artery, vein at, in trans-eleventh rib extrapleural 

approach , 122  
   LI vertebral body, in trans-eleventh rib extrapleural approach , 122  
   Ll–2, in trans-eleventh rib extrapleural approach , 122  
   L2–L5, lumbar spine, anterior retroperitoneal fl ank approach to , 

151–158  
   L2–L5, oblique lateral retroperitoneal approach to , 223–235  

 annulotomy with X-ray confi rmation , 227, 230  
 AP plane , 223, 224  
 blunt fi nger dissection , 223, 226  
 cephalad and caudal sweeping movement , 226, 228  
 contralateral annulus release , 230, 232  
 “corridor” between psoas and major vessels , 226, 228  
 dilation and fi nal retractor placement , 227, 229  
 “direct look” approach , 226–227  
 discectomy and endplate preparation , 227, 230, 231  
 disc removal, templating and fi nal placement, interbody graft , 

227, 229  
 interbody implant, implantation of , 230, 234  
 laterally marked skin incision and axial cadaveric cut , 223, 225  
 patient's positioning , 223, 224  
 proper placement, neuromonitoring probe , 227, 228  
 retroperitoneal fat plane, lumpy and slippery tissue , 226, 227  
 running suture closure , 232, 235  
 sequential trials , 230, 233  
 two-level procedure , 223, 225  

   L2–S1 
 lumbar spine, anterior retroperitoneal muscle-sparing approach to , 

159–167  
 midline incision of, extraperitoneal, anterior , 173–177  

   L3–L4, laparoscopic approach to , 185–189  
 aorta, mobilization of , 188  
 disc space 

 dentifi cation , 188  
 identifi cation , 188–189  

 left iliac artery, mobilization of , 186  
 peritoneum, dissection through , 185–186  
 sigmoid colon, retraction of , 185  
 trocar placement , 185  
 vena cava, mobilization of, L4–L5 188 
 in anterior retroperitoneal fl ank approach to L2–L5 of lumbar 

spine , 151  
 laparoscopic approach to , 185–189  

 aorta, mobilization of , 188  
 disc space 

 dentifi cation , 188  
 identifi cation , 188–189  

 left iliac artery, mobilization of , 186  
 peritoneum, dissection through , 185  
 sigmoid colon, retraction of , 185  
 trocar placement , 185  
 vena cava, mobilization of , 188  

   L4–S1, midline approach to, transperitoneal , 179–183  
   L5–S1 

 in anterior extraperitoneal midline incision of L2–S1 , 
175–177  

 anterior retroperitoneal fl ank approach to , 182–187  
 in anterior retroperitoneal fl ank approach to L5–S1 , 169  
 superior hypogastric sympathetic plexus , 169  
 transperitoneal laparoscopic approach to , 191–195  

 Steinmann pin , 192, 193  
 in transperitoneal midline approach to L4–S1 , 182, 183  

   L5–S1, oblique lateral retroperitoneal approach to , 237–242  
 ALIF , 237  
 blunt fi nger dissection into retroperitoneal space , 237, 238  
 bovie mark, for disc preparation , 241  
 cephalad in position , 240  
 discectomy , 242  
 distracting trials to implant height , 242  
 exposed anterior spine , 239  
 fl apper valve effect , 241  
 interbody implant, fi nal placement of , 243  
 lateral blade positioned and pinned into L5 vertebral body , 240  
 laterally placed blade and disc space , 240  
 lateral retractor, iliac vein , 240  
 layers closed after retractor blades removal , 242–243  
 recommended skin incision , 237, 238  
 retroperitoneal disc space , 237, 239  
 semi-constrained retractor , 241  
 skin marking , 237, 238  

   Laminotomy 
 facetotomy approach, thoracic disc , 306–308  
 lumbar, in lateral position , 325–331  

   Laparoscopic approach to L3–L4, L4–L5 intervertebral discs , 
185–189  

 aorta, mobilization of , 188  
 disc space, identifi cation , 186–189  
 left iliac artery, mobilization of , 186  
 peritoneum, dissection through , 185–186  
 sigmoid colon, retraction of , 185  
 trocar placement , 185  
 vena cava, mobilization of , 188  

   Laparoscopy-trained assistant, in balloon-assisted endoscopic 
retroperitoneal gasless approach , 198  

   Laprofan retractor, in balloon-assisted endoscopic retroperitoneal 
gasless approach , 199  

   Laprolift mechanical arm, in balloon-assisted endoscopic 
retroperitoneal gasless approach , 200  

   Laryngeal nerve 
 recurrent, in anterior approach to cervical spine , 2, 4  
 superior 

 in anterior medial approach to C1, C2, C3 , 29, 30  
 in Lincoln highway approach to cervical spine , 64  
 in transsteraal approach to cervicothoracic junction , 74  

   Lateral approach, microendoscopic discectomy for lumbar disc 
herniations , 351–365  

   Lateral approach to cervical spine , 45–53  
   Lateral approach to disc , 356–358  
   Lateral approach to midcervical spine , 2  
   Lateral approach to upper cervical spine, anterior , 33–37  
   Lateral cord, in transaxillary approach to upper dorsal spine , 85  
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   Lateral position 
 discectomy in , 325–331  
 foraminotomy , 325–331  
 lumbar laminotomy , 325–331  
 root decompression , 325–331  

   Latissimus dorsi muscle, in transaxillary approach to upper dorsal 
spine , 84, 85  

   Left common carotid artery, recurrent , 4  
   Left crus, in trans-eleventh rib extrapleural approach , 122  
   Left iliac artery 

 in anterior extraperitoneal midline incision of L2–S1 , 176  
 in anterior retroperitoneal fl ank approach to L2–L5 of lumbar 

spine , 156, 158  
 in anterior retroperitoneal fl ank approach to L5–S1 , 171  
 in transperitoneal midline approach to L4–S1 , 181, 182  

   Left iliac vein 
 in anterior extraperitoneal midline incision of L2–S1 , 177  
 in anterior retroperitoneal fl ank approach to L5–S1 , 171  
 in superior hypogastric sympathetic plexus , 246  
 in transperitoneal midline approach to L4–S1 , 183  

   Left recurrent laryngeal nerve, in anterior approach to cervical 
spine , 4  

   Left subclavian artery, in anterior approach to cervical spine , 4  
   Limited costotransversotomy approach, thoracic disc , 305–308  
   Lincoln highway approach to cervical spine , 61–65  
   Lingual artery 

 in anterior approach to cervical spine , 2  
 in anterior lateral approach to upper cervical spine , 35  
 in anterior medial approach to C1, C2, C3 , 29, 30  
 in anterior medial approach to midcervical spine , 42  
 in Lincoln highway approach to cervical spine , 64, 65  

   Longitudinal ligament 
 anterior, in trans-eleventh rib extrapleural approach , 122  
 in trans-eleventh rib extrapleural approach , 122  

   Longus coli muscle 
 in anterior medial approach to midcervical spine , 43  
 in Lincoln highway approach to cervical spine , 64, 65  

   Low sacral amputation , 248–249  
   Lower lumbar spine, posterior approach to , 315–324  
   Lumbar discectomy, microscopic , 333–340  
   Lumbar disc, posterolateral foraminal approach to , 345–350  

 with 15 blade scalpel, annulus incision , 348, 349  
 cephalad to caudal pedicle, nerve mobility , 349, 350  
 cephalad transverse process , 345, 347  
 disc caudal to nerve root, identity , 346, 348  
 disc fragment, removal , 348, 349  
 foraminal lumbar disc herniations , 345  
 nerve hook, disc herniation removal with , 348  
 nerve, identity , 346, 347  
 operative L4–L5 operative disc endplates , 345, 346  
 positioning , 345  
 skin incision , 345, 346  
 structure identifi cation , 345, 347  
 subcuticular stitch, skin closal with , 349, 350  
 UR6 needle, fascia closal with , 349, 350  

   Lumbar laminotomy, in lateral position , 325–331  
   Lumbar spine 

 balloon-assisted endoscopic retroperitoneal gasless approach , 
197–201  

 L2–L5, anterior retroperitoneal fl ank approach to , 151–158  
 L2–S1, anterior retroperitoneal muscle-sparing approach to , 

159–167  
   Lumbar spine, endoscopic foraminal approach to , 367–379  

 annular tears , 367, 370  
 complications, avoidance of , 379  
 contraindications , 368  

 discectomy , 376–379  
 exiting nerve root , 376, 379  
 extruded portion, herniation , 376, 377  
 furcal nerves , 376, 378  
 “inside-out-technique,” 375 , 376  

 in discitis , 367  
 evocative chromo-discography , 374, 379  
 indications , 367, 370  
 instrument placement , 375  
 microscopic lumbar discectomy , 368–369  
 multichannel operative endoscope , 367, 369  
 optimal needle placement , 372–374  
 postoperative protocol , 377  
 technique , 370–371  

 antilordotic frame with the arms , 370  
 local anesthetic and IV sedation , 370–371  
 operating room setup , 370, 371  
 prone position , 370  
 YESS/Vertebris system , 371  

 transient dysesthesia , 377–378  
 “triangular zone,” 367 , 368  
 upper and lower , 367  
 wound closure , 376, 377  

   Lumbar spine, oblique lateral approach to L2–L5 , 223–235  
   Lumbar spine, tubular lateral approach to , 203–222  

 closure 
 disc height, L4–L5 segment , 218, 222  
 fi nal wound closure , 218, 221  
 L4–L5 spondylolisthesis , 218, 222  
 wound relaxed from tension , 218, 221  

 implant 
 radio-dense tantalum markings , 218, 220  
 residual osteophyte and soft tissue , 218, 220  
 retractor blades, prepared disc space , 218–219  
 trial implant inserted across disc space , 218, 220  
 trial implant inserted in disc space , 218–219  

 incision 
 angled ring curette , 217, 218  
 ball-tip neuroprobe checking , 214, 217  
 bluntly sweep peritoneum , 209, 212  
 cerebellar retractors in place , 209, 210  
 cobb elevator releasing contralateral annulus , 217  
 disc with knife , 216–217  
 fi rst dilator, position confi rmation of , 212, 213  
 fi rst dilator probe, cannulated , 213  
 k-wire, in disc space , 215–216  
 k-wire position, AP X-ray confi rming , 213–214  
 lateral fl uoro X-ray, position of retractor , 216  
 Metzenbaum scissors, used , 209–211  
 nerve probe/fi rst dilator splitting psoas muscle , 212–213  
 pituitary out disc material , 217, 218  
 radio-dense marker , 209  
 Raytech sponge behind retractor , 211, 212  
 retractor set-up , 214–215  
 shaver within disc space, AP fl uoro X-ray , 216, 217  
 skin markings over Ioban drape , 209  
 Sofi eld retractors , 209, 211  
 tubular retractors docked on index disc , 213, 214  
 X-ray with 4-blade retractor rotated , 213–214  

 LFC , 203  
 MEPs , 204  
 neuromonitoring , 203  
 patient positioning 

 AMSCO table , 204, 205  
 breaking bed , 206–207  
 bump placed , 207  
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 hip grips to stabilize patient , 204, 206  
 index level, AP X-ray of , 207, 208  
 lateral X-ray , 207, 208  
 patient in lateral position , 204, 205  
 posterior view of patient on bed , 204, 205  
 secured with elastic tape , 206  
 secure legs with tape , 207–208  

 spontaneous EMG , 203  
 SSEP , 204  
 tEMG   ( see  Triggered electromyography (tEMG)) 
 thoracolumbar , 218, 219  

   Lumbosacral approach, paraspinous, bilateral , 341–344  
 incision , 342–344  
 laminectomy , 342  
 midline skin incision , 342–344  

   Lymph node, in Lincoln highway approach to cervical spine , 62  

    M 
  Malignant vertebral tumors, total en bloc spondylectomy , 381–389  
   Mandible 

 in anterior medial approach to C1, C2, C3 , 27  
 in Lincoln highway approach to cervical spine , 61, 62  

   Maxillotomy, “open door,” 22–23 
   Medial approach 

 to C1, C2, C3, anterior , 27–32  
 to midcervical spine, anterior , 39–43  

   Medial C1–C3 approach to cervical spine, anterior , 2  
   Medial intercostales, in trans-eleventh rib extrapleural approach , 

119, 120  
   Medial midcervical spine, approach to cervical spine, anterior , 2  
   Medial musculovisceral column 

 in anterior medial approach to midcervical spine , 43  
 in lateral approach to cervical spine , 45, 51, 52  
 in Lincoln highway approach to cervical spine, 61, 
 omohyoid muscle, in Lincoln highway approach to cervical spine , 64  
 sternohyoid muscle, in Lincoln highway approach to cervical 

spine , 64  
 in supraclavicular approach , 56  

   Medial obliquus externus abdominis, in trans-eleventh rib extrapleural 
approach , 118, 119  

   Medial obliquus internus abdominis, in trans-eleventh rib extrapleural 
approach , 118, 119  

   Medial psoas major, in trans-eleventh rib extrapleural approach , 
118, 120  

   Medial quadratus lumborum, in trans-eleventh rib extrapleural 
approach , 118, 120  

   Medial transversus abdominis, in trans-eleventh rib extrapleural 
approach , 118, 119  

   Mercedes star incision , 248  
   Micro cervical foraminotomy , 285–290  

 anesthesia , 285–286  
 clinical rationale , 285  
 incision placement , 286  
 instrumentation , 285–286  
 operating time , 286  
 patient selection , 285  
 positioning , 285–286  
 surgical microscope , 285–286  
 surgical technique , 286–289  

 dissection to lamina , 286–287  
 foraminotomy , 286–289  
 postoperative care , 289  

   Microendoscopic discectomy for lumbar disc herniations , 351–365  
 operating room setup , 351, 352  

   Microscopic lumbar discectomy , 333–340, 368–369  

   Midcervical spine 
 anterior medial approach to , 39–43  
 medial, approach to cervical spine, anterior , 2  

   Middle scalene muscle, in supraclavicular approach , 55, 57  
   Middle thyroid vein, in anterior medial approach to midcervical 

spine , 39  
   Midline approach to L4–S1, transperitoneal , 179–183  
   Midline incision of L2–S1, extraperitoneal, anterior , 173–177  
   Motor evoked potentials (MEPs) , 20, 137, 203, 204, 293  
   Mouth gag with ratchet, insertion into oral cavity , 11, 12  
   Multichannel spinal endoscope , 367, 369  
   Musculovisceral column, medial in anterior medial approach to 

midcervical spine , 43  
 in lateral approach to cervical spine , 45, 51–53  
 in Lincoln highway approach to cervical spine , 61, 63  
 omohyoid muscle, in Lincoln highway approach to cervical spine , 64  
 sternohyoid muscle, in Lincoln highway approach to cervical 

spine , 64  
 in supraclavicular approach , 56  

   Myocardial infarction, as complication of anterior retroperitoneal 
muscle-sparing approach to L2–S1 , 167  

    N 
  Neck 

 cephalad portion of, dissection, in anterior medial approach to C1, 
C2, C3 , 29  

 neurovascular structures of base of , 4  
   Nerve root, in lateral approach to cervical spine , 47–49  
   Neurological defi cits , 248  

 after en bloc sacrectomy , 248  

    O 
  Oblique lateral approach to L2–L5, lumbar spine , 223–235  
   Oblique muscle 

 external 
 in anterior retroperitoneal fl ank approach to L2–L5 of lumbar 

spine , 151  
 medial, in trans-eleventh rib extrapleural approach , 118, 119  

 internal 
 in anterior retroperitoneal fl ank approach to L2–L5 of lumbar 

spine , 151, 153  
 medial, in trans-eleventh rib extrapleural approach , 118, 119  

   Occiput, cut edge of, in posterior aspect approach, C1–C2 , 259  
   Omohyoid muscle 

 in anterior approach to cervical spine , 3  
 in anterior medial approach to C1, C2, C3 , 29  
 in anterior medial approach to midcervical spine , 39, 42  
 in Lincoln highway approach to cervical spine , 63, 64  
 “Open door” maxillotomy , 22–23  

   Optimal needle placement, lumbar spine , 372–374  
 approach trajectory , 372  
 L5–S1 disc, positive disc inclination plane , 372  
 neutrally aligned disc inclination plane , 372  
 in postero-anterior Ferguson view , 374  
 protocol , 372, 373  
 skin window’s lateral location , 372  
 surface markings, target landmarks , 372  

    P 
  Paralumbar sympathetic chain, in anterior retroperitoneal fl ank 

approach to L2–L5 of lumbar spine , 156  
   Paramedian approach, microendoscopic discectomy for lumbar disc 

herniations , 351–365  
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   Paraspinous lumbosacral approach, bilateral , 341–344  
 incision , 342–344  
 laminectomy , 341–343  
 midline skin incision , 342–344  

   Parietal pleura 
 in third rib resection in transthoracic approach , 89  
 in trans-eleventh rib extrapleural approach , 121, 122  

   Parotid gland, in anterior approach to cervical spine , 4  
   Patient arm positioning for, fl uoroscopic visualization of spine , 338  
   Pectoral muscles, division of, in transaxillary approach to upper dorsal 

spine , 84  
   Pectoralis major muscle, in transaxillary approach to upper dorsal 

spine , 85  
   Periosteum of eleventh rib, in trans-eleventh rib extrapleural approach , 

117–121  
   Periosteum endothoracic fascia, in third rib resection in transthoracic 

approach , 91  
   Peritoneal sac, in anterior retroperitoneal fl ank approach to L5–S1 , 171  
   Peritoneum 

 in anterior extraperitoneal midline incision of L2–Sl , 173  
 incision, in anterior approach to cervical spine , 185, 187  
 opened, in transperitoneal midline approach to L4–S1 , 181  
 posterior, in transperitoneal midline approach to L4–S1 , 182, 183  
 refl ected, in anterior retroperitoneal fl ank approach to L2–L5 of 

lumbar spine , 154  
 in trans-eleventh rib extrapleural approach , 118–122  
 in twelfth rib approach , 127  

   Pharyngeal muscle, in anterior medial approach to C1, C2, C3 , 29  
   Phrenic nerve 

 in anterior approach to cervical spine , 2  
 in lateral approach to cervical spine , 53  
 in supraclavicular approach , 55–59  

   Pituitary rongeur, use of, in cervical foraminotomy , 283  
   Platysma muscle, dissection through subcutaneous tissue to , 39  
   Pleura, in twelfth rib approach , 126  
   Posterior approach 

 C1–C2 , 255–260, 262–269  
 positioning patient , 261  
 surgical exposure , 261–263  

 approach , 261–262  
 atlantoaxial joints, subperiosteal dissection , 262–263  

 lateral masses of C1, exposure of posterior aspect of , 263  
 transarticular screw fi xation of C1–C2 , 263–266  

 advantages , 264–265  
 bone grafting , 266–267  
 contraindications , 264  
 exposure , 267  
 indications , 263–264  
 open reduction of lateral masses , 267–268  
 postoperative care , 268, 269  
 rationale for surgical treatment , 267  
 stabilization of C1 on C2 , 268  
 transarticular screws, insertion at C1–C2 , 265–266  

 to thoracic disc , 305–313  
   Posterior arch C1, in posterior aspect approach, C1–C2 , 257–259  
   Posterior cervical spine, tubular approaches to , 291–297  

 cervical radiculopathy , 291  
 clinical outcomes , 297  
 CMEDS , 295–296  
 CMEF/D , 292–293  
 complication rate , 297  
 CSM , 291–292  
 minimally invasive approaches , 291  
 operative equipment , 293  
 preoperative evaluation , 293  
 radiculopathy , 292  

 rationale, minimally invasive posterior cervical approach , 292  
 sitting position with compatible Mayfi eld , 293–294  
 table-mounted fl exible retractor arm and dilators, removal , 294, 295  

   Posterior peritoneum, in transperitoneal midline approach to L4–S1 , 
181, 183  

   Posterior rectus sheath, in transperitoneal midline approach 
to L4–S1 , 180  

   Posterior tubercle, in lateral approach to cervical spine , 46, 48  
   Posterior vertebral body wall, in thoracotomy approach , 101  
   Posterolateral approaches to thoracic disc, posterior , 305–313  
   Posterolateral endoscopic lumbar discectomy , 367, 369  
   Posterolateral foraminal approach, to lumbar disc , 345–350  
   Preperitoneal dissection balloon-2, in balloon-assisted endoscopic 

retroperitoneal gasless approach , 198  
   Prevertebral fascia 

 in anterior medial approach to midcervical spine , 43  
 in lateral approach to cervical spine , 51, 53  
 in Lincoln highway approach to cervical spine , 61, 64  

   Prolotherapy , 393  
   Psoas major muscle, medial, in trans-eleventh rib extrapleural 

approach , 121, 122  
   Psoas muscle 

 in anterior retroperitoneal fl ank 
 approach to L2–L5 of lumbar spine , 155–157  

 in anterior retroperitoneal fl ank approach to L5–S1 , 170, 171  

    Q 
  Quadratus lumborum, medial, in trans-eleventh rib extrapleural 

approach , 118, 122  

    R 
  Radicular pain, alternative posterior technique for , 285–290  

 anesthesia , 285–286  
 clinical rationale , 285  
 incision placement , 286  
 instrumentation , 285–286  
 operating time , 286  
 patient selection , 285  
 positioning , 285–286  
 surgical microscope , 285–286  
 surgical technique , 286–289  

 dissection to lamina , 286–287  
 foraminotomy , 287–289  
 postoperative care , 289  

   Radiculopathy , 289, 291, 292, 397  
   Rectus abdominis muscle, in transperitoneal midline approach to 

L4–S1 , 180  
   Rectus denervation, as complication of anterior retroperitoneal 

muscle-sparing approach to L2–S1 , 167  
   Rectus sheath 

 anterior, in transperitoneal midline approach to L4–S1 , 180  
 posterior, in transperitoneal midline approach to L4–S1 , 180  

   Recurrent laryngeal nerve, left, in anterior approach to 
cervical spine , 4  

   Retrograde ejaculation, as complication of anterior retroperitoneal 
muscle-sparing approach to L2–S1 , 167  

   Retroperitoneal fl ank approach to L2–L5 of lumbar spine, anterior , 
151–158  

   complications of , 167  
   Retroperitoneal fl ank approach to L5–S1, anterior , 169–172  
   Retroperitoneal gasless approach, endoscopic, balloon-assisted, 

lumbar spine , 197–201  
   Retroperitoneal muscle-sparing approach to L2–S1 of lumbar spine, 

anterior , 159  
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   Retroperitoneal space 
 in anterior retroperitoneal fl ank approach to L2–L5 of lumbar 

spine , 154  
 in twelfth rib approach , 127  

   Retrovisceral space, in anterior medial approach to midcervical 
spine , 43  

   Rheumatoid arthritis, atlantoaxial subluxation , 19  
   Right common carotid artery, in anterior approach to cervical spine , 4  
   Right iliac artery 

 in anterior extraperitoneal midline incision of L2–S1 , 176, 177  
 in transperitoneal midline approach to L4–S1 , 181, 182  
 Right subclavian artery, in anterior approach to cervical spine , 4  

   Root decompression, in lateral position , 325–331  

    S 
  Sacral tumors 

 en bloc sacrectomy, surgical classifi cation , 247  
 procedures for, surgical classifi cation , 248  
 surgical staging , 247  

   Sacrectomy 
 en bloc , 247–253  

 dysfunction after sacrectomy , 247–248  
 operating time , 252–253  
 surgical classifi cation of sacral tumors , 247  
 surgical staging , 247  
 surgical techniques , 248–252  

 extended sacrectomy , 252  
 high sacral amputation , 249–250  
 low sacral amputation , 248–249  
 total sacrectomy, 249,–252 

 extended , 252  
 level of, dysfunction , 247  
 total , 249–252  

   Sacroiliac (SI) joint injections , 401  
   Scalene muscle 

 anterior 
 in anterior approach to cervical spine , 2  
 in anterior medial approach to midcervical spine , 46  
 division of, in supraclavicular approach , 57  
 in lateral approach to cervical spine , 53  
 in supraclavicular approach , 55–59  

 middle, in supraclavicular approach , 57, 59  
   Scapula 

 elevation of, in third rib resection in transthoracic approach , 91  
 in third rib resection in transthoracic approach , 91  

   Scrub nurse, in balloon-assisted endoscopic retroperitoneal gasless 
approach , 198  

   Second rib, in third rib resection in transthoracic approach , 91  
   Sequential trialing, oblique lateral approach to L2–L5 , 230, 233  
   Serratus posterior muscle, in third rib resection in transthoracic 

approach , 91  
   Sibson’s fascia, in supraclavicular approach , 55  
   Skip lesions, vertebral tumor , 381  
   Skull base chordoma, compressing brainstem , 20  
   Soft palate approximation, nasogastric tube placement , 14  
   Somatosensory evoked potentials (SSEP) , 20, 203, 204  
   Spetzler/Sonntag transoral system , 11  
   Spinal artery, anterior, in posterior aspect approach, C1–C2 , 257  
   Spinal canal, in thoracotomy approach , 98  
   Spinal cord, in posterior aspect approach, C1–C2 , 257  
   Spinal cord stimulation/peripheral fi eld stimulation 

 AP fl uoroscopic view , 407  
 complications , 407  
 evidence based rationale , 406  
 gate-control theory , 406  

 indications , 406  
 lateral fl uoroscopic view , 407  

   Spinal injections , 408  
   Spinal nerve 

 in lateral approach to cervical spine , 46  
 in posterior aspect approach, C1–C2 , 257  

   Spine 
 in anterior retroperitoneal fl ank approach to L2–L5 of lumbar 

spine , 152  
 exposure through retroperitoneal space , 126  

   Spine surgeon, in balloon-assisted endoscopic retroperitoneal gasless 
approach , 198  

   Spondylectomy, en bloc, total , 381–389  
 anterior reconstruction , 386–387  
 en bloc corpectomy , 384–387  
 exposure , 381–382  
 indications for, 381pedicles, cutting , 383–384  
 spinal cord, dissection of, 386surgical technique , 381–387  
 T-saw 

 guide, introduction of , 382–383  
 passage of , 386  

 vertebral body 
 blunt dissection around , 384  
 vascular anatomy around , 384–386  

 vertebral tumor, surgical classifi cation of , 381  
   Spontaneous EMG , 203  
   Stability loss, after en bloc sacrectomy , 248  
   Steinmann pin, in transperitoneal laparoscopic approach to L5–S1 , 193  
   Sternocleidomastoid muscle , 29  

 in anterior approach to cervical spine , 2  
 in anterior lateral approach to upper cervical spine , 34  
 in anterior medial approach to C1, C2, C3 , 29, 30  
 in anterior medial approach to midcervical spine , 40, 41  
 attachment on sternum, clavicle , 74  
 in lateral approach to cervical spine , 51  
 in Lincoln highway approach to cervical spine , 62  
 medial border , 40  
 in supraclavicular approach , 56, 59  

   Sternohyoid muscle 
 in anterior approach to cervical spine , 2  
 in anterior medial approach to C1, C2, C3 , 29  
 in anterior medial approach to midcervical spine , 39  
 in Lincoln highway approach to cervical spine , 63, 64  

   Sternothyroid muscle 
 in anterior medial approach to C1, C2, C3 , 29  
 in anterior medial approach to midcervical spine , 41  

   Stylohyoid muscle 
 in anterior approach to cervical spine , 35  
 in anterior medial approach to C1, C2, C3 , 30  

   Stylohyoid pharyngeus muscle, in anterior medial approach to C1, C2, 
C3 , 30  

   Styloid process, in anterior lateral approach to upper cervical spine , 35  
   Subclavian artery 

 in anterior approach to cervical spine 
 left , 4  
 right , 4  

 in anterior medial approach to midcervical spine , 42  
 in supraclavicular approach , 56  

   Subcutaneous structures, for approaches to spinal levels , 3  
   Submandibular gland, in anterior approach to cervical spine , 2  
   Subscapularis artery, in transaxillary approach to upper dorsal 

spine , 85  
   Superfi cial platysma muscle layer, in anterior medial approach to 

midcervical spine , 40  
   Superfi cial temporal artery, in anterior medial approach 

to C1, C2, C3 , 29  
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   Superior hypogastric plexus , 245–246  
 in anterior retroperitoneal fl ank approach to L5–S1 , 171  
 in transperitoneal midline approach to L4–S1 , 182, 183  

   Superior laryngeal nerve 
 in anterior medial approach to C1, C2, C3 , 29, 30  
 in Lincoln highway approach to cervical spine , 63  
 in transsternal approach to cervicothoracic junction , 74  

   Superior thyroid artery 
 in anterior approach to cervical spine , 2  
 in anterior medial approach to C1, C2, C3 , 29, 30  
 in anterior medial approach to midcervical spine , 42, 43  
 in Lincoln highway approach to cervical spine , 61, 63  

   Superior thyroid vein 
 in anterior medial approach to midcervical spine , 42  
 in Lincoln highway approach to cervical spine , 61, 63  

   Supraclavicular approach to cervical spine , 2, 55–60  
   Sympathetic plexus, in thoracotomy approach , 97  
   Sympathetic trunk, in trans-eleventh rib extrapleural approach , 118, 122  

    T 
  T12, segmental artery, in trans-eleventh rib extrapleural approach , 

121, 122  
   T12/L1 disc, in trans-eleventh rib extrapleural approach , 121, 122  
   Tenth rib, thoracoabdominal approach , 105–109  
   Third rib resection in transthoracic approach , 89–92  
   Thoracic artery, in thoracotomy approach , 101  
   Thoracic disc herniations (TDHs) 

 between-the-ribs incision , 141  
 symptoms and signs , 133, 134  
 thoracotomy , 133  
 treatment , 133, 135  
 XLIF for , 147  

   Thoracic disc, posterior, posterolateral approaches to , 305–312  
 laminotomy-facet otomy approach , 306–308  
 limited costotransversotomy approach , 310–312  
 procedure , 305–312  
 transpedicular approach , 309–310  

   Thoracic duct, in anterior approach to cervical spine , 2, 4  
   Thoracic spine, video endoscopic approach , 129–132  
   Thoracoabdominal approach, tenth rib , 105–109  
   Thoraco-dorsal artery, in transaxillary approach to upper dorsal 

spine , 85  
   Thoraco-dorsal nerve, in transaxillary approach to upper dorsal 

spine , 85  
   Thoracolumbar junction (TLJ) , 103–104  

 access 
 digital access into thoracic space , 141–142  
 epidural space, mini-open lateral corpectomy , 143, 147  
 L2 burst fracture , 143, 148  
 mini-open lateral corpectomy exposure, initial incision and rib 

removal for , 141  
 rib head, epidural and posterolateral disc space , 141, 144  
 segmental vessel ligation , 141, 143  
 targeting and incision, in mini-open lateral approach , 140  
 thoracic discectomy, in mini-open lateral approach , 142, 144  
 thoracic osteotomy, in mini-open lateral approach , 142, 145  

 anatomy , 135  
 indications and limitations , 137, 138  
 metastatic disease , 134  
 mini-open lateral approach , 135  
 operative room organization and patient positioning 

 intraoperative fl uororadiograph , 137, 139, 140  
 in lateral decubitus position , 137, 139  
 transpsoas lateral approach , 137, 139  

 postoperative experience/reported results , 143, 145  

 preoperative considerations , 137  
 right lateral decubitus position , 135–136  
 spinal neoplasms , 134  
 surgical considerations , 137  
 TDH , 135  

   Thoracolumbar trauma , 135  
   Thoracotomy approach , 93–102  
   Thyrocervical trunk, in anterior medial approach to midcervical 

spine , 42  
   Thyroid artery, superior 

 in anterior approach to cervical spine , 2  
 in anterior medial approach to C1, C2, C3 , 27, 29  
 in anterior medial approach to midcervical spine , 42, 43  
 in Lincoln highway approach to cervical spine , 61, 64  

   Thyroid cartilage, in anterior approach to cervical spine , 1  
   Thyroid gland 

 in anterior medial approach to midcervical spine , 39  
 in Lincoln highway approach to cervical spine , 64  

   Thyroid vein 
 middle, in anterior medial approach to midcervical spine , 39  
 superior 

 in anterior medial approach to midcervical spine , 39  
 in Lincoln highway approach to cervical spine , 61, 64  

   Total en bloc spondylectomy , 381–389  
 anterior reconstruction , 386–387  
 case study , 387–388  
 en bloc corpectomy , 384–387  
 exposure , 381–382  
 indications for , 381  
 pedicles, cutting , 383–384  
 posterior element, resection of , 383–384  
 posterior instrumentation , 386  
 postoperative management , 387  
 spinal cord, dissection of , 386  
 surgical technique , 381–387  
 T-saw 

 guide, introduction of , 382–383  
 passage of , 386  

 vertebra, removal of , 386  
 vertebral body 

 blunt dissection around , 384  
 vascular anatomy around , 384–386  
 vertebral tumor, surgical classifi cation of , 381  

   Total sacrectomy , 249–252  
   Transaxillary approach to upper dorsal spine , 83–87  
   Trans-eleventh rib extrapleural approach , 117–123  
   Transoral approach to C1–C2 , 7–10  
   Transoral surgery, preoperative assessment for , 18–20  
   Transoral-transpharyngeal approach to cervical spine , 11–14  
   Transpedicular approach, thoracic disc , 309–310  
   Transperitoneal laparoscopic approach to L5–S1 , 191–195  

 Steinmann pin , 192, 193  
   Transperitoneal midline approach to L4–S1 , 179–183  
   Transsternal approach to cervicothoracic junction , 73–82  

 operative approach , 75–78  
 postoperative management , 78–79  
 surgical anatomy , 73–74  

   Transthoracic approach, third rib resection in , 89–92  
    Transversalis fascia,  in anterior retroperitoneal fl ank approach to 

L2–L5 of lumbar spine , 151, 153  
   Transverse process, in lateral approach to cervical spine , 51  

 anterior tubercle , 47  
   Transversus abdominis muscle 

 in anterior retroperitoneal fl ank approach to L2–L5 of lumbar 
spine , 151, 153  

 in trans-eleventh rib extrapleural approach , 119, 120  

Index



421

   Trapezius muscle, in anterior medial approach to midcervical 
spine , 41  

   Triggered electromyography (tEMG) , 203, 204  
   Trigger point injections, for nociceptive myofascial pain 

 botulinum toxin , 392  
 cervical, thoracic and lumbar musculature , 391, 392  
 evidence based rationale , 392  
 indications , 391  
 muscles and ligamentous structures, in cervical, thoracic and 

lumbosacral regions , 391, 392  
 palpation , 392  
 prolotherapy , 393  
 PRP injection , 393  

   Tubercle 
 anterior, of transverse process, in lateral approach to cervical spine , 

46, 48  
 posterior, in lateral approach to cervical spine , 46, 48  

   Twelfth rib approach , 125–128  

    U 
  Uncovertebral joint, in lateral approach to cervical spine , 46–49  
   Upper cervical spine, anterior lateral approach to , 33–37  
   Upper dorsal spine, transaxillary approach to , 83–87  
   Upright position,  vs.  prone position, cervical foraminotomy , 279  
   Ureter 

 in anterior retroperitoneal fl ank approach to L5–S1 , 169  
 superior hypogastric sympathetic plexus , 246  
 in transperitoneal midline approach to L4–S1 , 183  

    V 
  Vagus nerve 

 in anterior approach to cervical spine , 1, 4  
 in anterior lateral approach to upper cervical spine , 33  
 branches of , 74  
 in Lincoln highway approach to cervical spine , 63, 65  
 in supraclavicular approach , 56  

   Vascular bundle, in thoracotomy approach , 97  
   Vascular surgeon, in balloon-assisted endoscopic retroperitoneal 

gasless approach , 198  
   Velopharyngeal incompetence, in transoral-transpharyngeal approach 

to cervical spine , 14  
   Vena cava 

 in anterior extraperitoneal midline incision of L2–S1 , 173  
 in transperitoneal midline approach to L4–S1 , 183  

   Venous bleeding, in transoral approach to C1–C2 , 7  
   Venous injuries, as complication of anterior retroperitoneal muscle- 

sparing approach to L2–S1 , 167  
   Venous plexus, in lateral approach to cervical spine , 47  
   Ventral approaches to clivus, C1, C2 , 17–25  

 anesthesia , 20  
 airway , 20  
 gastric contents, diversion of, 20ventilation , 20  

 basic indication , 17  

 nasal care , 25  
 pharyngogastric tube , 25  
 postoperative management , 25  

 airway , 25  
 antibiotics , 25  
 mouth care , 25  
 nasogastric tube , 25  

 preoperative assessment , 18–20  
 electrical studies , 20  
 mouth , 18–19  
 physical evaluation , 19–20  

 radiologic investigations , 18  
 surgery , 20–23  
 instrumentation , 20–21  
 “open door” maxillotomy , 22–23  
 positioning , 20–21  

   Ventral approaches to clivus 
 transmandibular transglottic approach , 23  
 transoral odontoidectomy , 21–22  
 surgical anatomy , 17–18  
 technical problems , 23–25  

 bleeding , 23  
 craniocervical stability , 24  
 intradural surgery , 23  
 jaw, accurate replacement of , 24  
 mandible, dislocation of , 25  
 pharyngeal function , 25  

   Ventral rootlets, in posterior aspect approach, C1–C2 , 259  
   Verbiest.    See  Lateral approach to cervical spine 
   Vertebral artery 

 in anterior approach to cervical spine , 2, 4  
 in anterior medial approach to midcervical spine , 42  
 in lateral approach to cervical spine , 46–49  
 in posterior aspect approach, C1–C2 , 256–259  
 on ring of C1, in posterior aspect approach, C1–C2 , 257  
 in supraclavicular approach , 56, 58  
 through foramen transversarium , 47  

   Vertebral body 
 in anterior medial approach to midcervical spine , 39  
 in thoracotomy approach , 95  

   Vertebral column, in supraclavicular approach , 56  
   Vertebral tumors, malignant, total en bloc spondylectomy , 381–389  
   Vertebroplasty/kyphoplasty 

 complications , 405  
 description , 405  
 evidence based rationale , 404–405  
 lumbar kyphoplasty , 405  
 transpedicular approach , 405  
 vertebral augmentation , 405  

   Video endoscopic approach to thoracic spine , 129–132  

    Y 
  The Yeung Endoscopic Spine Surgery System (YESS)/Vertebris 

system , 369, 371, 377         
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