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           Background on Cervical 
Spondylosis 

  Cervical spondylosis   and radicular symptoms are 
commonly the result of age related degenerative 
changes that most likely originate at the cervical 
disc. With aging, the chemical composition of the 
nucleus pulposus and annulus fi brosis changes 
and is associated with a progressive loss of the 
disc’s viscoelastic properties. Disc height 
decreases, the disc bulges posteriorly, and the 
vertebral bodies drift toward one another. 
Concurrently, the ligamentum fl avum buckles, 

the facet joint capsules thicken, and osteophytes 
form contributing to a decrease in size of the cen-
tral canal and neuroforamina. The end result of 
the above described changes, often referred to as 
cervical degenerative disc disease, is spinal 
 stenosis and direct mechanical pressure on the 
nerve roots or spinal cord. The exact pathogene-
sis of  cervical radicular pain remains unknown, 
but it is felt to be a result of a combination of 
direct nerve compression and an infl ammatory 
response [ 1 ,  2 ]. 

 Intrinsic blood vessels of the compressed 
nerve have been shown to demonstrate increased 
permeability, which results in nerve root edema. 
As the edema becomes chronic, fi brosis and scar-
ring ensue contributing to an altered response 
threshold and increased sensitivity of the nerve 
root to pain. Pain mediators released from the 
nerve cell bodies, intervertebral disc, and sur-
rounding tissue play a role in  initiating   and per-
petuating the infl ammatory response [ 3 ]. 

 Age related degenerative disc changes often 
lead to painful symptoms, including neck pain, 
arm pain, shoulder pain, numbness, weakness, 
and changes in gait. When degenerative changes 
result in pinched nerves in the cervical spine, the 
resulting painful condition is commonly referred 
to as cervical radiculopathy. Globally, the 
reported annual incidence of cervical radiculopa-
thy is 83.2/100,000 persons [ 4 ], while the 
reported prevalence is believed to be 3.5/1,000 
persons [ 5 ].  
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    Historical Posterior Treatment 
Options 

 Posterior cervical foraminotomy has been 
employed by surgeons for the treatment of radicu-
lopathy since the 1950’s [ 6 ,  7 ]. It is typically 
 indicated in patients with unilateral  radiculopathy  , 
absent signifi cant neck pain with maintained cer-
vical lordosis [ 8 – 10 ]. Further, it is a desirable 
option in cases presenting with laterally herniated 
disc and lateral stenosis [ 8 ]. The surgical objec-
tive of a foraminotomy is to decompress the nerve 
roots while maintaining motion at the affected 
level. A small  laminotomy   is typically performed 
to expose the lateral margin of the spinal cord and 
affected nerve root. This is followed by a forami-
nal  rhizotomy  . The technique can be performed 
using a high speed burr and Kerrison punches. 

 Early foraminotomies were performed via 
a midline approach, taking advantage of a sub- 
periosteal laminae dissection to reduce bleeding. 
The open approach is desirable because of maxi-
mum anatomical visualization. The technique has 
evolved over the past fi ve decades. Fessler and 
Adamson were among the fi rst to describe clinical 
outcomes utilizing a  microendoscopic approach   
[ 8 ,  11 ]. This involves establishing tubular access 
to the affected foramen and visualization of the 
anatomy via endoscope. By cutting a stab inci-
sion 1 cm from midline ipsilateral to the targeted 
pathology, endoscopic visualization is achieved. 
The facet is targeted with a small diameter 
Steinman pin under fl uoroscopic guidance. After 
the skin incision is extended above and below the 
Steinman pin by a total of 2 cm and the fascia 
incised, soft tissue is retracted using sequential 
dilators over which a tubular retractor is placed. 

 Minimally invasive approaches are desirable 
because of reduced blood loss, same day surgery 
and quicker recovery [ 8 ,  11 ,  12 ]. A meta-analysis 
of posterior cervical foraminotomies performed 
by McAnany et al. and a clinical study by Kim 
et al. showed that a  minimally invasive approach   
did not compromise long-term clinical outcomes. 
Both the analysis and study reported a signifi cant 
improvement in pain and return to normal life 
[ 13 ,  14 ]. 

 Adoption of foraminotomy is suppressed 
because the procedure can be technically diffi -

cult, especially when performed through minimal 
access incisions [ 15 ]. Axial neck pain, and less 
commonly, instability may ensue because the 
motion segment is not stabilized [ 16 ,  17 ]. 
Bilateral foraminotomies are avoided so as not to 
exacerbate the aforementioned limitation. 
Foraminotomy, particularly at C4-5, has been 
associated with motor palsies of the C5 root [ 18 ]. 

 It is important to note that the majority of 
patients with cervical radiculopathy due to degen-
erative spondylosis that fail medical management 
are treated with an  anterior cervical discectomy 
and fusion (ACDF)   approach. This is driven in 
part by the prevalence of myelopathy secondary 
to canal stenosis, which is frequently associated 
with foraminal stenosis. An anterior approach 
typically involves removal of the intervertebral 
disc along with offending osteophytes and recon-
struction with a fusion or disc replacement is per-
formed [ 8 ,  19 ]. Total disc replacement ( TDR  ) has 
been advocated to reduce incidence of adjacent 
segment disease but with 10+ years follow- up 
has proven to have more limited clinical indica-
tions than originally considered [ 20 ,  21 ]. Both 
procedures remove disc and bone to decompress 
the nerve root followed by anterior spinal column 
reconstruction. ACDF and TDR are safe, but 
reported complications include implant failure 
and dislodgement, excessive or incomplete bony 
healing, spinal deformity, neurologic complica-
tions, dysphagia, esophageal injury, and recur-
rent laryngeal nerve palsy [ 22 – 25 ].  

    Introduction to Posterior Cervical 
Tissue Sparing Indirect 
Decompression and Fusion 

 By preserving much of the normal osteoligamen-
tous anatomy of the cervical spine, a tissue spar-
ing posterior cervical procedure reduces the risk 
for  post-laminectomy kyphosis  , muscle atrophy, 
and diffi culties associated with the post- 
laminectomy membrane. 

 Understanding the three-dimensional anatomy 
of the cervical neural foramen is critical for perform-
ing the posterior surgical procedure. As described 
by Russell and Benjamin, the lateral portion of the 
cervical spinal canal is covered  posteriorly by the 
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lateral aspects of a superior and inferior lamina 
[ 26 ]. Ventral to the lamina, the ligamentum fl avum 
is attached to two-thirds of the undersurface of the 
superior lamina, but  inferiorly it is attached only 
to the superior edge of the lower lamina. Laterally, 
the  ligamentum fl avum   ends 1–2 mm before the 
medial limit of the neural foramen. The anterior 
boundary of the cervical neural foramen, from cra-
nial to caudal, is the posterolateral cortical margin 
of the superior vertebral body, the intervertebral 
disc covered by the posterior longitudinal ligament 
(PLL), and a small portion of the postero-lateral 
cortical margin of the inferior vertebral body. 
Posteriorly, from cranial to caudal, the neural fora-
men is bounded by 1–2 mm of the superior facet, 
followed by the entire ventral surface of the infe-
rior facet. The superior and inferior boundaries of 
the neural foramen are formed by the superior and 
inferior vertebral pedicles, respectively. 

 Removal of the ligamentum fl avum in the lat-
eral aspect of the spinal canal exposes the dura. 
After removal of the medial half of the facet joint, 
the axilla of the nerve root is seen at its takeoff 
from the lateral dura/spinal cord. The nerve root 
in the neural foramen, both covered by connective 
tissue (root sleeve), are also exposed. A radicular 
artery is located anteriorly, between the nerve root 
dura and the root sleeve, and an epidural venous 
plexus is located circumferentially. The nerve root 
proper can be seen only after removing the lateral 
half of the lamina and the medial half of the facet 
and opening the root sleeve (including the venous 
plexus); the nerve root is located over the superior 
and lateral edges of the inferior pedicle. 

 The motor and sensory roots exit the  spinal 
canal   within a common dural sleeve, but in the 
neural foramen, the dural sleeve divides into an 
antero-inferior sleeve carrying the motor root, 
and a postero-superior sleeve housing the sensory 
root division. At the region of the sensory gan-
glion, a single dural sleeve covers both the sen-
sory and motor divisions.  

     DTRAX   Spinal System 

 Tissue sparing indirect decompression and 
fusion can be performed using instrumentation 
available on the market. One such system is the 
DTRAX® Spinal System (Providence Medical 
Technology, Inc.). The spinal system is com-
posed of specialized instruments that carry out 
the novel technique and placement of the cervi-
cal  cage   device. 

 DTRAX Cervical Cages are titanium con-
structs offered in various footprints and heights. 
The implants are manufactured from implant 
grade titanium alloy (6AI-4V Ell Titanium). 
They are available in three confi gurations: (1) 
Cage-T (Taper) with a 7° angle, (2) Cage-B 
(Bullet) with parallel upper and lower surfaces, 
and (3) Expandable Cage with an expandable 
taper washer via advance of a screw (Fig.  11.1 ). 
A hollow design in all cages enables packing of 
 bone graft  . The teeth on superior and inferior 
surfaces are designed to resist expulsion. The 
DTRAX Expandable Cage is not available in the 
U.S.; it is available in CE approved markets.

  Fig. 11.1    DTRAX Cervical Cage in three confi gurations       
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   The DTRAX Cervical Cage is compatible 
with a variety of retractors and instrument sets, 
including DTRAX Spinal System. Figure  11.2  
shows many of the key instruments comprising 
the DTRAX Spinal System; these include:

•     Fork Mallet  
•   Decortication Trephine  
•   Guide Tube  
•   Access Chisel  
•   Bone Graft Tamp    

    Indications for Use 

 This surgical technique is indicated for use in 
skeletally mature patients with cervical  spondy-
losis   (C3–C7) and accompanying radicular 
symptoms at a single level. The level of pathol-
ogy is confi rmed by detailed patient history and 
radiographic studies. Patients should have 
received at least 6 weeks of non-operative treat-
ment prior to treatment with the device. The 
 devices   are intended to be used with autogenous 
bone graft and supplemental fi xation, such as a 
bone screw or an anterior plating system.  

     Contraindications   

 Contraindications include the following:

   Cervical spondylosis, cervical myelopathy, cer-
vical kyphosis; infection; allergy to titanium; 
pregnancy; Paget’s disease; renal osteodystro-
phy; cancer of the spine; obesity; rheumatoid 
arthritis; bone absorption, osteopenia, poor 
 bone   quality, and/or  osteoporosis  .      

    Surgical Technique 

     Operating Room   and Patient 
Preparation 

 Confi rm the operating table and patient head sup-
port are both radiolucent so that these two objects 
will not interfere with fl uoroscopy. Check that there 
is adequate space at the head of the table to place 
and position C-Arm(s) and that there is suffi cient 
spacing away from the sterile fi eld. After routine 
intubation, place the patient in a prone position with 
patient’s head on a foam donut with a slight fl exion 
of the head. Use tape to pull the patient’s shoulders 
inferiorly and secure in place (Fig.  11.3 ).

        C-Arm Preparation   

 Set up the C-Arm at the side of the table in AP 
with the arm fully retracted. Find a clear AP view. 
Advance the C-Arm while rotating the detector 
back to fi nd the lateral view. A fully retracted 
C-Arm allows for fi nding the lateral view by 
advancing the arm of C-Arm instead of moving 
the whole machine. Returning to the AP position 
only requires rotating the detector forward while 
fully retracting the C-Arm. This C-Arm set up 
allows clear imaging to be retained while rapidly 
switching between views. 

 The use of two C-Arms is recommended for 
ease of imaging which can improve safety and 
signifi cantly reduce the time length of the proce-
dure. If a second C-Arm is used, leave the fi rst 
C-Arm in the lateral position. Rotate the fi rst 
C-Arm 20–30° so that the arm is under the 
patient’s shoulders. This provides room for the 
second C-Arm under the patient’s neck. Place 

  Fig. 11.2    Key 
instrumentation components 
of the DTRAX spinal system       
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the second C-Arm at the head of the table and 
with the arm fully advanced to fi nd the AP view. 
Finding the AP view with the arm of the second 
C-Arm fully advanced allows the arm portion to 
be retracted during the procedure to create work-
ing space for tools, then fully advanced to 
quickly restore AP imaging. On the second 
C-Arm add approximately 20° caudal/cranial 
inclination; this adjustment, along with the fl ex-
ion of the head, allows an en face or near en face 
view of the target facet joint (Fig.  11.4 ).

        Skin Markings   and Sterile Field 

 Images clearly demonstrating facet joint anatomy 
are essential for proper preoperative skin mark-
ings. Use fl uoroscopic guidance to identify 
 surgical border and level to be treated. Identify and 

mark the medial and lateral borders of the facets 
using AP view on fl uoroscopy, a slender, straight 
metallic instrument (e.g. K-wire or Steinman pin), 
and surgical pen (Fig.  11.5 ). Identify and mark the 
operative level using the same method (Fig.  11.6 ). 
Prepare and drape the patient’s posterior neck in a 
routine sterile fashion. It is recommended the 
C-Arm(s) remain in place during this portion so 
that the radiological markers are not lost. Open the 
kits containing the surgical instruments and 
implants. Arrange the instruments in the order in 
which they will be used (Fig.  11.7 ).

         Establish Trajectory and Access 
the Facet Joint 

 Use a spinal needle to confirm the trajectory 
under fluoroscopic guidance (Fig.  11.8a ). Due 

  Fig. 11.3    Patient 
preparation involves prone 
positioning, head support 
and pull-down of shoulders       

  Fig. 11.4    The use of two 
C-arms for lateral and AP 
views concurrently is 
recommended       
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to the acute angle of the  facet joint   the trajec-
tory often results in the entry point being 
located approximately two finger widths 
below the target level. Reinsert or reposition 
the spinal needle as needed until the correct 
trajectory is confirmed. The correct trajectory 
will match the angle of the facet joint 
(Fig.  11.8b ). Repeat this process for the 

 contralateral side. If desired the needles may 
be used to administer local anesthesia and/or 
epinephrine for pain or bleeding control. 
Remove the first spinal needle while leaving 
the contralateral needle in place to provide a 
guidance reference.

   Make initial incision at the midline by the 
confi rmed entry points and carry through the 
subcutaneous tissue and the fascia. Use a hemo-
stat to spread the fascia and paraspinal muscles 
laterally. Direct visualization of the surgical site 
with the naked eye can be achieved. Under AP 
fl uoroscopic guidance, advance the Access 
Chisel through incision with the chisel blade in 
the vertical position until bone is reached 
(Fig.  11.9a ). Rotate the Access Chisel 90°. Using 
control in AP and lateral fl uoroscopy, fi nd the 
superior portion of the facet joint, lower Access 
Chisel tip to fi nd and cut the capsule of the joint, 
and advance the Access Chisel into facet joint 
using hand pressure and/or light malleting 
(Figs.  11.9b, c ).

       Decorticate the Lateral Masses 
and Establish Working Channel 

 Advance the Decortication Trephine over the 
Access Chisel until the distal tip contacts bone 
(Fig.  11.10a, b ). Decorticate each lateral mass 
with 10° rotations of the  Decortication Trephine  . 
This action will strip the muscle subperiosteally 
and create bleeding from the bone. Disengage and 

  Fig. 11.5    The medial and lateral borders of the facets are 
identifi ed using AP view       

  Fig. 11.6    The operative 
level is identifi ed and 
marked on the patient       
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  Fig. 11.7    Typical 
arrangement of instruments 
for surgery       

a

b

  Fig. 11.8    ( a ) The spinal 
needle confi rms trajectory 
under fl uoroscopic 
guidance. ( b ) The spinal 
needle is positioned to 
match the angle of the 
facet joint       

 

 

11 Tissue Sparing Posterior Cervical Indirect Decompression and Fusion in Foraminal Stenosis



142

retract Decortication Trephine from the lateral 
mass before rotating to address the inferior lateral 
mass. Remove Decortication Trephine by retract-
ing it while maintaining position of the Access 
Chisel. To establish the working channel, place 
the Guide Tube over the Access Chisel. Use the 
Fork Mallet to advance the Guide Tube into the 
facet joint. Verify Guide Tube placement on both 
lateral and AP views. Proper and fi nal Guide Tube 
depth is achieved when the markers are at the 
entry point of the facet joint on lateral view and 
the Guide Tube is centered between the medial 
and lateral borders of the facet joint on AP view 
(Fig.  11.11 ). Remove the Access Chisel while 
maintaining position of the Guide Tube in the 
facet joint.

        Decorticate the  Facet Joint   

 Insert the Decortication Rasp through the Guide 
Tube and advance using the Fork Mallet until the 
upper handle of the Decortication Rasp locks with 
the handle of the Guide Tube (Fig.  11.12 ). Retract 
the Decortication Rasp by inserting the screwdriver 
head of the Fork Mallet into the space between 
handles and turning. This allows controlled 
removal of the Decortication Rasp while maintain-
ing the position of the Guide Tube in the facet joint. 
Turn the Decortication Rasp 180° and advance into 
the joint. Retract as before using the screwdriver 
head of the Fork Mallet. Remove the Decortication 
Rasp and clean off bone and cartilage. Reintroduce 
the Decortication Rasp and repeat these steps to 

a

c

b

  Fig. 11.9    ( a ) The Access Chisel is advanced until bone is reached. ( b ) The Access Chisel tip is lowered to fi nd and cut 
the capsule of the joint. ( c ) The Access Chisel is advanced into facet joint       
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further decorticate, achieve bleeding of the bone, 
and remove joint material. Remove the 
Decortication Rasp one last time while maintain-
ing position of the Guide Tube in the facet joint.

       Implant the DTRAX Cervical Cage 
and Apply  Bone Graft Material   

 Prepare the DTRAX Cervical Cage (Cage) by 
packing with fusion material. The DTRAX 

Cervical Cage is preloaded on a delivery instru-
ment. Under AP and lateral fl uoroscopic control, 
advance the DTRAX Cervical Cage Delivery 
Instrument (Cage Delivery Instrument) into the 
Guide Tube until its handle locks with the handle 
of the Guide Tube (Fig.  11.13a ). Malleting may 
be required to fully insert implant and distract 
target joint. If malleting is needed maintain 
downward pressure on the Guide Tube to ensure 
it remains positioned in the facet joint during 
malleting.

a

b

  Fig. 11.10    ( a ) Detailed 
view of the Decortication 
Trephine, which is 
advanced over the Access 
Chisel. ( b ) The 
Decortication Trephine is 
advanced over the Access 
Chisel until the distal tip 
contacts bone       
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   Use AP & Lateral fl uoroscopy to confi rm 
proper placement of the Cage. The Cage should 
be in the middle of the facet joint, centered 

between the medial and lateral borders of the 
facet joint as identifi ed by fl uoroscopic views 
(Fig.  11.13b ). Once proper cage position is con-
fi rmed, locate the knob on the handle of the 
Delivery Instrument and turn the knob counter 
clockwise to release the Cage from the Delivery 
Instrument. When fully released, the knob will 
move freely. Remove the Cage Delivery 
Instrument by inserting the screwdriver head of 
the Fork Mallet into the space between handles 
and turning while maintaining position of the 
Guide Tube. Insert  bone graft material   such as 
demineralized bone matrix, into the top of the 
Guide Tube (Fig.  11.14 ). Introduce the Bone 
Graft Tamp into the Guide Tube and advance to 
push the bone graft material into the prepared 
bony surfaces, i.e. the decorticated lateral masses. 
Final control and verifi cation of Cage positioning 
using AP and lateral fl uoroscopy is recommended 
(Fig.  11.15 ).

  Fig. 11.11    The Guide Tube is advanced into the facet joint using the Fork Mallet       

  Fig. 11.12    The Decortication Rasp is advanced through 
the Guide Tube until the upper handle of the Decortication 
Rasp locks with the handle of the Guide Tube       
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a

b

  Fig. 11.13    ( a ) The DTRAX Cervical Cage Delivery Instrument is advanced into the Guide Tube until it locks with the 
handle of the Guide Tube. ( b ) AP & lateral fl uoroscopy is used to confi rm proper placement of the cage       
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        Sutures, Contralateral 
Procedure, and Final Patient 
Preparation 

 Close the paraspinal muscles, subcutaneous 
tissues, and skin in layers with sutures. 
Repeat the full procedure for the contralat-
eral facet joint of the target level. Apply a 
sterile dressing. Apply external immobilizing 
collar according to surgeons’ post-operative 
protocol.   

    Clinical Evidence for Posterior 
Cervical Indirect Decompression 
and Fusion 

 A prospective, multi-center, single arm clinical 
study was performed to assess clinical and radio-
graphic outcomes of patients with cervical radic-
ulopathy treated with DTRAX using a tissue 
sparing indirect decompression and fusion poste-
rior procedure at one level. The patients were fol-
lowed over a period of 2 years following surgery 
[ 27 ]. The study hypothesis was that indirect root 
decompression with the DTRAX Expandable 
Cage would provide clinical relief of radiculopa-
thy in patients with spondylosis with straight or 
lordotic cervical spines that do not present with 
symptomatic central canal stenosis necessitating 
an anterior approach. 

 Sixty patients were initially enrolled into the 
study, and 53 of them (88 %) were available at 
2-year follow-up. The mean age at the time of 
surgery was 52.8 years (range: 40–75 years). The 
treated level was C3–C4 in three patients (5.7 %), 
C4–C5 in 6 (11.3 %), C5–C6 in 36 (67.9 %) and 
C6–C7 in 8 patients (15.1 %). A signifi cant 
decrease was reported in the mean values of Neck 
Disability Index ( NDI  ) and Visual Analogue 

  Fig. 11.14    Bone graft material is placed into the top of 
the Guide Tube       

  Fig. 11.15    AP and lateral 
fl uoroscopy is used to 
confi rm fi nal cage 
positioning       
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Scale (VAS) for the neck and arm pain as well as 
an increase in SF-12v2 physical and mental 
scores at each follow-up out to 2 years comparing 
to the preoperative values. There were no signifi -
cant differences in clinical outcomes between 
1-year and 2-year follow-up. 

 All patients showed improvement in the NDI 
when compared to preoperative and this improve-
ment was maintained at 2 years. Of the 53 
patients, 2 patients had an increase in arm pain 
and 2 had an increase in neck and arm pain that 
was refl ected in VAS scores. Three patients had 
no change in neck pain and one had no change in 
neck and arm pain scores for VAS. 

 The most common device-related adverse 
events were shoulder  pain and paresthesia  . The 
most common procedure-related adverse events 
were postoperative pain, nausea, pain from bone 
graft harvest site, and shoulder pain. Severe 
adverse events included shoulder pain, shoulder/
elbow weakness, bilateral sciatica, fl ank pain, 
mid-back pain, recurrence of neck pain, recur-
rence of arm pain, and acute exacerbation of 
osteoarthritis in the knee. No procedure or 
device-related serious adverse events were noted 
during the 2-year follow-up. One patient report-
ing right shoulder pain was noted as a severe 
adverse event, which was reported as procedure- 
related. No revision surgeries were reported at 
the index level or at adjacent levels. Finally, there 
were no device migrations, expulsions, or break-
ages at the 2-year follow-up. 

 The  radiographic fusion   rate was reported in 52 
of 53 patients (98.1 %). Radiographic fusion was 
defi ned by less than a 2 mm change in interspinous 
distance measured on fl exion extension radio-
graphs taken at 24 months. The overall change in 
interspinous distance was 0.78 ± 0.58 mm with a 
range of 0.04–2.16 mm. Translational motion at 
the treated level of less than 2 mm were noted for 
all of the 53 patients. There were no radiographic 
signs of implant loosening, breakage, migration or 
screw back- out. CT scans revealed evidence of 
bridging bone in 93.3 % of patients at 12 months. 

 Cervical facet distraction implants for indirect 
decompression for both radiculopathy and 

 myelopathy   were previously described by Goel 
et al. [ 28 ]. Goel and colleagues used an open 
approach to the posterior cervical spine followed 
by placement of metallic dowels to treat single 
and multilevel spondylotic disease; they reported 
excellent results in 25 patients (70 %) with 
6-month minimum follow-up. The radiographic 
fusion rate at 2 years (98.1 %) with this tissue 
sparing posterior procedure is comparable to 
fusion rates reported after ACDF [ 29 ]. Clinical 
results suggest that this posterior procedure is 
able to achieve indirect neural decompression 
without the need for directly decompressing the 
involved nerve root. A  cadaveric study   by Tan 
and colleagues supports the concept of posterior 
indirect decompression; they demonstrated an 
average increase in foraminal area of 18.4 % fol-
lowing placement of an interfacet spacer [ 30 ]. 
Furthermore, Leasure and Buckley recently 
reported that the rate of indirect foraminal effec-
tive distraction from DTRAX was maintained in 
fl exed, extended, and axially rotated postures 
[ 31 ]. Indirect foraminal decompression affords 
potential advantages, specifi cally eliminating 
risks associated with neural manipulation and iat-
rogenic direct neural injury.  

     Biomechanical Evidence   
for Posterior Cervical Indirect 
Decompression and Fusion 

 Until recently, the ability of the DTRAX 
Expandable Cage to effectively decompress the 
cervical foramen had yet to be proven. The effi -
cacy of this device depends on many factors, 
including decreased range of motion at the instru-
mented level, distraction of the affected foramen, 
and maintenance of its deployment position dur-
ing repeated bending motion and loading. Ideally 
the device should perform favorably during each 
scenario as a stand-alone fi xation device and 
potentially also as part of an anterior-posterior 
fi xation construct. 

 The previously mentioned study by Leasure 
and Buckley was conducted to evaluate the 
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 biomechanical effi cacy of the DTRAX cervical 
cage in vitro [ 31 ]. Three aspects of device perfor-
mance were addressed, including acute stabiliza-
tion, neuroforaminal distraction, and migration 
of the implant over time due to repeated loading. 
Stand-alone cervical cage and the cage supple-
mented with anterior plating were tested. The 
results of this study indicate that a stand-alone 
cage substantially increases intervertebral stabil-
ity, does not loosen within the cervical facet joint 
during repeated bending loads, and maintains 
decompression of the cervical nerve roots through 
extension. 

 Additionally, the cervical cage successfully 
increased the neuroforaminal space in 83 % of 
Leasure and Buckley’s observations. Foraminal 
area was increased by the cage during fl exion, 
extension, axial rotation, lateral bending, and 
when left in the neutral position. The cage pro-
duced bilateral area increases or unilateral area 
increases with no adverse effects on the contra-
lateral foramen in a majority of the observations. 
Flexion, extension, and axial rotation all pro-
duced successful area increases of the foramen at 
a rate above 75 %. These results are expected 
considering fl exion motion results in distraction 
of the foramen even in the intact state. Successful 
increases in area of the foramen during extension 
supports the effect of DTRAX’s ability to main-
tain area increases when a decrease would be 
expected. Lateral bending produced a higher suc-
cess rate in the cage’s ability to open the foramen 
contralateral to the direction of bending while 
50 % of observations were successful in the fora-
men ipsilateral to the direction of the bend. 

 Application of circular, metallic, posterior 
cervical implants and allograft spacers was 
reported by both Goel et al. and Tan et al., respec-
tively. Neither of the authors reported the effects 
of the spacers on range of motion and there was 
no biomechanical testing performed [ 28 ,  30 ]. 
The authors reported that distraction of the cervi-
cal facets can lead to immediate stabilization- 
fi xation of the spinal segment and increase in 
space for the spinal cord and nerve roots. Goel 
and Shah noted that stabilization at the fulcrum 
of cervical spinal movements provided a ground 
for segmental spinal arthrodesis. They concluded 

that immediate postoperative improvement and 
lasting recovery from symptoms suggest the 
validity of the procedure. 

 Although  bilateral placement   of DTRAX 
implants has been shown to result in a decrease of 
range of motion at the index level [ 31 ], no biome-
chanical studies have evaluated the biomechani-
cal effects of the implant with the use of an 
anterior cervical plate construct. This investiga-
tion is currently underway by Avinash 
Patwardhan, Ph.D. and Leonard Voronov, M.D., 
Ph.D. at the Musculoskeletal Biomechanics 
 Laboratory   at Loyola University-Chicago and the 
Edward Hines Jr VA Hospital.  

    Conclusion 

 Current surgical treatment options for cervical 
radiculopathy remain largely invasive with 
considerable comorbidities, suggesting a need 
for less invasive approaches for select patients 
where conservative management has failed. 
This chapter introduces a novel, tissue sparing 
approach for effective treatment of cervical 
radiculopathy evidenced by clinical outcomes, 
radiography, and biomechanical analysis. The 
surgical technique and implant described here 
present a less invasive option that is successful 
in achieving indirect decompression of the 
nerve root and cervical fusion, ultimately pro-
viding a clinically signifi cant improvement in 
patient pain and disability scores.     
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