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A
NTERIOR cervical discectomy and fusion is an ef-
fective and reliable treatment for cervical radicu-
lopathy caused by degenerative disc disease and/

or spondylosis.8,14,23,24 Total disc replacement has been 
advocated to reduce the incidence of adjacent-segment 
disease, but with more than 10 years of follow-up has 
proven to have more limited clinical indications than 
originally considered.1,24 Both procedures remove disc 
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Object. The authors present 1-year results in 60 patients with cervical radiculopathy due to spondylosis and 
stenosis that was treated with a bilateral percutaneous facet implant. The implant consists of a screw and washer that 
distracts and immobilizes the cervical facet for root decompression and fusion. Clinical and radiological results are 
analyzed.

Methods. Between 2009 and 2011, 60 patients were treated with the DTRAX Facet System in a multicenter 
prospective single-arm study. All patients had symptomatic clinical radiculopathy, and conservative management had 

-

(Short Form-12 version 2), CT scans, MRI, and dynamic radiographs. Surgery was percutaneous posterior bilateral 
-
-

terations of segmental and overall cervical lordosis, foraminal dimensions, device retention and fusion criteria were 

bone between the facets, translational motion < 2 mm, and angular motion < 5 .
Results. All patients were followed to 1 year postoperatively. Ages in this cohort ranged from 40 to 75 years, 

bilateral implants; 4 had unilateral implants due to intraoperative facet fracture (2 patients) and inability to access the 
-

 
 loss 

decrease in foraminal width and height at adjacent levels. There were no reoperations or surgery- or device-related 
complications, including implant failure or retained hardware.

Conclusions. Results indicate that the DTRAX Facet System is safe and effective for treatment of cervical 
radiculopathy.
(http://thejns.org/doi/abs/10.3171/2012.12.SPINE12477)
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and bone to decompress the nerve root, followed by an-
terior spinal column reconstruction. The ACDF and TDR 
procedures are safe, but reported complications include 

-
plete bone healing, spinal deformity, neurological com-
plications, dysphagia, esophageal injury, and recurrent 
laryngeal nerve palsy.8,10,21,23

-
gery, and advocate posterior foraminotomy for root de-
compression when feasible.22 Adoption of foraminotomy 
is suppressed because the procedure can be technically 

-
sions.22

may ensue because the motion segment is not stabilized.2,7 
Foraminotomy, particularly at C4–5, has been associated 
with motor palsies of the C-5 root.4

-
able washer designed to act as a shim placed percutane-
ously through minimal access incisions into the cervical 

-
vical facet in the transverse plane to open the neural foram-
ina. The facet is stabilized with instrumented distraction. A 

healing. The concept of percutaneously inserting a shim to 
adjust the space between 2 vertebrae is appealing because 
tissue is not removed from the patient and the procedure is 
less invasive than other surgical alternatives.

-
cal relief of radiculopathy in patients with spondylosis 
with straight or lordotic cervical spines who do not have 
symptomatic central canal stenosis necessitating an ante-
rior approach.

We describe a prospective multicenter single-arm 
study to assess clinical and radiographic outcomes in pa-
tients with cervical radiculopathy treated with DTRAX 
at a single level over a period of 1 year. Secondary objec-
tives were to document safety and describe appropriate 
patient selection criteria.

Patient Population

Prospective clinical and radiographic data on 60 pa-
tients with 1-year follow-up were compiled by an inde-

-
tional) and radiographic core lab (Perceptive Informat-
ics). Procedures were performed between 2009 and 2011 
in a multicenter trial in the Philippines. Institutional re-
view board approval and informed consent were obtained 
prior to patient enrollment.

Data obtained in these patients comprised the initial 

CE application and US regulatory submissions. The inves-
tigators did not enroll a control arm for this initial pilot 

-
pleted using multiple peer-reviewed randomized controlled 
studies evaluating ACDF versus TDR.12,17,18 The consistent 

-
tient population to that in this pilot study provided a basis 

but was not included in the initial scope of the pilot study. 
A pivotal controlled study is planned for further evaluation 
of DTRAX against anterior fusion (ACDF).

Clinical evidence of radiculopathy had to correlate with 

-
ings in cases where the diagnosis was unclear. All pa-

symptomatic level on MRI, CT, and radiographs. Patients 
with severe multilevel foraminal stenosis in whom a sin-

-
toms from a single spinal level with compelling radio-

were offered surgery.
Inclusion criteria were radiographic evidence of cer-

vical spondylosis in C3–7 with degenerated disc on MRI; 
loss of disc height on plain radiographs, CT scans, or MRI 
studies; and/or disc herniation on CT or MRI. Patients 
had radicular pain symptoms with either arm and shoul-

sign, preoperative NDI score 
arm pain score (VAS)  6, symptoms refractory to at least 

-
rosis or osteopenia with a bone mineral density T score 
2.5 or below, segmental instability with spondylolisthe-

sis  3.5 mm, pregnancy, rheumatoid arthritis or other 

or fusion at the involved level, metabolic or systemic dis-
ease, metal allergies, chronic infection, and involvement in 

-

Surgeries were performed by Drs. Bundoc, Ver, and 
-

cal Center, and Manila Doctors Hospital, respectively. 
Surgeons had fellowship training in the US and Europe, 
and had done 2 cadaveric training sessions prior to the 

-

-
tion lab at Manila Doctors Hospital.

-

primary outcome measure. Enrolled patients had pre-
treatment assessment, and then follow-up immediately 

months after surgery. At each follow-up visit, patients 
were interviewed to determine if adverse events were 

-
cal assessments were performed preoperatively and at all 
follow-up visits.

Clinical outcome data were determined using the 
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NDI, SF-12v2 Health Survey, and the VAS. Safety infor-
-

ness, and relatedness of adverse events and serious ad-
verse events over 1 year.

Radiographic metrics were performed at an indepen-
dent core lab (Perceptive Informatics) by using a 2-reader 
system, with disagreements adjudicated by a third reader. 
Radiographers were blinded to the hypothesis of the in-
vestigators.

-
tension radiography, CT with reconstruction, and MRI. 
The radiographs were obtained the day after surgery (at 

year. The CT scan with reconstruction was repeated at 6 
months and 1 year.

(C2–T1) and segmental lordosis at the treated level on CT 
scans obtained at 6 and 12 months. These measurements 
were compared to preoperative CT values.

The neural foramina were measured on sagittal CT 
scans at the narrowest dimension of the treated level at 6 
and 12 months and compared with the preoperative mea-
surement by using Alice software (Perceptive Informat-
ics). An orthogonal tool was used to measure foraminal 
height and width. Volume was measured by outlining the 
contours of the foramina and multiplying the area by the 

An additional retrospective review of adjacent neu-
ral foramina width and height on sagittal CT scans was 
performed. Measurements were made at the narrowest 
dimension of the neural foramina at adjacent levels from 
C-3 to C-7 preoperatively, at 6 months, and at 1 year. An-
terior, middle, and posterior disc height measurements at 

with preoperative CT values.
Fusion was assessed on radiographs and CT scans. 

Fusion criteria included the following: 1) evidence of 
bridging trabecular bone through the facets; 2) transla-
tional motion < 2 mm; and 3) angular range of motion 
< 5 . Any amount of device migration on CT scans and 
plain radiographs was recorded. All patients were in-

The DTRAX Facet System

Figure 1 depicts all components of the DTRAX Fac-
et System.

The DTRAX implant consists of 2 titanium compo-
nents: 1) a 13-mm titanium screw with tapered threaded 

-
nium base plates connected at the distal tip by an inter-

threads and posteriorly directed teeth on the lateral mar-
gins of the outer base plates. Both components are held 
preassembled by a delivery tool with the screw partially 

screw is advanced into the collapsed washer the base 
plates separate, causing the posteriorly directed teeth to 
grip subchondral bone (Figs. 2 and 3). Additional bone 

washer and engage bone. There is a half slot at the distal 

end of the washer and corresponding interruption in the 

screw –base plate contact is dependent on counter pres-
sure from 2 opposed surfaces (1–2 mm) such as the cervi-

-
able washer without counter pressure causes the washer 
to splay off the screw shaft.

Surgical Technique

After routine intubation, the patient was placed prone 
with his/her head in a neutral position on a foam donut. 

necessary for radiographic visualization of the lower cer-

and iliac crest were prepared. Iliac crest bone graft was 

in percutaneous delivery.
-

lateral views. Alternatively, 2 machines can be positioned 

view, the facet closer to the cathode will appear larger 

technician to identify standard AP and lateral spinal ra-

FIG. 1.   Photograph  showing  components  of  the  DTRAX  Facet  Sys-
tem,  which  include  a  tongue  chisel,  chisel  rasp,  guide  tube,  tuning  fork,  
implant  delivery  tool,  decortication  device,  and  bone  graft  delivery  tool.

FIG. 2.   Photograph  of  the  facet  screw  and  washer.  Teeth  are  a  reten-
tion  feature  to  resist  screw  pullout.
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incision site. A 0.5-in incision was made, typically 2–3 
spinal segments below the treated level, but varied de-
pending on facet orientation. The incision was one and a 

a slight medial-to-lateral trajectory up to the facet. The 

If the patient had unilateral radiculopathy, the symp-

through the fascia to avoid instrument snagging during 

fascia and muscle.
The tongue chisel was advanced to the spinolaminar 

tongue chisel was advanced to the lateral mass at the ap-
propriate spinal level under the AP view to prevent pen-
etration of the spinal canal.

The posterior facet capsule at the treated spinal level 
was scored with the tip of the chisel. Hand pressure was 
used to advance the chisel into the facet until it abutted 

point (Fig. 5). The tongue chisel was 5.9 mm wide, so that 
it could not be inadvertently plunged past the pedicle to 
injure the nerve root or VA. This procedure was repeated 
on the other side.

A “rat tooth” decorticator (Fig. 6) was then advanced 
over the tongue chisel to the posterior aspect of the facet 
joint, and the superior and inferior lateral masses were 
decorticated. Rotational movements greater than 15  of 
the decorticator were discouraged to prevent lateral dis-
lodgement of the tongue chisel from the facet. Small taps 
on the decorticator scored the adjacent lateral mass. The 
decorticator was then removed.

A guide tube was inserted over the tongue chisel and 
advanced into the facet. The guide tube has radiological 
features to ensure intrafacet implant positioning, includ-
ing a radiolucent eye and raised bumps that should ap-

-

copy with full implantation. A rasp was passed through 
the guide tube to decorticate the cartilaginous endplates.

The implant holder was inserted into the guide tube 

proper implant placement, the anterior weld of the tita-
nium base plate should abut the pedicle of the superior 

on the guide tube should abut the posterior facet margin 

maintain downward pressure on the guide tube to prevent 

guide tube was inadvertently retracted during instrument 
-

eral light taps from a small mallet provided in the system 

The round handle of the implant delivery tool was ro-

The surgeon felt resistance as the device engaged bone. 
-

copy. Any splaying of the implant indicated that it was not 
entirely intrafacet and needed to be positioned more ante-
riorly. A facet fracture could also cause implant splaying. 
Splayed implants were removed in 2 cases. The screw was 
loosened from the base plate by using the tongue chisel. 
A needle driver was advanced to clasp and remove the 
washer, and a new implant was then inserted.

FIG. 3.   Schematic  showing  the  DTRAX  device  implanted  in  the  cer-
vical  facet.  Teeth  engage  subchondral  bone.

FIG. 4.   Top  view  of  washer  showing  the  half  slot.  This  half  slot  en-
gages  a  break  in  the  screw  thread  to  prevent  screw  backout.
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After implant placement the DTRAX delivery tool 
was removed and 6–8 ml of bone allograft and iliac crest 
aspirate was inserted through the guide tubes into and 
over the facet. The procedure was repeated on the contra-
lateral facet joint. Incisions were closed. The patient was 

following day per protocol.

Demographic data are outlined in Table 1. There 

VA injuries, nerve root injuries, spinal cord injuries, or 
reoperations.

fractures in 2; DTRAX was implanted on the symptomat-
ic side. Both patients went on to attain radiographic fusion 
and did well clinically. Two other patients had hypertro-

CT but these were not considered to be a contraindica-
tion for the procedure. These patients also had unilateral 
DTRAX placement. The CT scans obtained in these 4 
patients did not show coronal imbalance. With additional 

these arthritic facets safely.
The original facet access device had a leading edge 

2.5 mm in height. After the 2 fractures, the tongue chisel 

edge 1 mm in height so that it can be advanced into the 
facet with hand pressure only. After the implementation 
of the tongue chisel, there were no further fractures.

results appeared successful, but the patient developed 

year. Amyotropic lateral sclerosis was diagnosed based 
on electrical studies performed 1 year after surgery. In 

-
nal stenosis visualized on preoperative imaging studies.

Another patient had a thoracolumbar fracture treated 

FIG. 5.   Intraoperative  radiograph  showing  chisel  abutting  the  pedicle  
of  the  rostral  vertebra.

FIG. 6.   Photograph  with  a  view  of  the  teeth  of  the  decorticator  tool.

FIG. 7.   Left:
implant   abutting   the   pedicle   of   the   superior   vertebral   body.   Right:  

tube  abuts  the  posterior  facet  margin,  indicating  that  the  implant  will  be  
entirely  intrafacet.  

TABLE 1: Demographic data in 60 patients with single-level 

cervical spondylotic radiculopathy

Parameter Value

sex

   M 23

   F 37

mean  age 52.8  yrs  

level  treated

   C3–4 3

   C4–5 7

   C5–6 42

   C6–7 8
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with posterior fusion and hardware prior to enrollment. 
After DTRAX surgery, the patient developed a postoper-
ative thoracolumbar infection. Treatment was additional 
surgery and intravenous antibiotics. Infection was not re-
lated to the DTRAX device and did not result in a cervi-
cal infection.

The mean NDI, SF-12v2, and VAS scores were sig-

and at all assessments up to 1 year (Figs. 8 and 9).
Radiographic results are summarized in Table 2. At 6 

-
cal lordosis of 1.7
at 1 year compared with baseline (p > 0.05). Segmental 
lordosis at the treated level decreased by 1.4  and 1.6  
at 6 months and 1 year compared with baseline (p < 
0.05). Anterior disc height decreased at 6 months and 1 

changes in middle disc height. Posterior disc height was 

to baseline at 1 year.

increased at 6 months. Width returned to baseline and 
volume remained slightly elevated (just above baseline) 

-
lar bone in the treated facet on CT scans at 1 year. All 
patients had translational motion less than 2 mm at the 

had angulation less than 5 .

height and width at adjacent levels when comparing pre-
operative measurements to values at 6 months and 1 year. 
Measurements are depicted in Table 3.

There was no screw or base plate migration out of the 

from the base plate, but both base plate and screw remained 

the facet had bridging trabecular bone at 12 months. There 
was no halo or loosening of the base plate from the facet 

The DTRAX implant is intended to treat patients 
-

out symptomatic central canal stenosis. This population 
has historically been treated with anterior fusion and, less 
commonly, posterior foraminotomy. The common surgi-
cal dictum has been complete decompression of disc and 

FIG. 8.   A: Line   graph   showing   NDI   scores   from   baseline   to   12  
months.   B:   Line   graph   showing   SF-12v2   physical   component   sum-
mary  scores  (y  axis)  from  baseline  to  12  months.   C:  Line  graph  show-
ing  SF-12v2  mental  component  summary  scores  (y  axis)  from  baseline  
to  12  months.  

FIG. 9.   Upper:  Line  graph  showing  VAS  neck  scores  (y  axis)   from  
baseline  to  12  months.   Lower: Line  graph  showing  VAS  arm  scores  
(y  axis)  from  baseline  to  12  months.  
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osteophyte via an anterior approach for patients with cer-
vical radicular symptoms that fail to respond to conserva-
tive care.6 Complete decompression has been emphasized 
even more with prosthetic discs due to the potential for 
dynamic compression if there is residual disc or spur. The 
investigators recognize good results with anterior spinal 
reconstruction, but believe it may be more surgery than is 

suffering from cervical radicular symptoms.5,15 Cervical 
traction is commonly performed by chiropractors and 
physical therapists, and home traction devices are popu-
lar, safe, and effective.12 Recumbency can alleviate radic-
ular symptoms by removing the weight of the head from 
the cervical spinal column.15

The DTRAX Facet System was conceived to provide 
surgical distraction to the symptomatic cervical spinal 
level by using a minimally invasive approach. It is an al-
ternative to anterior fusion that is less invasive and could 
be performed earlier in the continuum of care. The con-
cept of a shim to adjust the space between 2 vertebrae 
to alleviate root compression is appealing because tis-
sue is not removed and it does not preclude further open 
surgical procedures. A shim placed into the facet opens 
the neural foramina due to the transverse orientation of 
the cervical facets. Cervical facet anatomy has been de-
scribed by Pal et al.19 and Panjabi et al.;20

they described the relationship of the superior articular 
facet to the sagittal and transverse plane. Pal et al. re-
ported that the angle of the superior articular facet in the 
transverse plane varied from 46  at C-3 to 65  at C-7 in 
30 adult male human vertebral columns. The less the an-
gle from the transverse plane, the more facet distraction 
opens the neural foramina.

The DTRAX system is inserted intrafacet through 
the posterior facet capsule. This trajectory is technically 

-

-
imity.13 Bone volume is small, so that only 1 attempt at 
transfacet screw placement is possible without irretriev-

The DTRAX tongue chisel is inserted through the pos-
terior facet and abuts the pedicle, which prevents plung-

In 2011, Goel and Shah9 validated the concept that 
facet distraction can lead to symptomatic relief of cord 
and root compression. These authors reported on 36 pa-
tients with cervical spondylotic disease enrolled over 4 
years and treated with facet distraction by using metallic 
spacers. In this cohort, 18 patients had single-level and 18 
had multilevel disease. Surgery was a standard open ap-
proach with interspinous process ligament resection, iliac 
crest grafting over the lamina and lateral mass, and facet 
decortications followed by impaction of spacers into the 
facet. The follow-up ranged from 6 to 37 months, with a 
mean follow-up duration of 17 months. Patients wore a 
4-column hard collar for 3 months. All patients had vary-
ing degrees of relief from pain, radiculopathy, and my-
elopathy. Spacers resulted in an increase in the foraminal 
and canal dimensions.

-
lopathy treated with DTRAX provides further clinical 
evidence that facet distraction alleviates symptomatic root 
compression. The DTRAX and the Goel cervical spacer 
are both intrafacet implants. The DTRAX implant is in-
serted using a percutaneous approach, whereas Dr. Goel 
described an open surgery.9 DTRAX is inserted into the 

screw advancement to provide incremental distraction. 
-

tome on the lateral edge of the joint to wedge it open.
Goel treated patients with myelopathy and radicu-

lopathy at multiple spinal levels. He noted that facet dis-

TABLE 2: Summary of radiographic data in 60 patients with single-level cervical spondylotic radiculopathy*

Measurement Baseline 6  Mos 12  Mos

Net  Change  from  

Baseline  at  12  Mos

overall  cervical  spine  lordosis  (°) 9.2  ±  6.9 7.5  ±  5.8† 8.9  ±  6.8 0.4

Cobb  angle  at  treated  level  (°) 6.5  ±  4.9 7.9  ±  4.8† 8.1  ±  5.1‡ +1.6‡

anterior  disc  height  (mm) 3.2  ±  1.2 2.9  ±  1.0 2.7  ±  1.1‡ 0.5‡

middle  disc  height  (mm) 4.2  ±  1.1 4.1  ±  1.0 4.0  ±  1.1 0.3

posterior  disc  height  (mm) 2.6  ±  0.9 3.0  ±  1.2‡ 2.6  ±  0.9 0.0

foraminal  height  (mm) 11.0  ±  2.0 11.2  ±  1.8 11.1  ±  1.9 +0.1

foraminal  width  (mm) 6.4  ±  1.7 6.8  ±  1.9‡ 6.4  ±  1.7 0.0

foraminal  vol  (ml) 56.7  ±  16.7 60.9  ±  17.4‡ 58.6  ±  18.9 +2.0

evidence  of  bridging  trabecular  bone  (%) 85.0 93.3

translational  motion  <2  mm  (%) 98.3 100.0

angulation  <5°  (%) 73.3 83.3

*   Unless  otherwise  indicated,  values  are  expressed  as  the  mean  ±  SD  throughout.  

†   p  <  0.05.

‡   p  <  0.01.
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of the posterior longitudinal ligament and ligamentum 
-

toms.11 We agree that facet distraction could improve my-
elopathy, but we limited our enrollment to patients with 
radiculopathy at a single spinal level to focus our analysis 
on a uniform clinical diagnosis.

In our current series, 60 patients were prospectively 
followed in the course of 1 year. Patients clinically im-
proved, as assessed by NDI, SF-12v2, and VAS scores 

TDR.3,11,16–18 This study was intended as a pilot evalua-

and TDR. Results at 1 year are favorable but preliminary; 

We believe that spinal root compression was alleviated 

-
naires; in particular there was improvement in VAS arm 

-

also increased at 6 months and then returned to baseline at 

provides temporary root decompression that approaches 
-

traction may be less important than fusion immobiliza-
tion of the motion segment in resolving radiculopathy (Fig. 

through the facets at 12 months. Fusion of the symptomatic 
level results in long-term and permanent relief. This is con-

stenosis is asymptomatic if the motion segment is fused.
Comparison of measurements of foraminal height, 

TABLE 3: Summary of adjacent-level data in 60 patients with single-level spondylotic radiculopathy who underwent treatment with the 

DTRAX Facet System*

Treated  

Level Adjacent  Level

Baseline 6  Mos 12  Mos

Height  (mm) Width  (mm) Height  (mm) Width  (mm) Height  (mm) Width  (mm)

lt  side

   C3–4 C4–5 12.6  ±  3.5 10.1  ±  4.2 15.5  ±  3.5 12.1  ±  3.8 17.1  ±  0.7 12.5  ±  0.9

C5–6 14.1  ±  3.0 9.3  ±  0.1 16.7  ±  2.0 11.0  ±  0.5 17.7  ±  2.5 12.1  ±  2.5

C6–7 12.4  ±  2.0 13.0  ±  2.2 14.4  ±  1.5 12.9  ±  0.6 17.1  ±  4.6 14.3  ±  2.2

   C4–5 C3–4 10.9  ±  1.8 8.7  ±  2.7 11.6  ±  0.5 9.4  ±  2.5 12.9  ±  3.0 10.4  ±  2.0

C5–6 10.2  ±  2.2 9.0  ±  1.9 11.7  ±  2.4 10.4  ±  1.0 13.2  ±  4.3 10.3  ±  3.4

C6–7 11.3  ±  3.5 8.9  ±  4.8 11.0  ±  2.4 8.4  ±  4.6 12.4  ±  5.5 9.6  ±  3.8

   C5–6 C3–4 11.2  ±  2.3 9.1  ±  2.2 12.4  ±  3.0 10.9  ±  3.4 12.1  ±  2.6 10.3  ±  2.5

C4–5 13.2  ±  3.2 9.2  ±  2.4 14.3  ±  3.1 10.7  ±  2.4 14.1  ±  3.2 10.4  ±  3.3

C6–7 11.9  ±  2.4 9.8  ±  3.7 13.2  ±  2.9 11.2  ±  4.2 12.6  ±  2.4 10.1  ±  3.6

   C6–7 C3–4 12.2  ±  2.2 9.8  ±  2.6 12.2  ±  2.7 9.8  ±  1.8 13.5  ±  1.4 10.4  ±  3.1

C4–5 13.0  ±  4.0 9.1  ±  2.7 13.0  ±  4.6 9.5  ±  2.6 14.4  ±  1.6 11.7  ±  6.6

C5–6 12.0  ±  0.6 9.1  ±  1.7 12.7  ±  2.3 10.1  ±  1.7 13.3  ±  2.7 10.5  ±  0.9

rt  side

   C3–4 C4–5 12.3  ±  0.5 9.4  ±  0.7 12.6  ±  2.8 10.6  ±  0.6 14.8  ±  1.0 10.6  ±  3.5

C5–6 14.5  ±  1.2 10.1  ±  0.1 15.9  ±  0.3 11.3  ±  0.1 18.4  ±  2.2 13.9  ±  1.6

C6–7 10.9  ±  3.8 12.1  ±  1.6 14.0  ±  1.2 15.0  ±  3.5 17.1  ±  3.2 13.9  ±  0.8

   C4–5 C3–4 10.6  ±  1.3 9.5  ±  2.6 12.2  ±  2.7 9.4  ±  2.0 12.8  ±  3.5 10.4  ±  4.2

C5–6 11.0  ±  2.6 9.4  ±  4.3 12.5  ±  2.4 10.3  ±  3.0 13.9  ±  4.2 10.2  ±  2.9

C6–7 10.4  ±  2.2 9.7  ±  2.9 11.4  ±  2.7 8.8  ±  4.2 12.2  ±  4.2 10.8  ±  4.4

   C5–6 C3–4 11.6  ±  2.1 9.5  ±  2.0 12.5  ±  2.5 10.2  ±  2.5 11.7  ±  2.1 9.8  ±  3.0

C4–5 13.6  ±  2.3 9.6  ±  1.9 14.3  ±  1.9 10.3  ±  2.5 13.8  ±  2.7 10.4  ±  2.5

C6–7 11.9  ±  2.3 9.0  ±  3.6 12.6  ±  2.3 9.7  ±  3.8 12.8  ±  3.8 9.5  ±  3.7

   C6–7 C3–4 12.5  ±  4.5 9.1  ±  1.3 12.6  ±  2.6 8.9  ±  0.7 12.3  ±  0.9 8.5  ±  1.3

C4–5 14.4  ±  4.8 10.7  ±  1.3 14.5  ±  2.4 11.1  ±  1.9 14.7  ±  2.9 11.3  ±  1.0

C5–6 13.6  ±  5.1 10.4  ±  1.6 13.2  ±  3.7 10.9  ±  3.1 14.6  ±  4.3 10.6  ±  2.1
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width, and volume across multiple time points with CT 
reconstructions was problematic. Independent radiolo-
gists at Perceptive Informatics attempted to obtain the 
same CT slice for valid measurement comparisons, but 
identical slice capture for all patients at all time points 
was not perfect. This unavoidable variability should be 

-
er potential sources of error in reproducibly measuring 

irregular 3D funnel shape of the foramina. Current ra-
-

certain small increases in foramina dimensions that may 
unweight the nerve root. Goel and Shah9 noted foraminal 

methods for accessing foraminal dimensions.
The DTRAX implant did not result in any statisti-

loss of lordosis at the treated level was 1.6 -
ion deformity was small, but not nil. This small net loss 
of lordosis at the treated level was anticipated because 
distraction instrumentation posterior to the instantaneous 

-

of rotation compared with an interspinous spacer. Hence, 
the applied moment arm from cervical facet distraction 
is less when compared with distraction applied in the in-

were anticipated due to posterior distraction instrumen-
tation. Posterior disc height was unchanged at 1 year. 
Arthrodesis of the motion segment may also account for 

middle, and posterior disc height would be anticipated to 
decrease symmetrically.

-

-

best results, but even when there was residual movement 
the majority of patients were clinically improved. This 

-
sult when a shim is placed into the facet. However, it is 
our opinion that arthrodesis is desirable, and since the 
original study the decortication tools have been enhanced 
to further facilitate bone fusion. There was no instance of 

base plate.
There was no instance of spinal instability caused by 

facet distraction from DTRAX at the treated level. We 

tension on facet ligaments to stiffen the motion segment 
and not to overdistract the joint to overt ligament failure. 
The majority of patients in this series had cervical spon-
dylosis with disc collapse. Concern that the implant could 
cause overt spinal instability in a patient with retained 

-
tional investigation.

The DTRAX implant was placed bilaterally whether 
the patient had unilateral or bilateral radicular symptoms. 
This was done because we had concerns that a unilateral 
implant might not heal, or might result in a contralateral 
radiculopathy due to the potential for narrowing of the 
foramina on the asymptomatic side. All 4 patients with 
unilateral implants did well and healed without defor-

unilateral radicular symptoms, but further investigation 
will be needed to support this contention.

There were no changes in the adjacent neural fo-
ramina width and height from C-3 to C-7 measured at 
1 year. Concern was raised that distraction of facet(s) at 
the treated level would result in compression of adjacent 
foramina or accelerated foraminal stenosis. These issues 
were not observed. There was no accelerated or atypical 
development of arthritic/degenerative cervical pathology 

-
naires, which can be compared with literature controls. 
Another limitation is that the follow-up is only 1 year. We 
used a clinical research organization to conduct the study 
and collect data to minimize potential investigator bias.

In this study we found that DTRAX provides a safe 
and successful treatment for select patients with radicu-
lopathy at 1-year follow-up. Cervical facet distraction re-
sults in clinical relief of radiculopathy and satisfactory 

effective and may be a good alternative to conventional 
reconstructive surgery in select patients.

-
cutaneous distraction and fusion performed using the 
DTRAX Facet System is a safe and effective method of 
treating a subset of patients with cervical degenerative 

FIG. 10.   Coronal  CT  scan  of   the  DTRAX  implant  at  C4–5  showing  
intrafacet  bridging  bone.
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or symptomatic central canal stenosis were treated with 
success in this series. The procedure is reproducible at 
multiple sites and has a short learning curve. Patients 

-
dosis. This study does not address durability beyond 1 
year, multilevel treatment, or use of DTRAX in conjunc-
tion with anterior stabilization. Additional studies will be 
needed to address these topics.

Providence Medical Technology, Inc. provided product, sur-
geon training, and financial resources to conduct the study. Two of 

-
pany), which can bias interpretation of results. The DTRAX Facet 

the US.
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