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Introduction: Lateral mass screw (LMS) fixation with plates or rods is the current standard 

procedure for posterior cervical fusion. Recently, implants placed between the facet joints 

have become available as an alternative to LMS or transfacet screws for patients with cervical 

spondylotic radiculopathy. The purpose of this study was to evaluate the biomechanical stability 

of the DTRAX® cervical cage for single- and two-level fusion and compare this to the stability 

achieved with LMS fixation with rods in a two-level construct.

Methods: Six cadaveric cervical spine (C3–C7) specimens were tested in flexion–extension, 

lateral bending, and axial rotation to ±1.5 Nm moment without preload (0 N) in the following 

conditions: 1) intact (C3–C7), 2) LMS and rods at C4–C5 and C5–C6, 3) removal of all rods 

(LMS retained) and placement of bilateral posterior cages at C5–C6, 4) bilateral posterior cages 

at C4–C5 and C5–C6 (without LMS and rods), and 5) C4–C5 and C5–C6 bilateral posterior 

cages at C4–C5 and C5–C6 with rods reinserted.

Results: Bilateral posterior cervical cages significantly reduced range of motion in all tested direc-

tions in both single- and multilevel constructs (P<0.05). Similar stability was achieved with bilateral 

posterior cages and LMS in a two-level construct: 0.6°±0.3° vs 1.2°±0.4° in flexion–extension 

(P=0.001), (5.0°±2.6° vs 3.1°±1.3°) in lateral bending (P=0.053), (1.3°±1.0° vs 2.2°±0.9°) in axial 

rotation (P=0.091) for posterior cages and LMS, respectively. Posterior cages, when placed as an 

adjunct to LMS, further reduced range of motion in a multilevel construct (P<0.05).

Conclusion: Bilateral posterior cages provide similar cervical segmental stability compared 

with a LMS and rod construct and may be an alternative surgical option for select patients. 

Furthermore, supplementation of a lateral mass construct with posterior cages increases cervical 

spine stability in single- and multilevel conditions.

Keywords: cervical spine, posterior fusion, biomechanics, cervical facets, DTRAX cervical 

cage, lateral mass screw

Introduction
Posterior approaches to cervical spinal fusion significantly decrease the risk for dys-

phagia, but typically require nerve root manipulation and bone resection.1 Lateral 

mass screw (LMS) fixation with plates or rods is the current standard procedure for 

posterior cervical fusion.2 Recently, implants placed between the facet joints have 

become available as an alternative to LMS or transfacet screw for patients with cervical 

spondylotic radiculopathy. The procedure entails placement of a spacer or posterior 

cervical cage between the facet joints using a minimally disruptive posterior approach. 

Favorable results have been reported up to 2 years postoperatively with no significant 

change in cervical alignment.3,4
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Published biomechanical investigations have shown sig-

nificant reductions in range of motion (ROM) and increased 

foraminal area using a variety of cervical implants placed 

between the facet joints.5–9 However, no studies to date have 

compared the biomechanical effects of any of these implants 

to LMS constructs. The purpose of this study was to evaluate 

the biomechanical stability of one type of posterior cervical 

cage (DTRAX® Cervical Cage with Bone Screw, Providence 

Medical Technology, Walnut Creek, CA, USA) (Figure 1) in 

single- and two-level fusion and compare this to the stability 

achieved with LMS fixation with rods in a two-level construct.

Methods
Approval for this study was obtained from the Research and 

Development Committee of the Edward Hines Jr. VA Hospital 

for the use of human tissue. Six fresh-frozen human cadaveric 

cervical spine (C3–C7) specimens were obtained from a 

tissue bank accredited by the American Association of Tis-

sue Banks (AATB). Radiographic screening was performed 

to exclude specimens with fractures, metastatic disease, 

osteoporosis, bridging osteophytes, or other conditions that 

could significantly affect spinal biomechanics. Specimen 

mean age (standard deviation) was 48.8 (6.6) years, four 

were male and two were female.

All specimens were thawed and stripped of the paraspi-

nal musculature while preserving the discs, facet joints, and 

osteoligamentous structures. The caudal vertebral body of each 

specimen was potted in an aluminum cup with polymethyl 

methacrylate bone cement. The cup was attached to a kinematic 

testing apparatus, while the cephalad end was not restrained. A 

moment was applied by controlling the flow of water into bags 

attached to loading arms fixed to the C3 vertebra. This appa-

ratus allowed continuous cycling of the specimens between 

specified maximum moment endpoints in flexion–extension 

(FE), lateral bending (LB), and axial rotation (AR) (Figure 2). 

Load–displacement data were collected until two reproduc-

ible load–displacement loops were obtained. This generally 

required a maximum of three loading cycles.

The angular motion of the C3 to C6 vertebrae relative to 

C7 was measured using an optoelectronic motion measure-

ment system (Model Certus, OptotrakÒ, Northern Digital, 

Waterloo, ON, Canada). In addition, biaxial angle sensors 

(Model 902-45, Applied Geomechanics, Santa Cruz, CA, 

USA) were mounted on each vertebra to allow for real-time 

feedback and to provide data redundancy in FE and LB. 

A six-component load cell (Model MC3A-6-1000, AMTI 

Inc., Newton, MA, USA) was placed under the specimen to 

measure the applied moments. Fluoroscopic imaging (OEC 

9800 Plus, GE Healthcare, Salt Lake City, UT, USA) was 

used to document implant position.

Each specimen was tested in FE, LB, and AR to ±1.5 Nm 

moment without preload (0 N) in the following conditions: 

1) intact (C3–C7), 2) LMS and rods at C4–C5 and C5–C6, 

3) removal of all rods (LMS retained) and placement of 

bilateral posterior cages at C5–C6, 4) bilateral posterior 

cages at C4–C5 and C5–C6 (without LMS rods), 5) C4–C5 

Figure 1 DTRAX® (Providence Medical Technology, Walnut Creek, CA, USA) 
cervical cage with bone screw.
Note: Cage dimensions are 10 mm × 5.5 mm × 2.5 mm. The bone screw extends 
3.5 mm through the fenestration at the superior aspect of the cage.

60 cm 46 cm

Figure 2 Experimental setup during flexion–extension testing.
Note: Angular motions of the C2–C7 vertebrae relative to T1 were measured using an optoelectronic motion measurement system.
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and C5–C6 bilateral posterior cages at C4–C5 and C5–C6 

with rods reinserted (Figure 3).

Posterior cervical cages were placed bilaterally between 

the facet joints according to the manufacturer’s surgical 

technique.10 Briefly, the lateral mass adjacent to the posterior 

facet was decorticated with a trephine and distracted. The 

facet end plates were then decorticated with a rasp before 

deploying and anchoring the posterior cage into the facet. 

A bone screw was placed through the posterior cage with a 

caudal to cranial trajectory into the superior facet. This was 

repeated on the contralateral side.

LMS fixation was performed according to a standard sur-

gical procedure (Solanas® Posterior Cervicothoracic Fixation 

System, Alphatec Spine, Carlsbad, CA, USA). After drilling 

a pilot hole, it was tapped and a load screw inserted. For 

fusion conditions, a custom rod was cut, contoured, placed, 

and secured using set screws. During posterior cage-only 

testing conditions, the load screws were retained and the 

rods were removed.

Statistical analysis
Segmental ROM was analyzed using paired t-tests. Signifi-

cance level was set to alpha =0.05. The effect of bilateral 

posterior cages on segmental ROM was evaluated in a 

single- and two-level constructs as follows: C5–C6 intact 

vs bilateral posterior cages and C4–C6 intact vs bilateral 

posterior cages, respectively. The effect of bilateral posterior 

cages was compared to LMS fusion for a two-level condition 

at C4–C6. Finally the combination of the two constructs was 

tested by comparing posterior cages alone to posterior cages 

plus LMS at C4–C6.

Each comparison was analyzed separately for FE, LB, and 

AR, since no comparisons across load types were intended 

in the study design. The statistical data analyses were per-

formed using Systat 10.2 software package (Systat Software, 

Richmond, CA, USA).

Results
Segmental ROM was significantly reduced in all tested direc-

tions for all evaluated constructs compared to intact motion. 

ROM decreased significantly after placement of bilateral pos-

terior cages at a single level (C5–C6): 11.5°±3.5° to 3.4°±1.8° 

FE (P=0.001), 10.0°±2.1° to 0.7°±0.5° LB (P=0.000), and 

8.5°±2.1° to 0.8°±0.5° AR (P=0.000) for intact and posterior 

cage conditions, respectively (Table 1). Similar results were 

observed for bilateral posterior cages at two levels. ROM 

A CB

D E

Figure 3 Testing protocol.
Notes: (A) Intact, (B) C4–C6 LMS construct, (C) C5–C6 bilateral posterior cages, (D) C4–C6 bilateral posterior cages, (E) C4–C6 LMS construct with supplemental 
bilateral posterior cages.
Abbreviation: LMS, lateral mass screw.
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at C4–C6 decreased from the intact condition as follows: 

20.2°±5.2° to 5.0°±2.6° in FE (P=0.000), 10.8°±2.6° to 

0.6°±0.3° in LB (P=0.000), and 17.8°±5.1° to 1.3°±1.0° in 

AR (P=0.001) (Table 1).

Two-level fusion at C4–C6 with bilateral posterior cages 

showed a significant reduction in motion compared to fusion 

with LMS in LB: 0.6°±0.3° vs 1.2°±0.4°, posterior cages and 

LMS, respectively (P=0.001). While significance in FE was not 

reached, there was a strong trend for reduced motion with LMS 

(5.0°±2.6° vs 3.1°±1.3°) (P=0.053). In AR, there was no differ-

ence between the implants (1.3°±1.0° vs 2.2°±0.9°) (P=0.091).

Supplementing LMS fusion with bilateral posterior cages 

in a two-level construct significantly reduced motion com-

pared to LMS alone (Table 2). Mean ROM value decreased 

from 3.1°±1.3° to 2.2°±1.2° (posterior cages, LMS, respec-

tively) in FE (P=0.030) and from 2.2°±0.9° to 1.0°±0.5° in 

AR (P=0.016). There was no statistical significance between 

groups in LB (1.2°±0.4° vs 0.7°±0.3°) (P=0.076).

Discussion
Several surgical treatment options are available for patients 

suffering from cervical radiculopathy. Previous studies report 

favorable clinical and radiographic outcomes in patients with 

single-level cervical radiculopathy secondary to spondylo-

sis treated with posterior cervical spacers or cages placed 

between the facet joints.5,11 The current study demonstrated 

that both lateral mass constructs and bilateral posterior cervi-

cal cages offer comparable postoperative segmental stability; 

both techniques significantly decreased cervical ROM in 

FE, LB, and AR. Failure to provide adequate stabilization 

may lead to deformity or other types of instability that may 

contribute to neurological deterioration.12 In this study, 

supplementation of lateral mass constructs with bilateral pos-

terior cervical cages further significantly decreased cervical 

ROM in FE and AR. Potential clinical implications include 

enhancing the stability of LMS to promote fusion in cases of 

compromised bone quality where LMS purchase may be in 

question, or as a supplementary minimally invasive technique 

to improve stabilization in a case of LMS instrumentation 

failure or inadequacy.

There were some differences in the degree of stability 

conferred by each construct; LMS provided greater stability 

in FE and posterior cervical cages were more stable in LB. 

Implant choice should be based on clinical and anatomical 

considerations. Certain clinical scenarios, such as cervical 

fracture dislocations, may require preferential stability in one 

plane of movement. Scenarios in which FE stability are of 

greater importance may be managed with LMS constructs, 

while the most unstable situations would benefit from LMS 

augmented with bilateral posterior cages. The degree of 

Table 1 Mean (SD) segmental ranges of motion (degree) for each condition under 0 N follower preload and 1.5 Nm load for each 
test condition

Motion segment/
testing mode

Intact C4–C6 LMS fusion C5–C6 posterior  
cages

C4–C6 posterior  
cages

C4–C6 posterior 
cages + LMS fusion

C3–C4
Flexion–extension 9.0±2.5 10.1±2.5 10.1±2.6 10.2±2.5 10.1±2.5
Lateral bending 11.2±3.0 10.6±2.2 11.1±2.5 10.4±2.5 10.5±2.3
Axial rotation 6.9±2.4 8.0±2.5 8.1±2.7 8.9±2.7 8.8±2.6
C4–C5
Flexion–extension 8.6±2.0 1.4±0.7 9.8±1.8 2.0±1.1 1.2±0.7
Lateral bending 9.8±1.2 0.5±0.2 9.3±1.5 0.1±0.3 0.3±0.2
Axial rotation 9.3±3.2 1.0±0.6 10.0±3.3 0.5±0.3 0.5±3.3
C5–C6
Flexion-extension 11.5±3.5 1.6±0.7 3.4±1.8* 3.1±1.7 1.1±0.6
Lateral bending 10.0±2.1 0.7±0.3 0.7±0.5* 0.5±0.5 0.4±0.3
Axial rotation 8.5±2.1 1.2±0.4 0.8±0.5* 0.8±0.6 0.5±0.2
C6–C7
Flexion–extension 9.3±1.6 8.7±2.9 8.5±3.2 8.8±2.9 8.8±3.2
Lateral bending 6.7±2.1 6.1±3.2 6.1±3.3 6.4±3.3 6.4±3.3
Axial rotation 4.7±1.8 4.2±2.4 4.5±2.3 4.7±2.3 4.6±2.6
C4–C6
Flexion–extension 20.2±5.2 3.1±1.3* 12.5±3.5 5.0±2.6* 2.2±1.2*
Lateral bending 10.8±2.6 1.2±0.4* 10.0±1.6 0.6±0.3* 0.7±0.3*
Axial rotation 17.8±5.1 2.2±0.9* 10.8±3.6 1.3±1.0* 1.0±0.5*

Note: *Significance from intact at P<0.05.
Abbreviations: LMS, lateral mass screw; SD, standard deviation.
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stabilization required to promote successful arthrodesis 

while minimizing morbidity and implant failure has yet to be 

adequately quantified. For the majority of one- and two-level 

fusions, both constructs provide sufficient stability. Bilateral 

posterior cage construct has the advantage of providing 

indirect foraminal decompression and can be placed in a 

minimally disruptive fashion.9,10 Further, this method may 

reduce perioperative morbidity associated with LMS by 

decreasing operative time, blood loss, and muscle disruption. 

This approach avoids potential screw-related complications 

such as injury to the sensitive anatomical structures of the 

cervical spine such as nerve root, spinal cord, and vertebral 

artery injuries.13 Furthermore, the present analysis provides 

evidence to support the use of bilateral posterior cervical 

cages in settings where LMS is contraindicated, including 

lateral mass hypoplasia, congenital malformations, and prior 

LMS failure necessitating posterior revision instrumentation 

and fusion.

Maulucci et al investigated the effect of a 2 mm cortical 

facet spacer on foraminal area and segmental stability in 

conjunction with LMS and bilateral rods.7 Bilateral spacers 

in both single- and three-level constructs increased foraminal 

height and provided increased segmental stability, although 

the kinematic results were not statistically significant. The 

data reported by the authors showed decreased segmental 

motion with larger spacers. The results reported by Maulucci 

et al are not concordant with the results obtained with the 

posterior cervical cage reported in our biomechanical study. 

This may be due to the shape and material of the implant, as 

well as the placement technique. Furthermore, Maulucci et 

al tested the facet spacer in a three-level construct, while we 

limited testing to single- and two-level constructs.

As with all studies, this investigation has limitations. 

While cadaveric specimens were not modified to simulate 

pathologic conditions, age-appropriate specimens were used 

in this study. The kinematic evaluation performed herein is 

reflective of the immediate postoperative condition. Muscles 

act to stabilize the spine by exerting a compressive preload 

across spinal segments. This study was intended to assess 

the implants under a worst-case scenario.14 Therefore, our 

cadaveric model did not include compressive loading. Cycli-

cal loading conditions were not evaluated; thus, the long-term 

in vivo effects of each testing condition are unknown. Further 

limitations include a sequential testing mode. While it is not 

suspected to affect ROM, the two-level posterior cage test-

ing was performed with LMS (without rods) in place. This 

testing sequence was chosen to fully utilize each specimen. 

Kinematics vary by spinal level; comparisons are best made 

before and after surgeries at the same level. Finally, the 

change in cervical lordosis was not assessed in this study. This 

characteristic may be of importance in preserving cervical 

balance and muscular alignment.15–18

Conclusion
In conclusion, bilateral posterior cages provide similar cervi-

cal segmental stability compared to an LMS and rod con-

struct and may be an alternative to LMS for select patients, 

particularly in conditions where a lateral mass approach is 

contraindicated. Furthermore, supplementation of a lateral 

mass construct with posterior cages increases cervical spine 

stability in single- and multilevel conditions.
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