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ANTERIOR MULTI-LEVEL CERVICAL FUSION 

ABSTRACT 

STUDY DESIGN: A preliminary assessment of anterior cervical fusion performed with interbody 

cage and DOC plate. 

OBJECTIVES: To describe and evaluate the efficacy and safety of the "Chattanooga Procedure", 

a modified technique in achieving anterior cervical fusion. 

SUMMARY OF BACKGROUND DATA: Anterior cervical fusion with interbody bone graft and 

anterior plating is connnonly performed. Unfortunately, the plate has been reported to shield the graft 

from loading thus reducing fusion rates. The use of interbody fusion cages has been effective in the 

lumbar spine and has gained acceptance in the cervical spine. 

METHODS:. Twenty-five patients received "The Chattanooga Procedure" between 7/24/98 and 

4/8/99. All patients had anterior discectomies and carpectomies, placement of a Harms cage packed 

with carpectomy bone, and application ofDePuy-Acromed DOC. Fusion was defined by radiographic 

evidence of trabecular bone bridging across the Harms cage. CT scans were performed on twelve 

randomly chosen patients to verify fusion. No external bracing was used except a soft collar as 

needed. Pre- and post-operative pain and functional capacity data were collected and statistically 

analyzed using paired t-tests. 

RESULTS: There were no cases of pseudoarthrosis, major neurological, vascular, or wound 

complications. Only one case of unresolved dysphasia was noted. The average operative time (11 0 

minutes) was comparable to standard instrumented multi-level anterior cervical fusion surgeries. The 

average estimated blood loss was 113 ml (range, 50-750 ml). Both visual analog pain scale and 

Oswestry functional capacity data were significantly improved post-operatively (p< 0.01). 
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DISCUSSION: Advantages of the "Chattanooga Procedure" include immediate stability, support, 

elimination of donor site pain to iliac crest bone autograft, and a decrease in pseudoarthrosis by 

dividing the fusion surfaces by half. Concerns regarding this technique include an increased risk for 

dysphasia due to the DOC's high profile. Pseudoarthrosis or instrumentation migration could also 

become problematic since the removal of the Harms cage could be difficult if necessary. 

INTRODUCTION 

Since the introduction of an anterior approach to cervical discectomy and fusion surgery in 

the 1950's by Bailey and Badgley1, Smith and Robinson25, and Cloward3, it has become widely 

successful in achieving arthrodesis, relieving pain, radiculopathy and myelopathy14
•
6

•
10

•
11

•
18

•
20

•
21

•
25

•
31

• 

Surgical indications for an anterior cervical discectomy and fusion include fractured, degenerated, and 

herniated cervical disc diseases2
•
5
•
7
•
9

•
19

•
23

•
24

• Anterior cervical discectomy relieves the pain resulting 

from compression of the spinal cord or nerve roots as they exit the foramen. In order to retain spinal 

stability, an interbody fusion is generally performed. Traditionally, fusion has been performed using 

autograft bone harvested from the iliac crest 20,25• The high rate of donor site complications including 

hematoma, dysesthesias, nerve injuries, pain, and fracture15
•19,22 have prompted the search for a new 

source of graft material 12•13•28•32• To avoid some of these complications, fibular allografts16
•
22

, or the 

patient's own corpectomy bone14 have been substituted. 

The use of interbody titanium cages has been effective in the lumbar spine in terms of 

increasing stability and load bearing capacity while maintaining proper sagittal plane alignment and 

disc height. Bone graft from the corpectomy can be packed into and around the cage thus reducing 

the need for an alternative graft source. 
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ANTERIOR MULTI-LEVEL CERVICAL FUSION 

Presently there are several plating options available to spinal surgeons for anterior multilevel 

cervical fusions. Among these are the Sofamor Danek-Orion plate and Synthes AO locking plate. 

These are each rigid, locked plating systems that provide a stable environment for achieving 

fusion10•26•27,29• One major criticism of the anterior plating system is that the bone graft may be shielded 

from mechanical loading due to the presence of the plate. Previous biomechanical studies have 

reported increased stiffness measured in segments with interbody bone grafts and anterior cages as 

compared to grafts alone30
•
33

• The increased stiffness of the implant supports a greater portion of the 

axial load thus interfering with active bone remodeling at the graft site. However, another study 

reported that the intervertebral bone graft was not subjected to load shielding but rather to load 

sharing17
• This would suggest that the graft is still supporting sufficient axial load to stimulate bone 

growth. 

In an effort to enhance the occurrence of anterior cervical fusion the authors have utilized a 

new technique, the "Chattanooga Procedure", combining two different instrumentation systems: The 

DePuy-AcroMed DOC anterior cervical plating system and the Harms cage. The purpose of this 

article is to describe this new surgical technique and to provide a preliminary assessment of patient 

outcomes and the advantages and disadvantages of this technique. 

MATERIALS AND METHODS 

Surgical Background 

Two orthopaedic spinal specialists from the middle-Tennessee valley area, with a combined 15-

years of surgical experience have devised and incorporated the following operative procedure into 

their practice for anterior multi-level cervical fusion surgeries. Entitled the "Chattanooga Procedure" 
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this surgical technique combines the DePuy-AcroMed DOC anterior cervical plating system with the 

Harms cage. 

Surgical Technique 

Antibiotic prophylaxis was given prior to surgery. Electrophysiology monitors and leads were 

inserted and used throughout the procedure. In some three-level or upper cervical level fusions 

skeletal traction was utilized to increase stability. 

The longitudinal Smith-Robinson25 approach was utilized. The anterior portion of the cervical 

spine was then identified and the fascia bluntly dissected away. Markers were placed in the vertebral 

body and interoperative x-rays were taken to verify levels. Retractors and Caspar distraction pins 

were placed at the appropriate levels. A microscope was used during exposure and throughout the 

remainder of the case. Beginning with the first level, anterior osteophytes were removed when present 

and distraction carried out across the disc space. The anterior lip of the superior vertebral body was 

removed with a 2-mm Kerrison rongeur. The disc space was entered with sharp incision through the 

anterior annulus. The anterior longitudinal ligament and the anterior portion of the annulus fibrosis 

were released. A complete discectomy was carried out back to the posterior longitudinal ligament 

using a combination of curettes, rongeurs and elevators. The lateral portions of the uncinate process 

were visualized bilaterally. The posterior longitudinal ligament was taken down with 1-mm and 2-mm 

Kerrison rongeurs, and epidural space was inspected for loose disc fragments. Discectomies were 

usually wide- 18-mms from uncinate process to uncinate process. 

After identical discectomies were performed at the other involved levels, and all wounds were 

irrigated, the distractor pins were removed. A rongeur was used to carry out a partial corpectomy 
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removing approximately 75% or 80% of the vertebral body. This bone was ground for packing the 

intervertebral cage. The bone was removed with a 4-mm bur and a Kerrison rongeur. After 

corpectomies and decompression were completed, the wounds were again irrigated and meticulous 

hemostasis was obtained. 

Calipers were used to measure the distance between the inferior upper portion of the superior 

most vertebra and the superior portion of the inferior most vertebra and a 12 to 14-mm Harm's cage 

was then cut to the appropriate height. The Harm's cage was filled with cancellous bone graft from 

the previous corpectomies. Distraction was gently applied across the neck, and the cage was inserted. 

Distraction was released allowing firm fixation, and the area was assessed for fit and feel of the cage. 

Additional bone graft was packed to the sides of the cage. 

The DePuy-AcroMed DOC anterior segmental system was set to the appropriate length and depth, 

allowing for compression. The implant was placed over the anterior surface of the vertebral bodies. 

The lockable platform is adjusted to allow the platform fins to rest against the vertebral endplates. 

The rods were visible in both windows of the lockable platforms and did not extend more than 3-mm 

beyond the caudal platform. After proper placement, the system was temporarily secured in position 

with the construct securing pins to ensure implant position. Holes were drilled, 14-mm outer bone 

screws were inserted securing the implant to the vertebral bodies. Inner locking screws were then 

inserted into the outer bone screws. The amount of axial settling could be adjusted by changing the 

distance between the cross connector and the platform. The maximum amount of axial settling did 

not exceed 3-mm per disc level. An intraoperative x-ray was taken confirming proper positioning and 

alignment ofthe implants and the cage. 
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The wounds were copiously irrigated, and a small drain was placed in the wound. The platysmas was 

re-approximated with 2 Vicryl suture. Subcuticular 4-0 Monocryl was used for skin closure. Steri-

strips and a sterile dressing were applied. No external bracing was used except a soft collar was used 

as needed dependent upon patient. 

Clinical Methods 

Patient outcomes were determined based on four specific areas: clinic evaluation, 

radiographic review, surgical notes and patient questionnaires/phone interviews. A comprehensive 

analysis of these data, pre- and post -operatively, allowed for a complete picture of surgical success 

and patient satisfaction. 

Post-operative radiographs were utilized to monitor fusion, which was defined as radiographic 

evidence of trabecular bone bridging across the Harms cage. Computer tomography (CT) scans were 

also obtained for 12 randomly chosen patients to verify fusion rates (Figures 1: A &B). 

Patients rated their pre- and post-operative pain using a classic 1 0-point visual analog pain 

scale (V AS);(Center for Sports Medicine, Foundation for Research, Chattanooga, TN). Although 

designed for the low back, the Oswestry Low Back Pain and Disability Questionnaire (Center for 

Sports Medicine, Foundation for Research, Chattanooga, TN) was also used as an additional tool 

to help measure patient's functional disability level. Data for the VAS and OSW were statistically 

analyzed using a paired t-test to identify any significant changes following surgery (Table 1 ). 

RESULTS 

Patients 

Twenty-five patients (Table 1) underwent the "Chattanooga Procedure" between July 1998 
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and April 1999 for a variety of indications including herniated disc, spondylosis, myelopathy, 

radiculopathy, spinal stenosis, and central cord syndrom. Patients included 15 males (60%) and 10 

females (40%). The average patient age was 55.8 years (range 35-73 years). Three patients were 

smokers, four were worker's compensation cases, and one was involved in litigation (Table 1). 

Outcomes 

The mean follow-up period for the "Chattanooga Procedure" patients was 13 months (range, 

9-17 months) and they have shown to have very positive results. Both VAS and OSW scores were 

significantly decreased following surgery (p<0.01). The mean improvement in the VAS was 58.4% 

and the OSW improved by a mean 49.9%. There were no cases of pseudoarthrosis, no major 

neurological, vascular or wound complications. There was one case of mild dysphasia unresolved 

at follow-up. 

Hospital stay was a mean of2.3 days (range, 1-7 days), the mean operative was 110 minutes 

(range, 80-180 minutes), and the estimated blood loss was 113 m1 (range, 50 to 750 ml). The mean 

cost for a multi-level cervical surgery was $15,392.32 (range, $11,229.84-29,967.48), which includes 

hospital admission to discharge. 

CT scans were performed on twelve randomly chosen patients to evaluate fusion rates. All 

patients showed fusion (Figures 1: A & B). The mean number oflevels fused was 2.2 (range 2-4), 

the most common being C5-C7 (range ofC4-T1). 

DISCUSSION 

Of the 25 patients in this study with the mean follow-up of 13 months (range, 9-17 months), 

they have shown very positive results. Both the pain and functional capacity scores were significantly 
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reduced followed surgery. There were no serious complications encmmtered, however, there was one 

case of mild dysphasia that remained unresolved at follow-up. 

The VAS rating scale measures overall pain severity. As a 1 0-cm horizontal line, it 

represents a symptom continuum of two extremes. The 0-cm end rates "no pain at all" and the 1 0-cm 

end rates "total agony." The Oswestry Low Back Pain Disability Questionnaire is divided into ten 

sections meant to assess various daily living activity limitations. Each section contains six statements 

of which the patient elects one best choice describing his limitations accurately. Each section is scored 

from 0-5; 5 depicts maximum disability. The Oswestry is scored as followed: a) 0-20 reflects minimal 

disability; b) 20-40 reflects moderate disability; c) 40-60 reflects severe disability; and d) 60-80 

reflects crippled disability; and 80-100 reflects bed-bound or exaggerating disability8• 

There are several options available to spine surgeons to achieve anterior decompression and 

fusion Anterior cervical plates are useful in providing a stable environment for fusion. Additionally, 

interbody cages increase stability and load bearing capacity while maintaining proper alignment and 

disc height. It is our belief that the ideal technique for achieving anterior cervical fusion would make 

use ofboth of these devices. 

The "Chattanooga Procedure" is similar to that described by Majd et al. who also combined 

interbody titanium cages with anterior cervical plating14• An important distinction in these two 

techniques is the choice of anterior plating system The AcroMed DOC Ventral Cervical Stabilization 

System provides a dynamic implant system, allowing load sharing between the instrumentation and 

graft. This design allows for a controlled lordotic settling of the graft during the fusion process. The 

settling of the implant allows the device to adapt to the changing mechanics as the fusion develops 
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and decreases the amount ofload shielding by the plate, thus allowing the graft to support a greater 

portion of the axial load leading to improved possibilities of fusion. 

As described by Martin et al. an advantage to using auto geneic grafts is their ability to 

participate actively in the bone healing process through osteogenesis. Osteogenesis requires live bone 

cells in the graft along with a few mature osteoblasts and osteocytes to remain viable after 

transplantation via diffusion. Allogeneic bone grafts cannot promote bone growth through 

osteogensis15• Martinet al. also notes that the maintenance of graft height may also be affected by the 

bone resorption. Cancellous bone grafts and cortical grafts are contrasted in their rate and 

completeness depending upon their bone resorption. Cortical bone from fibular allografts take 1 to 

2 months for incorporation, whereas cancellous bone from iliac crest or carpectomies lead to 

complete vascularization within 2 weeks. The shorter time is thought to be impetus to more complete 

incorporation of cancellous bone for fusion15• 

Advantages in using the DOC system with the Harms cage include immediate stability, 

support, complete decompression of nerve roots, reestablishment/maintenance of disc height, 

elimination of donor site pain to iliac crest autograft, and a decrease in pseudoarthrosis by dividing 

the fusion surfaces by half. Also believed is the unique ability of the DOC plate to settle during the 

healing process to promote improved fusion by decreasing the load shielding at the graft site. 

Concerns regarding this technique include an increased risk for dysphasia due to the DOC's high 

profile. Ensuring that the plate is seated in the midline of the vertebral bodies can minimize its' profile. 

Pseudoarthrosis or instrumentation migration could also become problematic since removal of Harms 

cage could be difficult if necessary. 
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A 

B 

11 

Figure 1: A, An anteriorly viewed CT scan of a two-
level DePuy-AcroMed DOC Ventral plating system 
and the titanium Harms cage verifying fusion. B, 
Another two-level DePuy-AcroMed DOC Ventral 
plating system and the Harms cage from a lateral 
view also verifying fusion. 
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Table 1: Clinical and Demographic Data on 25 Patients who underwent the "Chattanooga Procedure". (Stay = 
hospital stay, Lit= litigation, WC =worker's compensation, VAS= visual analog pain scale, OSW = Oswestry functional 
disability index, * Plus sign indicates exacerbation; minus sign indicates improvement). 

Patient Gender/ Levels Stay Lit WC Smoke Pre- Post- Pre- Post-

No. Age (days) VAS VAS Change osw osw Change

1 Ml42 C5-7 2 N y y 8.0 4.0 -50 52 52 0 

2 Fl35 C5-7 1 N N N 5.0 0.0 -100 18 0 -100 

3 M/38 C4-6 2 N N y 4.0 3.0 -25 40 26 -35 

4 M/60 C4-7 3 N y y 6.0 5.0 -16.7 23 38 65.2 

5 M/58 C5-7 2 N N N 10.0 8.5 -15 74 70 -54 

6 M/60 C4-6 3 N N N 6.5 8.0 23.1 56 44 -21.4 

7 M/63 C4-6 2 N N N 10.0 5.0 -50 I 58 I 

8 Ml49 C5-7 5 N N N 10.0 7.5 -75 50 49 -2 

9 Fl61 C5-7 2 N N N 9.0 5.0 -44.4 26 0 -100 

10 M/56 C4-7 2 N N N 4.5 0.0 -100 4 0 -100 

11 FIS2 C5-7 7 N N N 5.5 0.0 -100 38 10 -73.7 

12 M/60 C4-6 2 N N N 2.0 0.0 -100 14 0 -100 

13 Fl61 C5-7 2 y N N 7.0 3.0 -57.1 I 0 I 

14 Ml41 C5-7 1 N y N 9.0 6.0 -33.3 50 46 -8 

15 F/41 C4-6 2 N N N 10.0 3.0 -70 34 11 -67.6 

16 F/55 C4-6 2 N N N 10.0 4.0 -60 4 0 -100 

17 Fl59 C5-7 1 N N N 9.5 8.0 -15.8 24 0 -100 

18 Fl55 C6-Tl 2 N N N 10.0 3.0 -70 24 14 -41.7 

19 M/59 CS-7 2 N N N I 0.0 I 16 0 -100 

20 M/71 C5-7 2 N N N 5.0 0.0 -100 22 0 -100 

21 F/73 C4-6 3 N N N 8.0 0.0 -100 22 46 109.1 

22 Ml54 CS-7 2 N N N 8.0 0.0 -100 2 I I 

23 M/50 C5-7 1 N y N 6.0 0.0 -100 28 6 -78.6 

24 Fl67 C4-6 2 N N N 4.0 3.0 -25 23 14 -39.1 

25 Fl69 CJ-7 3 N N N I 0.0 I I 8 I 

Means 7.0 3.0 -58.4 29 21 -49.9 
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A NEW TECHNIQUE USED FOR ANTERIOR MULTI-LEVEL CERVICAL 
FUSIONS-· "THE CHATTANOOGA PROCEDURE" 
Scott D. Hodges, DO; S. Craig Humphreys, MD; Laurie A. Covington, BS; Elizabeth R. 
Van Hom; Joseph E.D. Peterson; Chattanooga, TN
INTRODUCTION: Anterior multi-level cervical fusion surgeries have various 
instrumentation options available including: Sofamor Danek-Orion plate, Synthes AO 
locking plate, DePuy-Acromed DOC system, and interbody fusion cages. The purpose of 
this study is to report a new surgical technique called "The Chattanooga Procedure" for 
anterior multi-level cervical fusions. "The Chattanooga Procedure'' utilizes the DePuy-
Acromed DOC anterior cervical system in combination with the Harms cage. Advantages 
and disadvantages will be assessed and reported. 
METHODS: A retrospective review of35 patients who underwent "The Chattanooga 
Procedure" between 7/24/98 and 4/8/99 was conducted. There were 18 males (51.4%) 
and 17 females ( 48.6% ). The average age was 51.6 years (range of 35-73 years). All 
patients had anterior discectomies and corpectomies, placement of Harms cage packed 
with corpectomy bone, and application ofDePuy-Acromed DOC. The average number of 
levels fused was 2.29 (range of2-4), the most common being C5-C7 (range ofC3-Tl). 
Fusion was defined by trabecular bone bridging across Harms cage. CT scans were 
performed on twelve randomly chosen patients to verify fusion rates. All patients were 
followed up clinically and radiographically. No external bracing was used except soft 
collar as needed. 
RESULTS: Of the 35 "Chattanooga Procedure" patients, there was no pseudoarthrosis 
noted. No major neurological, vascular, or wound complications were reported. There 
was one case of unresolved dysphasia at eight months post-op. The average operative 
time was comparable to standard instrumented multi-level anterior cervical fusion 
surgeries. The average estimated blood loss was 117 cc's (range of 25-750 cc's). 
DISCUSSION: Advantages in "The Chattanooga Procedure", using the DOC system 
with the Harms cage include immediate stability and support, elimination of donor site 
pain to iliac crest bone autograft, and a decrease in pseudoarthrosis by dividing the fusion 
surfaces by half. Concerns regarding ''The Chattanooga Procedure" include an increased 
risk for dysphasia due to the DOC's high profile. Pseudoarthrosis or instrumentation 
migration could also become problematic since the removal of the Harms cage could be 
difficult if necessary. 
CONCLUSION: "The Chattanooga Procedure" is a surgical technique with advantages 
to consider for multi-level cervical fusions such as an increase in fusion rate and a decrease 
in graft site morbidity. 
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