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The surgical management of cervical degenerative disc disease is still controversial despite the many studies
published on this topic. This article reviews the various surgical treatment options for cervical degenerative disc
disease, focusing on prospectively collected data comparing various surgical treatment modalities.

HISTORICAL BACKGROUND

Early surgical treatment of the cervical spine for neural decompression used the posterior approach to perform
cervical laminectomies for trauma and degenerative disease (44, 60, 88). Scoville et al. (72) and Frykholm (31)
refined the posterior cervical approach for degenerative disc disease and introduced the laminoforaminotomy
technique. About 20 years later, a number of surgeons introduced anterior cervical discectomy with fusion (ACDF) for
degenerative disc disease. Robinson et al. (67), Dereymaeker and Mulier (25), and Baily and Badgley (8)
recommended fusion of the involved segment without decompression of the spinal canal from dorsal osteophytes.
After immobilization of the degenerated segment, resorption of dorsal osteophytes was documented (67). In 1958,
Cloward (20) first introduced the concept of ACD without fusion and direct surgical decompression of dorsal
osteophytes. About the same time, the concept of ACD without fusion was successfully applied (43).

Overall, clinical outcomes associated with the surgical treatment of degenerative disc disease by ACD or ACDF have
been excellent. According to a literature review from 1991 (38), good clinical outcomes have been reported for 61%
to 94% of ACDF cases and for 65% to 96% of ACD cases. These data showed that an interspace fusion is not
mandatory for good clinical outcomes. The development of a fibrous union or pseudarthrosis has not been
consistently associated with poor clinical outcomes. However, once pseudarthrosis is present, 67% of patients have
associated symptoms (63). Since then, the question of whether an interbody fusion is required has been unresolved
(77). Proponents of ACD favor its simplicity, low cost, and the absence of complications related to autograft harvest
and interbody graft failure (e.g., graft extrusion, collapse, subsidence, and pseudarthrosis). Advocates of ACDF
stress that foraminal decompression by interbody distraction, prevention of disc space collapse, and stabilization of
cervical alignment are key advantages compared with ACD alone. The resorption of dorsal osteophytes has been
attributed to fusion and immobilization of the segment. The postoperative incidence of neck pain has been reported to
be smaller with fusion than without. Furthermore, the incidence of kyphotic deformity is thought to be higher if fusion
is omitted. Comparative, prospective clinical studies between ACD and ACDF, however, failed to find a clinical benefit
to ACDF (1, 9, 26, 56, 68, 69, 86, 92).

Despite these findings, the overall trend in the United States and Canada has been toward increased application of
anterior interbody fusion for the treatment of cervical degenerative disc disease (7, 27, 94). Autograft from the iliac
crest has mostly been used for interbody fusion. However, its harvesting is associated with complications such as
prolonged pain, cosmetic deformity, wound infection, hematomas, and peripheral nerve irritation or injury (3, 20, 72}.
Consequently, alternative interbody implants were sought.



AUTOGRAFT VERSUS ALLOGRAFT

Cloward (20) first successfully used allograft for cervical interbody fusion. Allograft became one of the most frequently
used interbody implants. Unplated anterior cervical interbody fusion for degenerative disc disease has a higher
tendency to fuse with autograft than allograft, sometimes with better clinical outcomes (5,12, 28). In contrast, other
studies failed to demonstrate significant differences in radiological or clinical outcomes between allograft and
autograft (66, 70, 87, 93). A meta-analysis of the literature comparing fusion outcomes of allograft and autograft for
one- and two-level cervical interbody fusion without plating found a higher fusion rate for autograft and a lower
incidence of graft collapse than for allograft. However, clinical outcomes were statistically similar (30). A review of the
literature failed to find allograft to be an adequate equivalent to autograft for anterior cervical interbody fusion (91).
However, the morbidity associated with autograft harvest was eliminated by the application of allograft. The possibility
of transmitting infectious diseases like human immunodeficiency virus (HIV) from tissues, including allograft, donated
by a screened donor is exceptionally rare (75, 76).

OTHER INTERBODY IMPLANTS AND DEVICES

In 1968, Grote (37) introduced the acrylic poly-methyl-methacrylate (PMMA) as an interbody construct for
degenerative disc disease of the cervical spine. Other materials applied included xenografts, ceramics (tricalcium-
phosphates and hydroxy apatites), biopolymers, tantalum blocks, cylindrical titanium mesh, titanium, carbon fiber or
resorbable cages, and titanium disc spacer (3, 6, 9, 16, 23, 39, 46, 50-52, 55, 58, 73, 80, 81, 83, 85, 86, 91). Ina
prospective, randomized trial, the radiological outcomes of ACDF with PMMA were inferior to those of ACD only. No
significant clinical difference was noted. However, based on these data, the application of PMMA was not

recommended when fusion was desirable (86).

A prospective study of ACDF comparing autograft and biocompatible osteoconductive polymers found significantly
less graft protrusion and intersegmental kyphosis in the biocompatible osteoconductive polymer group. However, this
study failed to demonstrate incorporation or biodegradation of biocompatible osteoconductive polymers (55). In a
prospective, nonrandomized study, Senter et al. (73) compared outcomes of autograft ACDF with ACDF with
hydroxylapatite. Fusion with the latter was equal or superior to that with autograft alone. In prospective comparisons
of autograft and xenograft, clinical and radiological data favored the use of autograft (53, 64).

Recent prospective clinical trials of fusion with interbody titanium cages have found promising clinical results and
radiological outcomes, with low rates of implant failure (e.g., backout and subsidence) or pseudarthrosis when
compared with allograft or autograft (39, 58, 83). Even the fusion rates for cages are superior to those associated
with autograft or allograft fusion (9, 39). Despite these recent data, some conclude that autograft remains superior to

alternative interbody fusion materials (91).

ANTERIOR CERVICAL INSTRUMENTATION FOR DEGENERATIVE DISC DISEASE

In the early 1960s, Bohler (13) applied an anterior cervical plate and screw construct to treat traumatic instability of
the spine. After his report, anterior cervical plate constructs were applied using bicortical, nonlocked, variable-angle
screws for fixation (18, 61). However, hardware failure was common (62), and a unilateral locked, fixed-angle plate-
screw anterior system was introduced by Morscher et al. (59) in 1986.



A variety of unicortical locked, dynamic, fixed, or hybrid plate-screw systems are now available for anterior cervical
interbody fusion and plating (40) to increase stability of the cervical fusion segment. As a result, fusion rates have
increased, and the rates of graft failure and pseudarthrosis have thereby decreased (19, 89). Furthermore, anterior
cervical plate fixation for degenerative disc disease maintains sagittal balance more effectively (33, 48, 84) (Fig.
43.1), thereby potentially limiting adjacent level biomechanical stress (49). Postoperative loss of lordosis and cervical
kyphosis have been associated with ACD and ACDF without plating (Figs. 43.2 and 43.3). Yet, again, prospective
randomized studies comparing single-level ACD, ACDF, and ACDF with plating have failed to show a clinical benefit
associated with either procedure (69, 95), although a clinical benefit was found for two-level procedures (96).
Moreover, concern has been expressed about the cost and complication of cervical plating for the treatment of
degenerative disc disease. Hardware failure has been a source of early and delayed morbidity (53). In a prospective
clinical trial, patients undergoing ACDF with plating tended to have a more frequent incidence of dysphagia than
patients without plating. Yet, in the same study, more multilevel procedures were performed in the plating group,
which could also account for these findings (11).

In more recent surgical series, refinements in the design of anterior cervical plating and more surgical experience
have lowered the incidence of plate-related complications (10, 14, 21, 36, 47, 55, 74). When all aspects, including
possible reoperation and time to return to work, are considered, overall costs decrease when anterior cervical plating
is added to fusion (57, 74). Plating also may increase fusion rates with allograft and thereby obviate the need for
autograft (54). The complications associated with autograft harvest would be decreased without compromising fusion
rates. Again, experts are divided on the need for plating, in particular, for single-level disease (4, 15, 32, 78).

ANTERIOR AND POSTERIOR SURGERY FOR DEGENERATIVE DISC DISEASE

Whether the benefits of anterior or posterior approaches for the treatment of degenerative cervical disc disease differ
is also unresolved. Posterior laminoforaminotomy has proven safe and effective, particularly for posterolateral
foraminal decompression of soft herniated cervical disc material (Fig. 43.4), osteophytes, or both (41, 42, 71, 79). The
recurrence rate for soft cervical disc herniations treated by the posterior approach is 3 to 6% (24, 41). The procedure
is limited by the inability to decompress the contralateral cervical nerve root foramen or to access anteromedial
compression of the cervical spinal canal. Inmediate moderate-to-severe pain and prolonged postoperative axial neck
pain also have been noted. Limiting the degree of medial facetectomy to less than 50% prevents postoperative
instability (65). Because fusion is not applied, concerns about associated morbidity and the later development of

adjacent level disease (ALD) theoretically are relatively minor.

Furthermore, the more severe complications potentially associated with any anterior approach (e.g., dysphagia,
dysphonia, neurovascular injury, esophageal perforation, pneumothorax, or Horner’s syndrome) are much less likely
to occur with a posterior approach. Larger blood loss is often expected with the posterior approach but can be
minimized with the application of less invasive techniques (2, 17, 29). Prospective studies comparing posterior and
anterior approaches for the management of cervical degenerative disc disease have found no significant differences
in outcome, although a trend toward better results has been noted with ACDF (42, 92).

ARTIFICIAL CERVICAL DISCS



After cervical spinal fusion, increased motion has been documented at adjacent levels (90), and radiological data
have shown degenerative disc disease to occur at adjacent cervical segments on long-term follow-up (35). Whether
the increased incidence of degenerative ALD found in the cervical spine after fusion is caused by increased
mechanical stresses on adjacent cervical segments or whether the observed degenerative cervical changes merely
represent the natural history of degenerative disc disease of the cervical spine is unknown. The rationale underlying
the use of artifical discs is to maintain physiologic segmental cervical motion after ACD and decompression of the
neural structures. By maintaining cervical segmental motion, adjacent level motion is decreased (90). Theoretically,
this decrease should eliminate or reduce the incidence of ALD. Several artificial discs have been designed and
applied clinically (22, 34, 45). Short-term follow-up data have shown equivalent clinical outcomes when cervical
degenerative disc disease is treated with conventional fusion or an artificial cervical disc (34, 45). Earlier designers of
artificial cervical joints showed a more frequent incidence of hardware failure (22) when compared with more recent
clinical evaluations of cervical artificial joints (34, 45). Whether these devices will be associated with superior clinical
outcomes compared with standard surgical treatment options for cervical degenerative disc disease will only be
determined when sufficient long-term follow-up data have been gathered from ongoing clinical trials in the United
States and Europe.

CONCLUSION

Cervical degenerative disc disease is one of the most common and frequently treated entities managed by
neurosurgeons and orthopedic spine surgeons. Yet, there is no consensus on the best surgical approach for this
entity. The trend has been to treat degenerative cervical radiculopathy from the anterior approach with subsequent
fusion. The application of anterior cervical plating to manage this disorder has also increased.

However, the gold standard for treating symptomatic degenerative disc disease after conservative management has
failed depends on the actual manifestation, extent, and presentation of cervical degenerative disc disease. A soft
cervical disc herniation might benefit from a different surgical strategy than hard cervical disc disease (cervical
spondylosis). Compression of the anterior median or paramedian cervical spinal canal might benefit from a different
surgical strategy than compressive sources located laterally in the nerve root foramen or lateral cervical recess.
Posterior compressive sources might require a different approach than the management of anteriorly located
compressive pathology. Multisegmental or bilateral degenerative disease might need a different surgical treatment
than degenerative disc disease involving a single level or just one side. Cervical degenerative disc disease with axial
neck pain might require a different surgical strategy than cervical degenerative disc disease without axial neck pain.
We try to include all of these parameters in our clinical and surgical decision making (82). However, none of these
issues is associated with clear treatment guidelines.

Another concept of motion-sparing surgery for cervical degenerative disc disease is being added to the surgical
options for this disease entity. The rationale for motion-sparing surgery is to try to prevent or reduce ALD observed
after cervical fusion procedures, a complication not yet even proven to occur. About 100 years after surgery of the
cervical spine for the treatment of degenerative disc disease was introduced, a consensus on the best surgical
treatment of degenerative disc disease is still lacking. The need for prospective, randomized, multicenter studies is
becoming more imperative than ever.

REFERENCES



10.

11.

12.

Abd-Alrahman N, Dokmak AS, Abou-Madawi A: Anterior cervical discectomy (ACD) versus anterior cervical
fusion (ACF), clinical and radiological outcome study. Acta Neurochir (Wien) 141:1089-1092, 1999.

Adamson TE: Microendoscopic posterior cervical laminoforaminotomy for unilateral radiculopathy: Results of a
new technique in 100 cases. J Neurosurg Spine 95:51-57, 2001.

al Hami S: Cervical monosegmental interbody fusion using titanium implants in degenerative, intervertebral
disc disease. Minim Invasive Neurosurg 42:10-17, 1999.

Alvarez JA, Hardy RW Jr: Anterior cervical discectomy for one- and two-level cervical disc disease: The
controversy surrounding the question of whether to fuse, plate, or both. Crit Rev Neurosurg 9:234-251,
1999.

An HS, Simpson JM, Glover JM, et al: Comparison between allograft plus demineralized bone matrix versus
autograft in anterior cervical fusion.: A prospective multicenter study. Spine 20:2211-2216, 1995.

Anderson DG, Albert TJ: Bone grafting, implants, and plating options for anterior cervical fusions. Orthop Clin
North Am 33:317-328, 2002.

Angevine PD, Arons RR, McCormick PC: National and regional rates and variation of cervical discectomy with
and without anterior fusion, 1990-1999. Spine 28:931-939, 2003.

Bailey RW, Badgley CE: Stabilization of the cervical spine by anterior fusion. Am J Orthop 42-A:565-594,
1960.

Barlocher CB, Barth A, Krauss JK, et al: Comparative evaluation of microdiscectomy only, autograft fusion,
polymethylmethacrylate interposition, and threaded titanium cage fusion for treatment of single-level cervical
disc disease: A prospective study in 125 patients. Neurosurg Focus 12:Article 4, 2002.

Baskin DS, Ryan P, Sonntag V, et al.: A prospective, randomized, controlled cervical fusion study using
recombinant human bone morphogenetic protein-2 with the CORNERSTONE-SR allograft ring and the
ATLANTIS anterior cervical plate. Spine 28:1219-1225, 2003.

Bazaz R, Lee MJ, Yoo JU: Incidence of dysphagia after anterior cervical spine surgery: A prospective study.
Spine 27:2453-2458, 2002.

Bishop RC, Moore KA, Hadley MN: Anterior cervical interbody fusion using autogeneic and allogeneic bone
graft substrate: A prospective comparative analysis. J Neurosurg 85:206-210, 1996.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bohler J: Immediate and early treatment of traumatic paraplegias [German]. Z Orthop lhre Grenzgeb
103:512-529, 1967.

Bose B: Anterior cervical arthrodesis using DOC dynamic stabilization implant for improvement in sagittal
angulation and controlled settling. J Neurosurg Spine 98:8-13, 2003.

Branch CL Jr: Anterior cervical fusion: the case for fusion without plating. Clin Neurosurg 45:22—-24, 1999.

Brooke NS, Rorke AW, King AT, et al: Preliminary experience of carbon fibre cage prostheses for treatment of
cervical spine disorders. Br J Neurosurg 11:221-227, 1997.

Burke TG, Caputy A: Microendoscopic posterior cervical foraminotomy: a cadaveric model and clinical
application for cervical radiculopathy. J Neurosurg Spine 93:126-129, 2000.

Caspar W, Barbier DD, Klara PM: Anterior cervical fusion and Caspar plate stabilization for cervical trauma.
Neurosurgery 25:491-502, 1989.

Caspar W, Geisler FH, Pitzen T, et al: Anterior cervical plate stabilization in one- and two-level degenerative
disease: Overtreatment or benefit? J Spinal Disord 11:1-11, 1998.

Cloward RB: The anterior approach for removal of ruptured cervical disks. J Neurosurg 15:602—617, 1958.

Connolly PJ, Esses SI, Kostuik JP: Anterior cervical fusion: outcome analysis of patients fused with and
without anterior cervical plates. J Spinal Disord 9:202—-206, 1996.

Cummins BH, Robertson JT, Gill SS: Surgical experience with an implanted artificial cervical joint. J
Neurosurg 88:943-948, 1998.

Das K, Couldwell WT, Sava G, et al: Use of cylindrical titanium mesh and locking plates in anterior cervical
fusion: Technical note. J Neurosurg Spine 94:174-178, 2001.

Davis RA: A long-term outcome study of 170 surgically treated patients with compressive cervical
radiculopathy. Surg Neurol 46:523-530, 1996.

Dereymaeker A, Mulier J: Nouvelle cure chirurgicale des discopathies cervicales: La ménisectomie par voie
ventrale, suivie d'arthrodese par greffe intercorporéale. Neurochirurgie 2:233-234, 1956.

Dowd GC, Wirth FP: Anterior cervical discectomy: Is fusion necessary? J Neurosurg Spine 90:8-12, 1999.

Drew B, Bhandari M, Orr D, et al: Surgical preference in anterior cervical discectomy: A national survey of
Canadian spine surgeons. J Spinal Disord Tech 15:454—-457, 2002.

Fernyhough JC, White JI, LaRocca H: Fusion rates in multilevel cervical spondylosis comparing allograft fibula
with autograft fibula in 126 patients. Spine 16:S561-S564, 1991.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Fessler RG, Khoo LT: Minimally invasive cervical microendoscopic foraminotomy: An initial clinical experience.
Neurosurgery 51:5S37-S45, 2002.

Floyd T, Ohnmeiss D: A meta-analysis of autograft versus allograft in anterior cervical fusion. Eur Spine J
9:398-403, 2000.

Frykholm R: Lower cervical nerve roots and their investments. Acta Chir Scand 101:457-471, 1951.

Geer CP, Papadopoulos SM: The argument for single-level anterior cervical discectomy and fusion with
anterior plate fixation. Clin Neurosurg 45:25-29, 1999.

Geer CP, Selden NRW, Papadopoulos SM: Anterior cervical plate fixation in the treatment of single-level
cervical disc disease (abstract, paper #722). J Neurosurg 90:410A, 1999.

Goffin J, Casey A, Kehr P, et al: Preliminary clinical experience with the Bryan Cervical Disc Prosthesis.
Neurosurgery 51:840-845, 2002.

Gore DR, Sepic SB: Anterior discectomy and fusion for painful cervical disc disease: A report of 50 patients
with an average follow-up of 21 years. Spine 23:2047-2051, 1998.

Grob D, Peyer JV, Dvorak J: The use of plate fixation in anterior surgery of the degenerative cervical spine: A
comparative prospective clinical study. Eur Spine J 10:408—-413, 2001.

Grote VW: Indikation und ergebnisse cervicaler fusionen. Melsunger Medizinische Mitteilungen 42:119-
132, 1968.

Grote W, Kalff R, Roosen K: [Surgical treatment of cervical intervertebral disk displacement]. Zentralbl
Neurochir 52:101-108, 1991.

Hacker RJ, Cauthen JC, Gilbert TJ, et al.: A prospective randomized multicenter clinical evaluation of an
anterior cervical fusion cage. Spine 25:2646-2654, 2000.

Haid RW, Foley KT, Rodts GE, et al: The Cervical Spine Study Group anterior cervical plate nomenclature.
Neurosurg Focus 12:Article 15, 2002.

Henderson CM, Hennessy RG, Shuey HM Jr, et al.: Posterior-lateral foraminotomy as an exclusive operative
technique for cervical radiculopathy: A review of 846 consecutively operated cases. Neurosurgery 13:504—

512, 1983.

Herkowitz HN, Kurz LT, Overholt DP: Surgical management of cervical soft disc herniation: A comparison
between the anterior and posterior approach. Spine 15:1026—-1030, 1990.

Hirsch C: Cervical disk rupture: Diagnosis and therapy. Acta Orthop Scand 30:186, 1960.



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Horsley V: The results of operative treatment of injury or disease of the cervical vertebrae. Lancet 437-438,
1895.

Jollenbeck B, Hahne R, Schubert A, et al: Early experiences with cervical disc prostheses. Zentralbl
Neurochir 65:123-127, 2004.

Kaden B, Schramm J, Fuhrmann G, et al.: Titanium intervertebral disc and instrumentation for fusion in
anterior cervical discectomy: Technical note. Neurosurg Rev 18:25-29, 1995.

Kaiser MG, Haid RW Jr, Subach BR, et al.: Anterior cervical plating enhances arthrodesis after discectomy
and fusion with cortical allograft. Neurosurgery 50:229-236, 2002.

Katsuura A, Hukuda S, Imanaka T, et al: Anterior cervical plate used in degenerative disease can maintain
cervical lordosis. J Spinal Disord 9:470-476, 1996.

Katsuura A, Hukuda S, Saruhashi Y, et al: Kyphotic malalignment after anterior cervical fusion is one of the
factors promoting the degenerative process in adjacent intervertebral levels. Eur Spine J 10:320-324, 2001.

Lanman TH, Hopkins TJ: Early findings in a pilot study of anterior cervical interbody fusion in which
recombinant human bone morphogenetic protein-2 was used with poly(L-lactide-co-D,L-lactide)
bioabsorbable implants. Neurosurg Focus 16:E6, 2004.

Lippman CR, Hajjar M, Abshire B, et al: Cervical spine fusion with bioabsorbable cages. Neurosurg Focus
16:E4, 2004.

Léfgren H, Johannsson V, Olsson T, et al.: Rigid fusion after Cloward operation for cervical disc disease using
autograft, allograft, or xenograft: A randomized study with radiostereometric and clinical follow-up
assessment. Spine 25:1908-1916, 2000.

Lowery GL, McDonough RF: The significance of hardware failure in anterior cervical plate fixation: Patients
with 2- to 7-year follow-up. Spine 23:181-186, 1998.

Lowery GL, Reuter MW, Sutterlin CE: Anterior cervical interbody arthrodesis with plate stabilization for
degenerative disc disease (abstract). Orthop Trans 18:345, 1994.

Madawi AA, Powell M, Crockard HA: Biocompatible osteoconductive polymer versus iliac graft: A prospective
comparative study for the evaluation of fusion pattern after anterior cervical discectomy. Spine 21:2123—
2129, 1996.

Martins AN: Anterior cervical discectomy with and without interbody bone graft. J Neurosurg 44:290-295,
1976.

McLaughlin MR, Purighalla V, Pizzi FJ: Cost advantages of two-level anterior cervical fusion with rigid internal
fixation for radiculopathy and degenerative disease. Surg Neurol 48:560-565, 1997.



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Moreland DB, Asch HL, Clabeaux DE, et al: Anterior cervical discectomy and fusion with implantable titanium
cage: Initial impressions, patient outcomes and comparison to fusion with allograft. Spine J 4:184-191, 2004.

Morscher E, Sutter F, Jenny H, et al: [Anterior plating of the cervical spine with the hollow screw-plate system
of titanium]. Chirurg 57:702—707, 1986.

O'Connell JEA: Involvement of the spinal cord by intervertebral disk protrusions. Br J Surg 43:225-247, 1955.

Orozco Delclos R, Llovet Tapies J: Osteosintesis en las fracturas de raquis cervical: Nota de tecnica. Rev
Ortop Traumatol Ed Lat Am 14:285-288, 1970.

Paramore CG, Dickman CA, Sonntag VK: Radiographic and clinical follow-up review of Caspar plates in 49
patients. J Neurosurg 84:957-961, 1996.

Phillips FM, Carlson G, Emery SE, et al: Anterior cervical pseudarthrosis: Natural history and treatment. Spine
22:1585-1589, 1997.

Rawlinson JN: Morbidity after anterior cervical decompression and fusion: The influence of the donor site on
recovery, and the results of a trial of surgibone compared to autologous bone. Acta Neurochir (Wien)

131:106-118, 1994.

Raynor RB, Pugh J, Shapiro I: Cervical facetectomy and its effect on spine strength. J Neurosurg 63:278—
282, 1985.

Rish BL, McFadden JT, Penix JO: Anterior cervical fusion using homologous bone grafts: A comparative
study. Surg Neurol 5:119-121, 1976.

Robinson RA, Walker AE, Ferlic DC, et al.: The results of anterior interbody fusion of the cervical spine. J
Bone Joint Surg Am 44:1569-1587, 1962.

Rosenorn J, Hansen EB, Rosenorn MA: Anterior cervical discectomy with and without fusion: A prospective
study. J Neurosurg 59:252-255, 1983.

Savolainen S, Rinne J, Hernesniemi J: A prospective randomized study of anterior single-level cervical disc
operations with long-term follow-up: Surgical fusion is unnecessary. Neurosurgery 43:51-55, 1998.

Savolainen S, Usenius JP, Hernesniemi J: lliac crest versus artificial bone grafts in 250 cervical fusions. Acta
Neurochir (Wien) 129:54-57, 1994.

Scoville WB, Dohrmann GJ, Corkill G: Late results of cervical disc surgery. J Neurosurg 45:203-210, 1976.

Scoville WB, Whitcomb BB, McLaurin RL: The cervical ruptured disc: Report of 115 operative cases. Trans
Am Neurol Assoc 56:222-224, 1951.



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Senter HJ, Kortyna R, Kemp WR: Anterior cervical discectomy with hydroxylapatite fusion. Neurosurgery
25:39-42, 1989.

Shapiro S, Connolly P, Donnaldson J, et al.: Cadaveric fibula, locking plate, and allogeneic bone matrix for
anterior cervical fusions after cervical discectomy for radiculopathy or myelopathy. J Neurosurg Spine
95:43-50, 2001.

Simonds RJ: HIV transmission by organ and tissue transplantation. AIDS 7:S35-S38, 1993.

Simonds RJ, Holmberg SD, Hurwitz RL, et al.: Transmission of human immunodeficiency virus type 1 from a
seronegative organ and tissue donor. N Engl J Med 326:726-732, 1992.

Sonntag VK, Klara P: Controversy in spine care: Is fusion necessary after anterior cervical discectomy? Spine
21:1111-1113, 1996.

Sonntag VKH: Comments concerning Drs. Charles Branch's and Stephen Papadopoulos' arguments for
single-level anterior cervical discectomy and fusion versus anterior cervical discectomy and fusion with
anterior plate fixation, respectively. Clin Neurosurg 45:21, 1999.

Spurling RG, Scoville WB: Lateral rupture of the cervical intervertebral discs: A common cause of shoulder and
arm pain. Surg Gynecol Obstet 78:350-358, 1955.

Sutter B, Friehs G, Pendl| G, et al.: Bovine dowels for anterior cervical fusion: Experience in 66 patients with a
note on postoperative CT and MRI appearance. Acta Neurochir (Wien) 137:192-198, 1995.

Taheri ZE, Gueramy M: Experience with calf bone in cervical interbody spinal fusion. J Neurosurg 36:67-71,
1972.

Theodore N, Sonntag VK: Decision making in degenerative cervical spine surgery. Clin Neurosurg 48:260—
276, 2001.

Thomé C, Krauss JK, Zevgaridis D: A prospective clinical comparison of rectangular titanium cages and iliac
crest autografts in anterior cervical discectomy and fusion. Neurosurg Rev 27:34-41, 2004.

Troyanovich SJ, Stroink AR, Kattner KA, et al: Does anterior plating maintain cervical lordosis versus
conventional fusion techniques? A retrospective analysis of patients receiving single-level fusions. J Spinal
Disord Tech 15:69-74, 2002.

Vaccaro AR, Robbins MM, Madigan L, et al.: Early findings in a pilot study of anterior cervical fusion in which
bioabsorbable interbody spacers were used in the treatment of cervical degenerative disease. Neurosurg
Focus 16:E7, 2004.

van den Bent MJ, Oosting J, Wouda EJ, et al.: Anterior cervical discectomy with or without fusion with acrylate:
A randomized trial. Spine 21:834-839, 1996.



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Vishteh AG, Theodore N, Harrington T, et al.: Single and two-level anterior cervical diskectomy and
arthrodesis, autograft versus allograft: Radiographic and clinical outcomes (oral presentation). Presented at
the 49th Annual Meeting of the Congress of Neurological Surgeons, Boston, MA, 1999.

Walton GL, Paul WE: Contribution to the study of spinal surgery: One successful and one unsuccessful
operation for the removal of tumor. Boston Med Surg J 153:114-117, 1905.

Wang JC, McDonough PW, Endow KK, et al.: Increased fusion rates with cervical plating for two-level anterior
cervical discectomy and fusion. Spine 25:41-45, 2000.

Wigfield C, Gill S, Nelson R, et al.: Influence of an artificial cervical joint compared with fusion on adjacent-
level motion in the treatment of degenerative cervical disc disease. J Neurosurg Spine 96:17-21, 2002.

Wigfield CC, Nelson RJ: Nonautologous interbody fusion materials in cervical spine surgery: How strong is the
evidence to justify their use? Spine 26:687-694, 2001.

Wirth FP, Dowd GC, Sanders HF, et al: Cervical discectomy: A prospective analysis of three operative
techniques. Surg Neurol 53:340-346, 2000.

Young WF, Rosenwasser RH: An early comparative analysis of the use of fibular allograft versus autologous
iliac crest graft for interbody fusion after anterior cervical discectomy. Spine 18:1123-1124, 1993.

Zeidman SM, Ducker TB, Raycroft J: Trends and complications in cervical spine surgery: 1989-1993. J Spinal
Disord 10:523-526, 1997.

Zoega B, Karrholm J, Lind B: One-level cervical spine fusion: A randomized study, with or without plate
fixation, using radiostereometry in 27 patients. Acta Orthop Scand 69:363-368, 1998.

Zoega B, Karrholm J, Lind B: Plate fixation adds stability to two-level anterior fusion in the cervical spine: A
randomized study using radiostereometry. Eur Spine J 7:302-307, 1998.



Fic. 43.1

Fic. 43.2

Fic. 43.3

Fic. 43.4

Lateral cervical spine radiograph obtained 1 year after anterior cervical discectomy with fusion with
allograft and plating at C5-6. The patient is now asymptomatic. Sagittal balance was maintained.

Sagittal T2-weighted MRI of the cervical spine obtained 10 years after anterior cervical discectomy
of C5-6 showing loss of lordosis with fusion at C5-6 in slight kyphosis. The patient is now
asymptomatic.

Sagittal T2-weighted MRI of the cervical spine obtained 9 years after a two-level anterior cervical
discectomy with fusion with autograft confirms fusion at C4-5 and C5-6 with loss of physiologic
lordosis. The patient is now asymptomatic.

A, sagittal and, B, axial T2-weighted MRIs show the left disc herniation between C6-7. The patient
was symptomatic with left C7 radiculopathy and triceps weakness but no neck pain. After a
posterior laminoforaminotomy, the disc was removed. The patient’s radiculopathy improved
immediately after surgery. However, the patient complained of moderate neck pain for 2 weeks
after surgery.



