
Introduction

Degenerative disc disease in the cervical region causes
pain and discomfort in both the neck and arm [14]. When
conservative treatment gives no satisfactory results, the
common surgical technique to treat cervical degenerative
disc disease is discectomy and fusion of the two adjacent
vertebral bodies. This can be achieved solely with bone
grafts, usually obtained from the iliac crest, or by implan-
tation of a fusion cage into the intervertebral disc space.
The treatment of degenerative disc diseases can be di-

vided into posterior procedures, anterior procedures or a
combination of these. The popularity of the anterior ap-
proach for discectomy and fusion has increased because
this approach avoids exposingthe spinal canal [10]. The
majority of the interbody fusion techniques were designed
to enhance ingrowth of bone into an implant to promote
fusion

The choice of the treatment to be used should prefer-
ably be based on a knowledge of the published data [4]
about which of the treatments available for the type of pa-
tient presented has obtained the best results [13, 26]. A
systematic literature review is the report of an appraisal of
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the available published articles conducted according to a
stringent methodology that includes the identification,
evaluation and synthesis of studies pertaining to a topic
[7]. We conducted a search using databases in Medline,
Current Contents and the Cochrane library but were un-
able to identify any previous systematic reviews on the
anterior approach for cervical interbody fusion. The goal
of this systematic literature review is to determine which
treatment for a single-level cervical interbody fusion us-
ing the anterior approach gives the best clinical and radi-
ological outcome for patients with degenerative disc dis-
ease.

Methods

Search strategy

In order to obtain all the relevant literature, we used a search in the
most common databases of published literature:

– The Cochrane database of randomized controlled trials (issue
1998–4)

– Current Contents (1996–April 1999)
– Medline (through Pubmed; 1966–mid 1998)

The search strings are given in Table 1, along with the number of
matches for each string. We made no restrictions on language or
date. A final check that no relevant articles had been missed was
carried out by screening the references from the articles that were
selected on the basis of the abstract.

Selection criteria

To answer the question which surgical method should be regarded
as the gold standard for treatment of degenerative disc disease us-
ing the anterior approach for cervical interbody fusion, we used the
randomised, controlled trials (RCTs) obtained from the literature
search. We excluded articles that used “semi”-random techniques
such as alternate appointment or birthdate-dependent allocation.
RCTs were included when the article met the following criteria:

1. The intervention evaluated in the trials had to be a single-level
anterior cervical interbody fusion compared with another fusion
technique or any treatment for cervical degenerative disc dis-
ease.

2. The subjects to be operated on had to be suffering from degen-
erative disc disease at a single level. Trials involving mainly pa-
tients with fractures, tumours or multilevel disorders were ex-
cluded.

3. The outcome measurements in the studies had to be clinical 
or radiological. We made no exclusions on the type of these
outcome measures. The required minimum follow-up had to be
6 months.

When no consensus was reached between the two reviewers, a
third reviewer was consulted in a renewed attempt to achieve con-
sensus.

Methodological quality assessment

Articles that met all the above criteria were closely examined with
the aid of a checklist. Articles were evaluated on formal method-
ological requirements and objectives. We used criteria for evaluat-
ing studies designed to be RCTs as used by Chalmers et al. [6] and
the Cochrane Collaboration. We regrouped these criteria into in-

ternal validity, external validity, data presentation and statistical
analysis (Table 2). In following this procedure we based our selec-
tion of studies on methodological considerations, rather than by
applying a scoring system with an arbitrary cut-off point.

The internal validity was assessed by considering the following
four criteria: (1) the randomisation procedure used, (2) the homo-
geneity of subgroups, (3) whether the intention to treat principle
had been followed, and (4) the relevance of the effect measures
used. Because blinding of surgeon and patient in orthopaedic sur-
gery is difficult, we did not take this into account. Homogeneity of
subgroups was rated “+” if the subgroups were homogeneous, had
comparable prognostic baseline features and if a subgroup analysis
had been carried out in cases where heterogeneity had been deter-
mined. Otherwise, homogeneity was rated “–”. Internal validity
was rated “–” if homogeneity of subgroups was “–”. If homogene-
ity of subgroups was “+” and one of the other criteria had either a
“–” or “+/–”, then a score of “+/–” was given. In all other cases, the
internal validity was rated “–”. In the event that only certain data
in a study met the internal validity criteria, only data from that sec-
tion of the study were included in the systematic literature review.

If a study had a homogeneous population, homogeneous sub-
groups, or when a subgroup analysis was properly carried out in
cases of heterogeneity, the study was included. We included stud-
ies with moderate external validity because the results of these
studies can be of value provided critical comments are given con-
cerning the generalisation of the results.
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Table 1 Number of articles found with search strings and data-
bases used (TW text word, SH subject heading, PT publication
type)

Search strings Database

Medline Current Cochrane
Contents

Diagnosis
Cervical (TW) 69244 12830 2027
Cervical vertebrae (SH) 13337 53 100
Degenerative (TW) 16692 3231 295
Union diagnoses 86333 15925 2310

Treatment
Fusion (TW) 70145 24613 702
Spinal fusion (SH) 5929 151 69
Interbody (TW) 571 246 10
Spondylodesis (TW) 332 33 1
Union treatment 69793 24646 704

Study design
Randomised controlled trial (PT) 115988 – 3999
Controlled clinical trial (PT) 48759 – 73
Clinical trial (PT) 253753 – 18697
Multicentre studies (PT) 28872 1386 1270
Multicase review (PT) 5839 60 –
Trial (TW) 94536 47521 58848
Random*a (TW) 197827 86437 108759
Controlled (TW) 140883 69591 53433
Prospective*a (TW) 146051 34787 28616
Union study design 585841 190083 141212
Intersection 187 61 20
Intersection databases 214

a Search word truncated with an asterisk



The external validity was assessed by considering how com-
plete the description of inclusion and exclusion criteria and the
treatment methods used was and how large the percentage lost to
follow-up was. “Lost to follow-up” was graded “+” if the percent-
age was below 10%, “+/–” if it was between 10% and 20%, and
“–” if it was greater than 20%.

Data presentation was rated according to whether the sizes of
the groups and/or subgroups were mentioned and according to
whether means and standard deviations or proportions or other rel-
evant point estimates and their precision were presented. In addi-
tion, the appropriateness of the statistical methods was rated.

Excluding articles on these formal grounds does not necessar-
ily imply that the individual studies were of a poorer methodolog-
ical quality, but that the quality could not be assessed from the ar-
ticle. Because this systematic review of published literature also
aimed at re-analysis of published data, only studies which ade-
quately presented their data were included.

Publications were managed with the aid of the Reference Man-
ager software. In addition, relevant information pertaining to data-
base source, reason for exclusion and reviewer consensus was
recorded.

Results

The literature search yielded 214 references. Two-thirds
(154) of these could be excluded on the basis of the title,
from which it was clear that the article was not related to
anterior cervical interbody fusion. More than half of the
remaining 60 references could be excluded on the basis of
the abstract. Articles were excluded on the basis of the ab-
stract and title when it was evident that the subject of in-
vestigation was not anterior cervical interbody fusion. Of
the remaining 28 references, 18 had an experimental de-
sign that could not be classified as an RCT [1, 3, 5, 9, 11,
12, 15–17, 21, 22, 24, 25, 28, 29, 31, 33, 34], and one was
an abstract of Madawi et al. [19].

Nine RCTs thus remained for inclusion in the third
step; these were subjected to a thorough investigation
with the aid of the checklist. All articles were in the Eng-
lish language. One article failed to meet the requirements
for a valid randomisation procedure [19]. In that study,
randomisation turned out to be surgeon dependent, which
makes subgroup results unreliable [36]. A brief summary
of the eight RCTs found in the search, including critical
comments, is given below. Five of these eight RCTs failed
to meet the strict methodological requirements [8, 23, 27,
30, 39]. For completeness, these five studies have been in-
cluded in Table 3, which gives an overview of the check-
list score for each criterion on the checklist for the eight
RCTs, but they were not analysed further. The remaining
three studies were of sufficient methodological quality to
be included in the review [20, 32, 35].

Table 4 gives an overview of the outcome measure-
ments used in the three selected studies. Figure 1 shows
the outcome measurements for the techniques used. These
outcome measurements were standardised to a 100%
scale, in which 100% indicates that all patients had a good
outcome and 0% indicates that no patient had a good out-
come. The standard deviation, based on the binomial dis-
tribution, was calculated for the outcome measurements
as:

SD = √(p*(1 – p)/n

The outcome evaluation can be divided in three groups:
fusion and kyphosis, both determined by radiographs, and
clinical outcome, determined by questionnaires. Unfortu-
nately, the outcome scales in the clinical outcome group
are not the same for each study (see Table 4). Because of
these differences in the definitions, we were unable to cal-
culate pooled results and perform a meta-analysis. How-
ever, since the definitions of the outcome levels are com-
parable, the clinical outcome results have been grouped
together for clarity.

The standardised clinical and radiological results are
shown in Fig.1. The confidence intervals (CI) given in the
following summaries of the articles are based on the for-
mula given above.
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Table 2 Methodological aspects rated to assess validity of the in-
dividual studies

Aspect Question

Internal validity
Homogeneity Are the treatment groups homogeneous?
Baseline features Are the treatment groups comparable with

regard to relevant prognostic baseline 
characteristics such as sex, age, disease,
preoperative treatment?

Subgroup analysis Is a subgroup analysis performed in case of
heterogeneity?

Homogeneity Composed on the basis of the above
subgroups three questions: Are the subgroups homo-

geneous and comparable as to baseline
characteristics, or is a subgroup analysis
performed in cases of heterogeneity?

Randomisation Is the study randomised; is the 
procedure randomisation procedure described and

valid?
Intention to treat Has the intention to treat principle been

met?
Relevant measure Is the measure of effect relevant?
of effect

External validity
Inclusion and Are the inclusion and exclusion criteria 
exclusion criteria described and do they allow generalisation?
Description methods Are the methods used described in sufficient

detail?
Lost to follow-up Is the percentage of patients lost to 

follow-up given and acceptable?

Data presentation
Group sizes Are the group sizes presented in sufficient

detail?
Means/percentages Are point estimates presented in sufficient

detail?
Ranges/SDs Are the ranges of the point estimates given?

Statistical analysis Is the statistical analysis appropriate and 
described in sufficient detail?



Short summaries of the studies

The eight studies that made up our final selected study
material (Table 3) are briefly outlined here.

Van den Bent et al. [35] compared anterior cervical dis-
cectomy in which polymethylmethacrylate (PMMA) was

used to promote fusion with discectomy alone in order to
evaluate whether using PMMA improves the results of
anterior discectomy. Outcome measurements were bony
union on plain X-rays and a clinical outcome that was
constructed on the basis of the pain scores obtained from
independent reports made by the patient and an observer.
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Table 3 Rating of methodological aspects (– poor, +/– questionable, + good, na not applicable)

Aspect (no. of items) Study

van den Martins Savolainen Persson Rosenorn McGuire and Dowd and Zoega 
Bent [35] [20] et al. [32] et al. [27] et al. [30] St John[23] Wirth [8] et al. [39]

Internal validity
Homogeneity + +a + + – – – +/–
Baseline features + + + + – – + –
Subgroup analysis Na +/– na na +/– – + –
Homogeneity subgroups (3) + + + + – – – –
Randomisation procedure + + +/– + +/– +/– + +
Intention to treat + +b +c –d + + – –
Relevance measure of effect + + + + + +/– + +/–
Total (4) + + + +/– – – – –

External validity
Inclusion and exclusion criteria + + + + + + + +/–
Description methods + + + + + + + +
Lost to follow-up + + +/– + + + – –
Total (3) + + +/– + + + – –

Data presentation
Group sizes +/– + + – – – + +/–
Means/proportions + + + +/– – +/– + +/–
Ranges/SDs +/– na na +/– na – na +/–
Total (3) +/– + + – – – + +/–

Statistical analysis + + + +/– + + +/– +/–

a We used the follow-up results at 6 months, for which the data are
presented for levels
b Outcome at 1 year could not be used because of the losts to fol-
low-up

c Radiological outcome at 4 years could not be used because of the
numbers lost to follow-up
d There is no valid follow-up of at least 6 months

Table 4 Outcome measure-
ments per study

a All ordinal. Number of items
in parentheses

Study Radiological measurements Clinical outcomea

van den Bent Plain X-ray: fusion Clinical outcome (2): good (good or excellent on both
et al. [35] scores); otherwise poor

Odom (4): Excellent (no complaints, no impairment);
good (discomfort but no limitations); satisfactory 
(improvement but limitations); poor (no improvement)
Improvement (5): Excellent; good; moderate; hardly
any; none   
Arm and neck pain (2): present (absent or troublesome 
on both scores); else not present
Observer: Arm and neck pain (3): absent now and then;
bothersome but not severe; disabling
Patient: Arm and neck pain (3): absent now and then;
bothersome but not severe; disabling

Martins [20] Plain X-ray: alignment Clinical outcome (4): Excellent (preoperative symp-
toms relieved and abnormal signs unchanged or 
improved); good (minimal persistence of preoperative
symptoms and abnormal signs unchanged or 
improved); fair (definite relief of some symptoms, 
others unchanged or slightly improved); poor (signs and
symptoms unchanged)

Savolainen Plain X-ray: Clinical outcome (3): good (no symptoms); fair (some 
et al. [32] fusion Kyphosis benefit but still complaints); poor (no benefits or worse 

than preoperatively)



Group sizes were 39 for discectomy alone and 42 for dis-
cectomy with PMMA. Follow-up was 2 years. One pa-
tient was lost to follow-up and marked as having a poor
result. Two deaths unrelated to the discectomy procedures
were recorded.

Fusion was observed in 63% of the discectomy-alone
group and in 28% of the PMMA group. Clinical outcome
was excellent or good in 77% (95%CI 61–89) for discec-
tomy alone and 70% (95%CI 53–83) for discectomy with
PMMA.

Some patients had two levels fused; they were equally
divided among the groups. Pain was only investigated
during the first 6 weeks. Standard deviations were not
given for clinical outcome and pain scores. Group sizes
could be reconstructed with the aid of lost-to-follow-up

information. This study was considered to have sufficient
internal and external validity. The data presentation could
have been more informative and should have mentioned
standard deviations.

Martins [20] compared discectomy alone to the
Cloward fusion procedure using an iliac crest graft. Out-
come measurements were based on radiographs and a
four-point scale to measure clinical outcome that sum-
marised the findings from an interview and physical ex-
amination. Follow-up was 6 months for all patients and 
1 year for half of the patients. Group sizes were 25 for the
fusion procedure and 25 for the discectomy-alone group,
with 17 one-level procedures in the fusion group and 18 in
the discectomy-alone group.

We found a percentage of two-level cases of 29%. Fur-
thermore, only the clinical outcome was given for the
one-level cases at 6 months. The Cloward fusion group
had 6 excellent, 8 good, 2 fair and 1 poor result and the
discectomy-alone group had 4 excellent, 8 good, 5 fair
and 1 poor result. The authors did not carry out a statisti-
cal analysis on these results. In the cross-tab analysis per-
formed by the authors of the present systematic literature
review no difference was shown between the two treat-
ments (P = 0.65).

Because the 1 year follow-up was incomplete (> 50%
lost), these results are not suitable for the analysis. Since
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Fig.1 Standardised outcome measures for the three studies that
met the selection criteria. The treatments used are from left to
right: van den Bent et al. [35]: discectomy alone and discectomy
with fusion with PMMA; Martins [20]: discectomy alone and a
Cloward procedure with iliac crest bone and Savolainen et al. [32]:
discectomy alone, Smith Robinson with iliac crest bone and Smith
Robinson with iliac crest bone with Caspar plating. The clinical
outcome measures are grouped together, but they reflect different
measurements. The error bars (see text for definition of SD) are
included to indicate the expected ranges. The graft types are coded
as: no graft (1), allograft (2) or autograft (3)



the cervical alignment results are not given separately for
one- and two-level procedures, these are not included in
the analysis. Although this study has sufficient internal
and external validity to be included in the analysis, only
the results up to 6 months can be used, because these are
given per number of treated levels.

Savolainen et al. [32] compared discectomy alone to
two different fusion techniques: Smith-Robinson or Cas-
par plating. Outcome measurements were based on plain
X-ray to determine fusion and kyphosis together with a
clinical outcome questionnaire to evaluate benefit and
complaints on a three-point scale. The total group size
was 91 patients: 31 patients in the discectomy-alone
group and 30 patients in each of the fusion groups. The
follow-up was at 6 months and at 4 years. In respect of the
radiological results, 20 patients were missing at 4 years,
while for the clinical outcome data only three patients
were lost for that follow-up.

Clinical outcome after 4 years showed 76% of the pa-
tients having a good result in the discectomy-alone group:
82% in the Smith-Robinson group, and 73% in the Caspar
plating group. Prolonged severe iliac crest pain was ob-
served in a total of five patients in the fusion groups.

The randomisation procedure was judged to be a block
randomisation, although this was not mentioned in the
text. The groups were homogeneous because the inclusion
and exclusion criteria were well defined; the description
of the group characteristics confirms this. The intention-
to-treat principle was not met. A large number of patients
were lost to follow-up for the radiological results at 
4 years, and therefore these results were not used in the
analysis. The clinical outcome results for 4 years pertain
to 88 cases and are used in the analysis. This study had
sufficient internal and external validity for the first 
6 months for the radiological results, and for 4 years for
the clinical results, to be used in the analysis.

Persson et al. [27] compared surgery, physiotherapy
and a cervical collar for the treatment of cervical radicular
pain. There was extensive cross over among therapies,
and thus only the assessment after 3 months met the inter-
nal validity criteria. As the follow-up for an RCT had to
have been 6 months or more to be included in the system-
atic literature review, this study could not be included in
the analysis.

Rosenorn et al. [30] compared discectomy alone to dis-
cectomy with fusion according to a Cloward procedure
using freeze-dried bone grafts. The adequacy of internal
validity could not be assessed from the text due to the lim-
ited information reported. For instance, the only baseline
characteristics given were the patient’s sex and the num-
ber of fused levels. In addition, the randomisation proce-
dure was not specified. Therefore, this study could not be
included in the analysis.

McGuire and St John [23] compared cervical interbody
fusion using autologous bone graft from the adjacent ver-
tebral body to grafts from the iliac crest. In the data pre-

sentation it is not clear to which follow-up the results and
analyses refer. Results for disc height measurements are
only reported for the 1-month follow-up and lack standard
deviations. In addition, there was no assessment of homo-
geneity or comparability for baseline features, and the
randomisation procedure was not described. This study
could not be used for the analysis because the uninforma-
tive data did not permit us to assess homogeneity or the
precise outcome results. The internal validity could there-
fore not be guaranteed.

Dowd and Wirth [8] compared discectomy alone to in-
terbody fusion using iliac crest bone. The number of two-
level procedures was substantial and the results were not
specified for the number of levels fused. Also, the number
lost to follow-up is about 25%, which could introduce
considerable bias in the results. As homogeneity of the
study population could not be guaranteed, this study could
not be included in the analysis.

Zoega et al. [39] compared spinal fusion with plating
to fusion without plating. The homogeneity could not be
assessed and no subgroup analysis was done to account
for possible heterogeneity. Ranges were given for pain
scores, but standard deviations were not mentioned for ei-
ther pain or radiological measurement. This study was not
used for the analysis because of the uninformative nature
of both the data pertaining to homogeneity and the pre-
sentation of results. The internal and external validity of
this study could not be assessed.

Discussion

In this systematic literature review on the effectiveness of
anterior cervical interbody fusions, we found eight RCTs.
Three of them were of adequate methodological quality.
The three articles investigated reported on five different
treatment techniques for degenerative disc disease of the
cervical spine. Four of these were interbody fusions. Be-
cause both the number of procedures to treat degenerative
disc disease and the number of possible outcome mea-
surements are extensive and the number of RCTs is lim-
ited, we were unable to evaluate the effectiveness of these
techniques in a meta-analysis.

Methodological aspects

The wide variety of outcome measures precludes the pos-
sibility of carrying out a meta-analysis of the pooled re-
sults. None of the studies reported adequate results at the
handicap level. Persson et al. [27] reported having mea-
sured the Sickness Impact Profile (SIP) and Mood Adjec-
tive Check List (MACL), but only a comparison with a
reference group was reported and no results for the sub-
groups was given. Other clinical outcome measurements
in the eight RCTs were pain scores and disability scores,
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which were either used individually or as a combined
score. Anatomical measurements are fusion rates, kypho-
sis, and rotations and translations of the fused motion seg-
ment. Zoega et al. [39] reported rotations and translations
in all directions, but the question remains as to the clinical
relevance of these results and how they should be inter-
preted.

Although variety in outcome measurements interferes
with the desire to combine different studies, it is obvious
that different dimensions of outcome must be evaluated.
For example, both radiological findings of fusion and pa-
tients’ subjective experience of amelioration of pain, dis-
ability and handicap are important factors to consider.
However, from the studies investigated, we could infer
that the radiological evaluation of fusion did not correlate
well with the clinical findings on pain and disability. Any
outcome parameter to be used in evaluation studies for a
new fusion technique must relate to the aim of the device.
On the basis of this systematic literature review, it seems
necessary to include both anatomical and pain/disability
questionnaires since it is not obvious that a good radio-
logical outcome will guarantee a good clinical outcome.
A disability or handicap questionnaire could even be con-
sidered, as was used in the study by Persson et al. [27].

Another methodological problem is that the inclusion
and exclusion criteria varied substantially from study to
study. Some studies did not give clear inclusion and ex-
clusion criteria [20, 23, 39], some studies included trauma
in the study population [30], the duration of the com-
plaints varied [8], and multi-level fusions were frequently
included [8, 20, 23, 30, 35]. This raises the question
whether the same base population was being treated. The
data presentation is not adequate in all the studies. One
study [23] gave no indication of confidence interval,
range or standard error for the non-proportional results.
The intention-to-treat principle was usually not met. Also,
subgroup analyses were never carried out to compensate
for possible heterogeneity of the base population. To carry
out a meta-analysis, it is necessary to be able to extract
means and standard deviations and to identify the results
for homogeneous subgroups.

Best evidence synthesis

Although no meta-analysis could be performed, we have
tried to synthesise some conclusions from the studies with
the best methodological quality. We could draw the fol-

lowing conclusions, which are independent of those made
by the respective authors.

The study with the most informative and the best
methodological score on internal validity is the study by
van den Bent et al. [35]. They reported a high rate of non-
union in cases with PMMA fusion after discectomy. This
was probably the consequence of the fibrous cement–
bone interface that forms after implantation, and the fact
that bone cannot invade the allograft. From the study by
Martins[20] we cannot conclude that there is a difference
between discectomy alone and addition of an autograft in
a Cloward procedure. From the study by Savolainen et al.
[32], it seems that additional plating does not improve
outcome.

Limitations of the study

A weak step in our research might be the sensitivity our
search. We did not use EMBASE, as is advised for sys-
tematic reviews in the medical field [2, 37]. EMBASE,
however, primarily has a focus on pharmacological publi-
cations [13]; therefore, we do not expect to find additional
studies for our review. Furthermore, the present search
was aimed solely at identifying published literature.
Therefore, in this study publication bias cannot be entirely
ruled out.

For the selection of articles, we only blinded our re-
viewers to authors, institute and journal during the selec-
tion process based on the title and abstract. For the last
step – reading of the actual articles – blinding is a labour-
intensive procedure, the need for which has not yet been
ascertained. We applied no blinding for the assessment of
methodological quality; the need for this has not yet been
established either [18, 38].

Conclusion

From this systematic literature review, no gold standard
for the treatment of degenerative disc disease could be
identified. The wide variety of treatments, the small group
sizes and the variety in outcome measurements make it
difficult to draw detailed conclusions about which tech-
nique is best for anterior interbody fusions. The need for
more and better designed randomised, controlled trials in
the field of the evaluation of degenerative cervical spine
treatments is apparent.
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