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Introduction

When more than one procedure is
performed for the same condition, then

it is unlikely that one procedure is clearly
the superior one.1

Posterior cervical decompressive
laminectomy for spondylosis was earlier
performed for several decades. In the 1950s,
anterior cervical discectomy with fusion by
Smith-Robinson2 and Cloward3 techniques
became popular and the mainstay of surgical
treatment with some variations.4-11 Anterior
discectomy without fusion was described in

1960 by Hirsch12 and has been recently
reported by several workers7,10,13-18 with
comparable results. These reports have
sparked a debate about which of these two
methods is better.

Several clinical studies have been
published with some prospective randomized
trials. However, methodological flaws, such
as nonhomogeneous patient population,
undefined randomization process, small
sample sizes, unclear outcome measurements
and substantial loss of patients for follow-up
preclude definite conclusions regarding the
efficacy of ACD versus ACDF. Also, the debate
has centred on which procedure is better for
all patients rather than which patients would
benefit from which procedure.
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Abstract
Objectives : To retrospectively study and compare the clinical outcome of the patients
undergoing anterior cervical discectomy (ACD), anterior cervical discectomy with fusion
(ACDF), or anterior cervical discectomy with fusion and instrumentation (ACDFI) for cervical
spondylosis.
Methods : A retrospective analysis of 80 patients with cervical spondylosis who had undergone
anterior cervical discectomy with or without fusion according to our preoperative assessment,
were undertaken. Clinical outcome and associated complications in each group were analyzed
to determine the need and efficacy of each procedure in these patients.
Results : ACD and ACDF group had almost similar results in terms of hospital stay, mean time
for improvement and patient satisfaction. ACDFI group had more prolonged hospital stay, took
longer time to recover and to return to maximum normal status because of their poorer
preoperative neurological status.
Conclusions : Fusion is not routinely required, but it is indicated in patients with multisegmental
disease, instability, loss of cervical lordosis, hard disc and osteophytic bars. Keys to achieve
desirable clinical results are proper patient selection and adequate surgical decompression.
No single gold standard procedure exists for the treatment of patients with cervical spondylosis
and the treatment strategies need to be tailored to match the specific changes present in a
given patient.
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Both techniques have theoretical
advantages and disadvantages. Simple
microdiscectomy alone is associated with
fewer complications, has a short operative
time and is cheaper. It is also free of donor
site pain and morbidity. But discectomy alone
is possibly associated with postoperative pain
for a longer period, loss of cervical lordosis
and narrowing of neural foramen. Discectomy
with fusion results in a more rapid resolution
of neck and arm pain as well as prevents
deformity of the spine by stabilizing the
abnormal motion segment, arresting spur
formation and preventing buckling of the
ligamentum flavum and the posterior
longitudinal ligament. However discectomy
with fusion may be associated with donor site
complications, local graft related
complications and higher cost.

The present study is a retrospective
analysis of the patients with cervical
spondylosis who had undergone anterior
cervical discectomy with or without fusion
according to our preoperative assessment.
Clinical outcome and associated complications
in each group were analyzed to determine
the need and efficacy of each procedure in
these patients.

Patients and Methods
A total of 129 patients of cervical

spondylosis were operated between 2001 and
2007. Of these 129 patients, 89 were operated
through anterior approach and 40 through
posterior approach. Amongst the 89 patients
operated by anterior approach, eight patients
were lost to follow-up and one patient died in
the follow-up period due to unrelated causes.
All the 80 patients who were consecutively
treated with surgery for cervical spondylosis
were retrospectively analyzed. Fifty six
patients were treated with ACD alone, 12 with
ACDF, and remaining 12 patients with
ACDFI. These patients had presented with

cervical radiculopathy, myelopathy or
myeloradiculopathy and the diagnosis was
confirmed on imaging. All the patients were
operated upon by two senior neurosurgeons
from one neurosurgical unit at tertiary care
hospital.

Decision regarding procedure to be
performed (ACD, ACDF, or ACDFI) was
decided preoperatively in most of the cases.
ACD was performed in patients who presented
with radiculopathy or myelopathy due to
single level disc disease with normal lordosis
and without any obvious instability or
subluxations. Fusions were performed in
patients having hard discs, osteophytic bars,
instability, and loss of cervical lordosis.
Instrumentation was done when more than
one level was involved or patient was older
with more marked instability, hard discs,
osteophytic bars, and loss of cervical lordosis.

Surgical technique used by both the
neurosurgeons was identical. A standard right
sided approach to the anterior cervical spine
through a transverse or vertical incision was
used in all patients except for those with a
C6-7 level disc who were operated through
the left side. Identification of appropriate
surgical level was confirmed intra operatively
with C-arm. Evacuation of the disc material
was performed under magnification through
an operative microscope. Traction was
applied when fusion was decided
preoperatively by the surgical team, one
surgeon applied traction whilst the other
surgeon deployed the intervertebral
distractor. Posterior longitudinal ligament
was routinely opened and posterior
osteophysectomy was done whenever
required. Neural foraminotomy was done
when nerve root compression was seen within
the foramen either due to disc fragment or
osteophytes.

In patients undergoing ACD, the
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cartilaginous end plates adjacent to the
discectomy site were left intact except at the
posterior cortical margins, as required for
decompression. For patients undergoing
ACDF, resection of the end plates was also
performed. All bone graft material was
obtained from iliac crest. This same technique
was used for patients in the ACDFI group,
augmented by insertion of an anterior
cervical self locking plate with unicortical
screws (Codman, Medtronic or locally
manufactured products such as Universal)
under fluoroscopic control.

Each patient’s age, sex, occupation,
duration of symptoms, signs, radiological
findings, details of operative procedure
performed, postoperative hospital stay, and
postoperative complications were recorded.
Patients were followed up after three months
and one year. Those patients, who were not
able to follow up in person, were interviewed
on telephone. The success of the fusion was
assessed by plain lateral radiograph of the
cervical spine performed at follow up.
Outcomes were assigned by Odom’s criteria.19

Patients with myelopathy or
myeloradiculopathy were assessed by pre and
postoperative Nurick’s grading. Relevant data
were collected from medical records,
documented on data sheets and entered into

a computer database. Data was analyzed using
t-test for statistical significance.

Results
All the 80 patients operated by anterior

approach were available for follow up for one
year or more. There were 56 patients in ACD
group, and 12 patients each in ACDF and
ACDFI group. Demographic and clinical data
of the patients are summarized in Table 1.
The patients in the ACD group were younger
than ACDF group and ACDFI group. Male
preponderance was seen in all the three
groups.

Majority of patients with radiculopathy (24
patients) underwent ACD, but it was also done
in patients with milder degree of myelopathy
(15 patients) and radiculomyelopathy (17
patients). Most common involved level was
C5-6. Patients in whom ACD was performed
mostly had involvement of single level (45
patients) while patients in whom ACDFI was
performed had involvement of two or more
levels (9 patients).

As summarized in Table 2, ACD group had
5 complications, out of which 3 were
procedure related (hoarseness of voice,
postoperative weakness of handgrip on 4th

post-op day, and opposite side radicular
symptom on 2nd post-op day. The later two

Table 1 : Patients data

ACD ACDF ACDFI

Sex Male 45 8 10
Female 11 4 2

Age Mean (Yrs) 45.4 48.4 53.7
Range (Yrs) 19-79 25-65 38-72

Symptoms Mean duration(months) 3.68 5.14 8.45
Neck, arm pain (n) 37/56 7/12 6/12
Numbness (n) 47/56 8/12 10/12
Weakness (n) 37/56 10/12 11/12

Presentation Radiculopathy (n) 24/56 02/12 0/12
Myelopathy (n) 15/56 04/12 10/12
Radiculomyelopathy(n) 17/56 06/12 02/12
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patients recovered with steroids). In ACDF
group, 1 patient had persistent graft site pain.
In ACDFI group, the upper screw was
displaced in one patient as noted on follow up
X-ray, however no intervention was required.

Lowest mean post-op hospital stay was for
ACD group (5.1 days), followed by ACDF group
(5.4 days), and ACDFI group (6.3 days). The
difference in mean post-op hospital stay

between ACD and ACDF group was not
statistically significant (P > 0.05). The
difference in mean post-op hospital stay
between ACD and ACDFI group was
statistically significant (P < 0.05).

Table 3 shows data for follow-up. In ACD
group there was more rapid improvement
(6.76 days) as compared to ACDF group (7.75
days), and ACDFI group (16 days). In terms
of mean time for improvement to start, there
was no statistically significant difference
between ACD and ACDF group (P > 0.05) but
the difference between ACD and ACDFI group
was statistically significant (P < 0.05). Mean
time to return to maximum normal status
was 2.51 month for ACD group, 3.5 month
for ACDF group, and 3.64 month for ACDFI
group. This was statistically significant
between ACD and ACDF group (P < 0.05), and
between ACD and ACDFI group (P < 0.05).

Using Odom’s criteria, 85.7% in the ACD
group, 83.3% in the ACDF group, 66% in the
ACDFI group had excellent and good results
at the time of return to work. Statistically
ACD and ACDF group had almost equally
good outcome, while ACDFI group had lesser
percentage of good results. On follow up
cervical spine X-ray, significant kyphosis or

Table 3 : Follow-up

 ACD  ACDF  ACDFI

Mean time to start improvement (days)  6.76  7.75  16
Mean time to return max. normal status (month)  2.51  3.5  3.64
Patients satisfaction

Excellent  13  2  0
Good  35  8  8
Fair  5  2  3
Poor  3  0  1
Graft site pain  0  1  0

Further surgery required
Same level  0  0  0
Adjacent level  0  1  0
Other procedure 2 patients advised  0 1 (post.

post. Decompression Decompression)

Table 2 : Complications associated with
procedure

Procedure Complication No. of
patients

ACD Local Hoarseness of voice 1
Postop weakness 1
Opp.side radicular 1
symptom

Systemic Inf. Wall MI 1
Rt. Frozen shoulder 1

Graft site N i l N i l
ACDF Graft site Persistent graft 1

site pain
Systemic Chest complication 1
Local N i l N i l

ACDFI Local Top screw pulled out 1
Systemic Ni l N i l
Graft site N i l N i l
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instability was not encountered in any of the
patients.

Table 4 shows the comparison of pre-op
Nurick’s grading and Nurick’s grading at
follow up. Thirty-two patients of myelopathy
or radiculomyelopathy had anterior cervical
discectomy in ACD group. Their mean pre-
op Nurick’s grading was 2.75 grades and mean
post-op Nurick grading was 0.71 grades. The
improvement in Nurick’s grade was 2.04
grades (P < 0.05). In ACDF group (10 patients
having either myelopathy or
radiculomyelopathy) had pre-op Nurick’s
grading of 2.8 grades and post-op Nurick’s
grading of 0.9 grades. The improvement in
Nurick’s grade was 1.9 grades (P < 0.05). In
ACDFI group pre-op Nurick’s grading was 2.9
grades and post-op Nurick’s grading was 1.16
grades. The improvement in Nurick’s grade
was 1.74 grades (P < 0.05). All the three
groups had statistically significant
improvement in Nurick’s grades
postoperatively.

One patient in ACDF group required
surgery at adjacent level 3 yrs later. One
patient in ACDFI group required posterior
decompression 2 weeks later, as this patient
had sudden deterioration after initial
improvement. Two patients in ACD group
deteriorated after initial post-op improvement
and were advised decompression, but both
patients denied surgery. Out of these two
patients, one patient was operated for three

  Table 4 : Pre-op and follow up Nurick grading

Nurick Grade ACD (n=32) ACDF (n=10) ACDFI (n=12)
PREOP F U  PRE F U  PRE F U

0  0 18  0  4  0  3
1  5 7  1 3  1  4
2  5 5  3  3  2 5
3  17 2  4  0  6  0
4  3  0  1  0  3  0
5  2  0  1  0  0  0

levels (C4-5, 5-6, 6-7) sequestrated disc.
Patient showed initial improvement for a
week, and later deteriorated. Repeat MRI
showed compression at C6-7 level. Other
patient was operated for C4-5, 5-6
myelopathy. He showed initial improvement
but later deteriorated. MRI showed posterior
compression at C4-5, 5-6.

One patient in ACD group who had C5-6,
6-7 anterior cervical discectomy for cervical
myelopathy showed initial improvement for
few weeks but deteriorated later. Repeat
imaging did not show any compression,
instability or collapse. One patient in ACDF
group didn’t show any improvement, even
after documented decompression. In Fig.
1(a,b), sagittal section MRI of the patient has
been shown, who underwent anterior cervical
discectomy C4-5 for C4-5 disc prolapse and X-
ray after 1 yr showing fusion. In Fig. 2(a),
sagittal section MRI of the 50 yr old lady has
been shown with C4-5 Disc prolapse that
underwent ACDF. X-ray of the patient (Fig.
2b) after 1yr showing fusion. X-ray cervical
spine (Fig. 3) after 5 months of a patient who
underwent C5-6, C6-7 ACDFI.

Discussion
Today the indications for fusion in an

unstable spine due to trauma, infection and
tumour are well accepted, but even after 50
years of debate absolute criteria for fusion in
the degenerative cervical spine remain in
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dispute.20-22 Today, surgeons look to clinical
trials to give them adequate guidelines.

In 1976, Martins published his prospective
randomized study of 51 patients with
radiculopathy owing to degenerative cervical
disc disease.13 There were 25 patients in the
ACDF group and 26 in the ACD Group.
Throughout a 10 month follow-up period, the
author found no consistent relationship

between the radiographic and the clinical
results in either group. He concluded that
bone grafting for fusion was not essential to
the success of the anterior approach.

In 1977, Dunsker reviewed the results of
24 patients, 11 of whom had ACD and 13 of
whom had ACDF. All patients had radicular
symptoms and were operated for single level.
All 11 with ACD had good or excellent results,

Fig. 2b : X-ray of the patient (Fig. 2a) after 1yr
showing fusion.

Fig. 2a : Sagittal section MRI Cervical spine of 50
yr old lady showing C4-5 Disc prolapse,
underwent ACDF.

Fig. 1a : Sagittal section of MRI showing C4-5 disc
prolapse of a patient who underwent C4-5
ACD.

Fig. 1b : X-ray of the patient (Fig. 1a) after 1yr
showing fusion.
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while 10 of the 13 with ACDF had good or
excellent results, which represent no
significant difference. He concluded that
operative treatment of the diseased cervical
disc can be effectively and efficiently
performed by the anterior approach with or
without interbody fusion. Good results are
not related to effecting a fusion or to any
inherent advantages of either technique, but
only to removal of the pathological anatomy.
Whether or not an interbody fusion is
performed is related to the extent of the bone
removed, and probably most importantly, to
the preference of each individual surgeon.23

In 1983, Rosenom et al reviewed the results
of 63 patients, 32 had undergone ACD while
31 had undergone ACDF. They suggested
that patients undergoing ACD had a superior
clinical outcome at 3 months compared with
ACDF patients, as measured by return to
normal status. Observed differences at 3
months were thought to reflect donor site
morbidity because clinical outcomes were the
same at 1 year.10

In 1995, Husag and Costabile published
their results of 379 patients who underwent

anterior surgery, including 240
microdiscectomy without graft and 139
Cloward’s dowel procedures. The long-term
results of both procedures were compared in
patients suffering from radicular compression,
dominant myelopathy and radiculo-
myelopathy. They found no statistically
significant difference between the two
methods treating three different conditions.
The improvement rate in patients with soft
and sequestrated discs is generally better as
compared to those with hard discs and
spondylotic changes. No definite correlation
was found between the clinical improvement
and the radiological results. They concluded
that Cloward’s fusion procedure has no long-
term advantages over discectomy without
graft except in cases of severe myelopathy
caused by multilevel ventral compression due
to osteophytes.24

In 1998, Savolainen et al published results
from their prospective randomized series of
91 patients with single level cervical
radiculopathy owing to disc disease. Thirty-
one patients underwent ACD alone, 30
received ACDF, and 30 underwent ADFI.
Clinically, all three groups reported similar
improvement at 6 months and 4 years,
categorized as good, fair, or poor.
Radiographic bony fusion was achieved in all
patients in the ACDF and ACDFI groups and
in 90% of the ACD group an average of 4 years
after surgery.25

In 1999, Dowd and Wirth published a
prospective randomized series of 84 patients
undergoing ACD or ACDF in which the long
term clinical follow-up period averaged 4.5
years (range, 1.5-8 yr). In their study the
duration of surgery was 30 minutes less and
length of hospital stay was one day shorter
for their ACD group compared with patients
undergoing ACDF (P < 0.05). In addition, ACD
patients demonstrated lesser need for

Fig. 3 : X-ray cervical spine after 5 months of a
patient who underwent C5-6, C6-7 ACDFI.
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analgesia and earlier return to work at the
time of the 5 and 10 week follow-up
examinations. The incidence of fusion was
greater in ACDF patients (97%) compared
with ACD (70%) (P < 0.001).26

In 2006, Xie and Hurlbert reported a
prospective randomized series of 42 patients
of cervical radiculopathy. Twelve patients
underwent ACD, 15 patients each underwent
ACDF and ACDFI. There were no inter-group
differences observed during the 2 yr follow-
up period with respect to neck pain,
interscapular pain, or arm pain (P > 0.05).
Fusion occurred in 67% of the ACD patients
compared with 93% of the ACDF patients and
100% of the ACDFI patients (P < 0.05).
Segmental kyphosis was noted in 75% of the
ACD patients postoperatively compared with
17% preoperatively.27

In our study, patients of both radiculopathy
and myelopathy were included as compared
to similar other studies in which patient with
only radiculopathy were included. In this
retrospective study, random allocation of the
patients was not done and decision regarding
the procedure to be performed was made using
certain criteria earlier mentioned. All these
can have confounding effects; nonetheless
some valid conclusion can be drawn from this
study.

The patients in whom ACD was performed
had symptoms for a mean duration of 3.68
months. Majority of patients with
radiculopathy (24 patients) underwent ACD,
which was also done in patients with milder
degrees of myelopathy (15 patients) and
radiculomyelopathy (17 patients). Patients in
ACDF group had symptoms for a longer period
(5.14 months) and were more likely to bear a
diagnosis of myelopathy4/myeloradiculo-
pathy.6 Patients in whom ACDFI was
performed had symptoms for even longer
periods (8.45 months) with all of them

presenting with myelopathy10 or
myeloradiculopathy.2 ACD and ACDF group
had similar hospital stay as compared to
ACDFI group in which hospital stay was
prolonged. Thus ACD and ACDF were more
cost effective. Watters and Levinthal also had
similar results.28

ACD group experienced fewer
complications (3 complications in 56 patients,
5.3%) as compared to ACDF group (1
complication in 12 patients, 8.33%) and ACDFI
group (1 complication in 12 patients, 8.33%).
Similar findings were also noted by other
authors.28 Hoarseness of voice was seen in
one patient of ACD group. This was thought
to be due to the traction on the recurrent
laryngeal nerve. This complication is well
described in literature and the incidence
ranges from 1.1 to 2.4%.14,29

Short term follow up showed that mean
time for improvement was similar in ACD and
ACDF group while ACDFI group had late
improvement. Also ACD group returned to
their maximum normal status much earlier
than ACDF and ACDFI group. Using Odom’s
criteria, at the time of return to work, ACD
and ACDF group had almost similar results
in terms of patient’s satisfaction, while ACDFI
group had significantly poor results. But when
the preop and postop Nurick grades in each
group of myelopathic patients were compared,
a statistically significant improvement was
noted in all the three groups. The low patient
satisfaction in ACDFI group can be accounted
by the fact that all patients in that group had
myelopathy. As in patients of cervical
myelopathy surgical results were modest,
good initial results were expected in only
about 70% of patients and functional outcome
noticeably declined with long term follow up.30

Although outcome in patients with
myelopathy was not as good as patients with
radiculopathy, it seemed to be a result of
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natural history of the lesion and not of the
operative technique.31

In a study of 164 patients by Bertalanffy
and Eggert in whom anterior microdiscectomy
at one or more cervical segments without
interbody fusion were performed, 109 patients
with radiculopathy and 55 patients with
myelopathy were followed up clinically 1 to 8
years postoperatively. An excellent or good
long-term result was achieved in 82% of
patients with radiculopathy and 55% of those
with myelopathy. The outcome was best in
cases with soft disc lesions, with
monosegmental disease, in individuals under
50 years of age, and in patients with a sudden
onset and a short duration of symptoms.14

In our study adjacent level surgery was
required in one patient who had undergone
ACDF. The incidence of symptomatic adjacent
segment change was relatively high in the
study by Xie and Hurlbert,27 but only two
patients required surgery. Reoperation was
required in two patients in ACD group, and
one patient in ACDFI group which is similar
to that reported in other studies.26

Conclusion
ACD and ACDF group had almost similar

results in terms of hospital stay, mean time
for improvement, and patient satisfaction.
ACDFI group had more prolonged hospital
stay, took longer time to recover and to
return to maximum normal status because
of their poorer preoperative neurological
status.

Fusion is not routinely required, but it is
indicated in patients with multisegmental
disease, instability, loss of cervical lordosis,
hard disc and osteophytic bars. Keys to
achieve desirable clinical results are proper
patient selection and adequate surgical
decompression. No single gold standard
procedure exists for treatment of patients

with cervical spondylosis and the treatment
strategies need to be tailored to match the
specific changes present in a given patient.
More prospective randomized controlled trials
with long term follow-up in this area may
help us to standardize the treatment protocol.
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TOBACCO SMOKING: WHY START?

Not surprisingly, in self-reported questionnaires the students cited cigarette advertisements as a
factor in smoking initiation. Smoking by parents, siblings, and especially friends was associated with
a higher risk not only of starting smoking but also of developing a daily habit. Starting smoking was
also associated with stress or a lack of self-confidence, manifest as worries about weight or school
performance.

The Lancet, 2009; 374 : 1038.


