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Abstract

Background: Autograft bone provides an excellent substrate for multilevel
arthrodesis after anterior discectomy and is inexpensive. However, the use of
tricortical bone could increase the discomfort for the patient.

Methods: We reviewed cases of cervical disc diseases operated on by a single
neurosurgeon (AS), within the period June 2000-December 2011. A total of
221 patients were considered for the present study; 109 female, 112 male,
averaging 49 years of age. Only patients who could be followed up for at least one
year were included in the present study. The grafts obtained with the technique Access this article
described are bi- (and not tri-) cortical, and always of sufficient size in order to fit online

if Website:
two spaces if necessary. www.surgicalneurologyint.com

Results: The technique is not associated with long-term significant donor site DOI:

pain except for a striking minority of patients, it shortens the hospital stay, it offers 10.4103/2152-7806.123202
comparable results to the published surgical series in which cage and/or modern Quick Response Code:
implants are used.

Conclusions: Autograft bone can be reasonably considered as one of the possible
alternatives to be used in the surgical management of cervical disk disease.

Key Words: Autograft, anterior cervical approach, cervical cage, donor site pain

INTRODUCTION emotional instability and muscular and/or periosteal
stripping.!'

The recent introduction of new prosthetic material
has raised the problem about the best policy option to h contrast, we must be aware that th.e world cconomy
performing a cervical fusion. The major argument against ' changmg .and . that the global fma.nm.al CTISIS 1S
the use of autografts is pain at the donor site, which progressively impairing the health organization systems
would affect up to one-third of the patients undergoing efficiency and reducing the related expenses worldwide.
a tricortical bone graft harvesting.” The cause was ~ Nowadays, as matter of fact, to promote cost-saving
attributed to a combination of several factors, including  strategies has become a topic of utmost importance.
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Therefore our effort was to develop a safe and painless
“mini-invasive” technique for harvesting iliac crest bone
to be used for anterior interbody fusion. This technique,
which has been previously described by our group,
provides bicortical autografts of sufficient size to be used
in multilevel cervical fusion procedures.’” We report
our experience with 221 consecutive patients undergone
cervical interbody fusion by using this technique.

PATIENTS AND METHODS

Clinical material
We reviewed cases of cervical disc disease operated
on by a single neurosurgeon (AS), within the
June 2000-December 2011 period. Only patients who
could be followed up for at least one year were included
in the present study.

A total of 221 patients were considered for the present
study; 109 female, 112 male, averaging 49 years of age
(24-84 years). All of them failed conservative treatment,
consisting, as a rule, of neck immobilization and
sessions of careful neck traction. Most patients showed
symptoms and signs of radicular dysfunction, refractory
to conservative management. Ninety-two patients
presented with severe cervical spinal stenosis and related
myelopathy. Cases necessitating surgery for posttraumatic
cervical myelopathy were only occasional. Most cases
were two-level cases. One-level fusion was performed
in a minority of cases (67 patients), as a rule, in those
in whom removal of significant osteophytic spurs had
made subsequent fusion mandatory. Three-level fusion
was performed only occasionally along with plating; for
this specific reason these cases were excluded from the
present study. [Table 1] summarizes the operated levels
(345 levels in 221 patients).

Surgical technique

The surgical technique has been extensively reported in
our previous paper.””’ A standard microsurgical Smith—
Robinson anterior cervical discectomy is performed.?’!
Great care is taken in removing the osteophytes up to
both neural foramina in each operated interspace by a
high-speed drill. Bicortical bone grafts are harvested by
using a limited skin incision (+5 cm); careful dissection
of the muscles from the posterior aspect of the ilium
and oblique bone cuts leaving the anterior thigh
musculo-tendineous  attachments  undisturbed  are
performed [Figure 1]. The skin incision is made parallel
and 2 cm superior to the edge of the crest, in order to
zero the possibility of injuring the ilioinguinal nerve and
a careful dissection of the subcutaneous tissue is then
performed in order to visualize properly the tendineous
attachments of the iliac muscle. Subsequently, the fascia
is incised, properly held open by using four sutures,
which can be stapled firmly in the sterile area out of
the operative field; the underneath muscle is dissected
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Table 1: Operated interspaces

Level N %

C3-C4 43 12.5
C4-C5 66 19.1
C5-C6 147 42.6
C6-C7 84 24.4
C7-T1 5 1.4
Total 345 100

Figure I:lliac crest harvesting.An obliquely directed osteotome is
used for completing the bone dissection, while an assistant holds
away from the bone the iliac muscle using a curved osteotome.
The anterior musculo-ligamentous attachments are not disturbed

only from the posterior aspect of the iliac crest using a
periosteal clevator. Only bipolar cautery is used during
the entire surgical procedure. An assistant holds the iliac
muscles away from the bone by using a curved periosteal
elevator; when the iliac bone is properly exposed and the
field is dry, an obliquely directed sequential drilling is
performed within the iliac crest in a posterior-to-anterior
direction, which draws almost a rectangle in the
posterior surface of the ilium. Great care is taken
not to traumatize the anterior
attachments of the crest. Occasionally, a particularly
hypertrophic iliac muscle requires further dissection in
order to visualize the minimum required space of the
crest; also this mancuver is performed using the bipolar
cautery. When the sequential drilling i1s completed,
a straight osteotome (Stille®) is used for completing
the bone dissection within the iliac crest and the graft
is gently elevated from the iliac bone in order to avoid
undue fracturing. The grafts obtained in this manner are
bi- (and not tri-) cortical, and always of sufficient size in
order to fit two spaces if necessary. In such a case, the
graft is divided in two pieces using a hand-held minisaw,
and appropriately shaped using either a drill or a small
osteotome [Iigure 2], in order to fit conveniently for the
operated interspaces, under fluoroscopic guidance. We
attempted to correct kyphosis, as much as possible, when

musculo-tendineous
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present preoperatively and, as a rule, to increase only
slightly the disc height in the cases while maintaining
the physiological lordosis [IFigure 3a and b]. The latter
conceived as a possible preventive
measure against the risk of adjacent space discase due
to over distraction of operated space. Extra-time for
autograft extraction, preparation, and plugging averaged
18 minutes.

manceuver was

Evaluation of surgical results

Objective evaluation was based on both clinical and
radiological criteria. Examination of the patients was
conducted by two authors (CI and MV) who had not
been directly involved in the management of the present
cases, using either the clinical charts (available in all the
cases) or examining directly the patients (102 cases).
A preoperative and 3 and 12 months postoperative Prolo
scale [Table 2] was used for comparative evaluation in
cach patient. Postoperative results were rated as excellent,
good, fair, or poor according to Prolo scale scoring.”! In
addition, we also recorded the working capacity following
surgery.

Table 2: Prolo scale

Points outcome

E1 Complete invalid

E2 No gainful occupation

E3 Able to work, but not at previous occupation

E4 Working at previous occupation on part-time or limited status

E5 Able to work at previous occupation with no restrictions of any kind
F1 Total incapacity (or worse than before operation)

F2 Mild-to-moderate level of neck pain and/or brachialgia

F3 Low level of pain and able to perform all activities except sports
F4 No pain, but patient has had one or more recurrence of neck pain
and/or brachialgia

F5 Complete recovery, no recurrent episodes of neck pain, able to
perform all previous sports activities

http://www.surgicalneurologyint.com/content/4/1/157

At least two postoperative X-ray films, one early (average
3 days) and one late (average 2.7 months), were available
for evaluation and comparison with the preoperative ones
in all the patients. These films were reviewed blindly by
one author (SG), unaware of the clinical situation of
the patient. Kyphosis was evaluated using the sagittal
angle measurement method as described by Steinmetz
et al.P Disc height was also measured as described by
Payer et al.”®) We did not measure the cross-sectional
foraminal area, as this method would not indicate reliably
the real space that would accommodate cervical roots
following an anterior surgical procedure.®! Fusion was
considered to be achieved when bony trabeculac were
observed at the 3-month radiographic control. Iailure
to observe fusion at this postoperative interval was the
reason for recommending the patient to prolong the rigid
collar regime, as well as a later control X-ray imaging. In
these cases, films were obtained at an average interval
of 10.5 months. Failure to observe bony trabeculae as
well as motion of the interspaces operated at a late
flexion-extension X-rays follow-up, led us to diagnose
postoperative lack of fusion.

Evaluation of the donor site pain

The patients were evaluated at discharge, at the first
follow-up control (one month postoperatively), and
cither by a further clinical follow-up or by telephone
interview. This latter was performed at an average interval
of 46 months following surgery (range 12-72 months).
The visual analogue scale (VAS) was used for scoring
subjective pain from 1 (no pain) to 10 (pain requiring
narcotic analgesics as defined by the authors).!"

Statistical analysis

Pre- and postoperative data were compared using a paired
Students test. A P < 0.05 was considered statistically
significant. Postoperative clinical and radiological data

Figure 2: The harvested graft is divided in two pieces and
appropriately shaped using either a small osteotome or a drill

Figure 3: (a) Preoperative X-rays of a patient submitted to
C5-Cé6-diskectomy. Autografting was performed due to significant
osteophytes removal. (b) Postoperative 2.5 months control shows
improved spine alignment
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were also matched using the Chi-square test (x?) for
statistical significance.

RESULTS

All patients were ambulant within 24 hours from surgery.
They were discharged, as a rule, in the fifth postoperative
day, only to check for possible local wound complications.
Our present day routine has been changed afterward.
None was readmitted for iliac crest wound complications.

Clinical results

No patient exhibited immediate postoperative worsening.
One case presented postoperative hoarseness, which
regressed after 4 months. There were two cases (C5-C6
and C6-C7 fusion) of graft anterior dislodgement
diagnosed at the early postoperative X-ray control.

One patient was asymptomatic and was not reoperated.
The two operated segments fused later with some
kyphosis, however, the patient remained asymptomatic
for almost 2 years after surgery. The other case required
surgical revision for dysphagia. The malposition of
the lower graft compressing the esophagus is shown
in [Figure 4]. The patient subsequently recovered. One
case showed signs of increased myelopathy and neck pain
at an 8-month follow-up following an initial satisfactory
clinical course after a C5-C6, C6-C7 interbody fusion.
Another patient submitted to C3-C4, C4-C5 procedure
complained of long-term postoperative neck pain,
which subsided following revision surgery with plating
10 months later, when lack of fusion and instability was
considered to be the cause of its problem. Control plain
Xerays showed graft subsidence with an increased kyphosis
at the upper operated segment [Iigure 5a]; in this case, a
definite improvement followed reoperation with anterior
plating [Figure 5b]|. Another patient, who had been
submitted to a two-level interbody fusion, underwent

Figure 4:Early postoperative X-ray control of a patient undergoing
C4-C5,C5-Cé6 interbody fusion.The lower graft is totally extruded.
This was removed at revision surgery
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further surgery (2 years later) for symptomatic cervical
disc disease occurring to adjacent previously nonoperated
level. Interestingly, a neck trauma was the common
feature and symptoms reoccurred after an apparently
successful initial surgery in both cases. The mean interval
between the operations was 16 months.

Average Prolo scale spanned from 4.5 (SD + 1.2)
preoperative to 7.1 (SD + 1.48) 3 months postoperative
(P < 0.05). The 12-month postoperative Prolo scale
averaged 8.2 (SD + 1.55), a value similar to the earlier
follow-up scoring (P > 0.1). Out of the 172 patients
working before operation, 159 (92.4%) resumed their jobs
following surgery the remaining 49 patients were already
retired at the time of surgery.

Late postoperative results  were rated excellent in
132 cases (59.7%), good in 59 cases (26.7%), and fair in

30 cases (13.6%). There were no poor results.

X-ray evaluation

The sagittal angle spanned from -6.1° (SD + 1.2°)
preoperative to 5.6° (SD + 1.3°) ecarly postoperative.
A total of 194 (87.8%) of patients maintained and/or
recovered the physiological lordosis while 24 (10.9%)
appeared to have a kyphotic cervical spine in the late
postoperative Xeray control. Only three (1.3%) showed
postoperatively, an angle of almost 0°. Disc height
increased from 3.1 mm (SD + 0.4 mm) preoperatively
to 4.1 mm (SD + 0.2 mm) ecarly postoperatively and
late postoperative data did not show relevant changes:
3.8 mm (SD + 0.1 mm). Fusion [Figure 6a-c|] occurred
in 213 cases (96.4%). Late fusion was noted in 16 (7.2%)
cases at a later X-rays control (average 10.5 months). Lack
of fusion was diagnosed in eight patients (3.6%) — all
smokers — three of whom underwent reoperation. We did
not find any statistical correlation between unsatisfactory
postoperative radiographic appearance and postoperative

Figure 5: (a) Late (7.5 months) postoperative X-rays of a patient
submitted to C5-C6, C6-C7 interbody fusion. The lower graft did
not fuse, causing instability. (b) Following reoperation with anterior
plating, a good alignment has been obtained
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clinical results (%2 test P > 0.1).

Table 3 summarizes the dynamics in the evaluation of
the clinical symptoms and plain X-ray investigations.

Donor site pain

In most of the patients, donor site pain disappeared
within a week of surgery. There was one case of
asymptomatic linear ilium fracture, which was treated
with bandage restraining, and one case of late (3 weeks
postoperative) femoral neuropathy occurring in an old
lady who had complained in the past of several episodes
of local tendonitis. The cause was attributed to subfascial
blood infiltration, which would have later interfered
with the femoral nerve vascularization. The symptoms
of necuropathy regressed completely within 2 months.
Interestingly, this lady had almost no pain following
surgery.

In summary, at discharge, at an average of 5 days after
surgery, 58 patients were pain-free at the donor site and
average VAS was 2.6 (range 1-7, SD * 0.7). At the first
follow-up control (average: 6 weeks postoperatively),
188 patients denied pain, while 197 (89.1%) declared to
be pain-free at the telephone interview 12-72 months,
average 46 months. The improvement in the VAS is

Table 3: Clinical and radiological results

Prolo scale* Preoperative Postoperative
P<0.05 3 month 12 month
E F E F E F
3.3 1.2 3.6 35 41 41
4.58D+1.2 7.1SD+1.48  8.2SD+1.55
Cervical and/or N % N % N %

radicular pain

221 100.00 68 3077 32 14.48

Mielopathy 92 41.63 84  38.01 70  31.67
Disk height 3.1 mm 4.1 mm 3.8 mm
SD+0.4 SD+0.2 SD+0.1

*Prolo Scale is illustrated in Table 2. SD: Standard deviation

3months postop.

Figure 6: (a) Preoperative, (b) Early postoperative and (c) 3 months
postoperative X-ray images of a patient submitted to C5-Cé
interbody fusion. The spine alignment is maintained following
operation. Fusion is eventually obtained

http://www.surgicalneurologyint.com/content/4/1/157

statistically significant (P < 0.05). Average VAS at the
last follow-up was 1.3 (range 1-6, SD + 0.9). Only five
patients scored 6 in their later donor site postoperative
pain.

DISCUSSION

Anterior approach for the treatment of cervical
degenerative disease has become very popular in the
past five decades. The introduction of the operating
microscope as  well as the microtechniques has
refined the technique originally described by Smith
and Robinson.”***) This has allowed achievement of
satisfactory results in the vast majority of patients.
However, great debate has always existed as to whether
or not fusion would be necessary,!"$132431323437 and in
the case fusion was considered necessary, which would be
the best material for obtaining interbody fusion, whether
autografts or allografts.>6151921.2732]

Cervical interbody fusion

The introduction of cage technology,! and
dynamic implants®**! has appeared to allow the potential
for solving most of the problems encountered with
previous interbody fusion techniques.*!%#2 A recent study
has indeed reported that persistent pain at the donor site
when using iliac crest autografts (by far the most widely
used autologus grafting material in spinal fusion surgery
until few years ago) was not at all negligible, at least
when using the traditionally recommended technique
for obtaining a tricortical bone graft."' This would be
seen as a strong argument for promoting the use of cage
and/or modern bioimplants technology in the treatment
of surgery-requiring cervical discogenic  disease,”*
although significant new fusion technology cost should
cause caution before considering it the gold standard.
Morcover, there is evidence of possible long-term,
not negligible complications when implementing disc
prostheses.!!7) 'We want to stress that the relatively
long length of stay following surgery in the present case
material was only a precaution measure, which was
not used in subsequently operated, more recent cases.
Routine plating could have helped in reducing the risk
of graft-related complications, as well as in shorting
the postoperative wearing-collar period for the patient.
However, this would have increased the costs of the
procedure, rendered them practically equivalent to those
of the cages, and cost reduction is one, although not the
main one, clear advantage of the technique adopted in
the present patients. In any case, the complications rate
was definitely low in the present case material and the
rate of ultimate fusion was high.

2,18,23,29,30,36]

Graf harvesting technique

We previously described a “mini-invasive” technique for
harvesting iliac crest transplants.®) The grafts obtained
in this way were bicortical and of relatively small size;
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however, large enough to fit conveniently in at least
two cervical interspaces. Bicortical iliac grafts proved
to be adequate as far postoperative fusion occurred
in the early cases in which this technique was used.
Therefore we introduced as a routine this “mini-invasive”
harvesting technique and routine plating was considered
unnecessary, as explained before.

Present case material

An obvious shortcoming of the present study lies in
its retrospective nature and lack of direct comparison
with other techniques for interbody fusion. However,
the clinical results achieved in the present patients
appeared to be comparable to those of most recent
studies published in the literature where cage and/or
modern plating technology had been used [1%19.21.23:30.325¢]
Unsatisfactory surgical results were reported in a striking
minority of cases (12.7%) and a significant long-term
donor site pain was a very minor issue (2.3% of present
cases), as a likely result of the less traumatic technique
used for graft harvesting. We observed graft extrusion
in two cases, only one of which required removal of the
extruded graft. Reoperation was also required in another
case for symptomatic graft reabsorption and consequent
spine subsidence. Another patient suffered from long-term
postoperative neck pain, most likely due to lack of fusion
and related instability, and underwent revision surgery
10 months later. This occurred early in the series and it
was likely due to technical mistake. In reoperating these
patients we used anterior plating in addition to iliac
crest autotransplant in order to minimize the chance of
subsequent, recurring, subsidence of the graft.

Another patient, after additional trauma, required
additional surgery for disc extrusion at an adjacent level
2 years after an apparently successful two-level interbody
fusion and was again reoperated successfully. In a large
case material of patients submitted to cervical interbody
fusion” Kaiser et al." observed two cases of novel disc
extrusion at another level, which required reoperation.

Radiological results would appear to be a little less
comparable with published case material in which cage
technology had been used.”” This can be also due to
the cage radio lucency. However, the rate of fusion was
high (96.4%) and the incidence of graft subsidence was
consequently negligible. Moreover, all the eight nonfusion
patients were smokers. Smoke is a well-known negative
factor for bone grafting fusion.**" It should be stressed, as
stated in the results section, that no statistical relationship
was found between radiological and clinical results.

Economical aspect

In 2009, Epstein et al."™ analyzed the cost of implanted
versus explanted devices utilized to perform 87
single-level anterior discectomy at a single institution.
The total cages cost to the hospital was $38,821 (range
$1720-$7928), while obviously there was no device
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associated cost with 14 iliac crest autografts. The high
device cost was also associated with the surgeons learning
curve, as demonstrated in a subsequent research by the
same group, in which the device-failure-related redo
surgery decreased significantly (from 45.5% to 16%) with
increasing surgical team’s experience.”’ In the restricted
economic environment, we all are facing with in the
world, a surgical technique which proves to be effective
with less costs, needs to be considered a wise alternative
to, though more largely used, techniques based on
prosthetic  technology. Such a philosophy, strongly
suggested in developed countries, would be an almost
obligatory strategy in developing countries, since the time
consumed by surgery is definitely less important than the
cost of the devices.!"!!

CONCLUSIONS

Autograft bone provides an excellent substrate for
arthrodesis after anterior discectomy and is inexpensive.
The use of tricortical bone could increase the discomfort
for the patient. The graft harvesting technique described
in the present paper is not associated with long-term
significant donor site pain except for a striking minority of
patients, it shortens the hospital stay, it offers comparable
results to the published surgical series in which cage and/or
modern implants and it can be reasonably considered as
one of the possible alternatives to be used in the surgical
management of cervical disk disease.
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