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CERVICAL SPINE

CERVICAL ANTERIOR ARTHRODESIS: AUTOLOGOUS OR
SYNTHETIC GRAFT?
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ABSTRACT

Obijective: To compare patients who underwent anterior cervical arthrodesis with autologous iliac crest graft and those who used syn-
thetic graft. Methods: Analysis of 38 patients aged between 18 and 100 years with anterior cervical spondylosis of 1 or 2 levels in a spine
surgery service. Inclusion: degenerative cervical spine changes associated with cervicalgia and cervicobrachialgia. Excluded: previous
cervical spine surgeries, fractures, or surgery above two levels. Two groups were formed with 19 patients, one using autologous graft and
the other using synthetic tricalcium phosphate - a questionnaire assessed satisfaction (Oswestry and VAS) pre- and postoperatively. Bone
consolidation was evaluated by tomography at nine months. Results: Mean ODI (Group 1) was 68.5% + 4.6% preoperatively and 27.2%
+ 3.8% postoperatively, being statistically relevant (p<0.001). VAS performed to evaluate the cervical region, Group 1 pre and post-op
was considered statistically relevant (p<0.001). No significant difference was observed when comparing the mean values found in the
postoperative period between Group 1 and Group 2 (p=0.463). Only two patients complained of chronic pain, representing 10% of the
total. In nine-month tomography, 100% of patients in Group 1 and 100% of Group 2 showed bone consolidation, with no statistically relevant
difference (p=0.676) between the groups. Conclusion: Similar functional and osteointegration outcomes were observed in both types of
grafts. Synthetic graft minimizes the risks and complications of using allografts. Level of Evidence IlI; Retrospective comparative study.
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RESUMO

Objetivo: Comparar os pacientes que realizaram artrodese cervical anterior associada ao uso de enxerto autdlogo de crista iliaca e 0s
que utilizaram enxerto sintético. Métodos: Analise de 38 pacientes entre 18 e 100 anos com espondilose cervical anterior de nivel 1 ou 2 em
um servigo de cirurgia da coluna. Inclusdo: alteragdes degenerativas da coluna cervical, associado a cervicalgia e/ou cervicobraquialgia.
Excluidos: cirurgias de coluna cervical prévia, fraturas ou cirurgia acima de 2 niveis. Foram formados 2 grupos com 19 pacientes cada,
sendo num deles utilizado enxerto autélogo e, no outro, sintético fosfato tricalcico. Foi aplicado o questionario para avaliagao de satisfagdo
(Oswestry e EVA) pré e pos-operatoéria. Consolidagdo dssea foi avaliada por tomografia no nono més. Resultados: O ODI médio do Grupo
1 apresentou 68,5% + 4,6% na avaliacéo pré-operatéria e 27,2%=+3,8% no pds, sendo estatisticamente relevante (p<0,001). EVA realizada
para avaliar a regido cervical, o Grupo 1 no pré e pos foi considerada estatisticamente relevante (p<0,001). Ndo foi observada diferenca
relevante quando comparando 0s valores médios encontrados no pés-operatorio entre o Grupo 1 e o Grupo 2 (p=0,463). Apenas 2
pacientes com queixa de dor crénica, representando 10% do total. Tomografia de 9 meses, 100% dos pacientes do Grupo 1 e 100% do
Grupo 2 apresentaram consolidacéo 6ssea, nao tendo diferenga estatisticamente relevante (p=0,676) entre os grupos. Concluséo: Foram
observados resultados funcionais e de osteointegracao similares em ambos enxertos. O enxerto sintético minimiza riscos e complicagoes
do uso de aloenxertos. Nivel de Evidéncia Ill; Estudo Retrospectivo Comparativo

Descritores: Coluna Vertebral; Fuséao Vertebral; Artrodese; Dor Crénica.

RESUMEN

Objetivo: Comparar los pacientes sometidos a artrodesis cervical anterior asociada al uso de un injerto autélogo de cresta iliaca y los
que utilizaron un injerto sintético. Métodos: Se analizaron 38 pacientes de entre 18 y 100 afios con espondilosis cervical anterior de nivel
1.0 2 en un servicio de cirugia de la columna vertebral. Criterios de inclusién: cambios degenerativos en la columna cervical, asociados a
cervicalgia y/o cervicobraquialgia. Excluidos: cirugia previa de la columna cervical, fracturas o cirugia por encima de 2 niveles. Se formaron
dos grupos de 19 pacientes cada uno, en uno se utilizé un injerto autdlogo y en el otro un injerto sintético de fosfato tricalcico. Se utilizé un
cuestionario de satisfaccion pre y postoperatorio (Oswestry y EVA). La consolidacion ésea se evalué mediante tomografia computarizada
al noveno mes. Resultados: La media del ODI del Grupo 1 fue del 68,5% + 4,6% en la valoracion preoperatoria y del 27,2%+3,8% en
la valoracién postoperatoria, siendo estadisticamente relevante (p<0,001). La EVA realizada para valorar la regién cervical en el Grupo 1
pre y post se considerd estadisticamente significativa (p<0,001). No se observaron diferencias relevantes al comparar los valores medios
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encontrados en el postoperatorio entre el Grupo 1y el Grupo 2 (p=0,463). Sélo 2 pacientes se quejaron de dolor crénico, lo que representa
el 10% del total. A los 9 meses, el 100% de los pacientes del Grupo 1y el 100% del Grupo 2 presentaban cicatrizacion ésea, sin diferencias
estadisticamente significativas (p=0,676) entre los grupos. Conclusién: Se observaron resultados funcionales y de osteointegracion simi-
lares con ambos injertos. El injerto sintético minimiza los riesgos y complicaciones del uso de aloinjertos. Nivel de Evidencia Ill; Estudio

Retrospectivo Comparativo.

Descriptores: Columna Vertebral; Fusion Vertebral; Artrodesis; Dolor Crénico.

INTRODUCTION

As the population ages, there is an increase in the occurrence
of degenerative diseases in the cervical spine. Advances in medi-
cine have contributed to a greater diagnosis of these pathologies,
significantly increasing spinal interventions.! In the United States, for
example, there was a 150% increase in spinal surgeries between
1990 and 2013.2

The main indications for cervical spine surgery are disc disease,
foraminal and spinal canal stenosis, and spondylolisthesis. The most
commonly used surgical techniques are arthrodesis with anterior
and posterior decompression using implants associated with auto-
logous and synthetic grafting.®

The autologous iliac graft is the gold standard for anterior cer-
vical arthrodesis due to its osseointegration, osteogenesis, and
osteoconductivity capacity.*S The iliac graft removal procedure car-
ries risks of complications such as bleeding, neurological damage,
iliac bone fractures, scarring, infection, and chronic pain.'®” Pain
complaints at the donor site can occur in 37% to 60% of patients
and can become chronic.8®

The desire to reduce these complications has led to the study
and development of synthetic grafts. These have a low potential for
infection and good immunological acceptance, as well as reducing
surgical time and hospitalization.'®'"! Tricalcium phosphate has been
used since 1982, and its composition resembles cancellous bone.
lts porosity can increase osteogenesis and capillary pathways for
bone remodeling.'213

This study compares the clinical outcome, complications, and
bone healing rate between patients who underwent anterior arthro-
desis and discectomy associated with autologous iliac crest grafts
versus those who used synthetic tricalcium phosphate grafts.

METHODOLOGY

This is a retrospective, longitudinal, controlled study. It was car-
ried out in a tertiary hospital, a reference in treating spinal patholo-
gies. The Research Ethics Committee approved the work under the
number 65254621300005225.

Patients between the ages of 18 and 100 who had refractory
cervicobrachialgia for at least six months after conservative treatment
and who had been diagnosed with cervical degenerative pathologies
confirmed by imaging tests such as X-rays and MRI were included.
The patients were indicated for anterior cervical arthrodesis and de-
compression of one or two levels, depending on their underlying
pathology. The patients were divided into two groups with the same
number of patients. Those who underwent cervical arthrodesis with
an autologous iliac crest graft were considered the control group or
Group 1, and those who underwent cervical arthrodesis using a syn-
thetic tricalcium phosphate graft made up Group 2 or the case group.

The exclusion criteria were patients with previous cervical spine
surgery, non-degenerative cervical spine diseases such as fractures,
infections, or tumors, active smokers, surgery on more than two
levels, under 18 years of age or over 100 years of age, and those
who did not agree to take part in the study.

The surgical procedure was carried out using the anterior cer-
vical approach described by Smith & Robinson, using self-locking
polyether ether ketone (PEEK) cages with three screws. In Group 1,
a graft was taken from the patient’s left iliac crest as the graft donor
area. A synthetic tricalcium phosphate graft (AttraX-NuVasive®) was
used to fill the intersomatic spacer in the Group 2.

The Visual Pain Scale (VAS)'and Oswestry 2.0'° questionnaires

were used to assess satisfaction with the surgery in the preoperative,
third, and ninth postoperative months. During the patients’ outpatient
follow-up, anteroposterior and lateral radiographs of the cervical
spine were taken preoperatively and repeated at 3, 6, and 9 months
postoperatively, using this examination to assess whether subsiden-
ce or migration of the implants had occurred. A CT scan with 2 mm
slices and coronal, sagittal, and axial views was carried out in the
ninth postoperative month to assess whether there had been bone
healing, determined as the presence of trabecular bone seen throu-
gh the intersomatic spacer connecting the upper and lower vertebral
plateaus, according to the current protocol used in this service. In
the ninth month, dynamic flexion-extension radiographs were taken
to assess the distance between the spinous processes, using the
midpoint between the spinous processes and the processes of
the adjoining vertebrae. A gap >2mm from the spinous processes
on dynamic radiography was also considered a criterion for bone
non-consolidation. Radiolucency at the implant-bone interface, as
seen in CT scans or X-rays, also confirmed the absence of fusion.
Two experienced spine surgeons analyzed the imaging exams in a
blind, randomized, and individual manner.

Complications related to the donor area in Group 1 were asses-
sed on the patient’s first return to the clinic through anamnesis and
physical examination. Sensitivity was tested on the lateral aspect of
the left thigh (lateral femoral cutaneous nerve), and the presence
of deformities, hematomas, suture dehiscence, or phlogistic signs
was checked. Chronic pain was considered when it was present
for more than three months at the graft donor site. The VAS for iliac
pain was assessed in all patients in Group 1 in the third and ninth
months after surgery.

The variables evaluated were presented in tables with absolute
and relative frequency distribution. The normality of the variables
was assessed using the Shapiro-Wilk test, and the associations
were assessed using Pearson’s chi-square test or Fisher's exact
test when necessary. The statistical significance of the differences
in means between the quantitative variables was verified using the
paired and unpaired Student’s t-test. All the analyses were carried
out at a significance level of 5%, and the results were considered
statistically significant when the p-value was less than 0.05.

RESULTS

Initially, 100 patients undergoing anterior cervical arthrodesis
were selected. After applying the exclusion criteria, 38 patients
were included in the study. They were paired 19 in each group.
The patients excluded from the study are listed in the flowchart
below. (Figure 1)

Most of the patients assessed were female, both in Group
1 (68.4%) and Group 2 (63.1%), with no significant difference
(p=0.732). The average age of Group 1 was 54 years (48 to 71
years), while the average age of the second group was 56 years
(56 to 75 years).

The control group had an average ODI of 68.5%, while Group 2
had an average of 69.8% preoperatively. There was no statistical
difference between the two groups in the preoperative ODI assess-
ment (p=0.373). The preoperative VAS scale in Group 1 was 7.8
versus 8.0 in Group 2. There was no statistically significant difference
between the groups (p=0.527). (Table 1)

In the evaluation nine months after the surgical procedure, the
average ODI (Table 2) in Group 1 was 27.2%, a statistically signi-
ficant decrease compared to the preoperative period (p<0.001).
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Figure 1. Drawing of the inclusion and exclusion criteria for the selected patients.

Table 1. Distribution of the sample according to preoperative characteristics
by group.

Variable Group 1 Group 2 p Figure 2. Left lateral radiograph at the ninth postoperative month and sagittal
ODI - mean £ SD 68.5% + 4.6% | 69.8% £ 4.0% | 0.373 CT scan of the same patient in Group 2 showing bone healing.
VAS - mean + SD 78+ 1.0 80+ 1.1 0.627
Gender - n (%) Table 3. Postoperative consolidation for both groups.
Female 13 (68.4) 12 (63.1) 0.732 Groun 1 Groun 2
male 6 (31.6) 7 (36.8) Variable ) ) P
SD: standard deviation; p: significance level; n: number of patients. -
) consolidated 0 (0.0) 0 (0.0) *
Immediate X-ray i 9 (1 1901
Table 2. ODI scale, pre-and post-operatively, for the two groups. not consolidated | 19 (100.0) 9 (100.0)
. Preoperative Post-surgery X-ray 3 months consolidated 0 (0.0) 0(0.0) .
Patients mean + SD mean + SD p’ p? not consolidated | 19 (100.0) | 19 (100.0)
Group 1 68.5% * 4.6% 27.2% +3.8% | <0.001 | 0.527 BX 9 months consolidated 16 (84.2) 15 (78.9) 0.676
Group 2 69.8% + 4.0% 19.3% =+ 3.0% <0.001 not consolidated 3(15.8) 4(21.1)
SD: standard deviation; p: significance level; p': p-values for the difference between the preoperative CT scan nine consolidated 16 (84.2) 15 (78.9) 0.676
and postoperative mean for each group; p2: p-values for the difference between the postoperative -
means of Group 1 versus Group 2. months not consolidated 3(15.8) 4(21.1)

Group 2 showed 19.3% in the postoperative evaluation, with a sig-
nificant difference from the preoperative (p<0.001). No statistical
difference was observed when comparing the mean values found
post-operatively between Group 1 and Group 2 (p=0.527). In the
preoperative evaluation, the VAS showed results between 7 and 10,
while in the postoperative period, Group 1 varied between 0 and 2.
The difference between the preoperative and postoperative evalu-
ations was considered statistically significant (p<0.001). Group 2
showed a variation between 6 and 10 in the preoperative period and
between 0 and 2 in the postoperative period, with a statistically sig-
nificant difference (p<0.001). Comparing the groups, there was no
statistical difference in the results of the postoperative VAS (p=0.463).

Regarding the assessment of complications in the iliac region,
two patients complained of chronic pain during the third and ninth
postoperative months, representing a rate of approximately 10% of
the total. No patients were found with fractures, deformities, hema-
tomas, suture dehiscence, neurological lesions, or cases of infection
at the site. The postoperative iliac VAS at the end of the third month
ranged from 6 to 9, while at the end of the ninth month, it averaged
four among patients in Group 1.

The radiographic evaluation in the third month did not find any
changes, such as subsidence, loosening, or migration of the implants.
In the ninth month, the radiographic evaluation included flexion-
-extension, in which no patient had an opening of 2mm or more
between the spinous processes.

At the ninth-month CT scan, 16 patients (84.2%) in Group 1 and
15 patients (78.9%) in Group 2 showed bone healing (Figure 2), with
no statistically significant difference between the groups (p=0.676)
(Table 3). No cases of subsidence were found in the patients.

DISCUSSION

Arthrodesis with anterior cervical decompression is one of the
most widely used surgical treatments for patients with cervical

* impossible to test; n: number of patients; p: level of significance.

spondylosis.'® The anterior approach improves lordosis and has
high rates of intersomatic consolidation.'”

Schroeder et al. showed a significant improvement in VAS in
patients who underwent a primary procedure compared to the pre-
operative period, with a pre- and postoperative variation of 6 and 3,
respectively.'® In their case series, Cerezci et al. described a variation
in cervical VAS from 10 preoperatively to 1 postoperatively.’® In our
study, we found a significant variation in the two groups, ranging from
8 preoperatively to 1 postoperatively from the third postoperative mon-
th onwards. Cerezci et al., also in their study, described ODI ranging
from 86% to 20% in the pre- and post-operative periods, respectively,
demonstrating statistical significance in the result.™ The present study
also found statistically significant figures ranging from 80% in the pre-
-operative period to 18% in the third postoperative month.

The autologous iliac graft is considered the gold standard for
anterior interbody fusion.? In his classic study, Wang found healing
rates ranging from 78% to 90% in anterior cervical arthrodesis up to
two levels.?! The present study showed similar results, with an 84%
healing rate using this type of autologous graft.

According to the medical literature on synthetic grafts, hydro-
xyapatite and tricalcium phosphate are synthetic ceramics based
on calcium phosphate.?? The positive characteristics of ceramics
include their remarkable biocompatibility, biodegradation capacity,
and function as an osteoinductive platform.2 Yang et al. analyzed
self-locking cages for one- to three-level cervical arthrodesis and
showed a 73% healing rate when hydroxyapatite graft was used.
However, they did not specify whether it was a paste or granules.®
Lehr et al. compared arthrodesis levels using autologous grafts and
the Attrax® graft in patients undergoing lumbar arthrodesis and
obtained similar arthrodesis levels, demonstrating that the synthetic
graft was not inferior to the autologous graft.?> Publications on the
use of the Attrax® graft in the cervical spine are rare, and this was
a pioneering study evaluating the results between the gold standard
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group and the group using Attrax®. Despite the difference in metho-
dology, we also found non-inferiority in cervical arthrodesis, where
we obtained a consolidation rate of approximately 80% in Group 2.

Sugawara et al.,?® Coric et al.,?” used lateral radiography com-
bined with computed tomography to diagnose consolidation or
pseudarthrosis. In a systematic review, Oshina et al.?® found that
the best evidence for diagnosing effective healing is the visualization
of trabecular bone between the endplates of the vertebrae and the
absence of radiolucency between the graft and the endplate. These
criteria were used in this study during the radiographic assessment.
It is common to find in the literature that computerized tomography
(CT) is used to complement the assessment to reduce the sub-
jectivity of the examiner’'s observation. As Ploumis® describes in
his study, one of the tomographic criteria is that 50% of the space
between the graft and the endplate must be filled to determine the
healing success, thus providing the evaluator with a quantitative
parameter. This study used axial and sagittal CT scans to measure
the same evaluation criteria.

As Arrington et al. described in their paper, although the iliac
crest is considered the gold standard for graft harvesting, the con-
siderable and recurrent occurrence of donor site morbidity resulting
from bone graft harvesting has significantly restricted its clinical
use.®® Banwarte et al. described, in their classic paper, an incidence
of morbidity ranging from 10-30% of the patients studied. These
complications included hematomas, surgical site infections, iliac
crest fractures, or the formation of an incisional hernia.®! In the pre-
sent study, no post-operative alterations such as those described
above were found. In his study, Silber reported a variation in posto-
perative VAS at the donor site between 4 and 10 3 months after the
procedure.® In the present study, this score ranged from 6 to 9 at
the end of the first trimester.

As described in the literature, complication rates such as chronic
pain can vary from 13 to 20%.° Benato et al.®® published a study
showing a 10% postoperative donor site pain rate after 180 days.
Similarly, this study found that 10% of cases had chronic pain. As
Thapa et al. describe, most chronic postoperative pain has neuro-
pathic characteristics — allodynia, hyperalgesia, and paresthesia,*
which is again consistent with this study in which patients complai-
ned of local allodynia and hyperalgesia.

One bias that needs to be considered is the length of time
patients are followed up. Park et al., in their study, evaluated the
healing rate of cervical arthrodesis using synthetic grafts with a
13-month follow-up.® Shriver et al., in their meta-analysis, indicate
a mean follow-up time of 12 to 24 months for reliable results on
healing rates.® The follow-up in the present study was nine months
so that healing rates may increase over time. Another point to
consider is that the current study did not measure operating room
time during the procedure, which could have brought advantages
to using synthetic grafts.

As Lehr® described, the quality of grafts has improved steadily
since 1970, providing patients with better healing rates associated
with a low potential for complications. Technological advances have
also allowed us to see better results in inter-somatic consolidation,
which is on par with the gold standard in the literature.

Associated with the reduction in complications related to the
removal of the autologous graft, there is an increase in indications
for the use of synthetic grafts in treating degenerative diseases of
the cervical spine. However, it's important to note that this approach
may entail additional surgical equipment costs. We project that, with
the continuous advances in materials research and development,
the ability to adjust the biological characteristics of synthetic grafts
precisely will drive remarkable growth in the area of bone grafts.

Synthetic materials, such as ceramics, are effective in various
spinal arthrodesis procedures, reducing dependence on autografts.
Although many synthetic products have traditionally been used with
autografts, recent research suggests that synthetic and biological
compounds can facilitate proper bone healing without autografts or
high growth factor administration.

This study’s results suggest that the synthetic graft and gold
standard groups had similar healing rates, with no statistically sig-
nificant difference. While the group that used an autologous graft
recorded a 10% rate of chronic pain after the ninth postoperative
month, the synthetic graft proved to be as effective an option as
the gold standard, with a lower incidence of morbidity. Despite the
possible increase in surgical costs due to the price of the graft, the
benefits include reduced surgical time and a lower incidence of
complications, making it potentially cost-effective.

Further studies could assess the time taken to return to daily
activities and the length of time off work, with the possibility of the
overall results being equal to or even better than the gold standard.

CONCLUSION

This study revealed a significant improvement in patients’ quality
of life who underwent anterior cervical arthrodesis with both auto-
logous and synthetic grafts. The group that received the synthetic
graft showed bone healing rates close to 80% with no statistically
significant differences compared to the group that received the au-
tologous graft.

The synthetic tricalcium phosphate graft is a safe option. Its
healing rates are equivalent to those observed with the autologous
graft, making it a viable alternative for anterior cervical arthrodesis
of up to two levels.
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