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Abstract
Purpose Avariety of bone substitutes have been successfully
used to fill PEEK cages in cervical interbody fusion in order to
avoid the complications related to bone harvesting from the
donor site. However, no controlled study has previously been
conducted to compare the effectiveness of PEEK interbody
cages containing calcium sulphate/ demineralized bonematrix
(CS/DBM) with autogenous cancellous bone for the treatment
of cervical spondylosis. The objective of this prospective,
randomized clinical study was to evaluate the effectiveness
of implanting PEEK cages containing CS/DBM for the treat-
ment of cervical radiculopathy and/or myelopathy.
Methods Sixty-eight patients with cervical radiculopathy and/
or myelopathy were randomly assigned to receive one- or
two-level discectomy and fusion with PEEK interbody cages
containing CS/DBM or autogenous iliac cancellous bone
(AIB). The patients were followed up for two years postoper-
atively. The radiological and clinical outcomes were assessed
during a two-year follow-up.
Results The mean blood loss was 75±18.5 ml in the CS/DBM
group and 100±19.6 ml (P<0.01) in the AIB group. The fusion
rate was 94.3 % in the CS/DBM group and 100 % in the AIB
group at 12-month follow-up. The fusion rate was 100% at final
follow-up in both groups. No significant difference (P>0.05)
was found regarding improvement of JOA score and segmental
lordosis as well as neck and arm pain at all time intervals
between the two groups. The total complication rate was signif-
icantly higher (P<0.05) in the AIB group than in the CS/DBM

group, but there was no significant difference between the two
groups (P>0.05) when comparing the complications in the neck.
Conclusions In conclusion, the PEEK interbody fusion cage
containing CS/DBM or AIB following one- or two-level
discectomy had a similar outcome for cervical spondylotic
radiculopathy and/or myelopathy. The rate of fusion and the
recovery rate of JOA score between the two groups were the
same. The filling of CS/DBM in the PEEK cage instead of
AIB has the advantage of less operative blood loss and fewer
complications at the donor site.

Keywords Calcium sulphate . Demineralized bonematrix .

Bone substitute . Cervical spine . Interbody fusion

Introduction

Since the classic techniques for anterior cervical interbody
fusion were introduced by Cloward [1] and Smith and Rob-
inson [2] in the 1950s, anterior cervical discectomy and fusion
(ACDF) has been developed and become a standard operative
procedure for cervical degenerative disc disease associated
with radiculopathy or myelopathy. The goal of interbody
fusion is to restore the physiological height of intervertebral
space and the lordosis of cervical spine after removal of the
offending disc and osteophytes. Tri-cortical autologous iliac
crest bone grafts are the gold standard grafts used for creating
bony fusion between the two vertebrae. However, the inci-
dence of painful complications, including wound infection,
haematoma, chronic pain, increased blood loss and operation
time, cutaneous nerve neuroma, and pelvic fracture, could
reach as high as 24 % [3].

Therefore, the development of alternative grafts and instru-
men t a t i on t e chn ique s a r e w ide ly s t ud i ed [4 ] .
Polyetheretherketone (PEEK) interbody cages filled with
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cancellous bone provide initial stability and require less struc-
tural bone graft. The cages prevent graft collapse and restore
disc space height and cervical lordosis [5]. The union rate is
similar to a tricortical iliac crest bone graft [6]. In order to
avoid the complications related to bone harvesting from the
donor site, bone substitute such as cancellous allograft [7],
tricalcium phosphate [8], biphasic calcium phosphate [9],
demineralized bone matrix [10], mineralized collagen [11],
and demineralised bone matrix combined with bone morpho-
genic protein [12] have been successfully used to fill in the
cages in the cervical interbody fusion.

Calcium sulphate (CS) is one bone substitute occupying a
unique position in the universe of biomaterials. It has been
used in clinical practice for a long time and is widely recog-
nized as a biocompatible material with applications in bone
regeneration. CS pellets have been successfully used as an
implantable filler in the treatment of periodontal bone defects
[13] and long bone defects [14]. However, CS is significantly
inferior to autologous iliac crest bone despite the addition of
bone marrow aspirate when they are used in one-level lumbar
posterolateral fusion [15]. Demineralized bone matrix (DBM)
has been shown to have an osteoconductive and
osteoinductive potential [16–20] because of the proteins and
various growth factors present in the extracellular matrix. The
CS/DBM composite graft has been successfully used as graft
extender in the treatment of large osteonecrotic lesions of the
femoral head [14]. To our knowledge, there has been little
study on its biological effect in cervical interbody fusion.
Therefore, the present study was carried out to compare the
effectiveness of PEEK interbody cages containing CS/DBM
with autogenous cancellous bone for the treatment of cervical
spondylosis with radiculopathy and/or myelopathy.

Materials and methods

Patient population

This study was carried out with the approval of the Committee
of Medical Ethics and the Institutional Review Board of our
hospital. The informed consent of each patient and his or her
family was signed. Between January 2006 and December
2008, a consecutive series of 68 patients were included in
the study. There were 36men and 32 womenwith mean age of
55.4 years (range 35–68 years). All the patients suffered from
cervical degenerative disc disease and complained of progres-
sive upper extremity radicular symptoms and/or myelopathy.
The symptoms had lasted for at least six months (range six to
25 months) before the operation. The conservative therapy
lasted at least for three months and failed. One- to two-level
discectomy and interbody fusion with PEEK cage at contigu-
ous levels from C3–4 to C6–7 were performed for soft disc
herniation or spondylosis. The exclusion criteria were as

follows: more than two levels of developmental cervical ste-
nosis; significant comorbidities associated with poor general
health such as active infection, metabolic disease, severe
osteoporosis, gross obesity; smokers which might interfere
with the fusion process; continuous or combined ossification
of the posterior longitudinal ligament; prior cervical spine
surgery; any major psychological problem; claim of Worker
Compensation. When a patient was included, the patient was
given a registration number and was allocated randomly to
one of the groups by computer, either the CS/DBM group or
the autogenous iliac cancellous bone (AIB) group. The pa-
tients’ demographic characteristics are listed in Table 1.

Surgical techniques

General inhalation anaesthesia was used in all patients. The
operations were performed by a senior spine surgeon. Stan-
dard right side anterior Smith–Robinson approach was chosen
as the surgical procedure. After the exposure the segment was
identified by the C-arm fluoroscope. The disc space was
opened and distraction was applied using a Caspar distractor.
The disc, posterior longitudinal ligament, and osteophytes,
including the posterior part of the uncinate process were
removed. The upper and lower endplates were well prepared
by removing the overlying cartilage and preserving the hardest
subchondral bone. The interbody fusion was performed with
PEEK cage (MC+®, LDR, France) containing calcium
sulphate/demineralized bone matrix (54 levels in 35 patients)
in the CS/DBM group or containing autogenous iliac cancel-
lous bone (53 levels in 33 patients) cages in the AIB group.
The cage size was determined by both pre-operative
templating and intra-operative evaluation using a trial cage
to confirm initial stability. In the CS/DBM group, the inner

Table 1 Patient demographic data

Parameters CS/DBM group AIB group

No. of cases 35 33

Age (years) 54.6±12.7 56.3±10.5

Gender (female/male) 15/20 17/16

Preoperative pathology

Radiculopathy 10 9

Myelopathy 14 12

Radiculomyelopathy 11 12

Degenerative segment

C3–C4 8 7

C4–C5 15 13

C5–C6 21 22

C6–C7 10 11

Single/double level of fusion 16/19 13/20

CS/DBM calcium sulphate/demineralized bone matrix, AIB autogenous
iliac cancellous bone
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space of the PEEK cage was impacted with the CS/DBM
pellets (OsteoSet®2 DBM, Wright Medical Technologies,
Arlington, TN) (Fig. 1). In the AIB group, the cage was filled
with autologous iliac cancellous bone harvested from the left
anterior iliac crest through a mini-incision. The cages were
then gently introduced into the disc space and carefully pushed
into a good position with an impactor. After the cage was
implanted, anterior fixation was performed with an anterior
titanium locked plate (ABC plate, Aesculap, Tuttlingen, Ger-
many). The correct position was checked by anteroposterior
and lateral views of plain radiography before wound closure.
All patients used a Philadelphia collar for four weeks postop-
eratively. Neck exercises were initiated four weeks after sur-
gery and a normal activity level was progressively resumed.

Assessment of results

The operation time, blood loss, and duration of hospital stay
were recorded. The clinical assessment included the neuro-
logical outcomes and the neck and arm pain preoperatively
and at discharge, three, six, 12, and 24 months after surgery.
The data were collected by an independent observer. The
Japanese Orthopedic Association (JOA) scoring system (score
range, 0–17) was used to assess the neurological outcomes
and the visual analogue index (VAS, 0–10) was used to assess
the pain. The recovery rate of JOA score was calculated
according to the formula: the recovery rate = [(postoperative
score–pre-operative score)/(17–pre-operative score)] ×
100 %. The complications at the surgical site including the
neck and anterior iliac crest were recorded after the surgery.

The fusion status of the PEEK cage was evaluated radio-
graphically at discharge, six weeks and three, six, 12, and
24 months after surgery. The fine cut computerized tomogra-
phy scans were performed one year after the surgery. Fusion
was defined as the presence of continuous trabecular bone
bridges in at least one of the following locations: anterior,
within, or posterior to the PEEK cage. Absence of such
bridges or the presence of an anterior-posterior discontinua-
tion was classified as non-fusion. Segmental lordosis at the
surgical level was measured by Cobb’s angle in order to assess
the sagittal alignment. The radiographic analysis was

performed by two independent spine surgeons who were
blinded to the study and the information of the patients.

Statistical analysis

The results were expressed as mean values with standard
deviations. The unpaired Student’s t test or Chi-square test
was used for comparison of the results between the two
groups, and paired t test or repeated measures ANOVA
followed by Newman–Keuls–Student test for comparison of
the results between time points. The results were considered
significant at a level of P<0.05.

Results

All patients included in this study were treated as originally
randomized. The average operative timewas 55±10.5minutes
for one-level and 80±13.8 min for two-level procedures in the
CS/DBM group. The average operative time was 70±12.8mi-
nutes for one-level and 100±11.6 minutes for two-level pro-
cedures in the AIB group. The operation time was significant-
ly longer in the AIB group than in the CS/DBM group
(P<0.01). The mean blood loss was significantly lower in
the CS/DBM group than in the AIB group (75±18.5 vs. 100±
19.6 ml, P<0.01). There was no statistical significance with
respect to hospital stay between the two groups (6.5±1.5 vs. 7
±1.8 days, P>0.05). No patient in both groups had undergone
a second operation for any reason.

The patients were followed up for two years. One patient
for one-level fusion in the CS/DBM group was lost in the six-
month follow-up and one patient for two-level fusion in the
AIB group was lost in the 12-month follow-up. The average
VAS scores of neck pain and arm pain improved significantly
(P<0.01) after the operation both in the CS/DBM group and
in the AIB group (Table 2). At the final follow-up, the average
improvement rate was 69 % for neck pain and 70 % for arm
pain in the CS/DBM group, and 68 % for neck pain and 68 %
for arm pain in the AIB group. No significant differences were
found between the CS/DBM group and the AIB group at any
follow-up time point.

JOA score improved in each case. The pre-operative aver-
age JOA score was 12.68±3.05 points in the CS/DBM group
and 13.12±2.88 in the AIB group. At final follow-up, the
average JOA score improved significantly (P<0.01) to 16.30
±0.78 points in the CS/DBM group and 16.34±0.68 in the
AIB group (Table 3). There were no significant differences
(P>0.05) when comparing the JOA scores between the two
groups at all time intervals. The recovery rate was 83.8 % in
the CS group and 83.0 % in the AIB group.

The mean pre-operative segmental lordotic angle was 2.0±
3.7° in the CS/DBM group and 2.3±3.5° in the AIB group. At

Fig. 1 The inner space of a PEEK cage filled with the calcium sulphate/
demineralized bone matrix (CS/DBM) pellets
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the final follow-up, the segmental lordotic angle was signifi-
cantly (P<0.05) improved to 3.6±2.5° in the CS/DBM group
and 3.8±2.4° in the AIB group (Table 4). There was no
significant difference (P>0.05) when comparing the mean
segmental lordosis between the two groups at each follow-
up point.

The lateral X-rays showed the regular incorporation of the
CS/DBM into new bone with time in the CS/DBM group
(Fig. 2a–f). At discharge, the CS/DBM was opaque in the
transparent PEEK cage. At six-week follow-up, the density of
CS/DBM had decreased and the centre of cage had become
nearly transparent. At three-month follow-up, the centre part
of the cage was still transparent and no new bone was ob-
served. At six-month follow-up, the density of the centre part
had increased, especially in the area close to the upper and
lower endplate. At 12-month follow-up, the centre part of the
cage was opaque again and new bone had formed in the cage.
Sagittal reconstructive images of the CTscan showed that new
bone mass bridged the disc space within the cage (Fig. 3a–b).
The density had become stable till final follow-up. In the AIB

group, the autogeneous bone was opaque on the radiograph
and there was no obvious change with time. The fusion rate
was 94.3 % (50/53 levels) in the CS/DBM group and 100 %
(51/51 levels) in the AIB group at 12-month follow-up. The
fusion rate was 100 % at final follow-up in both groups.

There was no device-related complication such as hard-
ware loosening and breakage, screw pullout, or displacement
of the cage in both groups. There were three minor complica-
tions in the CS/DBM group and six in the AIB group. How-
ever, no additional surgery was required for any cause in both
groups. The complication rate was 8.6 % in the CS group and
18.2 % in the AIB group. The complications in the CS/DBM
group included one case of superficial wound infection and
two hoarseness, while the complications in the AIB group
included two cases of hoarseness, one superficial wound
infection in donor site and three chronic pains or regional
numbness in donor site. Although the total complication rate
was significantly higher (P<0.05) in the AIB group than in the
CS/DBM group, there was no significant difference between
the two groups (P>0.05) when comparing the complication
rate in the neck.

Discussion

To our knowledge this is the first randomized prospective
study to compare CS/DBM with autogeneous bone in the
treatment of cervical degenerative disc disease. The fusion
rate and the clinical outcome of the CS/DBM group were
similar to the AIB group. The CS/DBM could be substituted
by new bone to promote cervical interbody fusion and could
be an alternative to autogenous graft.

ACDF is a well-established operative procedure used to
treat cervical degenerative disc disease associated with
radiculopathy or myelopathy. Sufficient decompression and
ultimate solid bony fusion are the prerequisite to a successful
procedure [5, 21]. The ideal bone graft should possess three
main characteristics: osteoconductivity, osteoinductivity and
osteogenicity. Autogenous tricortical bone graft from iliac
fulfills the above features. However, donor site problems
including chronic pain, infection, and nerve injury had been

Table 3 Pre-operative and postoperative JOA score

Measurement time point CS/DBM AIB

Pre-operative 12.68±3.05 13.12±2.88

Postoperative

At discharge 15.01±2.34 14.86±2.05

Three months 15.68±1.16 15.85±0.98

Six months 15.98±0.87 16.02±0.92

12 months 16.38±0.65 16.23±0.70

24 months 16.30±0.78 16.34±0.68

No significant differences were found between the CS/DBM group and
the AIB group at any follow-up time point

CS/DBM calcium sulphate/demineralized bone matrix, AIB autogenous
iliac cancellous bone

Table 4 Segmental lordosis before and after operation

Group Pre-operative Postoperative

At discharge One year Two years

CS/DBM (n=34) 1.8±3.9 6.2±4.3 4.5±3.1 4.1±3.3

AIB (n=32) 2.1±4.3 5.8±3.6 3.9±2.8 3.8±2.5

No significant differences were found between the CS/DBM group and
the AIB group at any follow-up time point

CS/DBM calcium sulphate/demineralized bone matrix, AIB autogenous
iliac cancellous bone

Table 2 VAS before and after operation

Measurement
time point

Neck pain Arm pain

CS/DBM AIB CS/DBM AIB

Pre-operative 7.81±2.05 7.45±2.32 8.02±1.76 7.86±2.01

Postoperative

At discharge 4.36±2.82 4.75±2.64 3.98±3.51 4.24±3.40

Three months 3.05±2.16 3.26±2.35 3.35±3.06 3.48±2.86

Six months 2.58±1.92 2.64±2.03 2.62±1.84 2.79±2.17

12 months 2.46±2.01 2.32±1.78 2.42±1.98 2.35±1.63

24 months 2.39±1.95 2.44±1.86 2.37±2.02 2.48±1.97

No significant differences were found between the CS/DBM group and
the AIB group at any follow-up time point

CS/DBM calcium sulphate/demineralized bone matrix, AIB autogenous
iliac cancellous bone
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highlighted at a rate as high as 24% [3]. Allograft is one of the
excellent options. However, the fusion rate is not as high as
autograft, and graft collapse has been reported. Moreover,
there is the potential transmission of infectious disease
[22–24].

In order to solve these problems, interbody fusion cages
with different kinds of biomaterials have been developed.
Polyetheretherketone (PEEK) is a non-absorbable semicrys-
talline biopolymer that has been used in a variety of medical
devices. It is biocompatible and the modulus of elasticity is
similar to the bone [7, 25, 26]. The PEEK cage is radiolucent
and new bone within the cage can be observed on the plain X-
ray. The titanium marker in the cage makes it easy to be
localized by the investigator. The standard X-ray films could
be used to assess the fusion process. Pechlivanis et al. [27]
reported that the empty PEEK cage without additional filling
could be implanted after anterior cervical discectomy. Al-
though fusion status did not influence the clinical outcome,
the nonfusion rate was high according to radiologic criteria.
The PEEK packed with autogaft or bone substitutes was
usually used in cervical interbody fusion. Autogeneous bone
is the gold standard fill in the PEEK cage to promote fusion.
Cho et al. [28] compared the autograft-filled PEEK cage with
tricortical autograft in the cervical interbody fusion. The re-
sults showed that the radiological fusion rate was higher in the
PEEK group (100 %) than in the autograft group (93 %) and
the complication rate was much higher in the autograft group.
Although there is no need for a structural graft, cancellous
bone harvest via a small incision still results in donor site
morbidity. Different kinds of biomaterials including calcium
phosphate ceramic [8, 9] and demineralized bone matrix [10]

Fig. 2 The radiological change of cervical spine in a male patient with
cervical myelopathy from the calcium sulphate/demineralized bone ma-
trix (CS/DBM) group. a The CS/DBM was opaque in the transparent
PEEK cage on the lateral X-ray film one week after the operation. b The
density of CS/DBM decreased and the centre of cage became nearly
transparent six weeks after the operation. c The centre part of the cage
was still transparent and no new bonewas observed three months after the
operation. d The density of the centre part increased, especially in the area
close to the upper and lower endplate six months after the operation. e
The centre part of the cage was opaque again and new bone formed in the
cage 12 months after the operation. f Two years later, new bone in the
centre part of the cage was clearly identified

Fig. 3 a, b The sagittal and coronal reconstructive image of a CT scan
demonstrated that new bone mass bridged the disc space within the cage
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were developed to fill the cage instead of autograft in order to
avoid the donor site complication.

In this study, the CS/DBM was used to fill in the PEEK
cage instead of autogenous bone. DBM is a derivative of
allograft bone and possesses putative biological or
osteoinductive activity. It contains type-1 collagen,
noncollagenous proteins, and a small amount of
osteoinductive growth factors such as BMPs, transforming
growth factor beta 1 (TGF-β1), and insulin-like growth factor
(IGF) [29]. It is prepared by pulverisation of allogenic bone to
a consistent size, followed by mild acid extraction of the
mineralised phase of bone [30, 31]. As a dry powder, DBM
is often mixed with other carriers to turn it into a putty or paste.
The preparation of DBM and the type of component with
which it is combined have the influence on its
osteoconductivity [32, 33]. Calcium sulphate is one of these
carriers. The use of CS as a regenerative material was
firstly reported in 1892 [34]. It has resorbable
osteoconductive properties due to the three-dimensional
structural framework which is useful for angiogenesis
and osteogenesis [35]. Thus the CS/DBM composite graft
possesses both osteoconductive and osteoinductive proper-
ties and has been used to treat bone defects. Kim et al.
[36] compared CS/DBM composite graft with CS or DBM
alone in a controlled, split-mouth study using a dog mod-
el. They found that surgical implantation of DBM and CS,
alone or in combination, may result in significantly im-
proved regeneration of alveolar bone in three-wall
intrabony periodontal defects. Kim et al. [37] also inves-
tigated a composite graft composed of CS and DBM in a
randomized, controlled clinical study. They found that a
CS/ DBM composite graft covered by a CS barrier in
intrabony periodontal defects had the same significant
improvements as the control group, which received gingi-
val flap surgery alone. Feng et al. [14] found that CS/
DBM could be used as a safe and effective graft extender
in free vascularised fibular grafting for large osteonecrotic
lesions of the femoral head. Although the CS/DBM com-
posite graft has been successfully used in the bone defect
to promote healing, there is a lack of literature regarding
the use of CS/DBM in the cervical interbody fusion. This
study addressed this point and showed that the CS/DBM
could be packed in the PEEK cage to promote interbody
fusion in the cervical spine.

The CS/DBM composite graft is radiopaque and the com-
plete filling in the PEEK cage can be monitored in the radio-
graphic film. The CS provides a biological osteoconductive
framework which new bone can grow into and is resorbed at a
rate consistent with natural bone formation. Over a period of
six to12weeks the calcium sulphate is reabsorbed by a process
of dissolution in ovine tibial and femoral metaphyseal defects
[38]. Lillo and Peltier [39] have reported that calcium sulphate
without being covered with periosteum is not absorbed but,

when covered, is completely absorbed within 45 to 72 days,
and that calcium sulphate facilitates new bone formation in
contact with periosteum or bones. Its rapid reabsorption pro-
vides an osteoconductive scaffold for the ingrowth of blood
vessels and associated fibrogenic and osteogenic cells. There-
fore, in this study the CS/DBM was opaque in the transparent
PEEK cage at the discharge. At six-week follow-up, the CS
had gradually dissolved and the graft in the cage had become
nearly transparent. At three-month follow-up, the graft in the
cage was transparent in the X-film because of the complete
absorption of CS without new mineralization bone formation.
DBM has been shown to have an osteoconductive and
osteoinductive potential [16–18]. It is encapsulated in the CS
and does not provide structural strength. The proteins and
various growth factors including BMPs in the extracellular
matrix will be released continually to promote fusionwhen the
CS scaffold dissolves gradually. Hence, six months after the
implantation, new bone had formed in the cage, especially in
the area close to the upper and lower endplate where the graft
contacted the host bone directly. One year later, new bone had
formed in the cage, which made the centre part of the cage
opaque again.

The incidence of adverse reaction was reported to be
13.8 % and symptoms developed an average of 38.9 days
after the operation when the CS was used as a bone defect
filler [40]. The most common sign of adverse reaction was
edematous or erythematous appearance in the post-operative
incision site without other signs of infection. Active drainage
or expression of serous fluid was also considered an adverse
reaction. Wound drainage has been reported in 4 % of 109
patients treated with calcium sulphate pellets in a prospective
multicentre study [41]. Although there were complications in
this study, none was related to this adverse reaction. It has
been theorized that this serous drainage is the result of the
osmotic effect of the calcium sulphate and that it subsides with
calcium sulphate resorption.

The clinical benefits of CS/DBM instead of autogenous
bone in the PEEK cage are evident in this study because of the
similar fusion rates and clinical outcomes in two cervical
interbody groups. The surgical time and blood loss were
shortened in the CS/DBM group and the additional surgical
site and its complications were avoided. However, there are
some limitations in this study. First, the sample size for pa-
tients included in this study is relatively small. Further clinical
studies with more patients will be necessary. Second, assess-
ment of interbody fusionwas determined by plain radiography
particularly and fine CT scan. The new bone incorporation
process was estimated by the density change on the plain
radiography. The real process of CS/DBM degradation and
new bone ingrowth could not be elucidated because it was
impossible to perform biopsy in the clinical practice. An
animal study should be carried out to give a more vivid
description on this process in the future.
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Conclusions

In summary, the PEEK interbody fusion cage containing CS/
DBM following one- or two-level discectomy proved to have
a similar outcome as the PEEK cage containing AIG for
cervical spondylotic radiculopathy and/or myelopathy. The
rate of fusion and the recovery rate of JOA score between
the two groups were the same. The PEEK cage containing CS/
DBM provides an effective and reliable alternative to PEEK
cage containing AIG. The CS/DBMmethod has less operative
blood loss and fewer complications at the donor site.
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