
Introduction
Anterior cervical surgery first gained popularity in

the mid-1950’s as a method of treatment for cervical
disc disease1,2. Since that time, the indications have
expanded to include degenerative conditions, treatment
of cervical kyphosis, decompression and stabilization
of cervical trauma and resection of cervical neoplasms3.
The need for fusion in a single cervical level remains
controversial. Some authors suggest that if the operation
is carried out for a laterally herniated “soft” disc,
especially in a young patient, no fusion is required4. On
the other hand, fusion maintains disc space height,
prevents disc space collapse and stabilizes the intervertebral
space while encouraging osteogenesis5.

Titanium alloy cages have been widely used for
spinal reconstruction since 1986 when they were first
introduced. They serve as structural devices containing
autologous local bone or iliac crest bone graft, obviating
the need to harvest large structural bone grafts6. Recently,

non-autologous bone graft in combination with other
bone growth factors have been additionally used7.
Although success rates in anterior cervical surgery are
generally high, problems such as graft extrusion or
collapse, bone graft donor side morbidity and
pseudarthrosis continue to challenge3. The main
disadvantage of titanium implants is the difficulty in
assessing fusion status. Additionally, the potential risk
of damaging surrounding soft tissue structures in case
of cage extraction, created the need to secure the cage
in place with cervical plate and screws even after a
single-level cervical surgery8. In this way, surgical
instrumentation turned to be complicated and time
consuming, potentially increasing the risk of infections.

The purpose of this paper is to describe the progress
of osteogenesis noticed on a very well achieved stabilization
after a single-level anterior cervical surgery with fusion
using a new intervertebral titanium cage. The stabilization
obtained with this cage creates optimum conditions for
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adequate bone regeneration and fusion. Based on this
hypothesis, anterior cervical discectomy and fusion in
ten pigs was performed. The osteoblastic activity was
evaluated at two different points in order to assess the
progression of bony fusion. 

Material - Methods
Study design. Using the pig model a newly designed

titanium intervertebral implant was applied in the
cervical spine of ten 5 month-old Danish Landrace
female pigs. The average weight of the pigs was 68.2
kg (range 62.3-74.7 kg, SD: 2.6). The procedure was
performed at C5-C6 level. Multiple levels study on the
same spine was excluded because of the potential risk
of producing subsequent spinal instability. The research
protocol was approved by the local authorities.

Cage information: PARM implant (named after the
inventor’s son) is a cylinder with an outer periphery
less than the periphery of the vertebral body so that
the prosthesis interposes in between the cervical vertebral
bodies after removal of the intervertebral disc. It is
engineered for optimal anatomical fit to the vertebral
endplates.

The ring wall thickness of the prosthesis is 2 mm, the
external ring diameter 13 mm and the internal ring
diameter 9 mm. Four available models exist. In the present
study the anteroposterior implant height was 5.5 mm to
7.0 mm including dents. Dent height is 1.49 mm. The
central opening of the prosthesis leaves a satisfactory
space for bone formation inside the ring. In order to
further facilitate osteoconduction and bone growth the
available cages have holes on their later side (Figure 1).

Figure 1. The PARM cervical titanium cage

All cages are made of TI6AL4V (ISO 5832-3 Implants
for surgery - Metallic materials - Part 3: Wrought
Titanium 6 - Aluminium 4 - Vanadium alloy).

Anesthesia: Xylazine was administered intramuscularly
(1mg/kgr of body weight, IM). Fifteen minutes (15ã)
later, ketamine HCl was given IM (15 mg/kg of body
weight). Anesthesia was induced via intravenous
administration of Sodium Pentothal (15 mg/kg of body
weight, IV). Tracheal intubation followed and anesthesia
was maintained with a mixture of Halothane in Oxygen
and Fentanyl Citrate IV. 

Surgical technique: The animals were kept in a supine
position; the operating field was prepared from the

submandibular area to the base of the neck. Under
aseptic conditions, a longitudinal left anterolateral skin
incision was performed, the subcutaneous fascia was
incised and dissection of the area muscles followed.
Trachea, esophagus and common carotid artery were
retracted laterally and the desired intervertebral space
was identified. Hemostasis was achieved with bipolar
cauterization. A standard right anterior approach
procedure was performed to the appropriate disc space.
After incising the fibrous ring of the intervertebral disc,
discectomy was carried out posteriorly to the level of
the posterior longitudinal ligament with total removal
of the nucleus pulposus and most of the fibrous ring.
The intervertebral space was spread apart with Caspar
screws device, placed on the anterior and posterior
vertebrae. Freshening of the anterior and posterior
endplates followed with the use of curette until exposure
of cancellous bone. The titanium cage was inserted and
properly positioned in between the vertebrae to fill the
gap after disc excision. To test the stability of the cage,
distraction was momentarily relaxed and the proper
size of the implant was used according to the cervical
level. The Caspar retractor was removed and the surgical
wound was closed in layers. 

Postoperatively all animals fully recovered from
general anesthesia. The pigs were housed individually
and fed with a controlled diet. All pigs were mobile the
following day and no postoperative complications were
observed. Ampicillin 1g/day IM was given pre- and
postoperatively for the next 3 days. Nalbuphine Hydrocloride
(15 mg IM) was given twice a day for 3 days as analgesic.
The pigs were killed under general anesthesia via IV
injection of potassium chloride overdose at the two time
points postoperatively: five at 12 weeks and the rest five
at 14 weeks after implantation. Anterior-posterior and
lateral plain radiographs were taken immediately after
the operation (Figure 2), at 4 weeks and at termination,
at 12 and 14 weeks  respectively (Figure 3). 

Figure 2. Plain radiograph.
Lateral view immediately
after operation. No obvious
kyphosis or implant
displacement is noticed.

Figure 3. Plain radiograph at
termination time, 14 weeks
after operation. Bone
formation is visible around
the cage with no obvious
interruption by a radiolucent
line. A thin bony bar into the
cage is also observed through
the peripheral openings.
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Part of the cervical spine was excised at the level of
fusion. Tissue parts were obtained from inside and
around the cage. The samples were collected, isolated
and fixed in 10% phosphate-buffered formalin for 48
hours. Subsequently, they were further decalcified with
the formic acid sodium-citrate method. Blocking in
paraffin wax followed, 5Ìm sections were taken, stained
with hematoxyline-eosine and studied under light
microscope.

Results
Postoperatively the total body weight of the pigs

increased from 68.2±2.6 kg) at operation time to
85.6±4.6 kg) at euthanasia time, that was a constant
rate. Implant efficacy was evaluated radiographically
and histopathologically. 

Radiographic examination: Plain radiographs revealed
no obvious kyphosis, displacement or implant migration
and the normal lordotic angle of the cervical spine was
maintained. Evaluation of bone formation inside the
cage was impossible because the tested implant was not
radiolucent. However, in all cases, a continuous bone
bridge around the cage with no obvious interruption
by a radiolucent line was created at 14 weeks, while a
thin bony bar into the cage was visible through the
peripheral cage openings in some instances (Figure 3).
Bone formation was detected around all cages. Plain
radiographs could give sufficient information only
concerning gross structures, thus quantification of
osteogenesis was impossible. 

Histological study: Histopathological examination
revealed development of tissue inside and around the
implant (Figure 4). Specifically, 12 weeks after implantation
predominantly cartilaginous and less osseous tissue
were observed (Figure 5). Fourteen (14) weeks after
implantation most of the newly formed connective tissue
has been transformed to osseous tissue (Figure 6).
Osteogenesis was similar in the area around the implant
compared to the area inside the implant. 

Figure 4. Gross examination of the titanium cage 3 months
after implantation revealed development of tissue inside and
around the implant.

Figure 5. Histological examination 12 weeks after implantation.
Cartilaginous and osseous tissue have been formed (Hematoxylin-
Eosine*200).

Figure 6. Histological examination 14 weeks after implantation.
Most of the connective tissue has been transformed to osseous
tissue (Hematoxylin-Eosine*200).

Discussion
In spine research the pig has been used as a model9,13.

In the present study the pig was employed because of
the availability and size suitability for the implants.
Human surgical techniques were used with no modification
of the standard instruments14,15. In this experiment, the
pigs were nearly at the end of the growing period. Cranial
and caudal endplates at fusion levels were carefully
excised. Moreover, all pigs were fed with controlled
diet to avoid rapid growth of the vertebra. The mean
total body weight increased only 25.5%.

Recent protocols and research indicate that the
faster the osteogenetic procedure starts, the better
fusion is achieved16-18. For this reason a great variety of
bone grafting options with or without application of
fusion devices has been widely used. Autogenous bone
grafts  allogeneic bone grafts, xenograft bone, ceramic
bone graft substitutes and hydroxyapatite blocks have
been repeatedly evaluated for their usage in cervical
spine surgery, while tantalum blocks are currently in
clinical trials3,4,7.

A great variety of fusion devices have become
available and offer potential alternatives. Cages are
usually made of biocompatible materials and provide
good structural strength. Titanium mesh cages, cylindrical
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threaded cages, carbon fiber cages, with or without the
addition of an anterior cervical plate have been also
widely used3,7,19-22,28. Osteogenic growth factors like bone
morphogenetic proteins, beta-tricalcium phosphate
have now become an important research direction,
minimizing the use of autografts and maximizing bone
ingrowth23-27. A combination of techniques, including
the use of interbody cages to achieve immediate stability
and maintain intervertebral height and certain porous
formulations of hydroxyapatite with recombinant bone
morphogenic proteins to promote rapid fusion, might
provide the best option3. On the other hand, the cost
of such technology may be prohibitive, whereas possible
health economic implications cannot be ignored28.

The present newly designed titanium cage seems to
provide fast and safe stabilization of the cervical spine,
sufficiently supporting physiologic loads present on the
neck, meeting all the mechanical requirements for
prevention of collapsus and promotion of fusion. No
other supplementary fixation seems to be required.
Secure anchoring and no migration or any other
displacement of the implant was noticed. It should be
noted that neither the extreme mobility of pig’s cervical
spine nor its continuing activities provoked migration
or displacement of the implant.

In minipig and canine model studies a stable
mechanical environment has been shown to lead to a
histologically and biomechanically superior healing and
more rigid spinal segment29, 30. In this experimental study,
early osteogenesis was noticed on plain radiographs
with newly formed bone apparently demonstrated within
as well as around the implant. No bony graft material
or growth factor was placed inside the implant or within
the interspace around it. Following the process of
vascular invasion, blood clot is substituted by fibrous
tissue as a result of a local inflammatory reaction and
activation of osteoblastic cells, promoting osteogenesis
and osseointegration procedures31.

Several growth factors are considered to promote
mitosis, angiogenesis and chemo taxis. In a relevant
study, during a 3 month period time a reasonable fusion
rate was observed with the application of BMP-2 or
combined IGF-I/TGF-‚132. In our experiment, in the
same time period, comparable results were noticed
without use of any growth factor.

In human, the variety of clinical situations and the
limitations imposed as age, sex, osteoporosis, menopause,
smoking may compromise a positive result after anterior
cervical discectomy and fusion. Prompt surgical technique
for cage placement, minimal instrumentation, minimal
allograft implantation and surgical time accommodation
may promote a good, fast, and safe fusion and possibly
have beneficial effect on patients outcome.

In conclusion the presented data indicate that a very
important parameter for early enhanced bone healing
after anterior cervical discectomy and fusion remains
stabilization of the interbody space. The newly designed
titanium cage tested in this animal study may offer by

itself in human the necessary stabilization for early
osteogenesis and adequate cervical interbody fusion. 
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