
Introduction

Because of the associated disturbance of spinal growth,
surgery for progressive spinal deformities in very young
children is a challenging task. Most foregoing studies re-
port having used a “growing spinal instrumentation with-
out fusion” technique in order to avoid interference with
spinal growth. Harrington first described the procedure,

which used a Harrington rod [10]. The “Luque trolley”
technique of segmental spinal instrumentation without fu-
sion has been used with some success [13, 14, 18]. Blake-
more et al [1] and Morin [15] introduced segmental spinal
instrumentation systems (Cotrel-Dubousset, Isola, etc) for
severe spinal deformities in young children. However, in
all of these procedures, spontaneous bony fusion can oc-
cur before the patients reach maturity [7, 14], also causing
posterior ankylosis and crankshaft [5].

Abstract “Spinal instrumentation
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not interfere with spinal growth, have
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ment of progressive spinal scoliosis
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periosteal exposure, the process of
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occurring in children. An absorbable
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spinal fusion. In the present study, a
single-level intertransverse arthrode-
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ceive autogenous bone graft with or
without ADCON-L gel. The animals
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eratively. A fusion rate of 78% (7/9)
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ment by plain X-ray and CT evalua-

tion, while the autograft/ADCON-L
treatment yielded a 0% (0/9) fusion
rate (p=0.001). Histomorphometric
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of ADCON-L gel to bone graft de-
creased bone and bone marrow for-
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Takaso et al designed a remote-controlled growing rod
instrumentation system to reduce the number of proce-
dures required in young children with severe scoliosis and
postoperative complications [23]. Other authors designed
an operative technique to prevent the spontaneous poste-
rior fusion from occurring [1]. Prevention of bone growth
in relation to a decompressed spinal canal also has clinical
implications, since re-stenosis has occurred in up to 20%
of patients who have received decompression.

The intent of the present study was to pursue a biologi-
cal method for the inhibition of spontaneous posterior spi-
nal fusion by use of a tissue ingrowth inhibitor, ADCON-L
Anti-Adhesion Barrier Gel (Gliatech, Cleveland, OH, USA),
which is a resorbable gel designed to inhibit scar and
peridural adhesions following laminectomy, laminotomy,
and discectomy [6, 8, 12, 20]. To realize this aim, the ef-
ficiency of ADCON-L gel in preventing spinal fusion in
an experimental pig model was tested.

Materials and methods

Animal model and surgical preparation

An un-instrumented posterolateral lumbar spinal fusion at L4-L5
level served as the experimental model to assess the influence of
ADCON-L gel on bone growth. All animal surgeries and experi-
ments complied with the Danish Law on Animal Experimentation
and were approved by the Danish Ministry of Justice Ethical Com-
mittee, J.no.1998-561-67. A total of nine female 12-week-old Dan-
ish landrace pigs, weighing 46.4 kg (SD 3.6 kg), were involved in
the investigation. The pigs served as their own controls.

After normal health status determination, each animal was pre-
medicated with 25 mg midazolam and 200 mg azaperon intramus-
cularly. Orotracheal intubation was set up after intravenous injec-
tion of 20 mg etomidate. Anesthesia was maintained by inhalation
of isoflurane (1.5%) and intravenous injection of ketamin (10 ml/h).
With the animal in prone position, the bilaterial iliac crest and pos-
terior lumbar region was shaved, aseptically prepared and draped in
a sterile fashion. Prophylactic ampicillin and analgesic buprenor-
phine were given before and immediately after surgery, and twice
a day during the following 3 days. The pigs were killed 10 weeks
after surgery.

Surgical technique

Under fluoroscopic control, the L4-L5 vertebral level was identi-
fied before surgical intervention. The bilateral L4-L5 transverse
processes were exposed through posterior midline incision and
paraspinal intramuscular approach. After exposure, the posterior
cortices of the L4-L5 transverse processes were decorticated using
a rongeur until punctuate bleeding was observed, irrespective of the
subsequent treatment group. One single-level posterolateral arthrode-
sis at the L4-L5 transverse level was then performed. For the auto-
graft treatment, 4.5 g of autologous iliac bone was randomly placed
to one side of the decorticated arthrodesis site beside the facet joint.
For the autograft/ADCON-L treatment, 4.5 g of autologous iliac
bone mixed with 3 g ADCON-L gel was implanted to another side
of the decorticated arthrodesis site beside the facet joint.

The iliac crest bone graft was harvested from bilateral iliac
crest using a sharp curette, and prepared as morselized cancellous
chips for re-implantation at the graft site. After the surgical proce-
dure, the fascia of the back and the incision were carefully closed

in an interrupted fashion. Blood loss, operative times and intraoper-
ative and perioperative complications were quantified. Observations
of ambulatory activities and wound healing were monitored daily,
and all animals received analgesics and prophylactic antibiotics for
the first 3 days postoperatively. All the pigs were kept in single
boxes and killed by intravenous injection of pentobarbital (0.4 mg/
kg) under general anesthesia. The spinal column from L1 to L7
with the sacrum was then carefully dissected en bloc, stripped of
soft tissue and frozen at –20°C in double-layer plastic bags, pend-
ing examination.

Plain X-ray and CT analyses

After the pigs were killed, the status of the posterolateral spinal fu-
sion was evaluated on plain posteroanterior radiographs and com-
puted tomography (CT) images using a modified Lenke et al grad-
ing scale [11]. The modified grading scale was:

(A) Solid fusion: clearly solid transverse process fusion with
confluent trabeculated bone extending from transverse process to
transverse process. (B) Partial union: evidence of bone growth be-
tween the transverse processes, but with lucency indicative of non-
confluent trabeculation. (C) Nonunion: no evidence of bone growth
between the transverse processes.

The percentage of successful fusions (grade A) or pseudoarthro-
sis (Grade B or C) was determined on the basis of film and CT im-
ages by two independent observers blinded to treatment groups.

Histopathological and histomorphometric evaluation

Upon completion of the X-ray and CT analysis, the posterolateral
fusion mass, including the transverse processes, was cut parasagit-
tally beside the facet joint with a water-cooled diamond blade 
(EXAKT Apparatebau, Nordenstedt, Germany). These posterolat-
eral specimens were fixed for 1 week in 70% ethanol. After fixa-
tion, the specimens were dehydrated in 96% ethanol followed by
100% ethanol, and cleared in xylene. The undecalcified specimens
were all embedded in methylmethacrylate (MMA) and sectioned
sagittally on a Polycut-E sawing microtome (Reichert-Jung, Heidel-
berg, Germany) to a thickness of 7 µm.

The first section was cut beside the facet joint. The sections
were collected at 500 µm-intervals between each section and
stained with Goldner Trichrome. To serve as tissue control, fresh
ADCON-L gel was embedded and processed for histological analy-
sis similar to the specimens. Histomorphometric measurements were
made on a microscope (LEITZ-DIALUX 20, Wetzlar, Germany)
using an Olympus grid (100) in the eyepiece of the microscope.
Each grid comprised 100 equal points of 10 lines with 10 points on
each line in a 10×10 pattern. At low magnification (26.5×), the en-
tire fusion mass was visualized and identified for tissue type. Fig-
ure 3B and Fig. 3D depicts bone, cartilage, marrow, fibrous tissues,
and residual ADCON-L gel and bone graft.

In each specimen, a total of 4 sections with 500 µm-intervals
were chosen for bone histomorphometry. Bone volume (BV) was
defined as the amount of mineralized bone in percentage of the to-
tal volume. A total of 5,000–8,000 points were counted approxi-
mately in fields of vision equally divided between the four sections
using a point-counting technique. At high magnification (125×),
the bone surface (BS) was estimated and expressed in relation to
BV as surface density (BS/BV), which is the percentage of bone
surface by total bone volume. The parameter BS/BV is an indica-
tor of trabecular thickness, with lower values for thicker trabecu-
lae. Osteoid surfaces (OS) and osteoclast-covered surfaces (Oc.S)
were presented as a percentage of BS.

All surface parameters were counted by line-intercept technique
at at least a 200–2,000 intersection with the bone surface on the
four sections. The fusion mass between the two transverse pro-
cesses was divided spatially into three zones. The two “outer” zones
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were adjacent to the upper and lower transverse processes, and the
“central” zone was located between them (Fig. 3A and 3C) [2].
One independent observer evaluated all the sections blindly. To
evaluate the accuracy of the method, an interobserver error of
4.6% (CV) on volume fractions was calculated after double count-
ing of nine representative sections on two occasions.

Statistics

The chi-square test was used for nonparametric values in radio-
graphs and CT images. Histomorphometric parameters are pre-
sented as mean values and standard error of mean (SEM). A paired
T-test was done to compare the two treatments; p values less than
0.05 were considered significant.

Results

Surgical procedures

All nine animals survived the surgery and postoperative
period without incidence of vascular, neurologic or infec-
tious complications. A mean operative time of 55 min (SD
7 min) and average blood loss of 24 cm3 (SD 5 cm3) were
recorded. All animals were ambulatory after 24 h and ex-
perienced normal wound healing. The total body weight
of the pigs increased from 46.4 kg (SD 3.6 kg) at the be-
ginning of the observation to 57.1 kg (SD 7.0 kg) at the
time of being killed.

Plain X-ray and CT analyses

Table 1 shows the grading results of the posterolateral fu-
sion mass on plain X-ray and CT analyses. In radio-
graphic fusion, the autograft alone reached a 77.8% (7/9)
fusion in the course of the 10-week time period. The au-
tograft/ADCON-L treatments, in contrast, showed no suc-
cessful posterolateral fusion (0/9) at the conclusion of the
10-week time period (Fig. 1).

Coronal CT images clearly showed the confluent tra-
beculated bone across the two transverse processes in the
autograft treatment (7/9), while the autograft/ADCON-L
treatment showed lucency indicative of nonconfluent tra-
beculation (Fig. 2). The results demonstrated that postero-
lateral fusion healing was significantly reduced in the
presence of ADCON-L gel compared to autograft alone
(p<0.001).

Histopathological and histomorphometric evaluation

Undecalcified bone histomorphology

In most of the pure autograft locations, histological char-
acterization of the 10-week iliac crest autograft treat-
ments revealed maturation of intertransverse fusion bridges
(Fig. 3A), containing not only lamellar and woven trabec-
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Table 1 Plain X-ray radiographic and CT analyses

Grade Autograft/ADCON-L Autograft
(n=9) (n=9)

A 0% (0/9)* 77.8% (7/9)*
B 88.9% (8/9) 22.2% (2/9)
C 11.1% (1/9) 0% (0/9)

* Fisher Exact Test, p =0.001

Fig. 1 Posteoanterior radiograph of intertransverse process fusion
of porcine lumbar spine, 10 weeks after operation. The autograft
treatment (L4/5, right side, arrow) with posterolateral fusion mass
created by autogenous iliac crest graft; the autograft/ADCON-L
mixture (L4/5, left side) with nonunion after iliac crest grafting

Fig. 2 Coronal CT image of intertransverse process fusion of
porcine lumbar spine, 10 weeks after operation. The autograft treat-
ment (L4/5, left side, arrow) with a solid fusion mass of intertrans-
verse process; the autograft/ADCON-L mixture (L4/5, right side)
with few new bone formation between the transverse processes



ulae, but also presenting dramatic remodeling as evidenced
by a peripheral cortical rim around the fusion in some ar-
eas. The iliac crest autograft was resorbed completely and
replaced by new bone and bone marrow. Moreover, there
was still the presence of connective tissues, and minor ev-
idence of an endochondral bone formation (Fig. 3B).

In contrast, the autograft/ADCON-L treatment showed
no solid intertransverse fusion bridge (Fig. 3C). In one
case, there was no new bone formation. We found that
89% (8/9) of the specimens contained residual ADCON-L
gel and 44% (4/9) of the specimens contained residual
bone graft (Fig. 3D). The residual ADCON-L gel was par-
tially degradable or non-degradable in comparison to the
ex vivo analysis of fresh ADCON-L gel (Fig. 3E).

Bone histomorphometry

Table 2 shows the bone histomorphometric results. Histo-
morphometric analysis demonstrated that bone and bone

marrow in the autograft/ADCON-L treatment were signif-
icantly lower than that in the autograft treatment in each
zone (p=0.005, p=0.02 in the central zone and p=0.006,
p=0.03 in the outer zone, respectively). Fibrous tissue was
statistically significantly more abundant in the autograft/
ADCON-L treatment when compared to the exclusively
autograft treatment in both zones: in the central zone
(p=0.001) and in the outer zone (p=0.02). No statistical
differences were found in cartilage, bone surface density
(BS/BV), osteoid surface (OS/BS) or osteoclast-covered
surface (Oc.S/BS) between the two treatments in each zone.

Discussion

ADCON-L gel is a biocompatible, resorbable antiadhesion
barrier specifically designed for use in lumbar spine sur-
gery. It consists of a small carbohydrate combined with
other components to form a gel. The gel formulation is
designed to act as a physical barrier and to facilitate both

160

Fig. 3A–F Parasagittal sec-
tions through the fusion mass
with Goldner Trichrome stain-
ing. A Autologous bone graft
fusion showing mature cortical
rim in some areas and medul-
lary cavity (×2). B Magnified
view (×50) of the autologous
fusion mass showing mature
trabecular bone and marrow
elements (right) and endochon-
dral bone formation (left).
C The autograft/ADCON-L
treatment showing fibrous
nonunion (×2). D Magnified
view (×50) at the intertrans-
verse fusion mass and the ma-
trix showing a limited osteoge-
nesis and chondrogenesis (left),
the residual ADCON-L gel
(right) and bone graft (upper
right corner). E Magnified
view (×100) showing the resid-
ual ADCON-L gel in the tis-
sue. F Magnified view (×100)
showing the construct of the
original ADCON-L gel. It is
similar to the construct of the
residual ADCON-L gel, but
the different colors are due to
different pH values in the tis-
sue and ADCON-L gel.
TP Transverse process (arrow)



anterior and posterior placement around the dura and nerve
root [8]. Cell analysis demonstrated that ADCON-L gel
blocked the ingrowth of fibroblasts [8]; animal laminec-
tomy, laminotomy, and discectomy models have demon-
strated a major decrease in the amount of peridural fibro-
sis [6, 8, 12, 20].

Clinically, ADCON-L gel has been used extensively to
inhibit postoperative peridural scarring and adhesions [3,
4, 16, 17, 21, 22]. The results of using the gel clinically
have been positive, however, there is controversy over the
patient-oriented endpoints realized. No positive effect of
treatment with ADCON-L gel has been found in patients
for whom one-level lumbar microdiscectomy was per-
formed in a multicentral, randomized, controlled clinical
study [19]. There have not yet been any reports of inhibi-
tion of bone formation in that connection.

The present study is the first to document inhibition of
bone growth in a spinal fusion model by a tissue ingrowth
inhibitor, ADCON-L Anti-Adhesion Barrier Gel. The ra-
diographic and histological findings of the present study
suggest that ADCON-L gel can delay or decrease bone
formation at the spinal arthrodesis sites, thus influencing
iatrogenic spinal fusion or re-growth of the spinal skeleton.
The effects of ADCON-L gel might be regarded as that of
physically blocking communication between osteoblasts
and osteoclasts, resulting in reduced new bone formation
and consolidation.

In the current investigation, the difference in radiographs
and CT images for establishing successful fusion rates
was highlighted due to complete fusion failure in the au-
tograft/ADCON-L treatment compared with the autograft
alone within the 10-week time period. An interesting ob-
servation in this study is that none of the treatments pro-
duced a rate of 100% successful spinal arthrodesis. This is
most likely attributable to the short observation time and
the biomechanically challenging animal model which did
not employ stabilizing spinal instrumentation or spinal brace
immobilization. To overcome the problem of the “worst
case scenario” in the animal model used in the current
study, a study allowing fusion maturation accompanied by
interference of ADCON-L treatment under a stabilizing
biomechanical environment is needed.

Histological analysis provided the most distinctive find-
ings of this investigation. At the end of the 10-week time

period, based on plain and polarized light microscopy, the
autograft/ADCON-L-treated fusion mass displayed the re-
maining presence of ADCON-L gel, bone graft fragments
embedded in connective tissue, and a minor cartilage is-
land within the intertransverse space or transverse process
areas. In contrast, the autograft treatment showed remod-
eled bone tissue only at the fusion site. This finding indi-
cates significant inhibition of the osteoinductive proper-
ties of the bone graft as well as inhibition of other healing
processes. ADCON-L gel prevented the influx of nutrients
and osteoprogenitor cells from the decorticated host bone
during the healing of an intertransverse process spinal fu-
sion when autogenous bone was mixed with ADCON-L
gel. This resulted in fusion failure over a 10-week period.

Previous studies have reported that ADCON-L gel is
for the most part absorbed 4 weeks after administration [12,
21]. In our animal study, we found that ADCON-L gel still
remained at the conclusion of a 10-week time period. Nat-
ural, physiological dissipation or absorption of ADCON-L
gel might therefore be prolonged when in contact with bone
graft material. This prolonged absorption might account
for the strong inhibitory effect on spinal fusion in this study.
The persistently present cartilage in the intertransverse
space and transverse processes would be transformed to
mineralized bone during the absorption of ADCON-L, and
spinal fusion would probably follow with delay.

Histomorphometric analysis demonstrated that bone and
bone marrow in the autograft/ADCON-L treatment were
significantly reduced within the intertransverse space or
transverse process areas, when compared to the autograft
treatment. Although bone and bone marrow were reduced
in the autograft/ADCON-L treatment, compared with the
autograft treatment, the endochondral bone formation ev-
ident by the end of the 10-week time period in both treat-
ment groups had resulted from an ongoing ossification pro-
cess. The cartilage tissue observable within the intertrans-
verse space or transverse process areas was not different
between the two treatment groups. Bone remodeling ac-
tivity at the fusion sites was not influenced by ADCON-L
gel, as indicated by histomorphometric data showing that
the osteoid surfaces (OS/BS), bone surface densities (BS/
BV) and osteoclast-covered surfaces (Oc.S/BS) within the
intertransverse space and transverse process areas were
not different between the two treatment groups.
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Table 2 Bone histomorpho-
metric results in both the two
treatments (n =9)

Data are presented as mean ±
SEM. BV/TV = Bone volume
(%), CV/TV = Cartilage vol-
ume (%), MV/TV = Bone mar-
row volume (%), BS/BV =
Bone surface density (%),
OS/BS = Osteoid surface (%),
Oc.S/BS = Osteoclast covered
surface (%).

Zones BV/TV CV/TV MV/TV FV/TV BS/BV OS/BS Oc.S/BS

Central zone
Autograft/ADCON-L 5.5±1.8 3.1±0.3 6.6±1.7 82.4±3.6 2.7±0.2 9.2±1.5 4.5±0.9
Autograft 19.9±3.4 3.7±0.6 26.4±7.1 43.4±9.6 1.9±0.3 12.0±2.9 3.6±0.5
p values p =0.005 p =0.1 p =0.02 p =0.001 p =0.2 p =0.5 p =0.3

Outer zone
Autograft/ADCON-L 4.9±1.3 2.1±0.6 9.5±3.5 79.9± 5.5 3.1±0.3 8.2±1.2 6.8±1.8
Autograft 17.5±3.9 1.5±0.7 27.0±7.9 50.1±11.5 2.0±0.2 9.5±1.9 3.4±0.5
p values p =0.006 p =0.4 p =0.03 p =0.02 p =0.5 p =0.2 p =0.1



The use of ADCON-L gel might act as a physical bar-
rier to block the influx of nutrients and osteoprogenitor
cells from the decorticated host bone (transverse processes),
and so inhibit new bone formation at the intertransverse
arthrodesis sites. The consistent presence of cartilage in
the intertransverse space and transverse process areas may
be explained by lower oxygen saturation. There was no
rapid healing in the transverse processes via membranous
bone formation in the healing process of a spinal fusion.
Thus, ADCON-L gel interrupted the normal biological
healing process in the intertransverse arthrodesis. That is,
the rapid membranous bone formation response near the
transverse processes contrasted with the delayed repara-
tion response seen in the intertransverse space, where there
was endochondral bone formation [2].

It is speculated that ADCON-L gel could be used ad-
vantageously to prevent spontaneous spinal fusion from
occurring after a violation of the periosteum during a sur-
gical intervention of scoliosis during childhood, which
would preserve longitudinal spinal growth. Posterior in-
strumentation of the spine after subperiostal or suprape-
riostal preparation with and without the use of ADCON-L
gel is therefore recommendable for future animal and hu-
man studies.

Studies have shown that ADCON-L gel can prevent
epidural fibrosis and adhesions by means of blocking the
ingrowth of fibroblasts from the surgically detached mus-
cle in several animal models of laminectomy and discec-
tomy [6, 12, 20]. Our results showed that there was more
fibrous tissue in the intertransverse space or transverse
process areas of the autograft/ADCON-L treatment, when

compared to the treatment exclusively using autograft.
This inconsistent result indicated that a normal biological
healing response between the graft and graft bed was hin-
dered when the autograft was mixed with ADCON-L,
which might (1) reduce haematoma formation around the
graft with release of cytokines and growth factors; (2)
block migration and proliferation of mesenchymal cells;
(3) decrease fibrovascular tissue formation in and around
the graft. The effect could constitute favorable conditions
for fibroblastic differentiation from marrow cells in the
autograft and formation of more fibrous tissue at the fu-
sion sites.

In conclusion, this study showed that ADCON-L gel
significantly reduced new bone formation and spinal fu-
sion at the spinal arthrodesis sites. ADCON-L gel might act
as a physical barrier to block the ingrowth of osteoblasts
and inhibit new bone formation at the intertransverse
arthrodesis sites. The use of ADCON-L gel does not seem
to change bone remodeling during intertransverse fusion. It
is speculated that ADCON-L gel could be used advanta-
geously to prevent spontaneous bony fusion from occurring
after surgical treatment (growing instrumentation without
arthrodesis) in very young scoliosis patients. This finding
could also be important for the safety of clinical usage of
ADCON-L gel applied locally to peridural areas when
posterolateral spinal fusion is necessary.
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