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Abstract

Purpose A self-control study was designed to compare

the process of creeping substitution between allograft bone

and local bone grafting in lumbar interbody fusion.

Methods From December 2011 to July 2012, 81 patients

(mean age: 56.4) were included in this study and randomly

allocated to two groups. Leopard cages were using in

unilateral instrumentation transforaminal lumbar interbody

fusion. In group 1, the cages were filled with the local bone

on the side of the instrumentation and allograft bone on the

other side. In group 2, they were totally filled with the local

bone chips. Then, the special CT-reconstructions were

made at 6- and 12-month follow-up. On the sagittal section,

the sections of CT-reconstructions were perpendicular to

the lateral axis of the cage from the side of the cage to the

other side. Similarly, they were parallel to the lateral axis

of the cage on the coronal section and intervertebral space

on the cross section. The mean area size of bone mass on

both sides of the cage was calculated, respectively, using

image analysis software (Osirix, version 3.3.2) on each

section in two groups.

Results In group 1, at 6- and 12-month follow-up, sig-

nificant differences were observed in the mean area size of

bone mass between allograft bone and local bone grafting

on the coronal, cross, and sagittal section. In group 2, the

mean area size of local bone on both sides of the cage had

no significant differences at 6- and 12-month follow-up on

each section.

Conclusions The results of our study showed a superi-

ority of local bone grafting over allograft bone.

Keywords The process of creeping substitution � Local

bone � Allograft bone � Lumbar interbody fusion

Introduction

Transforaminal lumbar interbody fusion (TLIF) augmented

with unilateral pedicle screw instrumentation as a mini-

mally invasive technique has become a favored surgical

treatment for management of lumbar degenerative disease

and spondylolisthesis. Successful clinical outcome often

correlates with good bony fusion [1, 2]. Using the cages

filled with cancellous bone graft from the iliac crest has

been very common, with an excellent clinical outcome.

Thereafter, use of cages filled with iliac crest cancellous

bone becomes quite popular. However, harvesting autolo-

gous bone graft from the iliac crest often requires an

additional incision and is associated with a significant

morbidity that can reaches 30–40 % [3, 4], which includes

hematoma, infection, prolonged chronic pain, and sensory

deficit [5–7]. To avoid complications associated with har-

vesting iliac crest bone autograft, allograft bone has pro-

gressively become more and more widespread for

substituting iliac crest autograft [8]. The advantages of an

allograft lie both in its availability and in the prevention of

a second operation coupled with the associated complica-

tion rate. Another advantage is the long shelf life of the

graft [9]. There is also a markable risk of infectious disease

transmission, infection, and immunologic response [10].

Based on the above reasons, using local bone grafting
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obtained from the lamina and facet joint is a good option.

Up until now, the literature has not yielded a quantitative

study comparing the use of local bone grafting with the use

of allograft bone by radiographic evaluation. The goal of

this present study was to report whether the process of

creeping substitution differs between local bone grafting

and allograft bone by the methods of a self-control study.

Materials and methods

Patient demographics

From December 2011 to July 2012, 40 men and 41 women

with a mean age of 56.4 years (range 24–89 years) were

included in this study and randomly allocated to two

groups. The follow-up averaged 1.3 years (range

1.0–1.5 years). All 81 patients had one-level lumbar disk

herniation (LDH) and had a unilateral instrumentation

TLIF. Detailed demographics for the patients were given in

Table 1.

Surgical method

Unilateral instrumentation TLIF was performed using the

same technique by one surgeon at the same hospital. The site

for incision was based on preoperative symptoms. If a disk

herniation or foraminal stenosis was present and predomi-

nantly one-sided, then that side was chosen. In general

anesthesia, the patient was placed in a prone position. On the

paramidline incision, the posterior elements of the spine

were exposed to the bases of the transverse processes. After

unilateral pedicle screw insertion, the ipsilateral superior and

inferior articular processes of one facet joint were resected

and the disk was exposed in the neuroforamen. The local

bone chips were obtained from resected facet joint and were

devoid of all soft tissue attachments. The local bone chips

were prepared into the size of 3–5 mm in all dimensions.

After discectomy, the endplates were cleared of the cartilage.

Then, a Leopard cage (Depuy Spine Inc, Raynham, USA)

was inserted in the intervertebral space using a funnel. In

group 1, the cages were filled with the local bone chips on the

side of the instrumentation and allograft bone on the other

side (Fig. 1). In group 2, they were totally filled with the local

bone chips obtained by facetectomy, during spinal decom-

pression. No further material was inserted around the cages

in either group. The incision was closed in standard fashion.

Radiographic assessment

Each of the patients were given clinical and radiological

examinations; preoperatively; postoperatively; and then 2,

4, 6, and 12 months subsequently. For radiographic eval-

uation, a helical CT scan with sagittal and coronal recon-

structions at 6 and 12 months postoperatively was

examined by a radiologist specialized in spinal imaging not

involved in the treatment, and another radiologist checked

CT-reconstruction results. The special CT-reconstructions

of vertebral levels addressed in the surgeries were made

(Fig. 2). On the sagittal section, the sections of CT-

reconstructions with a 1-mm slice thickness were perpen-

dicular to the lateral axis of the cage from the side of the

cage to the other side. Similarly, the sections of CT-

reconstructions were parallel to the lateral axis of the cage

on the coronal section and parallel to intervertebral space

on the cross section. Then, the mean area size of bone mass

on both sides of the cage was calculated, respectively,

using image analysis software (Osirix, version 3.3.2) on

each section. In group 1, the mean area size of local bone

and allograft bone was compared. In group 2, the mean

area size of local bone on both sides of the cage was

compared to eliminate the effect of different stress levels

on the process of creeping substitution in unilateral

instrumentation TLIF. The CT-reconstructions were eval-

uated independently and blinded by both a radiologist

Fig. 1 Group 1: allograft bone and local bone chips prepared into the

size of 3–5 mm in all dimensions

Table 1 Patient Demographics

Variable No. of patients Group 1 Group 2

No. of patients(LDH) 81 40 41

Male/female 40:41 20:20 20:21

Mean age (years) 56.4 55.5 57.3

Level

L3/L4 5 3 2

L4/L5 48 22 26

L5/S1 28 15 13
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specialized in spinal imaging and two orthopedic surgeons.

In this study, fusion was defined as the presence of con-

tinuous trabeculae of bone bridging the superior and infe-

rior vertebral endplates on sagittal and coronal

reconstructions of CT scan.

Statistical analysis

The data from this study were analyzed through the use of

the SPSS 14.0 statistics software program (SPSS Inc.,

Chicago, USA). A paired t test was used for comparisons of

the results. The significance level for all the statistical tests

was P = 0.05.

Results

In group 1 (Fig. 3).

At 6-month follow-up, on the coronal section, the mean

area size of allograft bone was 474.3 ± 44.77 pix2, while

the mean area size of local bone was 723.5 ± 44.79 pix2

(P \ 0.05). On the cross section, allograft bone was

416.7 ± 39.05 pix2; local bone was 643.2 ± 45.93 pix2

(P \ 0.05). On the sagittal section, allograft bone was

452.3 ± 44.56 pix2; local bone was 703.6 ± 51.03 pix2

(P \ 0.05). At 12-month follow-up, on the coronal section,

allograft bone was 781.7 ± 50.05 pix2 and local bone was

Fig. 2 Group 1 A: the sagittal section perpendicular to the lateral axis

of the cage B: the coronal section parallel to the lateral axis of the

cage

Fig. 3 The mean area size of allograft bone and local bone at 6 and

12 months postoperatively on the coronal, cross, and sagittal section
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1,080.5 ± 56.23 pix2 (P \ 0.05). On the cross section,

allograft bone was 723.8 ± 40.12 pix2 and local bone was

1,015.0 ± 50.76 pix2 (P \ 0.05). On the sagittal section,

allograft bone was 782.2 ± 48.73 pix2 and local bone was

1,112.7 ± 50.34 pix2 (P \ 0.05).

In group 2 (Fig. 4).

At 6-month follow-up, on the coronal section, the mean

area size of local bone on both sides of the cage was

745.7 ± 45.12 pix2 (the side of instrumentation) and

705.3 ± 41.57 pix2 (the other side), respectively

(P [ 0.05). On the cross section, it was 697.5 ± 48.46 pix2

(the side of instrumentation) and 652.3 ± 46.13 pix2 (the

other side) respectively (P [ 0.05). On the sagittal section,

it was 782.6 ± 44.67 pix2 (the side of instrumentation)

and 689.2 ± 43.67 pix2 (the other side), respectively

(P [ 0.05). At 12-month follow-up, on the coronal section,

the mean area size of local bone on both sides of the cage

was 1,104.5 ± 57.67 pix2 (the side of instrumentation) and

1,023.0 ± 53.34 pix2 (the other side), respectively

(P [ 0.05). On the cross section, it was 1,134.0 ± 56.79

pix2 (the side of instrumentation) and 1,056.4 ± 53.12 pix2

(the other side), respectively (P [ 0.05). On the sagittal

section, it was 1,066.0 ± 52.25 pix2 (the side of instru-

mentation) and 1,005.0 ± 48.45 pix2 (the other side),

respectively (P [ 0.05). Detailed data for the patients were

given in Table 2.

Discussion

The present study was the first in conducting a quantitative

comparison of the clinical application of local bone graft-

ing with allograft bone, which could provide an objective

presentation about the process of creeping substitution.

Lumbar fusion was increasingly performed for manage-

ment of degenerative lumbar spine diseases. Despite

technological advances in instrumentation techniques in

spine surgery, achieving solid bony fusion remained

important for optimal clinical outcome [1, 2, 11]. In group

1, the results at 6 and 12 months postoperatively revealed

that local bone grafting had an obvious advantage over

allograft bone in the process of creeping substitution

(Figs. 3, 5). Figure 5 showed the visible results that the

mean area size of local bone was bigger than the mean area

size of allograft bone at 6 and 12 months postoperatively.

Similarly, conducted animal experiments also had shown a

superiority of autogenous over allogenic cancellous bone

[12]. The different process of creeping substitution was

possibly attributable to a lower biological competence of

allograft bone, taking into account the osteoinductivity and

osteogenic potential. Biologically, allograft bone appeared

to be inferior in terms of a lack of osteoinductivity and

osteogenic potential. The results of group 2 showed that the

mean area of both sides of local bone grafting had no

significant differences. In unilateral instrumentation TLIF,

the stress levels of two sides might be different, which

could affect the process of creeping substitution on both

sides. Through group 2, the effect of different stress levels

Fig. 4 The mean area size of local bone on both sides of the cage
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on the process of creeping substitution in unilateral

instrumentation TLIF could be eliminated, which could

further illustrate the reliability of the results of group 1.

Therefore, the results of group 1 were convincing. By

contrast, Putzier et al. [13] demonstrated that using

autogenous cancellous bone could attain similar clinical

results comparing with allograft bone. Obviously, this was

not consistent with our conclusion. It was maybe attribut-

able to the different evaluation methods and evaluation

index that we compared the different process of creeping

substitution through the quantifiable area size of bone

mass. In addition, the method of experimental design we

performed was a self-control study, which could exclude

the influence of many factors unrelated to the experiment

such as age, gender, and physical status.

The radiological evaluation of fusion must be viewed

critically. Beside surgical exploration, it currently repre-

sented the only way of obtaining an objective assessment

of fusion. Consensus regarding the definition of successful

radiographic fusion and the best diagnostic imaging

modality to assess lumbar fusions did not exist [14]. A

helical CT scan with sagittal and coronal reconstructions

had become the preferred imaging to assess lumbar inter-

body fusion [15]. Most of the studies used plain radio-

graphs to assess the fusion. It had been shown that plain

radiographic findings might not be very accurate in dem-

onstrating fusion, which might account for a fairly high

fusion rate in various studies and use of CT-reconstructions

correlated better with absence of fusion [16]. In this study,

fusion was defined as the presence of continuous trabeculae

of bone bridging the superior and inferior vertebral end-

plates on sagittal and coronal reconstructions of CT scan

(Fig. 6). In group 1, fusion rate of local bone we achieved

was 69 %, which compared favorably with the study by

Manish et al. [17], who reported a fusion rate of 67 % with

local bone, but it was lower than most other reports using

local bone for fusion [17–21] (Table 3). Fusion rate of

allograft bone was 62 %. The lower fusion rate in this

study can be attributed to a variety of reasons. Although

many studies had reported higher fusion rates, the means to

assess fusion had also varied. Few studies used thin-slice

CT-reconstruction to assess fusion that was often based on

chart review and the surgeon’s perception of plain radio-

graph results, which might lead to an overestimation of

fusion rates. Assessment of fusion at a relatively shorter

follow-up of 1 year might be another reason for a lower

fusion rate in our study. Assessment of fusion at a longer

follow-up (up to 2 years) might be more appropriate, but

Fig. 5 CT: coronal reconstructed images at 6 (a) and 12 (b) months

postoperatively at L4–L5. Left: allograft bone; Right: local bone

Table 2 The mean area size of bone mass (pix2)

Six-month follow-up Twelve-month follow-up

Allograft bone Local bone Allograft bone Local bone

Group 1

On the coronal section 474.3 ± 44.77 723.5 ± 44.79 781.7 ± 50.05 1,080.5 ± 56.23

On the cross section 416.7 ± 39.05 643.2 ± 45.93 723.8 ± 40.12 1,015.0 ± 50.76

On the sagittal section 452.3 ± 44.56 703.6 ± 51.03 782.2 ± 48.73 1,112.7 ± 50.34

Six-month follow-up Twelve-month follow-up

The side of instrumentation The other side The side of instrumentation The other side

Group 2

On the coronal section 745.7 ± 45.12 705.3 ± 41.57 1,104.5 ± 57.67 1,023.0 ± 53.34

On the cross section 697.5 ± 48.46 652.3 ± 46.13 1,134.0 ± 56.79 1,056.4 ± 53.12

On the sagittal section 782.6 ± 44.67 689.2 ± 43.67 1,066.0 ± 52.25 1,005.0 ± 48.45
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some studies had reported no difference in fusion rate

between 1- and 2-year follow-up and had suggested that

even 1 year was adequate for assessment of lumbar fusion

[22]. Fischgrund et al. [23] in a landmark article found no

significant difference in good clinical outcomes in patients

with or without fusion, as was seen in this study. To our

knowledge, fusion was an important parameter for long-

term clinical success. Although it could be argued that

successful fusion was not a must for a good outcome, the

presence of consistent reports indicated that long-term

outcomes were better in patients with fusion than with

pseudoarthrosis.

In addition, bone bridging around the cage was observed

in most of the cases despite not placing graft at this posi-

tion. Maybe, this observation was attributable to the

hematoma resulting from preparation of the endplates,

which served as a primary callus in a bone defect. Bone

grafting fell out of the cage when a cage was inserted in the

intervertebral space, which may be another reason.

During the production of allograft bone, the osteocon-

ductivity of allograft bone dropped when compared to that

of local bone. Whether the reduced osteoconductivity or

the lack of both, osteoinductivity and osteogenic potential

of allograft bone ultimately lead to a delayed radiological

spondylodesis, remained a matter for future research work.

We would follow up the follow-up study, and 2-year fol-

low-up results would also be published.

In conclusion, the results of our study showed a supe-

riority of local bone grafting over allograft bone in uni-

lateral instrumentation TLIF. Additionally, local bone

grafting had a significant cost savings, taking into account

the additional cost of allograft bone. Under the premise of

ensuring sufficient disk decompression, using local bone

grafting was a wise choice.

Conflict of interest None.
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