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Abstract

Purpose The purpose of this study is to quantify the change

in the volume of the interbody bone graft after the PLIF and

monitor the change over time for subsequent analysis.

Methods The 114 cases were selected as the subjects of

this study. The observation period was for 5 years fol-

lowing the surgery. The volume of the bone graft in the

interbody space was calculated by summing up the cross-

sectional area of the bone graft on each axial image mul-

tiplied by the height (2 mm) (the volume of the two cages

was excluded). The volume ratio (%) = (bone graft vol-

ume)/(total volume of the interbody space - cage volume)

was used for the purpose of evaluation.

Results The volumetric change of the bone graft was

51 % (3 months), 53 % (6 months), 54 % (1 year), 55 %

(2 years), 59 % (3 years), 62 % (4 years), and 72 %

(5 years), indicating a continued increase up to the 5-year

mark. In particular, a significant increase was observed

from the second year as compared with the previous years’

result. Additionally, the volumetric increase from the sec-

ond year to the fifth year was significantly higher than that

before the second year.

Conclusions The post-PLIF volumes of interbody bone

grafts exhibited increases particularly from the second to

fifth years after the procedure. Even the elderly and those

with poor bone qualities can expect to have volumetric

increases over time. Sufficient interbody space should be

secured for accommodating bone grafts by intraoperative

reduction, wherever possible.
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Introduction

With sound union following PLIF, the interbody bone

graft goes through the process of: (1) increasing conti-

nuity between the adjacent vertebral endplates and the

bone graft; (2) remodeling to form cancellous bone; and

(3) an increase in volume of bone union. If this process

does not occur as desired, the result is delayed union or

pseudarthrosis. Generally, the patient is diagnosed of

delayed union with absence of normal bone union by

1 year after surgery and as pseudarthrosis if normal bone

union has not occurred by 2 years postoperatively. This

definition suggests that from 2 years on following sur-

gery, hardly any sound union or a substantial increase in

the volume of the interbody bone graft can be expected.

However, numerous cases have been reported where

volume of the interbody bone graft increased even beyond

2 years linking the vertebral bodies. Tokuhashi et al. [1]

reported bone union in 42 % of patients 2 years beyond
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the PLIF procedure. In our previous study, 74 % of the

cases formed bony bridges around the cages by 2 years

after surgery and in the remaining 23 %, excluding cases

with pseudarthrosis, bony bridges developed more than

2 years later [2]. There have been occasional reports on

bone union following PLIFs, focusing on continuity

within the bone graft and the rates of remodeling/bone

union [3–8]. No reports exist, however, that closely

examine the volume increases in bone union over time or

more precisely evaluate the volumetric changes in the

bone graft sites where ossein is insufficient in supply as

with old patients and local bone grafting. The purpose of

this study is to quantify the change in volume of the

interbody bone graft after PLIF and monitor that change

over time for subsequent analysis.

Methods

Subjects

Patients who performed PLIF from April 2003 to July

2006 at our institution were registered in this study. The

inclusion criteria were unresponsiveness to conservative

treatment for at least 6 months, intervertebral rotation of

15� or more at the morbidity site in dynamic views and 5�
or more of posterior aspects of adjoining endplates

spreading in position of maximum flexion, and cases

requiring single level fusion. 114 cases (65 males and 49

females with an average age of 59.7) met the above cri-

teria for this study.

The cases included 13 with lumbar disc herniation (8

recurrent cases), 67 with degenerative spondylolisthesis,

and 34 with lumbar canal stenosis. Iliac autografts were

used in 55 cases (the odd numbered ID group) and local

bone grafts were used in 59 cases (the even numbered ID

group). The levels operated upon consisted of 13 cases

(11 %) at L3/4, 87 cases (76 %) at L4/5, and 14 cases

(12 %) at L5/S.

The follow-up period was up to 5 years after surgery.

Factors believed to affect bone union and bone volume

change, such as smoking, body mass index, and employ-

ment situation were noted. Patients with previous spinal

surgery (other than recurrent disc cases), lumbar spondy-

lolysis, infection, spinal tumors, and lesions were excluded

(Fig. 1).

Surgical technique employed

Two surgeons belonging to the institution performed all the

PLIFs using the same technique. To minimize instability in

adjacent vertebral bodies, only the lower two-thirds of the

laminae and the spinous process was removed, thus

maintaining continuity of the remaining spinous process

with the one above through the supraspinous ligament.

Titanium screws and rods were used for fixation. Fusion

bed was prepared by curetting the intervertebral disc and

the cartilaginous endplates. Either the harvested iliac bone

or local bone from the removed vertebral arch was packed

into the forward and side regions of the interbody space

after preparation by chipping using a bone mill. Two car-

bon fiber cages filled with bone grafts were then inserted

into the space. No bone substitutes were used to increase

the bulk of the bone grafts.

Image evaluation and evaluation items

CT images of the fused interbody space were taken with

2 mm slice thickness. The volume of the bone graft in the

space was calculated by summing up the cross-sectional

area of the graft on each axial image multiplied by the

height (2 mm) (the volume of the two cages was excluded)

(Fig. 2) The volume ratio (%) = (bone graft volume)/(total

volume of the interbody space - cage volume) was used

for purpose of evaluation. Third person not involved in the

treatment performed blind evaluation of the images.

Additionally, a computer software for area calculation

(Scion Image�) was used to check the measurements for

the cross-sectional areas of the bone graft. The change in

the volume of the interbody bone graft over time (1 month,

3 months, 6 months, 1 year, 2 years, 3 years, 4 years, and

5 years) was evaluated. Other items evaluated included

differences in volume changes by age (below 65 years old

vs. at least 65 years old), smoking history (present and past

smokers vs. non-smokers), bone graft type (iliac bone vs.

local bone), amount of bone graft (less than 50 vs. 50 % or

more), postoperative intervertebral disc height (less than 10

vs. 10 mm or more), postoperative slip percentage (less

than 10 vs. 10 % or more), and fixation level (L3/4 vs. L4/5

vs. L5/S).Fig. 1 Flowchart of subjects
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Analysis

Paired t test and analysis of covariance (ANCOVA) were

used for statistical analysis.

Results

Bone union was observed in 111 out of the 114 cases at

final examination with three confirmed cases (2.6 %) of

Fig. 2 Method of calculating

bone graft volume. The volume

of the bone graft in the

interbody space was calculated

by summing up the cross-

sectional area of the bone graft

on each axial image multiplied

by the height (2 mm) (the

volume of the 2 cages was

excluded). A third person who

was not involved in the

treatment (radiologist)

quantified the bone densities in

CT scan for determining

whether or not the particular

bone was a graft

Fig. 3 a Volumetric change at

final follow-up. b Volumetric

change over time. c Time course

of volumetric change for a case
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pseudarthrosis. Among those 111 cases, on comparing the

volume of the interbody bone graft at final examination and

that calculated immediately after surgery 9 cases (8 %)

showed reduction or no change, 40 cases (36 %) showed

increases of less than 25 %, and 62 cases (56 %) revealed

increases of at least 25 % (Fig. 3a).

The volume ratio of the bone graft in sequential follow-

ups was 51 % (3 months), 53 % (6 months), 54 %

(1 year), 55 % (2 years), 59 % (3 years), 62 % (4 years),

and 72 % (5 years), indicating a continued increase up to

5 years. In particular, a significant increase was observed

from the second year on as compared with the result from

the previous years. The volumetric increase from the sec-

ond year to the fifth year was significantly higher than that

before the second year (the rate of increase: 4 % during

1 month–2 years, 17 % during 2–5 years). (p \ 0.05)

(Fig. 3b).

The volumetric comparisons by age, smoking history,

bone graft type, bone graft amount, and postoperative

intervertebral disc height likewise indicate increases up to

the fifth year in both groups with no significant differences

(analyzed by ANCOVA) between each groups in terms of

volume change over time and volume at final examination.

Conversely, on comparison between different bone graft

types, significant volumetric increases were observed in the

iliac bone group from the sixth month and from the second

year for the local bone group, showing an earlier volu-

metric increase in the former group. Furthermore, a sig-

nificantly greater increase in volume was observed from

the second year for the group with less than 10 % of

slippage when compared to the other group (p \ 0.05).

No significant difference emerged in volumetric

increase among the different fusion levels. The final

examination, however, revealed a significant volumetric

difference between the L4/5 (73 %) and L3/4 (54 %)

(p \ 0.05) (Figs. 4a–d, 5a–c).

Discussion

Since Cloward first reported on the PLIF technique,

numerous research studies have been conducted and reports

published on various aspects of bone union, including the

rate of bone union, iliac bone and local bone as sources of

bone graft, and grafting of exogenous bone, ceramics,

demineralized bone matrix, rhBMP-2, rhBMP-7, and cul-

tured stem cells [9–19]. In view of absence of reports on

volumetric change over time, we performed a detailed

evaluation of the volumetric change in the interbody bone

graft taking into account the age, smoking history, bone

Fig. 4 Volumetric change over time. a 65 years old vs. at least 65 years old, b history of smoking (present and past smokers vs. non-smokers),

c iliac bone vs. local bone grafting, d bone graft amount (less than 50 vs. 50 % or higher)
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graft type among other parameters. This study is the first to

focus on such.

According to the results of this study, the post-PLIF

increase in the interbody bone graft volume from second

year to fifth year was significantly greater than that of before

second year (the rate of increase 1 month–2 years: 4 %,

2–5 years: 17 %) (p \ 0.05) Furthermore, substantially the

same volumetric change was observed despite differences

in bone quality, amount of bone graft, and pre/postoperative

differences in bone union environment. However, the vol-

umetric increase was particularly poor among the group

with a postoperative slip of 10 % or more. The volumetric

increase is thought to be insufficient in cases with signifi-

cant postoperative slippage because of the insufficient bone

grafting space behind the cages. And end-plate sclerosis

with reduced perfusion was one of the causes of the sig-

nificant volume change. Accordingly, sufficient interbody

space should be secured for accommodating bone grafts by

intraoperative reduction, whenever possible.

Among other reports, Kim et al. [7] reported that fusion

masses were formed around the cages in 10 % of patients

who performed PLIF 6 months after the surgery and 35 % of

the cases in 12 months. In the study we conducted in the past,

interbody bony bridges were observed in 9.5 % of the cases

in 6 months and 46 % in 12 months, and 74 % in 24 months

after the procedure [2]. The above are mostly all reporting on

the volumetric change in the interbody bone graft over time

and no other qualitative evaluations are available.

As for iliac bone grafting, numerous cases of compli-

cations at its harvest sites have been reported (1–39 % of

complications according to various publications) [20–23].

Accordingly, it would be preferable and beneficial to the

patient to avoid harvesting of iliac bone whenever possible.

In this study, a volumetric increase was observed in the

iliac bone group as well as the local bone group with no

significant difference recognized in volume at the final

follow-up. However, the iliac bone group exhibited an

earlier volumetric increase. One might argue that earlier

bone union achieved by iliac bone would facilitate earlier

rehabilitation and return to society as compared with the

use of local bone. In addition, the local bone is of poor

quality in many patients and is of limited volume, which

necessitates special attention on selection of bone for

grafting. Although various reports have associated smoking

with pseudarthrosis [24–28], both the smoking and non-

smoking groups exhibited similar volumetric increases.

The shortcomings of this study are that it dealt only with

single level fusions and that no volumetric change was

evaluated in pseudarthrosis cases. In this study, three cases

of pseudarthrosis were excluded from our evaluation.

Fig. 5 a Postoperative intervertebral disc height (10 mm or more vs. less than 10 mm); b postoperative slip percentage (less than 10 vs. 10 % or

higher); c fixation level (L3/4 vs. L4/5 vs. L5/S)
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According to general diagnostic criteria, pseudarthrosis is

identified in the absence of bone union in 2 years after the

surgery. As reported by Tokuhashi et al. [1], however,

there have been documented cases of bone union occurring

even after 2 years. Additionally, in view of the results of

this study, it is advisable to carry out follow-up over a

sustained period of time after the initial 2-year period,

irrespective of the age or the type of bone graft. The above

suggests that determining bone union from pseudarthrosis

may not be conclusive in just 2 years.

Conclusion

The post-PLIF volumes of interbody bone grafts exhibited

increases particularly from the second to fifth years after

the procedure. Even the elderly and those with poor bone

qualities can expect to have volumetric increases over time.

Sufficient interbody space should be secured for accom-

modating bone grafts by intraoperative reduction, wherever

possible.
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