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Purpose: To assess the volume of fusion mass after posterior lumbar interbody fusion (PLIF) using Hounsfield units
methods.

Methods: The present study was within the frame work about a prospective observational cohort study to compare
the surgical outcomes of a single-level PLIF for LSS between the local bone (LbG) and local bone plus hydroxyapatite
groups (LbHa). The fusion material for each case was determined by the amount of available local bone. After the
fusion material was chosen, patients were assigned to either the LbG group (n=20) or the LbHa group (n=20). The
primary outcome was the assessment of fusion mass volume in each group.

Results: We used the new method using Hounsfield units for volumetric assessments of interbody fusion mass. There
was no difference in fusion rates or volume of the fusion mass between the 2 groups.

Conclusions: Hounsfield unit method, that is the CT-based summation method using a cross-sectional slice, can be

applied usefully to other areas of orthopaedics.
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Introduction

Recent studies have demonstrated that local bone graft
is as beneficial as autologous iliac bone graft for posterior
interbody fusion (PLIF) at the single level."” However,
depending on the extent of decompression, the amount of
local bone available may not be sufficient for interbody fu-
sion, especially for a single-level fusion surgery. In such cas-
es, porous hydroxyapatite has been reported to be a useful
bone graft extender."” There is another rationale for using
an additional bone graft extender in that insufficient size of
fusion mass may limit effective load transmission.'"”

However, there has been no prospective comparative
study evaluating the efficacy of hydroxyapatite as a bone

graft extender compared to using only local bone graft.

© Copyright 2015 Korean Society for the Advancement of Spine Surgery

Furthermore, the association between the size of the fusion
mass and clinical outcomes has yet to be clarified. For the
clarification of above concerns, the exact assessment of fu-
sion mass volume is the prerequisite. Therefore, we aimed to
introduce new method of volumetric assessment of fusion
volume in the patient with PLIF using local bone graft alone
(LbG group) and local bone graft plus porous hydroxyapa-
tite bone chip (LbHa group) for the treatment of LSS.
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Methods

Study design and patients

The present study was within the frame work about a
prospective observational cohort study to compare the sur-
gical outcomes of a single-level PLIF for LSS between the
local bone (LbG) and local bone plus hydroxyapatite groups
(LbHa). The study design was approved by the hospital’s
institutional review board. All participants provided writ-
ten informed consent before enrolling in the study. The
inclusion criteria included an age of 40 to 80 years, an LSS
diagnosis, and scheduled PLIF surgery at the single level.
LSS was diagnosed when one or more of the following
symptoms were present: leg pain, numbness, or motor defi-

cits in the lower extremities and buttocks,'>"”

along with a
confirmed stenotic lesion in the lumbar spine by magnetic
resonance imaging (MRI). Furthermore, patients were ex-
cluded if they had a history of peripheral vascular disease,
any concurrent serious medical condition causing disability,

or general health status that included sepsis or cancer.

Allocation of participants

LbG group

A single midline incision of approximately 8 cm in length
was made, followed by exposure of the spine to the facet
joints and the lateral tips of the transverse processes to al-
low for clear identification of the bony landmarks. First, a
pedicle screw was inserted using the Weinstein method.
Following decompression procedures, including laminec-
tomy and facetectomy, discectomy and endplate preparation
were performed. Local lamina and facet bone byproducts
were morselized with the removal of soft tissue, sclerotic
bone, and cartilage. For osteoinductive agent, 2.5 g of de-
mineralized bone matrix (DBM) (Bone-Fuse®, Bioalpha
Inc., Seongnam, Korea) was mixed with the prepared local
bone. After the mixture with prepared local bone and DBM
was packed in the disc space, 1 or 2 cages filled with local
bone graft were inserted. Finally, the rods were assembled

with pedicle screws and fastened.

LbHa group

The same PLIF procedure was performed in patients
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in the LbHA group. However, after discectomy and end-
plate preparation, the morselized local bone, 2.5 g of DMB
(Bone-Fuse®, Bioalpha Inc., Seongnam, Korea) and 0.25 g of
porous hydroxapatite (Bongros-HA®, Bioalpha Inc., Seong-
nam, Korea) were packed in the disc space. Thereafter, 1 or

2 cages filled with local bone graft were inserted.

Radiological outcome assessment

The radiological assessments were performed by 3 inde-
pendent observers who were blinded to the purpose of the
study, the patients’ clinical information, and the outcomes
recorded by the other observers. The fusion status was as-
sessed using computed tomography (CT) 1 year after sur-
gery. Complete bony fusion was defined when there was
continuous contact of the trabecular bone between the
upper and lower endplates of the fusion segments, mature
bony trabecular bridging of the interbody space, cortication
at the peripheral edges of the fusion masses, and an absence
of identifiable radiographic clefts."*'® If there was a differ-
ence in fusion status among the 3 observers, the opinion
which 2 observers agreed with was considered as the final
status.

The volume of the interbody fusion mass was assessed
with CT images 1 year after surgery using the Rapidia 3D
2.8 software (Infinitt, Inc., Seoul, Korea). From the lower
endplate, a slice was chosen from the region of interest (ROI)
where the interbody fusion mass was first observed in the
disc space, and each consecutive axial slice was viewed
until no fusion mass was visible. Using the Rapidia 3D 2.8
manual segmentation tool, an outline of the fusion mass
was traced on the selected axial slices. Tracing the outline of
the fusion mass seen in these axial slices ensured that struc-
tures from the upper endplate to the lower endplate were
included (Fig. 1). With the aid of the Rapidia 3D 2.8 volume
tool, the size of the fusion mass was calculated for each axial
slice. The summation of the size of the fusion masses in all
axial slices was considered as the volume of the interbody
fusion mass. To reduce the possibility of including soft tis-
sue rather than bone volume, a thresholding technique was
used. The software was directed to include only those pixels
that had values between 300 and 1,000 Hounsfield units for
the LbG group and 300 and 1,200 Hounsfield units for the
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Fig. 1. (A) Axial computed tomography images of the interbody fusion mass in the local bone graft (LbG) alone group. (B) The observer
manually drew an eclipse circle, which was considered to include the fusion mass depicted in Figure 2a. Inside the eclipse circle, the software
highlighted the fusion mass area with Hounsfield units between 300 and 1,000. The highlighted cross-sectional area of fusion mass was
automatically calculated and the summation of the cross-sectional area was considered as the volume of the fusion mass.

LbHa group. Based on previous studies, 3 independent ob-
servers considered that a threshold between 300 and 1,000
was optimal for measuring the volume of the fused mass,
including the cancellous portion, in the LbG group.””"® For
the LbHa group, further adjustment was necessary because
of the porous hydroxyapatite bone chip area; hence, the up-
per range of Hounsfield units was increased to 1,200 (Fig. 1).

For interobserver and intraobserver reliability tests, an in-
terclass correlation (ICC) coefficient (kappa) (3.1) was cal-
culated with a target ICC value of 0.8 and a 95% confidence
interval of 0.2, with the setting of a single measurement and
absolute agreement.'” A minimum of 36 cases was required
to form the sample size. Following interobserver reliability
testing, one of the independent observers repeated the ra-
diographic measurements to assess intraobserver reliability,
with an interval of 4 weeks between the 2 measurement ses-

sions.

Statistical analysis

Continuous and categorical variables were compared
between the 2 groups using an independent t-test and chi-

square test, respectively. All statistical analyses were per-

formed with SPSS 20.0.0 statistics package (IBM Corpora-
tion, Armonk, NY), with an alpha level of significance set at
0.05.

Results

Between December 2012 and October 2013, 47 patients
were assessed for study eligibility. Forty participants met the
inclusion criteria. According to the chosen fusion method,
patients were assigned to either the LbHa group (n=20)
or the LbG group (n=20). Figure 1 shows the number of
patients involved in the present study, from eligibility as-
sessment through the 12-month follow-up assessment.
At the 12-month assessment after surgery, complete data
were available for 19 and 17 patients in the LbHa and LbG
groups, respectively. The baseline characteristics and preop-
erative symptom severities of the patients were similar be-
tween the 2 groups (Table 1). All patients had a single-level
lumbar stenotic lesion.

The fusion rate was not different between the groups
(p=0.935). One non-union case was noted in each group.
Thus, the fusion rate was 94.7% and 94.1% for the LbHa and
LbG groups, respectively (p=0.935). The measure of fusion
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Table 1. Descriptive statistics of the subjects in the study. Values are mean + SD

LbHa (20) LbG (20) P value
Age (years) 62.9+6.6 70.00 £ 5.62 0.409
Female, n (%) 15(75.0) 14(70.0) 0.723
BMI (kg/cm’) 23.53+2.59 2445 +1.38 0.169
VAS for back pain 71+£22 6.9+25 0.835
VAS for leg pain 75+23 6.8+29 0.431
0Dl 49.1+£195 40.7+14.9 0.134
Symptom duration (months) 12.3+56 13.5+83 0.322
Walking distance at a single trial (min) 10.4+10.8 12.8+13.9 0.673
SF-36 PCS 39.7+10.1 37.4+86 0.597
SF-36 MCS 30.8+6.8 321+78 0.822

13-14:2 L3-L4:1
Operated level (n) [4-15:13 L4 —15:16

l5=S1:9 B=80-3

BMI: body mass index, SD: standard deviation, VAS: Visual Analog PainScale, ODI: Oswestry Disability Index, SF-36; Short Form-36, PCS: Physical

Component Summary, MCS: Mental Component Summary.

Table 2. Comparison of fusion rates (%) and volume of fusion mass (mm?)

LbHa LbG P value
Fusion rate (%) 94.7 94.1 0.935
Volume of fusion mass (mm®) 5220.7 + 1438.4 4626.9+ 18415 0.723

LbG group; fusion using local bone graft alone, LbHa group; fusion using local bone graft plus porous hydroxyapatite bone chip.

mass volume using CT showed satisfactory interoberver and
intraobserver reliabilities in that ICC (95% CI) was 0.873
(0.650-0.947) and 0.915 (0.842-0.952), respectively. The
mean volume of the interbody fusion mass was 5220.7 +
1438.4 mm3 and 4626.9 + 1841.5 mm3 in the LbHa and LbG
groups, respectively, and no difference in the fusion mass was
observed between the 2 groups (p=0.333) (Table 2).

Discussion

We aimed to investigate the usefulness of a new method
for volumetric assessment of interbody fusion mass. To our
knowledge, the method to quantify the amount of fusion
mass in the present study was firstly implemented for volu-
metric assessment of fusion mass, even though the reference
value of Hounsfield units in the fusion mass was reported."”

A previous study demonstrated the successful measurement
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of the jaw bone volume using the method implemented in
this study.”” Another study has shown that the computer-
based methods used to estimate the volume of irregularly
shaped masses are reliable and recommend their use for
film readers with limited radiologic experience.”” However,
the fusion mass volume does not always represent a large
area of contact surface between the vertebral body and fu-
sion mass in terms of stress distribution and load sharing, as
the height of the fusion mass also contributes to the overall
volume. Nevertheless, because of the irregular shape of the
fusion mass, we considered that the volume of fusion mass
would be a better measurement than the cross-sectional
area of fusion mass at the endplate.

In conclusion, the CT-based summation method using a
cross-sectional slice can be applied usefully to other areas of
orthopaedics. Furthermore, the present study showed that

the LbHa group had similar fusion rates, compared to the
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LbG group.

REFERENCES

. Ito Z, Matsuyama Y, Sakai Y, et al. Bone union rate with
autologous iliac bone versus local bone graft in pos-
terior lumbar interbody fusion. Spine (Phila Pa 1976).
2010;35:E1101-5.

. Ito Z, Imagama S, Kanemura T, et al. Bone union rate
with autologous iliac bone versus local bone graft in
posterior lumbar interbody fusion (PLIF): a multi-
center study. Eur Spine J. 2013;22:1158-63.

. Ohtori S, Suzuki M, Koshi T, et al. Single-level instru-
mented posterolateral fusion of the lumbar spine with
a local bone graft versus an iliac crest bone graft: a
prospective, randomized study with a 2-year follow-up.
Eur Spine J. 2011;20:635-9.

. Kaiser MG, Groff MW, Watters WC, 3rd, et al. Guideline
update for the performance of fusion procedures for
degenerative disease of the lumbar spine. Part 16: bone
graft extenders and substitutes as an adjunct for lum-
bar fusion. ] Neurosurg Spine. 2014;21:106-32.

. Brodano GB, Giavaresi G, Lolli E, et al. Hydroxyapatite-
Based Biomaterials vs. Autologous Bone Graft in Spinal
Fusion: An in Vivo Animal Study. Spine (Phila Pa 1976).
2014.

. Kurd M, Cohick S, Park A, Ahmadinia K, Lee J, An H.
Fusion in degenerative spondylolisthesis: comparison
of osteoconductive and osteoinductive bone graft sub-
stitutes. Eur Spine J. 2014.

. Neen D, Noyes D, Shaw M, Gwilym S, Fairlie N, Birch
N. Healos and bone marrow aspirate used for lum-
bar spine fusion: a case controlled study comparing
healos with autograft. Spine (Philadelphia, Pa. 1976).
2006;31:E636-40.

. Ylinen P, Kinnunen J, Laasonen EM, et al. Lumbar
spine interbody fusion with reinforced hydroxyapatite
implants. Archives of orthopaedic and trauma surgery.
1991;110:250-6.

. Kim H, Lee CK, Yeom JS, Lee JH, Lee KH, Chang BS.
The efficacy of porous hydroxyapatite bone chip as an
extender of local bone graft in posterior lumbar inter-
body fusion. Eur Spine J. 2012;21:1324-30.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kumar N, Judith MR, Kumar A, Mishra V, Robert MC.
Analysis of stress distribution in lumbar interbody fu-
sion. Spine (Phila Pa 1976). 2005;30:1731-5.

Lee JH, Jeon DW, Lee SJ, Chang BS, Lee CK. Fusion
rates and subsidence of morselized local bone grafted
in titanium cages in posterior lumbar interbody fusion
using quantitative three-dimensional computed to-
mography scans. Spine (Phila Pa 1976). 2010;35:1460-5.
Katz JN, Harris MB. Clinical practice. Lumbar spinal
stenosis. N Engl ] Med. 2008;358:818-25.

Watters WC, 3rd, Baisden J, Gilbert TJ, et al. Degenera-
tive lumbar spinal stenosis: an evidence-based clinical
guideline for the diagnosis and treatment of degenera-
tive lumbar spinal stenosis. Spine J. 2008;8:305-10.
McAfee PC, Regan JJ, Geis WP, Fedder IL. Minimally
invasive anterior retroperitoneal approach to the lum-
bar spine. Emphasis on the lateral BAK. Spine (Phila Pa
1976). 1998;23:1476-84.

Lee JH, Lee JH, Park JW, Lee HS. Fusion rates of a mor-
selized local bone graft in polyetheretherketone cages
in posterior lumbar interbody fusion by quantitative
analysis using consecutive three-dimensional com-
puted tomography scans. Spine J. 2011;11:647-53.
Fogel GR, Toohey JS, Neidre A, Brantigan JW. Fusion
assessment of posterior lumbar interbody fusion using
radiolucent cages: X-ray films and helical computed
tomography scans compared with surgical exploration
of fusion. Spine J. 2008;8:570-7.

Spruit M, Meijers H, Obradov M, Anderson PG. CT
density measurement of bone graft within an interver-
tebral lumbar cage: increase of hounsfield units as an
indicator for increasing bone mineral content. J Spinal
Disord Tech. 2004;17:232-5.

Robertson DD, Sharma GB, Gilbertson LG, Kang JD.
Bone densitometry within titanium lumbar interbody
fusion cages: a computed tomography feasibility study.
Spine (Phila Pa 1976). 2009;34:2792-6.

Bonett DG. Sample size requirements for estimating
intraclass correlations with desired precision. Stat Med.
2002;21:1331-5.

Bianchi J, Fiorellini JP, Howell TH, et al. Measuring the
efficacy of rhBMP-2 to regenerate bone: a radiographic

study using a commercially available software pro-

21



JOURNAL OF ADVANCED SPINE SURGERY

gram. Int J Periodontics Restorative Dent. 2004;24:579- or quantification of tumour volume? CT study on ir-

87.
21. Tiitola M, Kivisaari L, Tervahartiala P, et al. Estimation

regular phantoms. Acta Radiol. 2001;42:101-5.

T 2542t 7eke ol w2l 85 SHoll ot Mz WY

USE) o|niE", ZEe, F=a o1&, ATy

EEMSOHE e 2 Haonistual, olMChEu 7| A4S st A, M St el Meio|ntstmal’

=3 22 HFAZ REES o 2EOIM AIYSHED 210, 20[4] Ao SAZEHE 0|88 ZRet FMEIRIE|M S Z0[4 SHEH
Z AEE 2229 Z0E H|WEh A ot X Wbl v it oot REIEC| SA T A Zneto| BA|E FEI5HA a
Tl HE7t giCt 0|2 RlSiM = RESS| Yot 888 Tt A0 2 2R, 2 AFoME A2 E RY(Hounsfield Units) 2
YE 0|E3t0] 2L LFEAZ FEtE 0| M7 FEE=2 X TRt Bt

Chat H 8 = o7 HEX Z5E HEAUTEM, AT UYHES R0lA ot 220l tiol U 2F 4|2t Rel=S AME o =
LTS AMET UEHLLC)t F2S0l| LIS M S FI1510] AFSE REHLbHa)2| =% ZE H|wsto{2x Bict 2 &
HOIT FaZ ol 2of w2} ofi et HHOoR FEeS MY ARIVIE 2, ofof w2t 2xl= LbG EEHn=20) =2 LbHa
HHn=20)22 BiF=|ACE, 2t2to] FTolA SHE FetE2 XS LAt 7Y Yot H5= sialch

dif: REE2 M sl2LEE FH(Hounsfield Units)E 0|28 22 W oz ZFSIICE & &AM REE2 242
94.7% (LbG) H 94.1% (LbHa)Z SAX 2= et Aol= UUCHP=0.935). & HTOIM RES SN2 242 5220.7+£1438.4
mm?® (LbG) & 4626 9+1841 5 mm® (LbHa)Z2 EA M2 {2/t X10|= 9iACHp=0.333).

ZAE: ZnE HEEGS VHeR HHAN S 0|88 28 A= Yl si2AEE F3(Houndsfield Unit) 22 of 2 Fdeln o

Aol= REH SEE

Ml

USE[2E MZEC

+

| ElOf: BHRATE RY, FABIRISIA, 8 257 F81%, B0/

22



