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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.1-3) 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.4-9) There is another rationale for using 
an additional bone graft extender in that insufficient size of 
fusion mass may limit effective load transmission.10,11)

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. 

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,12,13) 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 

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.14-16) 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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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.17,18) 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.19) 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 

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.
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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.17) 
A previous study demonstrated the successful measurement 

of the jaw bone volume using the method implemented in 
this study.20) 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.21) 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 

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/cm2) 23.53±2.59 24.45 ± 1.38 0.169

VAS for back pain 7.1 ± 2.2 6.9 ± 2.5 0.835

VAS for leg pain 7.5 ± 2.3 6.8 ± 2.9 0.431

ODI 49.1 ± 19.5 40.7 ± 14.9 0.134

Symptom duration (months) 12.3 ± 5.6  13.5 ± 8.3 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 ± 8.6 0.597

SF-36  MCS 30.8 ± 6.8 32.1 ± 7.8 0.822

Operated level (n)
L3 – L4 : 2
L4 – L5: 13
L5 – S1: 5

L3 – L4 : 1
L4 – L5: 16
L5 – S1: 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 (mm3)

LbHa LbG P value

Fusion rate (%) 94.7 94.1 0.935

Volume of fusion mass (mm3) 5220.7 ± 1438.4 4626.9 ± 1841.5 0.723

LbG group; fusion using local bone graft alone, LbHa group; fusion using local bone graft plus porous hydroxyapatite bone chip.
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LbG group. 
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후방 요추체간 유합술 이후 유합골의 용적 측정에 대한 새로운 방법

김호중1), 이선형1), 강경택2), 장봉순3), 이춘기3), 염진섭1)

분당서울대학교병원 정형외과학교실1), 연세대학교 기계공학교실2), 서울대학교병원 정형외과학교실3)

목적: 후방 척추체간 유합술을 한 분절에서 시행하는데 있어, 골이식 시에 국소골만을 이용한 경우와 수산화인회석을 골이식 확장제

로 사용한 경우의 결과를 비교한 전향적 연구는 아직 발간된 바 없다. 또한, 유합골의 용적과 임상적 결과와의 관계도 뚜렷하게 밝혀

진 바가 없다. 이를 위해서는 유합골의 정확한 용적을 구하는 것이 필수적으로, 본 연구에서는 하운스필드 유닛(Hounsfield Units) 방

법을 이용하여 후방 요추체간 유합술 이후 생긴 유합골극의 용적을 구해보고자 한다. 

대상 및 방법: 본 연구는 전향적 코호트 관찰연구로서, 척추관협착증 환자에서 한 분절에 대해 후방 요추체간 유합술을 시행할 때 국

소골을 사용한 집단(LbG)과 국소골에 수산와인회석을 추가하여 사용한 집단(LbHa)의 수술후 결과를 비교하여보고자 한다. 수술 중 

얻어진 국소골의 양에 따라 어떠한 방법으로 유합술을 진행할 것인가를 결정하였고, 이에 따라 환자는 LbG 집단(n=20) 혹은 LbHa 

집단(n=20)으로 배정되었다. 각각의 집단에서 측정한 유합골의 용적을 일차 유효성 평가 변수로 하였다. 

결과: 유합골의 용적을 하운스필드 유닛(Hounsfield Units)를 이용한 새로운 방법으로 측정하였다. 양 집단에서 유합률은 각각 

94.7% (LbG) 및 94.1% (LbHa)로 통계적으로 유의한 차이는 없었다(p=0.935). 양 집단에서 유합골 용적은 각각 5220.7±1438.4 

mm3 (LbG) 및 4626.9±1841.5 mm3 (LbHa)로 통계적으로 유의한 차이는 없었다(p=0.333). 

결론: 컴퓨터 단층촬영을 기반으로 단면적을 이용한 용적 계측 방법인 하운스필드 유닛(Houndsfield Unit) 방법은 다른 정형외과 영

역에도 유용하게 응용될 수 있으리라 생각된다. 

색인 단어: 하운스필드 유닛, 수산화인회석, 후방 요추체간 유합술, 골이식


