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Study Design: Retrospective study.
Purpose: The purpose of this study was to investigate the influence of sagittal alignment of the strut graft on graft subsidence and 
clinical outcomes after anterior cervical corpectomy and fusion (ACCF).
Overview of Literature: ACCF is a common technique for the treatment of various cervical pathologies. Although graft subsidence 
sometimes occurs after ACCF, it is one cause for poor clinical results. Malalignment of the strut graft is probably one of the factors 
associated with graft subsidence. However, to the best of our knowledge, no prior reports have demonstrated correlations between 
the alignment of the strut graft and clinical outcomes.
Methods: We evaluated 56 patients (33 men and 23 women; mean age, 59 years; range, 33–84 years; 45 with cervical spondylotic 
myelopathy and 11 with ossification of the posterior longitudinal ligament) who underwent one- or two-level ACCF with an autoge-
nous fibular strut graft and anterior plating. The Japanese Orthopaedic Association (JOA) score recovery ratio for cervical spondylotic 
myelopathy was used to evaluate clinical outcomes. The JOA score and lateral radiograms were evaluated 1 week and 1 year post-
operatively. Patients were divided into two groups (a straight group [group I] and an oblique group [group Z]) based on radiographic 
assessment of the sagittal alignment of the strut graft.
Results: Group I showed a significantly greater JOA score recovery ratio (p<0.05) and a significantly lower graft subsidence than 
group Z (p<0.01). 
Conclusions: Our findings suggest that a straight alignment of the strut graft provides better clinical outcomes and lower incidence 
of graft subsidence after ACCF. In contrast, an oblique strut graft can lead to significantly increased strut graft subsidence and poor 
clinical results. 

Keywords: Cervical vertebrae; Spinal cord compression; Clinical study; Spinal fusion; Bone transplantation

Copyright Ⓒ 2017 by Korean Society of Spine Surgery
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Asian Spine Journal • pISSN 1976-1902 eISSN 1976-7846 • www.asianspinejournal.org

Received Nov 30, 2016; Revised Feb 7, 2017; Accepted Mar 5, 2017
Corresponding author: Koun Yamauchi 
Department of Orthopedic Surgery, Akita Hospital, 2-6-12 Takara, Chiryu City, Aichi 472-0056, Japan  
Tel: +81-566-81-2763, Fax: +81-566-83-4862,  E-mail: koun_yamauchi@yahoo.co.jp

ASJ

Clinical Study Asian Spine J 2017;11(5):739-747  •  https://doi.org/10.4184/asj.2017.11.5.739

Asian Spine Journal



Koun Yamauchi et al.740 Asian Spine J 2017;11(5):739-747

Introduction

Anterior cervical corpectomy and fusion (ACCF) is com-
monly employed in patients with cervical spondylotic 
myelopathy (CSM), cervical ossification of the posterior 
longitudinal ligament (OPLL), and trauma [1-5]. ACCF is 
particularly effective for direct removal of anterior bony 
spurs and disc fragments, OPLL, and correction of defor-
mities [6-9]. A recent meta-analysis showed that ACCF 
resulted in better clinical outcomes and shorter hospital 
stay than posterior surgery, such as laminoplasty [10]. In 
contrast, ACCF is associated with a greater incidence of 
serious complications than surgery performed via a poste-
rior approach.

Chen et al. [6] reported that graft subsidence is one of 
the factors associated with poor clinical outcomes. Vari-
ous factors have been reported as potential risk factors for 
graft subsidence, such as age, sex, bone mineral density 
(BMD), number of corpectomies, intraoperative over-dis-
traction of the neck, and endplate preparation. However, 
definitive factors remain controversial [11-17]. On the 
other hand, postoperative sagittal alignment of the cervi-
cal spine is a factor related to clinical outcomes. Some 
reports demonstrated that maintenance of postoperative 
cervical lordosis is important for achieving a successful 
postoperative result [18,19]. However, to the best of our 
knowledge, no study has focused on the alignment of the 
strut graft after ACCF. When the number of resected ver-
tebrae increases, the strut graft must be longer. Therefore, 
the alignment of the strut graft could be more significant 
in cases involving multilevel ACCF. 

We aimed to investigate the relationship between the 
alignment of the strut graft and strut graft subsidence by 
evaluating radiological and clinical results after ACCF. In 
addition, we investigated other potential factors that influ-
ence clinical outcomes.

Materials and Methods

1. Patients

This retrospective study was conducted with the approval 
of the Institutional Review Board. Patients received a 
written and verbal explanation and then underwent one- 
or two-level ACCF between 2004 and 2011. A total of 56 
patients were included (33 men and 23 women; mean age, 
59.0±11.9 years; range, 33–84 years). There were 45 pa-

tients with CSM and 11 patients with OPLL. All patients 
were followed for a minimum of 1 year postoperatively. 
Patients with less than 1 year of follow-up, rheumatic ar-
thritis, dialysis-related disorders, and a history of multiple 
(>two) surgeries of the cervical spine were excluded from 
this study.

2. Surgical technique

Patients were positioned supine with the neck slightly 
extended. All patients underwent standard anterior cer-
vical corpectomy using a high-speed air drill through a 
left-sided approach. The posterior longitudinal ligament 
was then removed via microscopic surgery to achieve 
complete neural decompression. Most of the subchondral 
bony endplate was preserved to prevent graft subsidence. 
Finally, an autogenous fibular strut graft was inserted un-
der manual cervical distraction. The location of the strut 
graft was confirmed using intraoperative fluoroscopy. The 
fusion area was stabilized with an anterior cervical plate. 
Postoperatively, all patients were required to wear a hard 
cervical collar for 2–3 months until bony callus was ob-
served by computed tomography (CT).

3. Radiographic evaluation

1) Cervical lordosis
We assessed a cervical plain lateral radiograph taken with 
the patient in the standing position preoperatively and 
at 1 week and 1 year postoperatively. The C2–C7 lateral 
Cobb angle, which was used as a global parameter to 
determine cervical sagittal alignment, was defined as an 
angle between the line on the inferior endplate of C2 and 
the line on the inferior endplate of C7 (Fig. 1) [7]. The 
segmental lateral Cobb angle was measured for the fused 
area between the line on the superior endplate of the cra-
nial vertebra and the line on the inferior endplate of the 
caudal vertebra (Fig. 1) [7]. Surgical correction of cervical 
lordosis was calculated by subtracting the preoperative lat-
eral Cobb angle from the postoperative one. Preoperative 
cervical lordosis was defined as non-lordosis or lordosis 
based on the Cobb angle (non-lordosis group, Cobb angle 
≤0° and lordosis group, Cobb angle >0°), and patients 
with segmental lordosis was divided into two groups in a 
similar manner (non-lordosis, Cobb angle ≤0° and lordo-
sis, Cobb angle >0°). Loss of correction was calculated by 
subtracting the lateral Cobb angle measured 1 year post-
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operatively from that measured 1 week postoperatively. 

2) Span of the fused area
The span of the fused area was defined as the distance be-
tween the midpoint of the superior endplate of the cranial 
vertebra and that of the inferior endplate of the caudal 
vertebra (Fig. 1) [7]. The distracted span was calculated by 
subtracting the preoperative intervertebral span from that 
measured 1 week postoperatively (shortened group, ≤0 
mm; same group, 0–3 mm; and expanded group, >3 mm). 
Graft subsidence was quantified by the difference between 
the span of the fused area measured 1 week and that of 
the fused area measured 1 year postoperatively (non-
subsidence group, <3 mm and subsidence group, ≥3 mm). 

These radiographic evaluations were performed by a 
trained image analyst, who measured the C2–C7 lateral 
Cobb angle, segmental lateral Cobb angle, and span of 
the fused area of 20 patients two times separately. The in-
traclass correlation coefficient was 0.99 (95% confidence 
interval [CI], 0.98–1.0) for the C2–C7 lateral Cobb angle, 
0.98 (95% CI, 0.96–0.99) for the segmental lateral Cobb 
angle, and 1.0 (95% CI, 0.99–1.0) for the span of the fused 
area. Therefore, the reliabilities of the measurements were 
excellent. 

3) Alignment of the strut graft
Patients were divided into two groups (groups I and Z) 
according to the alignment of the autogenous fibular strut 
graft, as determined by the standing cervical plain lateral 

radiograph at 1 week and 1 year postoperatively. Group I 
included patients with a strut graft parallel to vertebrae, 
that is, the line through the axis of the strut graft was par-
allel to the line through the midpoints of both endplates 
of adjacent vertebrae (Fig. 2A). Group Z included patients 
with an oblique strut graft, that is, the line through the 
axis of the strut graft was not parallel to the line through 
the midpoints of both endplates of adjacent vertebrae (Fig. 
2B). 

4) Fusion
Bony fusion was evaluated by sagittal and coronal recon-
structed CT. Bony fusion in CT and plain radiographs 
was assessed according to the method described by Hack-
enberg et al. [20]. Criteria for fusion were bony bridging, 
bony continuity between endplates, trabecular structure 
in the anterior strut graft, and lack of radiolucent lines 
around the strut graft. If three of the criteria were positive, 
the fusion was regarded as solid. 

Radiographic evaluations with respect to the align-
ment of the strut graft and fusion were performed by 
two trained orthopedic surgeons. Intraobserver and in-
terobserver reliability was evaluated. When intraobserver 
evaluations were inconsistent, the first evaluation was 
used. When interobserver evaluations were inconsistent, 

A B

Fig. 1. Typical examples of sagittal Cobb angle and span of the fused 
area. The C2–C7 lateral Cobb angle (α) (A), as a global cervical sagit-
tal alignment, and segmental lateral Cobb angle (β) (B) were measured 
using Cobb’s method. (B) The span of the fused area (γ) was mea-
sured from the midpoint of the superior endplate to that of the inferior 
endplate.

A

B

Fig. 2. Typical examples of the alignment of the strut graft. (A) The 
dotted line indicates the axis of the strut graft. Group I was defined 
as patients who received a straight strut graft, in which the strut axis 
was parallel to the line through the midpoints of both endplates of 
adjacent vertebrae. (B) Group Z was defined as patients who received 
an oblique strut graft, in which the strut axis was not parallel to the 
line through the midpoints of the endplates.
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the evaluation performed by the first observer was used. 

4. Clinical evaluation

Symptoms and activities of daily life were evaluated using 
the Japanese Orthopaedic Association (JOA) score re-
covery rate for CSM, which were assessed preoperatively 
and at 1 year postoperatively. The complete JOA score 
was 17 points. The JOA score recovery ratio, a normalized 
value postoperatively, was calculated as follows [21]. An 
improvement in the clinical result was defined as the JOA 
score recovery ratio >0.

Recovery ratio=(postoperative score−preoperative 
score)/(17−preoperative score)

5. Statistical analysis

We estimated the sample size to be 52 subjects based 
on a priori power analysis for Student’s t-test as follows: 
type I error was 0.05, type II error was 0.2, and the effect 
size was 0.5. Variables were classified as patient or opera-
tive factors and were statistically examined to determine 
whether they influenced the clinical result or subsidence. 
All statistical analyses were performed using SPSS for 
Windows ver. 12.0K (SPSS Inc., Chicago, IL, USA). In-

tergroup comparisons were made using parametric tests, 
such as Student’s t-test, when data were distributed nor-
mally. When data were not distributed normally, a non-
parametric test was used, such as the Mann-Whitney U 
test and the Kruskal-Wallis test with the post hoc Games-
Howell test. A p-value <0.05 was considered significant. 
In addition, we performed multiple logistic regression 
analysis using odds ratio (OR) to detect independent in-
dicators for predicting the improvement in clinical results 
and occurrence of graft subsidence. All data are expressed 
as mean±standard deviation. Post hoc evaluations for ef-
fect sizes were performed using t values in Student’s t-test 
and Z values in the Mann-Whitney U  test.

Results

1.   Impact of patient characteristics on clinical outcomes 
and graft subsidence

There were 32 young (≤65 years) and 24 elderly (>65 
years) patients. The young group showed a significantly 
greater JOA score recovery ratio than the elderly group 1 
year postoperatively (young group, 0.54±0.84 and elderly 
group, 0.16±0.52; p<0.01; medium effect size=0.46). Con-
versely, the patient age did not influence graft subsidence 

Table 1. Impact of patients’ characteristics on clinical outcomes and graft subsidence

Factor No. Recovery JOA scores p-value Graft subsidence (mm) p-value

Disease 0.46 0.85

CSM 45 0.34±0.81 4.39±4.24

OPLL 11 0.58±0.37 4.52±4.99

Sex 0.07 0.26

Male 33 0.47±0.84 4.81±4.49

Female 23 0.27±0.59 3.83±4.12

Age <0.01 0.49

Young (≤65 yr) 32   0.54±0.84a) 4.12±4.34

Elderly (>65 yr) 24   0.16±0.52a) 4.82±4.39

C2–C7 lordosis 0.19 0.21

Non-lordosis 23 0.43±0.94 4.00±4.92

Lordosis 33 0.35±0.57 4.71±3.92

Segmental lordosis 0.35 0.56

Non-lordosis 12 0.57±0.47 3.80±4.66

Lordosis 44 0.34±0.80 4.57±4.29

Values are presented as mean±standard deviation.
JOA, Japanese Orthopaedic Association; CSM, cervical spondylotic myelopathy; OPLL, ossification of the posterior longitudinal ligament. 
a)p<0.01.
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(young group, 4.12±4.34 and elderly group, 4.82±4.39; 
p=0.49). Other patient characteristics, including original 
diseases (CSM/OPLL) and sex (male/female), did not 
affect the JOA score recovery ratio and graft subsidence 
(Table 1). 

2.   Effect of operative procedures on clinical outcomes 
and graft subsidence

No significant difference was observed in the number of 
resected vertebrae (number of corpectomies). The JOA 
score recovery ratio was 0.21±1.06 in the one-level and 
0.48±0.51 in the two-level corpectomy groups (p=0.44). 
There also were no differences in graft subsidence be-
tween the groups (3.78±4.10 and 4.75±4.48, respectively; 
p=0.28) (Table 2).

3. Radiographic evaluations

1) Cervical lordosis
Preoperative cervical lordosis (C2–C7 Cobb angle) did 
not correlate with clinical outcomes or graft subsid-
ence. The JOA score recovery ratio was 0.43±0.94 in the 
non-lordosis group and 0.35±0.57 in the lordosis group 
(p=0.19). Similarly, segmental lordosis showed no impact 
on the JOA score recovery ratio (non-lordosis group, 
0.57±0.47 and lordosis group, 0.34±0.80; p=0.35) or graft 
subsidence (C2–C7 lordosis, p=0.21 and segmental lor-
dosis, p=0.56) (Table 1). Correction of segmental lordosis 
was observed in 30 patients, whereas C2–C7 lordosis 
was corrected in 24 patients 1 week postoperatively. The 
JOA score recovery ratio and graft subsidence were not 
significantly different between the corrected and non-
corrected groups (C2–C7 lordosis: non-corrected vs. cor-

Table 2. Effect of surgical procedure and radiological parameters on clinical outcomes

Parameters  No. Recovery rate JOA scores p-value Graft subsidence (mm) p-value

No. of corpectomies 0.44 0.28

1 20 0.21±1.06 3.78±4.10

2 36 0.48±0.51 4.75±4.48

Correction of C2‒C7 lordosis 0.26 0.57

Non-corrected 32 0.27±0.90 4.41±4.06

Corrected 24 0.56±0.44 4.42±4.79

Correction of segmental lordosis 0.85 0.86

Non-corrected 26 0.42±0.58 3.84±3.47

Corrected 30 0.38±0.88 4.89±4.95

Loss of correction; C2‒7 lordosis 0.41 0.67

>3º 20 0.35±0.58 4.88±4.32

≤3º 36 0.41±0.83 4.17±4.39

Loss of segmental lordosis 0.99   0.024

>0º 38 0.43±0.55 5.39±4.73a)

≤0º 18 0.28±1.09 2.54±2.43a)

Length of distraction 0.93 0.46

Shortened 19 0.43±0.52 3.28±3.55

Same 20 0.46±0.49 7.65±4.82

Expanded 17 0.29±1.14 3.86±4.19

Subsidence of the fibular strut 0.032

Non-subsidence 27 0.49±0.91a)

Subsidence 29 0.30±0.55a)

Values are presented as mean±standard deviation.
JOA, Japanese Orthopaedic Association.
a)p<0.05.
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rected groups, p=0.26 for the JOA score and p=0.57 for 
graft subsidence and segmental lordosis: non-corrected 
vs. corrected groups, p=0.85 for JOA score and p=0.86 for 
graft subsidence). Correction of cervical lordosis (C2–C7) 
was lost in 20 patients 1 year postoperatively, whereas the 
loss of correction was <3° in 36 patients. There was no sig-
nificant differences in JOA score recovery and graft sub-
sidence between these two groups (p=0.41 for JOA score 
recovery and p=0.67 for graft subsidence). Correction of 
segmental lordosis was lost in 38 patients 1 year postop-
eratively, whereas loss of correction was <0° in 18 patients. 
Although there was no significant difference in JOA score 
recovery between these two groups, significantly greater 
graft subsidence was observed in the group with a loss of 
segmental lordosis (p=0.99 for JOA score recovery and 
p=0.024 for graft subsidence, a medium effect size=0.30) 
(Table 2).

2) Span of the fused area
The span of the fused area was shortened in 19, un-
changed in 20, and expanded in 17 patients. There was 
no significant difference in the JOA score recovery ratio 
(p=0.93) or graft subsidence (p=0.46) among these three 
groups (Table 2). Graft subsidence was observed in 29 pa-
tients 1 year postoperatively. The JOA score recovery ratio 
was significantly better in the non-subsidence (0.49±0.91) 
than in the subsidence (0.30±0.55) groups (p=0.032, a 
small effect size=0.29) (Table 2). 

3) Alignment of the strut graft
The JOA score recovery ratio 1 year postoperatively was 
significantly greater in group I than in group Z (0.47±0.83 
and 0.25±0.58, respectively; p<0.05, a small effect 
size=0.26), whereas there were no significant differences 

in the JOA score recovery ratio between these groups 1 
week postoperatively (0.44±0.79 and 0.25±0.64, respec-
tively; p=0.19). In addition, group I showed a signifi-
cantly lower incidence of subsidence than group Z 1 year 
postoperatively (3.66±4.39 and 5.74±4.01, respectively; 
p<0.01, a medium effect size=0.35) (Table 3). The Kappa 
coefficient of intraobserver agreement was 0.96 and the 
interobserver agreement was 0.92. The reliability of the 
classification was excellent.

4) Bony fusion
Bony union was radiographically observed in all patients 
1 year postoperatively. The Kappa coefficient of intraob-
server and interobserver agreement was 1.0. The reliability 
of the diagnosis was excellent.

4. Multiple logistic regression analysis

Among the operative factors, the alignment of the strut 
graft 1 year postoperatively had a significant influence on 
graft subsidence and clinical result (OR, 10.83; p<0.01 and 
OR, 5.56; p<0.05, respectively) (Table 4).

Discussion

In the present study, a novel finding was that straight 
alignment of the strut graft provided better clinical out-
comes and lower incidence of graft subsidence following 
ACCF. In contrast, an oblique graft may lead to increased 
graft subsidence and poor clinical results. Although the 
autogenous fibular graft is not always used because of the 
availability of the titanium cage and allografts, our data 
could indicate similar events in such patients undergoing 
ACCF with anterior structural support.

Table 3. Correlation between alignment of the strut graft and clinical results and graft subsidence

Alignment of the strut graft No. Recovery rate JOA scores p-value Graft subsidence (mm) p-value

1 wk after the surgery   0.13

Type I 40 0.44±0.79 0.19 4.11±4.64

Type Z 16 0.25±0.64 5.04±3.74

1 yr after the surgery <0.01

Type I 35   0.47±0.83a)   0.048   3.66±4.39b)

Type Z 21   0.25±0.58a)   5.74±4.01b)

Values are presented as mean±standard deviation.
JOA, Japanese Orthopaedic Association.
a)p<0.05; b)p<0.01.
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One advantage of the ACCF procedure is that distrac-
tion of the anterior column and correction of defor-
mity are possible. Larger grafts can distract the anterior 
column, indirectly decompressing the neural elements 
through increased foraminal height and unbuckling of the 
ligamentum flavum [22]. However, these large grafts may 
influence the axial load transmitted through the adjacent 
vertebrae. Significantly higher compressive forces on adja-
cent endplates were loaded with larger grafts and distrac-
tion [23]. 

A difference in the compressive forces on contacting 
endplates between straight and oblique strut grafts is not 
known. Increased pressure (force per square inch) on the 
endplate by an oblique graft has been suggested because 
the sharp edges of the oblique graft make the contacting 
area on the endplates smaller. However, even if the strut is 
set straight in vertebrae, it must be kept straight until the 
bony union is complete. In fact, five patients with straight 
strut grafts immediately postoperatively were observed to 
have oblique alignment 1 year postoperatively. Therefore, 
no significant difference was observed in the JOA score 
recovery rate 1 year postoperatively between those with 
straight and oblique strut grafts 1 week postoperatively. 
We believed that causative factors in the alteration of the 
alignment of strut grafts are complicated, and we could 
not identify what may have altered the alignment of the 
strut graft in this study. Future research should investigate 
the changes in the alignment of the strut graft over time.

Excessive autogenous bone graft subsidence (over 3 
mm) was recently reported to be associated with poor 
clinical outcomes [6]. We found that the subsidence group 
showed a poorer JOA score recovery ratio than the non-
subsidence group. Then, why did the subsidence group 
have poorer clinical result? Subsidence could lead to slack 
and bulging of the ligamentum flavum, resulting in re-
currence of spinal cord and nerve root impingement [6]. 
Some investigators reported that subsidence could cause 
catastrophic failure of fixation or screw breakages, thus 
requiring revision surgery in some cases [8,9,17]. In this 
study, two patients experienced backout of the plate and 
screws within 1 month postoperatively. However, proper 
alignment of the strut graft 1 year postoperatively was 
maintained in these patients, without any subsidence. The 
results from reoperation in these patients revealed the 
main cause of revision surgery to be anterior migration of 
the plate with screw backout due to insufficient resection 
of an anterior bony spur. In contrast, the alignment of the 
strut graft and neural recovery were good in those cases.

Other studies have shown that kyphotic deformities that 
accompany graft subsidence could cause further deleteri-
ous effects [19,21]. Our study showed that the correction 
of segmental and C2–C7 lordosis may not lead to sig-
nificant subsidence and improvement of clinical results. 
However, we showed that the loss of segmental lordosis, 
not C2–C7 lordosis, may accompany graft subsidence. 
Therefore, we considered that malalignment of the strut 

Table 4. Multiple logistic regression analysis among several factors

  Operative factor p-value OR
95% CI for OR

Lower Upper

Occurrence of the graft subsidence
Number of corpectomy   0.80 - - -

Correction of C2‒C7 lordosis    0.51 - - -

Correction of segmental lordosis   0.47 - - -

Distraction of the vertebra   0.34 - - -

Alignment of the grafted bone <0.01 10.83 2.08 56.36

Improvement of the clinical result
Number of corpectomy   0.25 - - -

Correction of C2‒C7 lordosis   0.58 - - -

Correction of segmental lordosis   0.57 - - -

Distraction of the vertebra   0.99 - - -

Alignment of the grafted bone     0.042 5.56 1.05 31.25
OR, odds ratio; CI, confidence interval.
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graft may induce graft subsidence, which may lead to the 
loss of segmental lordosis (not to extent of loss of C2–C7 
lordosis).

Then, which other factors induced graft subsidence? Pa-
tient age is reported to be a risk factor for graft subsidence 
because of low BMD, in other words, a fragile vertebral 
body and bony endplates are potential risk factors [10]. 
However, patient age was not found to be a risk factor for 
graft subsidence in the present study, but was an influen-
tial factor for neurological recovery. We suggested that 
younger patients had a higher potential for neural recov-
ery after spinal cord decompression than elderly patients.

There are some limitations in this study. Although 
poor bone quality in the vertebra and end plate thickness 
should affect graft subsidence, BMD was not evaluated. 
However, age or sex may provide an indirect measure of 
BMD. In addition, there were limitations in the instru-
mental factors. Two types of dynamic anterior cervical 
plates were used in this study based on the mechanism: 
one as translation through the plate and the other as 
translation through the screw holes. We did not evaluate 
the differences in outcome between the types of implants. 
The possible impact of these differences in instruments 
should be evaluated in further studies.

Conclusions

We concluded that alignment of the strut graft significant-
ly affected clinical outcomes and subsidence. Our results 
suggested that straight insertion of the strut graft in align-
ment with the line through adjacent vertebra and mainte-
nance of a straight alignment until achieving bony union 
are important for supporting positive clinical outcomes.
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