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Does Graft Position Affect Subsidence After
Anterior Cervical Discectomy and Fusion?
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Abstract

Study Design: Retrospective cohort study.

Objective: Implant subsidence is an important prognostic factor after anterior cervical discectomy and fusion (ACDF). Our
purpose in this study was to investigate whether graft position affects subsidence after ACDF and to determine if there is a
difference in clinical results based on allograft subsidence and position.

Methods: We reviewed 92 patients who underwent single-level ACDF with allograft and plate between January 2012 and
October 2018. Treatment levels were divided based on allograft position within 2mm of the posterior margin of the augmented
plate (Anterior group) or at greater than 2mm (Center group). Subsidence was defined as segmental vertebral body height
decrease of 2mm or more at 1 year compared to 1 week after surgery.

Results: Overall subsidence prevalence was 15 (16%) cases. Subsidence was 11% in the Anterior group (8/73) and 39% in the
Center group (7/19; P¼ .012). The subsidence group showed smaller graft footprint size (graft/endplate ratio) compared with the
nonsubsidence group, and pseudarthrosis occurred frequently in the subsidence. There was no significant difference in clinical
results according to graft position. These findings indicate that anterior graft position reduces risk of subsidence (95% confidence
interval ¼ 0.085-0.949).

Conclusion: To minimize risk of subsidence, the graft should be positioned on the anterior position of the surgical-level
endplate. In addition, using a graft appropriate for endplate size will further reduce subsidence.
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Introduction

Anterior cervical discectomy and fusion (ACDF) is widely

performed for cervical spondylosis and disc disease. Although

use of the iliac crest autogenous bone graft remains the gold

standard, harvest site complications, such as infection, donor

site pain, and fracture, occur frequently.1,2 To avoid donor site

complications, many surgeons use allograft as a substitute for

autogenous bone graft. However, it has been reported that graft

collapse and nonunion occur frequently in ACDF with allograft

compared to that with autobone.3 In particular, previous studies

have reported an incidence of graft subsidence in ACDF with

allograft of 5% to 62.5%.2,4-6 There is currently controversy

and discussion on the association between graft subsidence and

clinical outcome.

A few reports have indicated that use of a cage anteriorly

during ACDF has lower subsidence than cage at a posterior

position, because anterior support of the cortical bone reduces

subsidence of the graft.7,8 To our knowledge, no direct research

on the relationship between graft position and subsidence in

ACDF with allograft and plate augmentation has been reported.

We hypothesize that anterior support of the cortical bone will

reduce the subsidence of grafts like a stand-alone cage ACDF;

this approach could enhance fusion and affect clinical out-

comes. Our purpose in this study was to investigate if graft

position affects allograft subsidence after ACDF with allograft
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and plate. In addition, we aimed to determine if there is a

difference in clinical results based on allograft subsidence and

implant position. We therefore designed this study to assess

changes in radiologic parameters (C2-C7 angle, segmental

angle, segmental height, graft size, subsidence, and fusion rate)

according to graft position after ACDF with allograft and plate

augmentation. For prognostic analysis according to subsidence,

radiologic parameters and clinical results were compared with

or without subsidence.

Methods

This present retrospective cohort study comprised 92 patients

(59 male and 33 female patients; mean age, 48.7 years) who

underwent single-level ACDF with allograft and plate from

January 2012 to October 2018. The inclusion criteria were

(1) symptoms of cervical radiculopathy and/or myelopathy,

(2) pathologies consistent with cervical spondylosis or her-

niated cervical disc, (3) underwent single-level ACDF with

allograft and plate, and (4) a follow-up period �12 months and

including cervical spine computed tomography (CT). Patients

with additional posterior surgery procedures, infection, or revi-

sion surgery were excluded, as were patients with a follow-up

<12 months.

All patients underwent single-level ACDF with allograft

and plate procedures using the standard Smith-Robinson

approach under general anesthesia performed by 2 surgeons

in a single center. To accomplish interbody fusion, one surgeon

(DKC) used freeze-dried bone allograft, a Skyline plate

(DuPuy Synthes), fixed screws at the top of the fusion level

and variable screws at the bottom. Another surgeon (KHK)

used machined allograft, an Atlantis plate (Medtronic Sofa-

mor-Danek), and fusion was performed using fixed screws.

Radiologic and Clinical Assessments

For radiological assessment, anteroposterior (AP), lateral, and

flexion-extension radiographs were obtained preoperatively

and postoperatively at 1 week and 12 months after surgery.

Cervical spine CT assessments were performed before surgery

and 1 year after surgery. Every radiologic parameter was mea-

sured at each follow-up period by an independent neurosurgeon

and a neuroradiologist who were blinded to the treatment

details. The C2-C7 angle, segmental angle of the surgery level,

end plate length, graft length, and segmental vertebral body

height were measured on neutral lateral radiographs (Figure 1).

CT and simple radiography were assessed 1 year after surgical

treatment, and pseudarthrosis was assessed with the Bridwell

grading system.9 Fusion was graded from I to IV: fusion with

remodeling and trabeculae (I); graft intact, not fully remodeled

and incorporated, but no lucency (II); graft intact, potential

lucency at the top and bottom of graft (III); and fusion absent

with collapse/resorption of graft (IV). According to the Brid-

well grading system, solid fusion is defined as grade I based on

radiologic outcomes.

We measured C2-C7 angle and segmental angle to evaluate

cervical lordosis and local angle. The C2-C7 angle was mea-

sured as that formed by a line drawn parallel to the lower end-

plates of C2 and C7 on a neutral plain radiograph. The

segmental angle was assessed as that formed by the lines drawn

parallel to the superior margin of the upper vertebral body and

the inferior margin of the lower vertebral body of the treated

level on a neutral simple radiograph. Segmental vertebral body

height for subsidence evaluation was measured as the total

vertical height of the 2 vertebral bodies of the treated level.

This height was measured by the distance between the mid-

point of the upper endplate of the cranial vertebral body at the

fusion level and the midpoint of the lower endplate of the

Figure 1. (A) Segmental vertebral body height: The distance between the midpoint of the cranial vertebra upper endplate and the midpoint of
the caudal vertebra lower endplate at the fusion level. (B) “The Graft/Endplate ratio” is defined as graft length (G) divided by endplate length
(E) to determine the relative size of the graft to the endplate. E: endplate length: the length of the line passing through the center of the graft from
the posterior margin of the plate to the posterior disc margin at the treated level. G: graft length.
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caudal vertebral body (Figure 1A). For relative graft size for

the vertebral body, the length of the endplate was defined as the

length of the line passing through the center of the graft, from

the posterior margin of the plate to the posterior disc margin of

the treated level. The graft/endplate ratio was assessed as graft

length divided by end plate length relative to the size of the

graft to the endplate (Figure 1B).

Measurement of subsidence is inconsistently defined in the

literature because of use of relative and absolute measure-

ments, and the most frequently used measurement method for

definition of subsidence was based on a threshold of 2mm.

Therefore, we defined cases as “subsidence” when the segmen-

tal vertebral body height decreased by 2mm or more in 1 year

compared with the results obtained 1 week after surgery

(Figure 2). To investigate whether graft position affects allo-

graft subsidence after ACDF with allograft and plate, we

divided patients into 2 groups according to graft location. The

“Anterior group” was defined as cases where the center of the

anterior margin of the inserted allograft was located within

2mm from the posterior margin of the plate, and the “Center

group” was defined as cases where the inserted allograft was

located farther than 2mm (Figure 3). Furthermore, clinical

status was evaluated using Visual Analogue Scale (VAS) score

and Neck Disability Index (NDI) score preoperatively and at

l year after surgery.

Statistical Analysis

Descriptive data are represented as mean+ standard deviation.

For statistical analysis, the Mann-WhitneyU and Fisher’s exact

tests and linear-by-linear association method were used.

Multivariate logistic regression analysis was performed to

identify risk factors that postoperatively affected subsidence.

Significance was achieved at a 95% confidence interval (IBM

SPSS 25, IBM Corporation). For post hoc power analysis,

G*Power version 3.1.9 (Universität Kiel)10 was used.

Results

Graft Position: Anterior Group Versus Center Group
(Table 1)

Of the 92 grafts, 73 were anteriorly positioned (Anterior group)

and 19 were center-positioned (Center group). The 2 groups

(Anterior/Center) showed similar characteristics regarding age,

sex, body mass index, surgery level, instruments types (grafts,

plates, screws), and preoperative radiologic parameters. How-

ever, the Graft/Endplate ratio was larger in the Anterior group

(75.9%) than in the Center group (69.0%; P ¼ .01). Graft

displacement and extrusion of implants were not observed.

Overall, subsidence occurred in 15 of 92 (16.3%) grafts. Sub-

sidence occurred in 8 of 73 (11%) grafts in the Anterior group

and in 7 of 19 (39%) cases in the Center group (P ¼ .012).

There was no difference in C2-C7 angle, segmental angle, or

segmental height according to graft position at any period, but

the change in segmental vertebral body height between the first

week and the first year after surgery was greater in the Center

group (36.99 to 35.31mm) than the Anterior group (36.19 to

35.18mm; Figure 4). When comparing C2-C7 and segmental

angle changes before surgery and 1 week after surgery, the

segmental angle significantly increased at 1 week after surgery

in the Anterior group (4.93� to 6.45�, P ¼ .04). There was no

significant change in segmental angle in the Center group and

Figure 2. An illustrative case of implant subsidence in a 48-year-old man with C5/6 degenerative disc disease who underwent discectomy with
allograft and plate. Comparison of immediate postoperative lateral study with a 1-year radiograph demonstrates a loss of 2.48mm of segmental
vertebral body height.
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no significant difference in C2-C7 angle in either group at any

period (Figure 5A and B).

At 1 year after surgery, fusion was evident for 79 (85.9%) of

the 92 inserted grafts. Pseudarthrosis occurred in 10 of 73

(14%) patients in the Anterior group and 3 of 19 (15%) patients

in the Center group (P ¼ .727). The VAS (Anterior, 5.64 to

2.30; Center, 6.26 to 2.16; P< .001) and NDI scores (Anterior,

30.55 to 18.29; Center, 31.47 to 18.29; P< .001) improved at 1

year after surgery in both groups. These results revealed no

significant difference between groups for either value

(Table 1).

Subsidence Versus Nonsubsidence Grafts (Table 2)

We compared the results for cases of subsidence grafts and

nonsubsided grafts. The graft subsided in 15 patients and was

not subsided in 77 patients. The 2 groups showed similar dis-

tributions of age, sex, body mass index, operation level, instru-

ments types (grafts, plates, screws), and preoperative

radiologic parameters. However, the Graft/Endplate ratio was

larger in the nonsubsidence (75.9%) than subsidence group

(68.7%; P ¼ .018). As mentioned above, the number of sub-

sidence grafts was 8/73 (11%) in the Anterior group and 7/19

(37%) in the Center group, whereas the instance of nonsubsi-

dence was 65/73 (89%) in the Anterior group and 12/19 (63%)

in the Center group. Pseudarthrosis occurred frequently in sub-

sidence (6/15, 40%) compared with nonsubsidence (7/77, 9%)

cases (P ¼ .006).

Among postoperative radiologic parameters, C2-C7 (7.20�

to 9.15�, P¼ .01) and segmental angle (4.49� to 6.54�, P¼ .01)

became more lordotic 1 week after surgery in the nonsubsi-

dence cases (Figure 5C and D). Segmental angle (4.49� to

6.26�, P ¼ .01) also became more lordotic 1 year after surgery

in the nonsubsidence cases, but there were no lordotic changes

in the subsidence group (Figure 5D). In comparison, segmental

angle in the subsidence group 1 year after surgery was less

lordotic than that in nonsubsidence (1.99 vs 6.26, P ¼ .03)

cases (Figure 5D). There was no difference in the change of

segmental vertebral body height according to subsidence

between before surgery and the first week after surgery (Non-

subsidence: 34.3 to 36.2mm; Subsidence: 35.3 to 37.3mm).

Clinical results indicated that VAS and NDI scores improved

at 1 year after surgery in both groups (P < .001). However,

these were not significantly different between the 2 groups at

any period (Table 2).

Risk Factors of Subsidence (Table 2)

In simple logistic regression analysis, the estimated odds ratio

(OR) and 95% confidence interval (95% CI) were 0.481

(0.254-0.913) per 0.1 increase in Graft/Endplate ratio and

0.211 (0.064-0.691) per 0.1 increase in graft position. Age, sex,

body mass index, preoperative C2-C7 angle, operation level,

and preoperative radiologic parameters were not significantly

associated with subsidence. Multiple logistic regression test,

with factors statistically significant in univariate logistic

regression test, indicated that anterior graft positioning was

only associated with subsidence (OR ¼ 0.280, 95% CI 0.085-

0.949; Table 2).

Figure 3. Anterior group (A) was defined as cases where the center of the anterior margin of the inserted allograft was located within 2mm from
the posterior margin of the plate, and the Center group (B) was defined as cases where the inserted allograft was located farther than 2mm.
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Discussion

ACDF has been established as a standard operation for cervical

degenerative disease. Iliac bone autograft for interbody graft

showed good clinical outcome in terms of fusion rate,1 and the

most frequently reported complications are donor site compli-

cations, including pain at the donor site, hematoma, infection,

hip fracture, and cosmetic problems. However, allografts devel-

oped to resolve these problems produce severe complications

such as pseudarthrosis without plate fixation; therefore, plating

is recommended when using allobone graft. Dai and Jiang stud-

ied radiologic and clinical results after ACDFwith andwithout a

plate and reported higher subsidence in theACDFgroupwithout

a plate.11 Although additional plate fixation is associated with

better surgical outcomes, complications such as subsidence,

graft dislodgement, and pseudarthrosis have been reported dur-

ing ACDF with a plate.1,2,12 In particular, subsidence is a

Table 1. Comparison According to Graft Positiona.

Whole group (n ¼ 92) Anterior group (n ¼ 73) Center group (n ¼ 19) P

Age (years) 48.7 + 10.6 48.2 + 10.3 48.1 + 10.4 .968
Sex (male/female) 59/33 44/29 15/4 .181
Body mass index 25.0 + 2.84 24.6 + 2.91 25.6 + 3.1 .078
Operation segments
C3-C4 6 4 2
C4-C5 14 13 1
C5-C6 47 37 10
C6-C7 25 19 6 .709

Plate/graft/screw type
Skyline/FDBA/FixedþVariableb 55 46 9
Atlantis/Machined/Fixedc 37 27 10 .215

Preoperative radiologic parameters
C2-C7 angle (�) 7.09 + 12.78 8.01 + 12.37 3.53 + 14.04 .235
Segmental angled (�) 4.42 + 8.16 4.93 + 7.91 2.47 + 8.97 .403
Segmental height (mm) 34.43 + 3.19 34.21 + 3.22 35.27 + 2.97 .197

Postoperative radiologic parameters
1 week
C2-C7 angle (�) 9.05 + 9.29 9.68 + 9.10 6.59 + 9.84 .197
Segmental angled (�) 5.99 + 7.23 6.45 + 7.14 4.37 + 6.29 .251
Segmental height (mm) 36.36 + 2.99 36.19 + 3.05 36.99 + 2.75 .302
Graft/endplate ratioe 74.5 + 10.6% 75.9 + 11.0% 69.0 + 6.58% .01

1 year
C2-C7 angle (�) 9.31 + 10.22 10.01 + 10.37 6.60 + 9.38 .175
Segmental angled (�) 5.57 + 7.28 5.99 + 7.23 3.95 + 7.43 .406
Segmental height (mm) 35.20 + 2.95 35.18 + 2.92 35.31 + 3.12 .857
Subsidencef 15 (16%) 8 (11%) 7 (39%) .012
Pseudarthrosis 13 (14%) 10 (14%) 3 (15%) .727

Clinical result
Preoperative VAS 5.77 + 1.85 5.64 + 1.84 6.26 + 1.82 .123
Postoperative 1-year VAS 2.27 + 1.65 2.30 + 1.71 2.16 + 1.42 .67
Preoperative NDI 30.74 + 5.63 30.55 + 5.54 31.47 + 6.50 .322
Postoperative 1-year NDI 18.00 + 4.22 18.29 + 4.21 16.89 + 4.15 .205

Abbreviations: FDBA, freeze-dried bone allograft; VAS, Visual Analogue Scale; NDI, Neck Disability Index.
aDescriptive data represents mean + standard deviation. Boldface indicate that the number is statistically significant, p<0.05.
bSkyline anterior cervical plate (manufactured by Dupuy) with FDBA, freeze-dried bone allograft, fixed with fixed-angle type screws at the top of the fusion level
and variable-angle type screws at the bottom.

cAtlantis anterior cervical plate (manufactured by Medtronic) with machined structural allograft spacer, fixed with fixed-angle type screws.
dSegmental angle is the angle formed by the lines drawn parallel to the superior margin of the upper vertebral body and the inferior margin of the lower vertebral
body of the treated level.

eGraft/endplate ratio is defined as graft length divided by endplate length.
fSubsidence is defined segmental vertebral body height decreased by more than 2mm at 1 year after surgery than at 1 week after surgery.

Figure 4. Segmental vertebral body height of the Anterior group and
Center group at each period; there was no difference in segmental
vertebral body height between groups. However, at 1 year after sur-
gery, the decrease in segmental vertebral body height of the Center
group (36.99 to 35.31mm) was greater than that in the anterior group
(36.19 to 35.18mm).
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complication that reduces intervertebral height and is related to

foraminal stenosis. Several risk factors associated with subsi-

dence have been studied, and there are reports that osteoporosis

and old age increase the risk.11 Some studies have demonstrated

that subsidence occurs more often when cages are positioned far

from the anterior border of the vertebra in ACDF with a stand-

alone cage.13,14 When the graft material is located in the center

of the endplate, it is likely to penetrate into the vulnerable part of

the endplate and cause subsidence.

In this study, graft position in ACDF with allograft and plate

surgery was related to subsidence. The overall subsidence rate

was 16%, and there was significantly reduced subsidence for

allograft cases that were anterior-located (9%) compared with

cases that were center-located (42%). These results were con-

cordant with other studies.13,14 In comparison, graft position

did not directly influence rate of pseudarthrosis. To define

anterior graft position, we measured the sagittal graft position

to determine whether the graft was located within 2mm of the

posterior margin of the plate. A previous study measured the

distance from the endplate as a continuous variable,8 while

another divided patients by relative implant position, as ante-

rior, middle, or posterior.7 Ritzel et al reported in an anatomical

study that the mean cortical thickness in the cervical spine of

controls was 3.29mm for the ventral shell and 2.40mm for the

dorsal shell.15 Therefore, if the graft is located within 2mm of

the anterior margin, it could be located within the cortical bone

of a cervical vertebral body.

The results of our analysis revealed that a larger contact area

is associated with a lower subsidence rate. Several reports sug-

gest that size of the contact area of the graft-end plate interface

might play an important role in prevention of graft subsi-

dence.7,13 We hypothesize that this is attributable to balanced

weight distribution through the graft to prevent excessive force

from concentrating on the adjacent endplate. As a result, a

larger graft that fits the size of the endplate could reduce the

risk of subsidence. There are no studies with a clear answer on

whether the insertion of an oversized graft with overdistraction

of the disc space during surgery or the insertion of a graft

affects subsidence.13,16 In our study, it is difficult to know

whether the graft height was appropriate because endplate pre-

parations and distractions were performed according to the

situation in each case during discectomy, but there was no

difference in the change of segmental vertebral body height

before and the first week after surgery according to subsidence.

Implant placement and distance from the anterior margin of the

vertebral endplate were more frequently associated with radio-

graphic findings of subsidence. Therefore, to prevent implant

subsidence, graft should be placed anteriorly with a size that

fits the patient’s vertebral body size. In addition, surgery with

anterior plate fixation may reduce fear of graft dislodgement,

and it is preferential to avoid placing the graft in the center of

the vulnerable area of the endplate.

In our study, as with many reports, subsidence did not affect

clinical results. There was no difference in changes of VAS and

Figure 5. Changes over time in C2-C7 (A) and segmental angle (B) according to graft position and changes in C2-C7 (C) and segmental angle
(D) according to subsidence. *Indicates significant change in angle during the specific period (P < .05).
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NDI scores between subsidence and nonsubsidence grafts. The

impact of subsidence on clinical patient outcomes has been

controversial, and current debates discuss whether implant sub-

sidence affects clinical outcome. Some authors have indicated

that graft subsidence has no effect on clinical outcome.17-21

Mende et al report that a group with subsidence had better

outcomes than a group without subsidence,7 and some studies

showed worse outcomes in pain or quality of life in groups with

subsidence.22-24 In our analysis, segmental angles of nonsubsi-

dence grafts were more lordotic than subsidence grafts at one

year after surgery. The Anterior group and nonsubsidence graft

cases had a more lordotic angle at 1 week after surgery; even at

1 year later, nonsubsidence grafts had a significantly larger

lordotic angle than before the surgery. Following a post hoc

power analysis, researchers determined study powers were 0.82

(a error of 0.05) for graft position and subsidence, 0.68 for

Graft/Endplate ratio and subsidence. In terms of clinical out-

come and subsidence, study powers of 0.05 (for postoperative

VAS), 0.30 (for postoperative NDI scores) were measured. In

consideration of this analysis, to conclude that subsidence and

clinical result are not related, the possibility of type II error

exists. It is necessary to study with larger patients group to

increase in statistical power.

There were some limitations to this study. The retrospective

nature and small patient groups limit the statistical power and

application of the results. To prevent overfitting, in multivari-

ate logistic analysis for controlling for potential confounding

variables, we could use only 2 factors statistically significant in

univariate logistic regression, because of our limited sample

size and event rate. Second, we used plates from 2 manufac-

turers, the shape and characteristics of which were similar;

however, but if we had used only one product, the results could

have been more reliable. Bone mineral density that affected

subsidence in ACDF was reported; however, because we did

not regularly measure bone mineral density, we were not able

to determine a specific relationship.25 Although the 2 surgeons

Table 2. Clinical and Radiologic Results According to Subsidencea.

Subsidence
(n ¼ 15)

Nonsubsidence
(n ¼ 77)

Univariate logistic regression Multivariate logistic regression

OR (95% CI) P OR (95% CI) P

Age (years) 51.93 + 6.87 48.03 + 10.83 1.038 (0.982-1.098) .183
Sex (male/female) 11/4 48/29 1.661 (0.484-5.705) .42
Body mass index 24.6 + 2.91 25.6 + 3.1 0.909 (0.749-1.102) .331
Operation level
C3-C4 1 (7%) 5 (6%) 1
C4-C5 1 (7%) 13 (17%) 0.385 (0.020-7.404) .527
C5-C6 6 (40%) 41 (53%) 0.732 (0.073-7.384) .791
C6-C7 7 (47%) 18 (23%) 1.944 (0.192-19.741) .574

Plate/graft/screw type
Skyline/FDBA/FixedþVariableb 10 (67%) 45 (58%) 1
Atlantis/Machined/Fixedc 5 (33%) 32 (42%) 0.703 (0.219-2.255) .554

Preoperative radiologic parameters
C2-C7 angle (�) 6.50 + 12.80 7.20 + 12.86 1.004 (0.962-1.048) .845
Segmental angled (�) 4.07 + 6.15 4.49 + 8.52 1.006 (0.940 -1.077) .857

Postoperative radiologic parameters
Graft position (anterior/center) 8/7 65/12 0.211 (0.064-0.691) .01 0.280 (0.083-0.949) .041
1 week
C2-C7 angle (�) 8.53 + 9.31 9.15 + 9.34 1.007 (0.948-1.070) .814
Segmental angled (�) 3.31 + 4.57 6.54 + 7.27 1.073 (0.985 -1.169) .105
Graft/endplate ratioe 68.7 + 9.2% 75.6 + 10.6% 0.481 (0.254-0.913) .025 0.530 (0.266-1.056) .071

1 year
C2-C7 angle (�) 6.24 + 9.66 9.91 + 10.27
Segmental angled (�) 1.99 + 5.76 6.26 + 7.37
Pseudarthrosis 6 (40%) 7 (9%)

Clinical result
Preoperative VAS 6.33 + 2.19 5.66 + 1.77
Postoperative 1-year VAS 2.33 + 1.68 2.26 + 1.66
Preoperative NDI 29.80 + 6.01 30.92 + 5.57
Postoperative 1-year NDI 16.67 + 3.48 18.26 + 4.32

Abbreviations: OR, odds ratio; CI, confidence interval; VAS, Visual Analogue Scale; NDI, Neck Disability Index.
aDescriptive data represents mean + standard deviation. Boldface indicate that the number is statistically significant, p<0.05.
bSkyline anterior cervical plate (manufactured by Dupuy) with FDBA, freeze-dried bone allograft, fixed with fixed-angle type screws at the top of the fusion level
and variable-angle type screws at the bottom.

cAtlantis anterior cervical plate (manufactured by Medtronic) with machined structural allograft spacer, fixed with fixed-angle type screws.
dSegmental angle is the angle formed by the lines drawn parallel to the superior margin of the upper vertebral body and the inferior margin of the lower vertebral
body of the treated level.

eGraft/endplate ratio is defined as graft length divided by endplate length and odds ratio of the Graft/Endplate ratio is per 0.1.
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in this study performed the surgery in the same way, the 2

different individuals may have affected the consistency of the

surgical technique. Therefore, the results of this study need to

be further emphasized by prospective, randomized, and large

patient group studies with long follow-up periods.

Conclusion

To minimize risk of subsidence, the graft should be positioned

on the anterior position of the surgical level endplate at a size

appropriate for the endplate. Finally, large-scale patient studies

with long follow-up periods are needed to further elucidate the

influence of graft location on rate of subsidence.
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