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Background: This study was conducted to determine whether sagittal lordotic alignment and 

clinical outcomes could be improved by the correction of segmental kyphosis after single-level 

anterior cervical discectomy and fusion (ACDF) surgery.

Patients and methods: We retrospectively reviewed patients who underwent single-level 

ACDF surgery in our hospital between January 2014 and February 2017. Basic characteristics 

of patients included age at surgery, gender, diagnosis, duration of symptoms, and location of 

target level. Pre- and postoperative radiographs at the 6-month follow-up were used to evaluate 

the following parameters, such as segmental angle, C2–C7 angle, T1 slope, and C2–C7 sagit-

tal vertical axis (SVA). Postoperative clinical outcomes were assessed by the Neck Disability 

Index and VAS. According to the segmental angle of postoperative radiographs, patients were 

divided into noncorrection group and correction group.

Results: A total of 181 patients (99 males and 82 females) were analyzed in our study. There 

were 32 patients in the noncorrection group and 149 patients in the correction group. There 

was no significant difference in demographic and clinical data between the two groups before 

surgery. However, patients in the correction group showed larger C2–C7 angle and lower C2–C7 

SVA after surgery in comparison with those in the noncorrection group. Besides, changes in 

the segmental angle were positively correlated with changes in C2–C7 angle and negatively 

correlated with changes in C2–C7 SVA.

Conclusion: Surgical correction of segmental kyphosis in single-level cervical surgery contrib-

uted to balanced cervical alignment in comparison with those without satisfactory correction. 

However, we could not demonstrate that the correction of segmental alignment is associated 

with a better recovery in clinical outcomes.

Keywords: segmental kyphosis, sagittal alignment, single level, cervical spine, anterior cervical 

discectomy and fusion

Background
Cervical degenerative disease is one of the most common causes of spinal dysfunction 

worldwide, which can be debilitating to patients, causing neck pain, limb pain, and 

numbness.1,2 In patients with degenerative disease, cervical segmental kyphosis is 

commonly seen because of the loss of disc height. In the past decades, anterior cervical 

discectomy and fusion (ACDF) has become the gold standard procedure for the opera-

tive treatment of degenerative cervical disc disease associated with radiculopathy or 

myelopathy.3,4 The anterior approach is particularly effective for the direct removal 

of anterior bony spurs and disc fragments, restoration of intervertebral height, and 

correction of segmental deformities.5,6
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In comparison with lumbar sagittal alignment, which has 

received a large amount of attention from other authors,7 

much less is known regarding the relationship of cervical 

sagittal alignment and clinical outcomes. Some researchers 

think that the degree of cervical lordosis is important in 

achieving good outcomes and postoperative kyphosis would 

deteriorate long-term function. For example, Wu et al8 

conducted a study investigating the correlation of change 

in sagittal alignment and clinical outcomes and concluded 

that cervical lordosis improvement does affect the long-term 

results of anterior cervical fusion. Hyun et al9 investigated 

patients who underwent multilevel posterior cervical fusion 

and found that the disability of the neck increased with pro-

gressive cervical sagittal malalignment.

Although it is demonstrated that the physiological sagittal 

balance is important for normal function of the spine, whether 

maintenance and improvement of cervical segmental lordosis 

have an effect on good sagittal alignment and satisfactory 

clinical outcomes after cervical spine surgeries remains to be 

proven. This study included patients with segmental kyphosis 

and tried to determine whether sagittal lordotic alignment 

and clinical outcomes could be improved by the correction 

of segmental kyphosis after single-level ACDF surgery.

Patients and methods
Patient population
We retrospectively reviewed patients who underwent single-

level ACDF surgery in our hospital between January 2014 and 

February 2017. The inclusion criteria were adult patients with 

radiculopathy or myelopathy caused by single-level cervical 

degenerative disc disease and showing segmental lordosis 

in radiographic images. In addition, only those involving 

C4–C7 were included. Patients with tumor, infection, defor-

mity, trauma, or prior cervical spinal surgery were excluded. 

Patients with any nonfusion surgery, such as total disc replace-

ment, were also excluded. The ethics committee of the Third 

Hospital of Hebei Medical University approved this research, 

and written informed consents were acquired from these 

patients. All procedures performed in this study complied 

with the requirements of the Declaration of Helsinki.

Treatment and follow-up
Before surgery, anteroposterior, lateral, and flexion/extension 

lateral X-ray tests and magnetic resonance imaging (MRI) 

scans were performed in patients. All patients underwent 

ACDF procedures.10 After general anesthesia, the patient 

was placed supine with mild cervical extension. A standard 

right-sided approach through a transverse incision was used 

to expose the targeted segment. Then, the compressive 

materials were removed, which included herniated disc, 

osteophytes, and the posterior longitudinal ligament. After 

that, polyetheretherketone cage filled with excised osteo-

phytes was inserted between vertebral bodies, and then the 

plate was fixed with screws inserted cranially and caudally. 

A soft collar was used for 6 weeks postoperatively.

All surgeries were performed by the same surgeon. 

Routine X-ray tests were performed postoperatively at 3, 6, 

and 12 months and then annually. Patients underwent X-ray 

test in neutral standing position and were instructed to look 

straight ahead, with hips and knees extended.

Parameter evaluation
Basic characteristics of patients included age at surgery, 

gender, diagnosis, duration of symptoms, and location 

of target level. Postoperative radiographs at the 6-month 

follow-up were used to evaluate the following parameters, 

such as segmental angle, C2–C7 angle, T1 slope, and C2–C7 

sagittal vertical axis (SVA). Postoperative clinical outcomes 

were assessed by Neck Disability Index (NDI) and VAS 

at 6 months after surgery. The NDI was used to evaluate 

chronic disability and activities of daily living, which con-

sists of 10 questions.11 The total NDI score can vary between 

0 and 50, and the best outcome will be a total score of 0. The 

severity of neck and arm pain was evaluated using VAS, with 

0 representing no pain and 10 representing maximum pain.

The following parameters were evaluated. In brief, seg-

mental angle of fused vertebrae was measured as superior 

endplate of cranial vertebral body and inferior endplate of 

caudal vertebral body in the index level; C2–C7 angle was 

formed by the inferior endplates of C2 and C7 in standing 

lateral radiographs; T1 slope was defined as the angle 

between a horizontal line and the superior endplate of T1; 

and C2–C7 SVA was the distance between the C2 plumb line 

and the posterior superior endplate of C7.12 The changes in 

radiographic parameters were calculated as the postoperative 

value minus the preoperative one.

According to the segmental angle of postoperative radio-

graphs, the patients were divided into two groups. Patients with 

kyphosis segment angle (#0°) after surgery were categorized 

as the noncorrection group, and the other patients with lordosis 

segmental angle (.0°) were categorized as the correction group 

(Figure 1). Two blinded observers assessed the radiological 

findings independently, and the mean values were used.

We defined degenerative changes in adjacent discs 

according to a six-level grading system.13 The grade of 
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degenerative changes was determined for both the superior 

and the inferior adjacent levels and assessed preoperatively 

and at the 6-month follow-up examination. Radiographic 

fusion observations were graded according to the criteria 

summarized by Brantigan,14 and fusion results were catego-

rized as radiographic fusion, fusion status uncertain, and 

radiographic pseudarthrosis.

statistical analyses
The statistical analyses were performed with the SPSS, 

Version 18.0 (IBM Corp., Armonk, NY, USA). Variables 

were presented as mean with SD for continuous variables and 

with frequencies and percentages for categorical variables. 

The independent sample t test or Mann–Whitney U test was 

used for numerical data. The parametric tests will be applied 

when normality (and homogeneity of variance) assumptions 

are satisfied, otherwise the equivalent nonparametric test will 

be used. The Fisher’s exact test was used to identify differ-

ences in the frequency of nominal variables between groups. 

P-values ,0.05 were regarded as statistically significant. 

Pearson correlation analyses were used to evaluate the rela-

tionship of the change in segmental angle with the change 

in C2–C7 angle as well as C2–C7 SVA. The intraobserver 

reproducibility and interobserver reliability were calculated 

using the reliability statistics of interclass correlation (ICC) 

for the radiographic parameters. ICCs ,0.40 indicate poor 

reliability, ICCs ranging from 0.40 to 0.75 indicate fair or 

good reliability, and ICCs ranging from 0.75 to 1.00 indicate 

excellent reliability.

Results
A total of 181 patients (99 males and 82 females) with single-

level cervical degenerative disc disease were analyzed in our 

study. The mean age of these patients were 49.3±10.2 years. 

Among them, 124 (68.5%) patients had radiculopathy and 

the other 57 (31.5%) patients had myelopathy. The duration 

of symptoms was 23.7±12.2 months. There were 45 patients 

with lesion in C4–C5, 87 patients with lesion in C5–C6, and 

49 patients with lesion in C6–C7. There were 32 patients in 

the noncorrection group and 149 patients in the correction 

group. There were only two patients who showed some 

degree of radiographic changes in adjacent discs, and these 

patients belonged to the correction group. Fusion status 

was found to be uncertain in one and three patients in the 

noncorrection and correction groups, respectively. Other 

patients achieved radiographic fusion. No patient showed 

radiographic pseudarthrosis.

On radiographic evaluation, the assessment of intrao-

bserver and interobserver reliabilities showed excellent 

agreement between the measurements for segmental angle, 

C2–C7 angle, T1 slope, and C2–C7 SVA, indicating that all 

the measurements were reliable (Table 1). Patients’ param-

eters from demographic, radiographic, and clinical data 

were summarized and compared (Table 2), and the results 

showed that there was no significant difference between the 

two groups before surgery (P.0.05).

The postoperative data of the two groups are listed 

in Table 3. The segmental angle in the correction group 

Table 1 intraobserver reproducibility and interobserver reliability 
using intraclass correlation coefficient

 Intraobserver Interobserver

segmental angle 0.84 0.81
C2–C7 angle 0.90 0.86
T1 slope 0.88 0.83
C2–C7 sVa 0.82 0.79

Notes: The intraclass coefficient value of ,0.40 indicates poor, 0.40–0.75 indicates 
fair or good, and 0.75–1.00 indicates excellent reliability.
Abbreviation: sVa, sagittal vertical axis.

Figure 1 lateral X-ray pictures showing changes in segmental angle.
Notes: (A and B) Pre- and postoperative segment angles of a patient in the correction group, respectively, and (C and D) pre- and postoperative segment angles of a patient 
in the noncorrection group, respectively.
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was 4.3°±0.6°, and it is significantly higher than that in 

the noncorrection group (P,0.01), which is -2.0°±0.4°. 

Similarly, the C2–C7 angle in the correction group is 

significantly higher than that in the noncorrection group, 

and the difference is statistically significant (17.1°±3.4° vs 

13.4°±3.2°, P,0.01). The C2–C7 SVA in the correction 

group is 16.3±10.2 mm and in the noncorrection group is 

20.5±9.3 mm, and the difference between the two groups 

is statistically significant (P=0.03). However, no significant 

difference was shown in T1 slope, postoperative NDI or 

postoperative VAS between the two groups (P.0.05).

In the correction group, the segmental angle changed 

from -3.1±0.6 to 4.3°±0.6°, the C2–C7 angle increased 

from 12.3±7.9 to 17.1°±3.4°, and the C2–C7 SVA decreased 

from 23.3±12.2 to 16.3±10.2 mm. These changes were 

statistically significant. However, the preoperative T1 

slope was 25.7°±5.8°, and the postoperative value was 

25.9°±5.6°. There was no significant difference between 

the two values.

Pearson correlation analyses were further conducted 

to determine a possible quantitative relationship between 

changes in segmental angle and other alignment parameters. 

The results showed that changes in segmental angle were 

positively correlated with changes in C2–C7 angle (r=0.27, 

P,0.01) and negatively correlated with changes in C2–C7 

SVA (r=-0.39, P,0.01, Figure 2).

Discussion
To the best of our knowledge, there are few studies that 

reported the effect of correction segmental alignment on the 

surgical outcomes. In the current study, we only included 

patients with segmental kyphosis and found that patients with 

kyphosis correction showed larger C2–C7 angle and lower 

C2–C7 SVA in comparison with those without satisfactory 

correction. Besides, changes in segmental angle were posi-

tively correlated with changes in C2–C7 angle and negatively 

correlated with changes in C2–C7 SVA. Based on these 

results, we think that segmental alignment is important for 

maintaining the overall cervical sagittal balance; however, we 

cannot demonstrate that the correction of segmental alignment 

is associated with better recovery in clinical outcomes.

In previous studies, cervical sagittal alignment was 

considered to be correlated with clinical outcomes.15,16 

For example, Fujiwara et al17 investigated 57 patients with 

cervical myelopathy and demonstrated that the maintenance 

of good sagittal balance as evaluated by the C2–C7 SVA 

is important for the recovery of cervical spine function. 

However, the radiographic cervical sagittal malalignment 

was not negatively correlated with axial neck pain. Tang 

et al18 analyzed 113 patients who received multilevel poste-

rior cervical fusion and reported that C2–C7 SVA positively 

correlated with NDI scores and negatively correlated with 

Short Form-36 physical component scores. In this study, 

we only included patients with segmental kyphosis and the 

patients with good correction of segmental kyphosis showed 

a lower NDI and VAS in neck in comparison with those 

without good correction, but the difference is not statisti-

cally significant. There is a possibility that the correction of 

segmental kyphosis may change the whole cervical align-

ment and indirectly affect the clinical outcomes. However, 

Table 2 Demographic and clinical data in patients before single-
level aCDF surgery

Noncorrection 
group

Correction 
group

P-value

number of patients 32 149  
age (years) 51.0±8.9 48.9±10.4 0.29

gender
Male 17 82 0.84
Female 15 67  

Diagnosis
Radiculopathy 21 103 0.68
Myelopathy 11 46  

Duration of symptoms 
(months)

21.6±11.2 24.1±12.8 0.31

lesion location
C4–C5 7 38 0.82
C5–C6 17 70  
C6–C7 8 41  

segmental angle (°) -3.2±0.7 -3.1±0.6 0.41

C2–C7 angle (°) 12.1±8.5 12.3±7.9 0.90

T1 slope (°) 26.1±4.5 25.7±5.8 0.71

C2–C7 sVa (mm) 22.5±10.3 23.3±12.2 0.73

Preoperative nDi 21.5±5.4 21.2±6.1 0.84

Preoperative Vas neck 5.5±1.1 5.3±1.2 0.51
Preoperative Vas arm 5.7±1.6 5.8±1.4 0.78

Abbreviations: aCDF, anterior cervical discectomy and fusion; nDi, neck 
Disability index; sVa, sagittal vertical axis.

Table 3 Postoperative data in patients with single-level aCDF 
surgery

 Noncorrection 
group

Correction 
group

P-value

number of patients 32 149  
segmental angle (°) -2.0±0.4 4.3±0.6 ,0.01
C2–C7 angle (°) 13.4±3.2 17.1±3.4 ,0.01
T1 slope (°) 25.8±4.2 25.9±5.6 0.92
C2–C7 sVa (mm) 20.5±9.3 16.3±10.2 0.03
Postoperative nDi 12.2±3.1 10.6±3.3 0.16
Postoperative Vas neck 2.3±0.7 2.1±0.6 0.27
Postoperative Vas arm 2.3±0.3 2.4±0.4 0.40

Abbreviations: aCDF, anterior cervical discectomy and fusion; nDi, neck 
Disability index; sVa, sagittal vertical axis.
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this hypothesis requires a further study with a larger sample 

size to demonstrate it.

We further analyzed the association between segmental 

angle and cervical alignment, and the results showed that 

changes in segmental angle were positively correlated 

with changes in C2–C7 angle and negatively correlated with 

changes in C2–C7 SVA. After the correction of segmental 

kyphosis, it seems that patients had a more lordotic cervical 

spine and, at the same time, the SVA moved backward.

A previous study by Jeon et al19 included 33 patients who 

underwent three or more level ACDF for cervical stenosis, 

cervical degenerative disorder, or ossification of the posterior 

longitudinal ligament and concluded that multilevel ACDF 

did not significantly change the postoperative cervical align-

ment and thus may not significantly affect cervical alignment 

or clinical outcomes. A significant difference of their study 

from ours is the objective patients. We only included patients 

with segmental kyphosis, who had malalignment in the cer-

vical spine. Surgical correction of these particular patients 

may make a difference in the outcomes.

However, attention should be paid to the methods to correct 

segmental kyphosis. Some authors considered that the shape 

of allografts may play an important role. Allografts can be 

categorized roughly into lordotic and parallel types. However, 

in a randomized clinical study by Villavicencio et al,20 the 

authors showed that the use of lordotically shaped allografts 

does not increase cervical segmental sagittal alignment in com-

parison with the parallelly shaped ones. In addition, cage sub-

sidence was common in patients treated without the plate.21,22 

The addition of an anterior plate system was considered to 

reduce the problem that the height tended to return gradu-

ally toward preoperative value.23 On the basis of our general 

practice, we recommended that the restoration of disc height in 

the index level is essential to correct segmental angle. However, 

risk factors for progressive cage subsidence, such as endplate 

excessive resection and oversized cage insertion with exces-

sive distraction, should also be avoided during surgery.23,24

There are several limitations in the present study. First, 

this study only analyzed NDI and VAS and other functional 

outcome measurements, such as Short Form-36 and mean 

health-related quality of life were not evaluated because of 

the retrospective study design. Besides, this study did not 

conclude what is the exact amount of segmental angle that 

every patient requires to benefit the whole cervical alignment. 

We also do not certain if excessive lordotic angle will affect 

biomechanics negatively. Finally, we only included patients 

with single-level segmental kyphosis and our results may not 

be applicable to those with multi level cervical disorder or 

those without segmental kyphosis.

Conclusion
Surgical correction of segmental kyphosis in single-level 

cervical surgery contributed to balanced cervical alignment 

in comparison with those without satisfactory correction. 

Changes in segmental angle were positively correlated 

with changes in C2–C7 angle and negatively correlated with 

changes in C2–C7 SVA. However, we cannot demonstrate 

that the correction of segmental alignment is associated with 

a better recovery in clinical outcomes.
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Figure 2 Correlations between the changes in segmental angle and changes in C2–C7 angle (A) as well as changes in C2–C7 sVa (B).
Abbreviation: sVa, sagittal vertical axis.
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