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ABSTRACT

Background: This study examines the changes in segmental and global cervical sagittal parameters after single-

level anterior cervical discectomy and fusion (ACDF) in patients with cervical radiculopathy or myelopathy. We also
investigate whether these changes have any relation with postoperative pain and functional outcome of the patients.

Methods: Sixty patients (37 females and 23 males) with a mean age of 45.9 6 9.5 years who were candidates of

single-level ACDF due to cervical myelopathy or radiculopathy participated in the study. At baseline, 1 month, and 6
months after ACDF, outcomes of the study including sagittal balance parameters, pain intensity, and Neck Disability
Index (NDI) were measured among the patients. Intensity of pain and neck disability were measured using the visual
analog scale (VAS) and validated version of NDI, respectively. Using a standard lateral cervical radiography, the Cobb

angle for occiput–C2, C1–C2, and C2–C7 as well as operation-level angle (OA; Cobb’s angle at the level of discopathy),
the thoracic inlet angle, and C7 and T1 slope angles were measured.

Results: The intensity of pain and neck disability of patients improved significantly during the follow up of the

study comparing with baseline measurements (P , .001). There was a significant correlation between the increase of C2–
C7 angle, C1–C2 angle, and OA and improvement in neck pain and NDI at 1- and 6-month follow ups.

Conclusions: We found that changes at C2–C7 angle, C1–C2 angle, and OA have positive significant correlation

with clinical outcome including pain improvement and decrease of disability in patients who undergo ACDF.
Level of Evidence: 3.
Clinical Relevance: The results of this study might be beneficial in selection of cervical cages with appropriate size

during ACDF surgery, as our findinds showed that larger cages could lead to better functional outcome in patients.

Cervical Spine

Keywords: Cervical Discectomy, Sagittal balance, Disability, radiculopathy, Myelopathy

INTRODUCTION

Anterior cervical discectomy and fusion (ACDF)

is the most common surgical procedure used for the

treatment of patients with symptomatic cervical

spondylosis and/or radiculopathy. There is growing

evidence that sagittal parameters play a key role in

determining the appropriate surgical approach in

patients who undergo cervical surgery.1–3 Biome-

chanical studies have shown the effect of ACDF on

sagittal kyphosis and altered dynamics at levels
adjacent to a cervical fusion.4,5 However, less
interest is paid to the impact of single-level ACDF
on the segmental and global cervical sagittal balance
parameters and its relationship with functional
outcome of the patients.

It was previously shown1 that sagittal malalign-
ment of the cervical spine, as measured by C2–C7
sagittal vertical angle (SVA) is related to unfavor-
able functional and health-related quality of life
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outcomes. This poor outcome might be due to
compensatory changes required to keep horizontal
gaze and normal posture in patients with sagittal
imbalance. In addition, authors6 demonstrated that
single-level ACDF in patients with cervical myelop-
athy leads to increased upper cervical lordosis angle
(C1–C2) with no significant effect on lower cervical
lordosis (C2–C7). While others7 found that both
global and segmental sagittal balance parameters
improve significantly, after one- or multiple-level
ACDF.

In this prospective study, we aimed to record the
changes in segmental and global cervical sagittal
parameters after single-level ACDF in patients with
cervical radiculopathy or myelopathy and investi-
gate whether these changes have any relation with
postoperative pain (measured by visual analog scale
[VAS]) and functional outcome (measured by Neck
Disability Index [NDI]) of the patients. The findings
of this study could help boost the efficiency of this
procedure to get better functionality and quality of
life in patients who undergo ACDF.

METHODS

Participants and Interventions

Included subjects were older than 18 years with
no prior spinal surgery and no clinical spinal
deformity with neck pain and/or radicular pain
due to single-level discopathy at the level of C4–C5,
C5–C6, or C6–C7. Patients’ symptoms were resis-
tant to conservative management, and all of them
had a magnetic resonance imaging scan indicative of
neural compression. The exclusion criteria were
having a history of trauma and fracture in the spine;
fibromyalgia and depression; inflammatory and
neoplastic diseases; immune or metabolic diseases;
any disease requiring chronic use of analgesics and
nonsteroidal anti-inflammatory drugs; osteoporosis
or diabetes mellitus; obesity (body mass index .

30); history of spinal surgery, pregnancy, upper
motor neuron disease, or any other neuromuscular
disorder; history of connective tissue disease; and
complications of surgery (eg, infection at the site of
surgery, cerebrospinal fluid leak). The process and
aim of the study were described to the patients. All
enrolled patients signed written informed consent.
The study protocol was approved by the ethical
committee of university.

The subjects underwent ACDF through right-
sided approach and by a single surgeon.8 Anterior

cervical discectomy and fusion surgery was carried
out under a microscopic guide using an interbody
cage (Zimmer, Inc, Warsaw, IN) and allograft. No
anterior plate was fixed for the patients. The
patients received acetaminophen 500 mg as needed
and ranitidine 150 mg b.i.d. for 7 days after surgery.
Also, ondansetron was prescribed in case of nausea
or vomiting in the first 24 hours after surgery. No
analgesic drug was administered after day 7. The
patients were discharged on the second postopera-
tive day and were referred to our clinic 1 week later
for wound care. Outcome measurements were done
before surgery and 1 month and 6 months after
surgery.

Outcomes

Preoperatively and 1 month and 6 months after
surgery, all patients underwent lateral cervical spine
x-ray study, and the cervical sagittal parameters of
the subjects including C2–C7 angle, thoracic inlet
angle, T1 slope, C7 slope, C1–C2 angle, craniosellar
angle, occiput–C2 angle, and operation-level angle
(OA; Cobb’s angle at the level of discopathy), as well
as C2–C7 SVA were measured (Figure 1). Lateral
cervical radiographs were done in the clavicle po-
sition, which was previously described by Horton et
al.9 The definition of each sagittal parameter was
done according to previous publications.10 One

Figure 1. Measured variables of the study in the lateral cervical x ray of a

patient after C4–C5 anterior cervical discectomy and fusion.
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radiologic technologist performed all x-ray studies,
and all subjects were positioned by the same physi-
cian at all follow ups. Radiographic measurements
were all performed by 1 experienced author using a
picture archiving and communication system.

At baseline, 1 month, and 6 months after surgery,
the functional status and pain intensity of the
subjects were measured using the NDI and VAS,
respectively.

Statistical Analysis

Data analysis was performed with SPSS 16 (SPSS
Inc, Chicago, IL). Data normality was assessed
using the 1-sample Kolmogorov-Smirnov test. We
computed the Pearson product-moment correlation
coefficient to assess the relationship between chang-
es in sagittal parameters and improvement in NDI
and VAS at 1 month and 6 months after surgery.
We also used a scatterplot to summarize the
relationship between specific sagittal parameters
and outcome measures.

RESULTS

In total, 70 patients were recruited in this study,
but 10 subjects were excluded from the study due to

different reasons: 6 patients declined the calls for
follow up, and 4 patients did not show up for follow
ups. Finally, 60 patients with a mean age of 45.9 6

9.5 years were enrolled in the study and participated
in 1- and 6-month follow ups. The demographic
findings of the patients and their baseline measure-
ments are shown in Table 1. The mean 6 SD of pain
intensity of the patients was significantly decreased
during 6-month (9.2 6 4.5) and 1-month (16.6 6

9.5) follow up of the study comparing with baseline
(56.2 6 15.7) measurements (P , .001). Also, the
mean 6 SD NDI of the patients improved signifi-
cantly at 6-month (9.1 6 4.1) and 1-month (16.8 6

8.7) follow-up sessions comparing with preoperative
(52.1 6 20.3) measurements (P , .001).

Sagittal Balance Parameters and Neck Pain
and Disability

Correlation between sagittal balance parameter
changes 1 month and 6 months after surgery in
comparison with before surgery and improvement
in disability and pain of patients are shown in
Tables 2 and 3, respectively. There was a significant
correlation between C2–C7 angle increase and
improvement in the NDI at 1-month follow up,
but this correlation did not last in 6-month follow
up. However, the significant correlation between the
increase of C1–C2 angle and OA and improvement
in neck pain and NDI were found at 1- and 6-month
follow ups. We used scatterplots to show the
positive significant relationship between OA chang-
es and improvement of neck pain and NDI at 1- and
6-month follow ups (Figure 2).

DISCUSSION

In this prospective study, we found that changes
at C2–C7 angle, C1–C2 angle, and OA have positive

Table 1. Descriptive characteristics of the participants of the study.

Variable Value

Age, mean 6 SD, y 45.9 6 9.5
Female/male 37/23
Height, mean 6 SD, cm 166.9 6 10.0
Weight, mean 6 SD, kg 74.1 6 10.8
BMI, mean 6 SD, kg/m2 26.9 6 4.1
NDI before surgery, mean 6 SD 52.1 6 20.3
VAS before surgery, mean 6 SD 56.2 6 15.7
Radicular/axial pain 41/19
With/without neurologic deficit 25/35
Duration of symptoms, mean (range), mo 4.2 (0.5–14)

Abbreviations: BMI, body mass index; NDI, Neck Disability Index; VAS, visual
analog scale.

Table 2. Correlation of sagittal balance parameter changes and improvement in neck pain and disability of participants after 1 month.

Parameter

Before Surgery,

mean 6 SD

1 mo After Surgery,

mean 6 SD

Correlation With

VAS Improvement,

r (P Value)

Correlation With

NDI Improvement,

r (P Value)

C2–C7 angle, deg 22.2 6 12.6 23.2 6 13.1 0.229 (.07) 0.314 (,.01)a

SVA, mm 21.2 6 15.5 20.1 6 15.1 0.044 (.74) 0.012 (.92)
TIA, deg 74.3 6 12.2 74.3 6 12.9 0.162 (.21) �0.028 (.83)
T1 slope, deg 27.5 6 5.3 27.4 6 5.4 0.011 (.93) 0.044 (.74)
C7 slope, deg 25.0 6 6.7 25.0 6 6.7 �0.168 (.20) �0.002 (.99)
C1–C2 angle, deg 27.5 6 5.2 27.6 6 5.3 0.311 (.015)a 0.361 (,.01)b

CSA angle, deg 77.8 6 10.3 77.5 6 10.1 0.043 (.74) 0.034 (.79)
O–C2 angle, deg 23.5 6 0.8 23.5 6 9.9 0.013 (.92) 0.037 (.77)
OA, deg 3.1 6 1.6 4.0 6 1.9 0.393 (,.01)b 0.377 (,.01)b

Abbreviations: CSA, craniosellar angle; NDI, Neck Disability Index; OA, operation-level angle; SVA, sagittal vertical angle; VAS, visual analog scale.
aCorrelation is significant at 0.05 level.
bCorrelation is significant at 0.01 level.
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significant correlation with the clinical outcome
including pain improvement and decrease of dis-
ability in patients who undergo ACDF. Overall,
there are a few previous studies regarding the effect
of lordosis and alteration of sagittal balance after
single-level ACDF on clinical outcomes of patients.
Our findings are consistent with the study by
Villavicencio et al,11 who reported improvement of
functional outcome in patients with increase of
segmental lordosis. Tang et al1 also reported that
improvement of cervical lordosis in patients who
undergo posterior cervical laminectomy and fusion
is related to better clinical outcomes in these
patients. In contrast to these reports, Faldini et
al12 found no correlation between changes of
sagittal parameters and functional outcome scores
of patients after single-level ACDF. Spanos et al13

showed that the slight increase of mean cervical
lordosis after ACDF was lost after 12-month follow
up and had no significant correlation with pain and
function of the subjects. Núñez-Pereira et al14 used
C7 slope as an index of global sagittal balance in the
cervical region and showed that there is no
difference between C7 slope changes and function
of patients after ACDF. Also, in a recent study, Lau
et al15 reported on a series of patients who
underwent from single-level to 3-level ACDF and
plate fixation. They found that cervical lordosis,
C2–C7 SVA, and T1 slope were not significantly
associated with functional outcomes, specifically
NDI and VAS scores of the patients. They assumed
that normality of the radiologic measurements at
baseline and minimal changes to the parameters
after surgery were the possible reasons for this
finding. Our results cannot be compared with this
study due to different selection inclusion criteria and
measurement angles.

According to our results (as shown in Tables 2
and 3), the OA showed the strongest positive
correlation with clinical outcomes (including pain
and functional disability) in patients after single-
level ACDF. This finding is in parallel with the
results of the study by Siasios et al,6 who showed
that more lordotic segmental angles result in better
functional outcome scores at the postoperative
period. We assume that a possible explanation for
this finding might be the role of ACDF on
restoration of segmental slope at the operation
level. This finding has been shown in the study by
Zhang et al,7 as they found that global lordotic
angle, segmental lordotic angle, and T1 slope were
all improved after ACDF procedure and concluded
that ACDF could be used to restore cervical sagittal
alignment. Also, considering the recent study by
Kim et al,16 who showed that ACDF can change
not only regional but also the global sagittal
parameters, the effect of ACDF on other sagittal
parameters such as C1–C2 angle (which is respon-
sible for more than half of cervical sagittal
balance6,10,17,18) could be explained. In fact, the
interrelation between upper and lower cervical spine
is complex. In case of C1–C2 kyphosis, the C2–C7
angle is hyperlordotic as a compensatory mecha-
nism (downward sequential change), and therefore,
when the upper kyphosis is corrected, the low
cervical spine lordosis decreases. However, in the
case of segmental kyphosis at the low cervical spine,
the upward sequential change is more complicated,
as an increase of the segmental lordosis at C5–C6 or
C6–C7 after surgery might lead to a decrease of the
adjacent upper lordosis (C2–C5 or C2–C6), which
will lead to an increase of the C1–C2 angle.16 As it is
shown in previous studies,10,16,19 compensatory
mechanisms to try to keep horizontal gaze lead to
alteration of cervical sagittal alignment in patients

Table 3. Correlation of sagittal balance parameter changes and improvement in neck pain and disability of participants after 6 months.

Parameter

Before Surgery,

mean 6 SD

6 mo After Surgery,

mean 6 SD

Correlation With

VAS Improvement,

r (P Value)

Correlation With

NDI Improvement,

r (P Value)

C2–C7 angle, deg 22.2 6 12.6 22.8 6 12.9 0.260 (.04)a 0.327 (.01)a

SVA, mm 21.2 6 15.5 20.1 6 15.8 �0.142 (.27) 0.086 (.51)
TIA, deg 74.3 6 12.2 74.5 6 13.5 0.051 (.70) 0.009 (.94)
T1 slope, deg 27.5 6 5.3 27.5 6 5.4 �0.053 (.68) 0.030 (.82)
C7 slope, deg 25.0 6 6.7 24.9 6 6.7 0.008 (.95) �0.020 (.87)
C1–C2 angle, deg 27.5 6 5.2 27.6 6 5.4 0.296 (.02)a 0.307 (.01)a

CSA angle, deg 77.8 6 10.3 77.4 6 10.7 0.174 (.18) 0.167 (.20)
O-C2 angle, deg 23.5 6 0.8 23.5 6 9.8 0.056 (.67) 0.088 (.50)
OA, deg 3.1 6 1.6 3.7 6 1.8 0.336 (,.01)b 0.365 (,.01)b

Abbreviations: CSA, craniosellar angle; NDI, Neck Disability Index; OA, operation-level angle; SVA, sagittal vertical angle; VAS, visual analog scale.
aCorrelation is significant at 0.05 level.
bCorrelation is significant at 0.01 level.
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with degenerative disc disease. Therefore, restora-
tion of segmental lordosis (as shown by OA) and
global cervical lordosis (as shown by increase of C1–
C2 and C2–C7 angles) might be considered by every
spine surgeon as an indicator to improve the
functional outcome of patients.

Faldini et al12 found that cervical lordosis
improved 6 months after ACDF but decreased in
long-term follow up (after 1 year). Godlewski et al20

showed that, after ACDF, the greatest changes in
lordosis and disk space height were noted immedi-
ately postsurgery. Baseline values were approximat-

ed gradually over time, but the postoperative values
at 12 months were still higher than baseline, albeit
this change was not correlated with clinical out-
comes. In the current study, the patients were
followed for only 6 months, and our findings cannot
be compared with the Faldini et al12 study. The
short period of follow up should be considered as
one of the limitations of this study. As another
limitation, participants were not screened for level
of physical activity, which might have a significant
role in pain intensity and level of disability of the
subjects.21 Also, we did not measure all the different

Figure 2. Relation of operation (OP) angle difference at 1 and 6 months and neck pain disability and pain improvement. (A) Relation of OP level angle difference and

Neck Disability Index (NDI) improvement at 1 month. (B) Relation of OP level angle difference and visual analog scale (VAS) improvement at 1 month. (C) Relation of

OP level angle difference and NDI improvement at 6 months. (D) Relation of OP level angle difference and VAS improvement at 6 months.
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published angles for the study of the cervical spine
sagittal alignment such as the occiput slope, the
occiput–C1 angle, the angle between C2 and the
upper vertebra included in the fusion, and also
global sagittal parameters. There is evidence that
anatomic change of sagittal balance in the cervical
area is associated with compensatory changes in
thoracic and even lumbar regions.22,23 However, in
our study, this reciprocal effect was not identified
since only cervical x rays were taken of the subjects.

CONCLUSIONS

In this study, we found that single-level ACDF
leads to increase of upper and lower cervical
lordosis (shown by C1–C2 and C2–C7 angles,
respectively). The segmental lordosis at the level of
operation (shown by OA) also significantly in-
creased. There was a positive correlation between
these parameters and the outcome of patients at 1
and 6 months. It seems that improvement of cervical
lordosis has a significant role in improvement of
functionality of the subjects. This needs to be
further investigated in future studies.
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