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Abstract

Studies have shown that maintenance of lordosis improves 
outcomes after anterior cervical discectomy and fusion 
(ACDF). The relationship between maintenance or resto-
ration of lordosis after ACDF and health-related quality of 
life (HRQOL) measures has not been evaluated.
   Preoperative and 2-year postoperative cervical lordo-
sis (C2-C7) and segmental lordosis were measured from 
upright lateral cervical spine radiographs in patients who 
had ACDF. Data on the Neck Disability Index (NDI), Short-
Form-36 Physical Composite Summary Score, arm, and 
neck pain scores were also collected. Paired t-tests were 
used to compare preoperative and 2-year postoperative 
radiographic measures and HRQOL measures. Receiver 
operating characteristic curves were constructed to iden-
tify sagittal parameters that predict achievement of a 
Minimum Clinically Important Difference (MCID) in out-
come measures.
 One hundred one patients (75 female; mean age, 
52 years) were included. There was improvement in all 
HRQOL measures from preoperative to 2 years postop-
erative. There was no significant difference in preopera-
tive and 2-year postoperative sagittal alignment. Receiver 
operating characteristic curve analysis showed that a 
postoperative cervical lordosis of at least 6° predicted 
achievement of MCID for NDI (8 point change in NDI). 
 This suggests that maintenance or restoration of 
overall cervical lordosis is important in achieving a suc-
cessful result after ACDF.

Recent literature has highlighted the critical role 
of regional and global sagittal alignment on 
health status and the importance of restoration 
or maintenance of alignment with surgical treat-

ment.1-5 While the primary focus has been on the lumbar 
and thoracolumbar spine, the cervical spine normally 

maintains a physiologic lordotic posture and loss of 
lordosis has been associated with clinical symptoms.6,7 
Correction of cervical kyphosis is a clearly identified 
concern in reconstructive procedures, but may be over-
looked with commonly performed 1 and 2 level anterior 
cervical discectomy and fusion (ACDF) procedures.8,9 
An improved understanding of this dynamic is worth-
while, as cervical kyphosis or malalignment after ACDF 
has been associated with poor clinical outcomes.10-12

To our knowledge, the relationship between mainte-
nance or restoration of cervical lordosis after ACDF 
and health-related quality of life (HRQOL) measures 
has not been evaluated. The objective of this study is 
to determine if  any correlation exists between cervical 
sagittal alignment after ACDF and improvement in 
Neck Disability Index (NDI) scores.

Methods
This study was approved by the Institutional Review 
Board at the University of Louisville. We reviewed pro-
spectively collected data from a series of adult patients 
who underwent single- or multi-level ACDF for the 
treatment of symptomatic cervical spondylosis or disc 
herniation, failing conservative treatment. All proce-
dures were performed by a team of fellowship-trained 
spine and neurosurgeons at a single tertiary spine center, 
with all patients clinically and radiographically evalu-
ated prior to surgery. The surgical technique has been 
described previously.13 In short, the patient is positioned 
supine with the neck in slight extension. An anterolateral 
approach is taken, using the medial border of the sterno-
cleidomastoid as a landmark. Dissection is carried out 
through the platysma, with the trachea and esophagus 
retracted medially and the neurovascular bundle with the 
sternocleidomastoid muscle laterally. After fluoroscopic 
confirmation of the affected level, a complete discectomy 
and decompression was performed with the help of a 
lamina spreader within the disc or screw post distractors 
in the cephalad and caudad vertebral bodies. An appro-
priate sized allograft is selected, trimmed, and tapped 
carefully into place. This is followed by the application 
of a plate to stabilize the construct.

Preoperative and 2-year postoperative neutral upright 
lateral cervical spine radiographs were measured by 
reviewers blinded to the patients’ HRQOL measures. 
Overall cervical lordosis (C2-C7) and segmental cervi-
cal lordosis were digitally measured using the Cobb 
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method.14 A line parallel to the inferior endplate of C2 
and C7 were used for overall lordosis. Segmental lordo-
sis was measured using a line parallel to the cranial and 
caudal endplates of the operative upper and lower ver-
tebra, respectively (Figure). These values are considered 
positive in lordosis and negative in kyphosis. 

Demographic data collected included age, gender, 
smoking history, medical comorbidities, and diagnosis.  
Surgical data included operative time, estimated blood 
loss, and fusion levels. Patient-reported HRQOL mea-
sures were from standardized questionnaires admin-
istered preoperatively and at 2-year follow up. Neck-
specific disability, the primary outcome measure, was 
determined using the NDI.15 Pain intensity for arm 
pain and neck pain were independently measured using 
a horizontal numeric rating scale ranging from 0 (no 
pain) to 10 (worst possible pain).16,17 The question-
naires also included the Medical Outcomes Study Short 
Form-36 General Health Instrument (SF-36) as a mea-
sure of general-HRQOL.18,19 Specifically, the Physical 
Composite Summary (PCS) score was used (SF-36 
PCS). Improvement in outcomes was determined by the 
mean difference from preoperative to 2-year postopera-
tive scores, as well as the percentage of patients reaching 
a Minimum Clinically Important Difference (MCID) 
in NDI. Previously published MCID threshold of 8.0 
points for NDI was used.20

Statistical analyses were performed by Statistical 
Package for the Social Sciences (SPSS v17.0, SPSS Inc., 
Chicago, Illinois). Paired t-tests were used to compare 
preoperative and 2-year postoperative radiographic 
measures and HRQOL measures. Spearman correla-
tions were calculated to determine associations between 
sagittal alignment and HRQOL measures. In order 
to control for confounding, a multivariate regression 

analysis was performed to determine factors predictive 
of 2-year postoperative NDI scores. Factors included 
in the regression analysis were age, preoperative NDI 
scores, preoperative SF-36 PCS and MCS scores, pre-
operative neck and arm pain scores, preoperative and 
change in overall cervical lordosis, and preoperative and 
change in segmental lordosis. 

Receiver operating characteristic curves were con-
structed to identify sagittal parameters that could 
predict achievement of MCID in HRQOL measures. 
Receiver operating characteristic curves assesses each 
potential threshold value in order to optimize sensitiv-
ity and specificity in differentiating between cohorts. 
Sensitivity refers to the ability of the threshold value to 
correctly classify patients achieving the NDI MCID of 
8 points of improvement. Specificity refers to the abil-
ity of the threshold to exclude those patients who did 
not achieve the NDI MCID. Receiver operating char-
acteristic curve accuracy is measured by the calculated 
area under the curve (AUC). AUC between 0.90-1.00 
is considered excellent, 0.80-0.90 good, 0.70-0.80 fair, 
0.60-0.70 poor, and 0.50-0.60 failed.21,22  

Results
One hundred one patients, 26 male and 75 female, with 
an average age of 52±9.6 years were included in the study 
(average follow-up, 39.8±19.8 months). Among these 
patients, 24 were smokers. Operative indications included 
spondylosis (29), herniated nucleus pulposus (21), non-
union (20), stenosis (12), adjacent level degeneration 

Table I. Operative Indication

Diagnosis                                            Frequency

Spondylosis 29
Herniated nucleus pulposus 21
Nonunion 20
Stenosis 12
Adjacent segment disease 7
Myelopathy 6
Instability 3
Radiculopathy 3

Table II. Operative Level(s)

Level            Single-level     Two-level    Three-level   Four-level

C2-C7    0   0   0   0
C3-C4    1   0   0   0
C3-C5    1   2   0   0
C3-C6    0   0   5   0
C3-C7    0   0   0   5
C4-C5    8   0   0   0
C4-C6    0 13   0   0
C4-C7    0   0 10   0
C5-C6  21   0   0   0
C5-C7    0 27   0   0
C5-T1    0   0   1   0
C6-C7    7   0   0   0
Total 38 42 16   5

Figure. (A) Preoperative cervical lateral radiograph with C2-C7 
measuring 2° of kyphosis (black line) and C5-C6 measuring 
5° of kyphosis (white line). (B) Postoperative cervical lateral 
radiograph with C2-C7 measuring 6° of lordosis (black line) and 
C5-C6 measuring 3° of lordosis (white line). This translates to 
an 8° increase in total cervical lordosis and segmental lordosis.
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(7), myelopathy (6), instability (3), and radiculopathy 
(3) (Table I). Operative levels, including single- (38) and 
multi-level (63) ACDF are detailed in Table II. 

Statistically significant improvement was observed in all 
patient-reported HRQOL measures from preoperative to 
2-years postoperative (Table III). Mean preoperative NDI 
score was 27.5, with a mean 2-year postoperative score 
of 21.7 (P<.001). Forty-five patients (44.6%) achieved 
an MCID in NDI. Mean SF-36 PCS scores improved 
from 31.9 to 33.6 (P = .06). Mean neck and arm pain 
scores improved from 7.4 and 6.2 to 5.1 (P<.001) and 4.1 
(P<.001), respectively.   

No statistically significant difference was observed 
between preoperative and 2-year postoperative radio-
graphic measurements. Overall cervical lordosis (C2-C7) 
averaged 6.7° preoperatively and 7.7° postoperatively  
(P<.39), while segmental lordosis averaged 0.9° preopera-
tively and 2.2° postoperatively (P<.13). 

No correlation between improvement in HRQOL scores 
and neutral upright cervical sagittal radiographic param-
eters was observed. Linear regression analysis identified 
only preoperative NDI score as predictive of 2-year post-
operative NDI score. Receiver operating characteristic 
curves were analyzed using the sensitivity and specificity 
of the index procedure achieving MCID in NDI scores dur-
ing the 2-year follow-up interval. A 2-year postoperative 
overall cervical lordosis of at least 6° predicted achieve-
ment of MCID in NDI with an AUC of 0.708.

discussion 
Proper global sagittal spinal alignment and balance 
is critical in maintaining an energy-efficient pain-free 
upright posture.3 One of  the principal goals of  spinal 
reconstructive surgery is restoration or maintenance of 
the physiologic global sagittal spine profile.9 Numerous 
reports have demonstrated improper sagittal alignment 
as a major source of  pain, disability, and poor health 
status.8,23-25 Although the focus has been on thoraco-
lumbar and lumbar regional alignment, recent attention 
to sagittal cervical spine alignment has increased.2,26,27

Cervical kyphosis or malalignment after ACDF has been 
associated with construct failure, decreased fusion rate, 
development of adjacent segment disease, and poor clini-
cal outcomes.7,8,28-30 However, to our knowledge, there are 
no studies that have specifically examined the correlation 
between sagittal cervical spinal alignment and validated 

patient reported HRQOL measures. In an assessment of pre-
dictive factors for long-term outcome after ACDF, Peolsson 
and Poelsson31 state that preoperative radiographic param-
eters, except for kyphosis, were insignificant as predictors 
of both short- and long-term outcomes (NDI and VAS) after 
ACDF. A prospective, randomized study with an average of 
3-year follow-up comparing the use of lordotic or parallel 
allografts during ACDF found no difference in the 2 groups, 
but maintained or increased segmental cervical lordosis was 
related to improved clinical outcome.32 To our knowledge, 
the current study is the first to investigate the correlation 
between neutral upright cervical sagittal alignment, overall 
and segmental, and HRQOL outcomes.  

No significant difference between pre- and postoperative 
cervical lordosis was observed in the current study. The lack 
of significant change in cervical lordosis is consistent with a 
cohort of mostly 1- and 2-level ACDFs, where the inherent 
goal of the procedure is not necessarily sagittal correction. 
All HRQOL measures showed significant improvement 
from baseline to follow-up at 2 years, but Spearman cor-
relation analysis revealed no significant correlation between 
improvement in patient-reported outcomes and cervical 
sagittal alignment. Preoperative NDI scores, as expected, 
were predictive of 2-year postoperative NDI scores.  None 
of the radiographic parameters were found to be predic-
tive of 2-year NDI scores. Although, biomechanically, it 
would presumably be ideal to mimic or achieve physiologic 
lordosis after cervical spinal reconstruction, as it appears 
small deviations are well tolerated, at least within our study 
parameters. Similarly, a multicenter, randomized controlled 
study investigating the use of dynamic versus rigid anterior 
cervical plates showed that a loss of up to 4.3° of segmental 
cervical lordosis had no correlation with NDI or VAS at 
2-year follow-up.33

Sagittal balance is known to be the most critical sagit-
tal parameter driving improvement in HRQOL measures.3 
Although all regional curves act together to optimize sagit-
tal balance, the cervical spine has a smaller contribution 
compared to the lumbar spine or pelvis. This is observed 
in a recent report investigating the use of the T1 sagittal 
angle as an estimate for sagittal vertical axis.34 The authors 
report that cervical alignment is not correlated with sagittal 
vertical axis, whereas pelvic incidence and lumbar lordosis 
are closely correlated. Also, Radcliff and colleagues35 dem-
onstrated that sagittal translational position of the cervical 
spine, as measured by the occipital condyle plumb line, 
correlated with patient-reported clinical outcomes after 
laminectomy and fusion, whereas angular alignment of the 
cervical spine did not.  

Given the observation that small deviations from 
physiologic cervical spine sagittal alignment are well tol-
erated after ACDF, an important issue is whether there is 
a critical threshold predicting improvement in HRQOL 
outcomes. MCID, well described in the literature, rep-
resents “the smallest change that is important to the 
patient.”  At 2-year follow-up, 44.6% of our population 
achieved MCID. Receiver operating characteristic curve  

Table III. Outcome Data 

Outcome
measure               Preoperative      Postoperative    P-value

Neck Disability Index 27.5 21.7 <.001
SF-36 PCS 31.9 33.6   .06
Neck pain   7.4   5.1 <.001
Arm pain   6.2   4.1 <.001

Abbreviation: SF-36 PCS, Short Form 36 Physical Composite Summary Score.
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analysis demonstrated that a cervical lordosis of at least 
6° was fairly predictive of achieving of MCID for NDI.  

Limitations of this study include its retrospective design. 
Ideally, evaluation of full-length spinal sagittal profile 
would be performed using standing 36-inch radiographs, 
although these studies are not routinely obtained as they 
offer inferior visualization of cervical graft incorporation. 
Another limitation is the relatively short-term follow-up. 
Small deviations in sagittal alignment that could lead to 
adjacent segment disease would likely be reflected in worse 
clinical outcomes at a longer follow-up interval.

 To our knowledge, this is the first study to specifically 
investigate the correlation between cervical spine sagittal 
alignment and patient-reported HRQOL clinical outcome 
measures. It is known that maintenance or restoration 
of cervical sagittal profile is important after ACDF. It 
appears that small deviations at 2-year follow-up are toler-
ated and are not the driving factor for patient-perceived 
improvement. Although no statistical correlation in the 
improvement of patient-reported HRQOL outcomes and 
neutral upright cervical spinal alignment was observed, 
achievement of at least 6° of overall cervical lordosis (C2 
to C7) appears to be important in obtaining a good clinical 
outcome after ACDF.   
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