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Over-correction of curvature cause
s the non-surgical curvature loss
in one- and two-level anterior cervical discectomy and fusion
Yingjun Guo, Hao Liu, Yang Meng, Chen Ding, Ying Hong, Beiyu Wang
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To the Editor: Cervical disc degenerative disease (CDDD)
is a common clinical spinal disease, which has a great
impact on the quality of life of middle-aged and elderly
patients.[1,2] Although it is challenged by advanced
surgical techniques, anterior cervical discectomy and
fusion (ACDF) is still the best choice for most patients
with CDDD.[3,4] In most cases, the focus of ACDF surgery
is “decompression.” However, for patients with pre-
operatively poor curvature, in addition to the decompres-
sion of the nerve to relieve symptoms, it is also vital to
improve the cervical curvature.[5]

Theoretically, ACDF will only change the curvature of the
surgical part, while the curvature of non-surgical segments
should not be affected, which means that the “correction
degree of the C2-7 Cobb angle” should be theoretically
equal to the “correction degree of the functional segment
unit (FSU).” However, we did observe that the curvature
of non-surgical segments of most patients was slightly
increased or unchanged compared with that before the
operation, whose clinical results were often relatively
ideal, while it was also noticed that some patients suffered
from a loss in the curvature of non-surgical segments. We
defined this phenomenon as “non-surgical curvature loss
(NSCL),” as shown in Figure 1A and 1B.

This study has institutional review board approval. A
total of 122 patients who suffered from a poor cervical
curvature, and were treated on a one- or continuous two-
level ACDF between C3-7 with Zero-P spacer from
October 2012 to June 2016 were consecutively included
in the study. The inclusion criteria for the present study
were clearly defined, as follows: (1) the patient’s
symptoms and radiological results were consistent with
the typical diagnosis of CDDD; (2) the patient’s pre-
operative C2-7 Cobb angle was <10°; (3) the patients
were successfully followed up at every time point; (4) no
other cervical surgery was performed during the follow-
up. One senior spinal surgeon performed all the surgical
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procedures using the standard ACDF technique with
proper Zero-P spacers (Synthes GmbH, Oberdorf,
Switzerland).

Lateral cervical radiograph examination was performed at
every follow-up time point. NSCL was calculated as
follows: NSCL= (post-operative Cobb angle of non-
surgical segments) – (pre-operative Cobb angle of non-
surgical segments). Simultaneously, the following items
would be finished at every follow-up time point: (1) visual
analog score (VAS) for arm (VAS-arm) and neck (VAS-
neck), respectively; (2) Japanese Orthopedic Association
(JOA) scale; (3) Neck disability index (NDI). The
diagnosis of adjacent segment degeneration (ASD) is
mainly determined by relevant clinical manifestations.
Intervertebral fusion is judged by computerized tomogra-
phy. Implant dislocation/subsidence is defined as ante-
roposterior translocation of an implant>3mmor a loss of
FSU height >3 mm compared with the outcome at the
initial post-operative follow-up.

The analysis was conducted using SPSS version 19.0
(SPSS, Chicago, IL, USA). The level of significance was set
at P< 0.05. Chi-squared analysis and unpaired t-test were
used, respectively, for categorical and continuous data
between groups, while paired t-test was used to compare
the data of the one group from different time points.
Pearson correlation tests were used to analyze the
correlation between data of different groups. Univariate
and multivariate logistic regression analyses were used to
screen and assess the risk factors for NSCL, with the
verification by characteristic receiver operation curves
(ROC). A statistical power with a significant level (alpha)
of 0.05 was calculated using the G-Power software
(version 3.1.9.4) when there was a statistical difference.[6]

All values were expressed in mean± standard deviation or
percentage.

A total of 122 patients (59 males and 63 females) met the
inclusion criteria, and agreed to accept one-level (n= 72)
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Figure 1: Typical case of patients with NSCL of one-level and two-level groups (A and B); correlation analysis between correction degree of surgical segments and C2-7 Cobb angle In
one-level and two-level groups (C and D); NSCL change during follow-up from one-level and two-level groups (E and F); VAS-arm and VAS-neck comparison between NSCL and non-NSCL
in the one-level group (G and H); VAS-arm and VAS-neck comparison between NSCL and non-NSCL in two-level group (I and J); ROC curve and cut-off point (K). NSCL: Non-surgical
curvature loss; ROC: Receiver operation curves; VAS-arm: Visual analog score (VAS) for arm; VAS-neck: Visual analog score (VAS) for arm (VAS-arm) and neck.
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or two-level (n= 50) ACDF. The mean age was
51.58± 12.69 years, and the average follow-up period
was 22.87± 3.15 months. Thirty-one patients suffered
from radiculopathy, 34 suffered from myelopathy, and 47
suffered from both of them.

The pre-operative C2-7 Cobb angle of one-level ACDF
was 4.05°± 5.18°, and at the final follow-up, it was
10.91°± 8.82° (P< 0.01). The pre-operative C2-7 Cobb
angle of two-level ACDF was 2.46°± 7.27°, and at the
final follow-up, it was 13.15°± 7.98° (P< 0.01). Further-
more, the pre-operative Cobb angle of the FSU in one-level
ACDF was� 2.04°± 6.28°, and at the final follow-up, it
was 3.07°± 5.03° (P< 0.01). The pre-operative Cobb
angle of the FSU in two-level ACDF was �1.02°± 7.14°,
and it was 8.66°± 6.99° at the last follow-up (P< 0.01). It
can be noticed that the cervical curvature in patients with
both one- and two-level ACDF significantly improved
after surgery. In addition, no further loss of cervical
curvature occurred after the patient’s improvement,
indicating that the cervical curvature was well-main-
tained.

As shown in Figure 1C and 1D, the results at postoperative
3 months were analyzed, and it was found that the
correlations in both one-level (r= 0.10, P= 0.41) and
two-level (r= 0.29, P= 0.04) ACDF were relatively poor,
indicating there is the mismatching. The data point on the
lower right of the diagonal line can be observed, that is,
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there are not a few patients with NSCL, with an incidence
of 37.5% (27/72) in patients with one-level ACDF and
48.0% (24/50) in patients with two-level ACDF while
there was no significant difference (P= 0.25). As shown in
Figure 1E and 1F, the degree of NSCL of both groups with
one- or two-level ACDF did not differ a lot among the
follow-up period and no cases were found to switch from
NSCL group to non-NSCL group.

As shown in Figure 1G–J, the VAS-arm and VAS-neck of
patients with NSCL were significantly higher than those of
non-NSCL patients, regardless of one- or two-levels, and
this difference lasted until the final follow-up. In the one-
level group, the recovery rateofVAS-neck (70.0%± 40.6%
vs. 47.0%± 48.4%, P= 0.04) was higher in patients
without NSCL. In the two-level group, the recovery rates
of VAS-arm (81.7%± 28.5% vs. 52.1%± 43.9%,
P< 0.01) and VAS-neck (81.7%± 31.9% vs. 52.2%±
47.1%, P= 0.01) were both higher in patients without
NSCL. The other indicators including NDI and JOA
showed no differences between groups. This result suggests
that the presence of NSCL may have a negative impact on
the recovery of radiculopathy.

For short-term complications, we found that at the 3
months post-operatively, there were no differences of
incidences of dysphagia between patients with NSCL and
without NSCL (one-level, 2.2% vs. 3.7%, P= 0.71; two-
level, 7.7% vs. 4.2%, P= 0.60), infection (one-level, 0 vs.
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0; two-level, 0 vs. 0), dysphonia (one-level, 0 vs. 0 two-
level, 0. vs. 4.2%, P= 0.29). For long-term complications,
we observed at the final follow-up that the presence of
NSCL did not affect the incidence of related complica-
tions, including ASD (one-level, 4.4% vs. 3.7%, P= 0.93;
two-level, 3.8% vs. 4.2%, P= 0.95), non-fusion (one-
level, 2.2% vs. 0, P= 0.44; two-level, 0 vs. 4.2%,
P= 0.29), implant dislocation/subsidence (one-level, 0
vs. 0; two-level, 0 vs. 0).

We firstly conducted a univariate factor analysis for NSCL
and four potential risk factors including “operation time,”
“pre-operative C2-7 curvature,” “pre-operative FSU cur-
vature,” and “change of FSU curvature at 3 months” were
confirmed by using “P< 0.20” as the standard. Put the
above independent variables into the multivariate Logistic
regression analyses model, while “pre-operative C2-7
curvature” and “change of FSU curvature at 3 months”
have a significant correlationwith the occurrence ofNSCL.
Further, we build the ROC curves for the efficiency of the
above factors in predicting the occurrence of NSCL,
respectively, as shown in Figure 1K, and calculate the area
under the curve (AUC) to verify the predictive values.
“ChangeofFSUcurvature at3months”hasa certaindegree
of predictive value for the occurrence of NSCL
(AUC= 0.70, P< 0.01), while the cut-off point was 8.62°
(sensitivity= 0.45, 1-specificity= 0.10): if the correction of
FSU is >8.62°, the risk of NSCL is significantly increased
post-operatively. The treatment of CDDD focuses on
relieving neurological symptoms and reconstructing the
spinal structure.[7] The ways to relieve neurological
symptoms are similar, while the reconstruction of the
spinal structure differs from person to person, and there are
great differences among patients, which require physicians
to treat each patient’s unique “personality” separately.

The poor curvature of the cervical spine is a common
clinical condition, and for these patients, the “reconstruc-
tion of the spinal structure” is really important.[8] The
correction of the cervical curvature is mainly achieved by
reconstructive surgery. With the incidence of 37.5% in
one-level ACDF and 48.0% in two-level ACDF, NSCL is
not a rare phenomenon.

As mentioned, we compared a lot of data from the two
groups of patients. The result shows that operation time,
pre-operative C2-7 curvature, pre-operative FSU curva-
ture, and change of FSU curvature at 3 months may be
related to the occurrence of NSCL. A smaller “pre-
operative FSU curvature” leads to a higher risk of NSCL,
which is easier to understand because the surgeon is more
likely to correct the curvature of the FSU of this group of
patients. And “pre-operative C2-7 curvature” shows the
baffling opposite result, which I personally believe is a
distraction for false positives. In addition, although not
included in this study due to the lack of intra-operative
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imaging data, we believe that the placement of the
operative position may also influence the occurrence of
NSCL: pre-operative fixation of the cervical spine in the
hyperextension position should not be overdone to
prevent overcorrection of the surgical levels. This means
that, presently, “change of FSU curvature at 3 months” is
the only factor with statistical significance that can
reasonably explain the occurrence of NSCL.

For patients with poor cervical curvature before surgery,
ACDF is a very effective surgical method. However,
during ACDF surgery, the over-correction in the curvature
of the FSU may cause the occurrence of NSCL, which may
affect the recovery of the symptoms of upper limb pain and
neck pain.
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