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Objective : Accurate measurement of T1 slope (@ component of T1s minus cervical lordosis [CL]) is often constrained by anatomical
limitations. In this situation, efforts should be made to find the exact meaning of T1s-CL and whether there are any alternatives to it.

Methods : We enrolled 117 patients who received two-level anterior cervical discectomy and fusion (ACDF). Occipital slope, C2
slope (C2s), C7 slope (C7s), T1, 0-C2 angle (0-C2A), C2-7 angle (C2-7A), O-C7 angle (0-C7A), T1s-CL, C7-T1 angle (C7-T1A), and C2-7
sagittal vertical axis were measured. We determined 16° (T1s-CL) as the reference point for dividing subjects into the mismatch
group and the balance group, and a comparative analysis was performed.

Results : The mean value of C7-T1A was constantly maintained within 2.6° peri-operatively. In addition, C2s and T1s-CL showed the
same absolute change (A|0.8]°). The mean values of T1s-CL of the mismatch and balance groups were 23.0° and 7.6°, respectively.
The five factors with the largest differences between the two groups were as follows : C2s (A13.3°), T1s-CL (A15.4°), 0-C2A (A8.7°),
C2-7A (A14.7°), and segmental angle (A7.9°) before surgery. Only four factors showed statistically significant change between the
two groups after ACDF : T1s-CL (A4.0° vs. A0.2°), C2s (A3.2° vs. A0.7°), 0-C2A (A2.6° vs. A1.3°), C2-7A (A6.3° vs. A1.3°). A very strong
correlation between T1s-CL and C2s was also found (r=|0.88-0.96|).

Conclusion : C2s itself may be the essential key to represent T1s-CL. The amounts and directions of change of these two factors
(T1s-CL and C2s) were also almost identical. The above phenomenon was re-confirmed once again through the correlation analysis.
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INTRODUCTION

gical strategy (surgical approach or instrumentation level) and

in predicting clinical prognosis (adjacent segmental disease)

6,7,17,24

Understanding the cervical sagittal balance has always been after surgery . In line with the perception of the impor-

very important to spine surgeons, due to its great influence on
the clinical outcomes in cervical spine surgery. Actually, cer-

vical balance also plays an important role in determining sur-
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tance of cervical balance itself, many different radiologic fac-
tors have been proposed and evaluated for their usefulness'.

Recently, after the concepts of the thoracic inlet angle (simi-
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lar to pelvic incidence in the thoracolumbar spine) and T1
slope (T1s) had been established, another derived factor (T1s
minus cervical lordosis [CL]) has also been viewed as an es-

15,25,26

sential parameter'™*®. Although the usefulness of the above
radiological parameters has been proven in many previous re-
ports, the accurate measurement of T1s is not usually easy for
many patients, due to their short necks or obstruction of
shoulder shading™. Therefore, there is a fundamental limit to
the general application of these good cervical parameters to all
patients. The reliable way to identify the change of spine bal-
ance and to evaluate the usefulness of a specific radiologic pa-
rameter can be determined through the cervical spine opera-
tion. Generally, anterior cervical discectomy and fusion
(ACDF) is the most widely performed procedure in cervical
spondylosis patient. Therefore, we aimed to define the clinical
significance of T1s minus CL (T1s-CL) in the patients who
underwent ACDF.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board
of St. Vincent Hospital, The Catholic University of Korea
(VCI9RISI0232).

Study patients

A retrospective analysis of radiological parameters was per-
formed with 117 patients, who received two-level ACDF (C4-
5-6 or C5-6-7) by two senior spine doctors (J.T.H. and L.S.K.)
from January 2010 to December 2018. All cases had degenera-
tive pathologic origins (herniation nucleus pulposus, spinal
stenosis, and spondylosis) and allograft plate systems were ap-
plied to all patients. We excluded patients with prior cervical
spine surgery, major trauma, infectious disease, tumor origin,
and congenital deformity. Moreover, we excluded some other
patients, who underwent ACDF with a stand-alone cage, an-

chored cage, or total disc replacement construct.

Radiographic measurements
X-ray scan of neutral cervical spine was conducted with up-

Fig. 1. Parameters measured before (A) and after surgery (B). The slope angle was measured with a horizontal line and a specific reference line at each
cervical level : McGregor line (occipital slope), lower endplate of C2 body (C2 slope), lower endplate of C7 body (C7 slope), upper endplate of T1 body (T1
slope), upper segmental slope (USS), lower segmental slope (LSS). C2-7SVA (distance between the C2 plumb line and the superior posterior corner of C7
body), cranio-vertebral angle (CVA; the angle between the connecting line from the EAC to the distal tip of the spinous process of C7 and the horizontal line.
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right neutral standing position with patients receiving guid-
ance on maintaining a comfortable straight horizontal gaze.

The radiographic parameters were the occipital slope (Os),
C2 slope (C2s), C7 slope (C7s), T1s, O-C2 angle (O-C2A),
C2-7 angle (C2-7A), O-C7 angle (O-C7A), T1s-CL, cranio-
vertebral angle (CVA; the angle between the connecting line
from the external auditory canal to the distal tip of the spi-
nous process of C7 and the horizontal line), upper segmental
slope (USS), lower segmental slope (LSS), segmental angle
(SA), and C2-7 sagittal vertical axis (C2-7SVA; distance be-
tween the C2 plumb line and the superior posterior corner of
C7 body), and these were measured pre- and postoperatively
(Fig. 1). The slope angle was basically measured with a hori-
zontal line and a specific reference line at each cervical level :
McGregor line (Os), lower endplate of C2 body (C2s), lower
endplate of C7 body (C7s), upper endplate of T1 body (T1s),
upper endplate of C4 body (C4USS, ACDF C4-5-6), upper
endplate of C5 body (C5USS, ACDF C5-6-7), lower endplate
of C6 body (C6LSS, ACDF C4-5-6), and lower endplate of C7
body (C7LSS, ACDF C5-6-7). The angular values were calcu-
lated with two different slope lines : O-C2A (Os and C2s), C2-
7A (C2s and C7s), O-C7A (Os and C7s), SA (USS and LSS),
and T1s-CL (T1s minus C2-7A).

All radiological measurements were conducted with a pic-
ture archiving and communication system (m-view 5.4.; Ma-

rosis Technologies, Inc., Seoul, Korea). The slope angle was
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positive when the specific line was oriented upward from the
horizontal line, and lordosis was defined as a positive value.
The difference in values before and after surgery was denoted
as 4 for each radiologic parameter. We conducted sub-group
analysis according to the pre-operative state of T1s-CL, and
we subdivided all patients into two different groups (the mis-
match group and the balance group). We used 16 degrees
(T1s-CL) as the reference point for dividing cases into the

Mismatch group and Balance group.

Statistics

We performed statistical analyses using the Wilcoxon
signed rank test or paired t-test, unpaired t-test, and Pearson
correlation analysis using SAS ver. 9.4 (SAS Institute INC.,,
Cary, NC, USA) in this study. Statistical significance was set at
p=<0.05.

RESULTS

Whole patients

The mean patient age was 55.848.5 (range, 32 to 80) years
old, and there were 65 men and 52 women. The distribution of
fusion index levels was 53 patients at C4-5-6 and 62 patients at
C5-6-7.

Almost every value of the changes in sagittal parameters

Table 1. Changes in radiological parameter values before and after two-level anterior cervical discectomy and fusion

Variable Pre-operation Post-operation Difference value (A) p-value
Occipital slope (°) 7.2+6.1 6.7+5.5 -0.5 0.36
(2 slope () -9.7£9.0 -89+76 0.8 018
(7 slope (°) -199+7.5 -21.748.1 -1.8 <0.01
T1 slope (°) 224474 -24.3+79 -19 <0.001
T1s-CL (%) 119494 10.749.3 -0.8 0.54
0-C2angle () 16.9+£9.0 15.6£7.2 -13 <0.01
C2-7 angle () 10.4+109 12.7410.6 23 <0.01
0-C7 angle (°) 270%9.3 28.2+9.0 1.2 0.12
Segmental slope, upper (°) -15.0+6.6 -13.546.3 1.5 <0.01
Segmental slope, lower (°) -18.148.1 -19.8+84 -1.7 <0.01
Segmental angle (°) 31474 6.4+7.0 33 <0.001
Cranio-vertebral angle (°) 63.5+5.7 61.3+134 2.2 <0.05
(2-7 sagittal vertical axis (mm) 18.8+12.1 19.5411.7 0.7 041

Values are presented as meanz+standard deviation or number. T1s-CL: T1 slope minus cervical lordosis
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was less than 3.3° (JSA, 3.3% JC2-7A, 2.6% AC7s, 1.8°% ACTs, the upper cervical angle (O-C2A) and lower cervical angle
1.8% ATls, 1.8% 40O-C7A, 1.2°% 40-C2A, 1.3% and JCVA, (C2-7A) were significantly changed, the whole cervical angle
1.7°), and 4 C2-7SVA was 0.7 mm after 2-level ACDF in whole (O-C7A) was not statistically different (p=0.12). The C2s, T1s-
patients (Table 1). All parameters related to the surgical index CL, and C2-7SVA values did not show significant changes af-
level (USS, LSS, and SA) were changed at a statistically signifi- ter the operation.

cant level, and all lower cervical parameters (C7s and T1s) also

showed statistically significant changes after ACDF. Although

Table 2. The difference in sagittal balance between the mismatch and the balance groups in the pre-operative state

Pre-operation Mismatch group Balance group Difference value (A) p-value
Occipital slope (°) 29+4.6 74454 4.5 <0.01
C2 slope () -19.1+4.6 -5.846.5 133 <0.01
(7 slope (°) -20.1+8.3 214482 -13 0.74
T1 slope (°) -239473 23.648.1 0.6 0.20
T1s-CL (°) 23.0+5.7 76+69 -154 <0.01
0-C2 angle (°) 22.0£6.0 13.3£7.0 -8.7 <0.01
C2-7 angle (°) 1.0+£94 15.7£10.1 14.7 <0.01
0-C7 angle (°) 23.0£9.5 28.8+9.2 5.8 <0.05
Segmental slope, upper (°) -18.4+5.8 -13.0+£5.8 54 <0.01
Segmental slope, lower (°) -17.7+8.8 -19.8+8.7 2.1 0.90
Segmental angle (°) -09+76 70+7.2 79 <0.01
Cranio-vertebral angle (°) 59.5+4.2 62.0+16.6 2.5 <0.01
C2-7SVA (mm) 26.2+9.6 15.6+8.9 -11.6 <0.01

Values are presented as mean+standard deviation or number. T1s-CL : T1 slope minus cervical lordosis, C2-7SVA : C2-7 sagittal vertical axis

Table 3. The measured value of each parameter in the mismatch and balance groups

. Mismatch group Balance group p-value
Variable ; 5 1 2
Pre-OP Post-OP A'/p-value Pre-OP Post-OP A*/p-value (A vs. A)
Occipital slope (°) 29+4.6 3.5+4.6 0.6/0.98 8357 74+54 -0.9/0.48 0.58
C2 slope () -19.1+4.6 -15.9+46.1 3.2/<0.01 -5.1+6.3 -5.8+6.5 -0.7/0.62 <0.01
(7 slope (°) -20.148.3 -23.2493 -3.1/<0.05 -19.5+7.6 214482 -1.9/<0.01 040
T1 slope (°) 239473 -26.3+8.3 -24/<0.05 21.8+74 -23.618.1 -1.8/<0.01 0.80
T1s-CL (%) 23.0+£5.7 19.0+9.0 -4.0/<0.05 74+6.4 76+6.9 -0.2/0.51 <0.05
0-C2 angle (°) 22.0+6.0 194+6.3 -2.6/<0.01 13.54£8.2 13.3£7.0 0.2/0.47 <0.05
C2-7 angle () 1.0+£94 73%11.7 6.3/<0.05 144499 15.7410.1 1.3/0.10 <0.05
0-C7 angle (°) 23.0£9.5 26.7£99 3.7/0.08 279491 28.849.2 0.9/0.14 0.27
Segmental slope, upper (°)  -18.4+5.8 -16.3£6.6 2.1/<0.05 -13445.5 -13.0£5.8 0.4/0.50 01
Segmental slope, lower (°) -17.748.8 -20.84£9.3 -3.1/<0.05 -17.6£79 -19.8+£8.7 -2.2/<0.01 0.66
Segmental angle (°) -09+76 45476 54/<0.01 41474 70172 2.9/<0.05 0.20
CVA (°) 59.5+4.2 59.3+5.1 -0.2/0.78 65.3+4.9 62.0+16.6 -3.3/<0.05 0.31
C2-7SVA (°) 26.249.6 256+11.5 -0.6/0.48 14.6+84 15.6+89 1.0/0.24 0.16

Values are presented as mean+standard deviation unless otherwise indicated. OP : operation, T1s-CL : T1 slope minus cervical lordosis, CVA : cranio-
vertebral angel, C2-7SVA : C2-7 sagittal vertical axis
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Sub-group analysis

Table 2 shows the differences in sagittal balance between
the mismatch and balance groups before surgery. The mean
difference values between the two groups were as follows : Os
(44.5%), C2s (413.3%), T1s-CL (415.4°), O-C2A (48.7°), C2-
7A (414.7°), O-C7A (45.8°), USA (45.4°), SA (47.9°), CVA
(42.5°), and C2-7SVA (411.6 mm). Two lower cervical slopes
(C7s and Tls) and LSS were not statistically different between
the two groups.

After surgery, the change of cervical sagittal parameters was
much different between the mismatch and balance groups
(Table 3). The change values of most factors were much bigger
in the mismatch group than in the balanced group : T1s-CL
(A44.0° vs. 40.2°), C2s (A43.2° vs. 40.7°), O-C2A (A42.6° vs.
A1.3%), C27A (46.3° vs. 41.3%), USS (J2.1° vs. 40.4%), LSS
(43.1° vs. 42.2°), and SA (45.4° vs. £42.9°). Although the
changes in C7s and T1s were statistically significant in both
groups, the absolute difference value was much larger in the
mismatch group (C7s: £3.1°vs. /1.9°and Tls: 42.4°vs. 41.8°).
Only the change in CVA (0.2° vs. 3.3°) was much bigger in the
Balance group than in the Mismatch group. Only four param-
eters (C2s, T1s-CL, O-C2A, and C2-7A) showed the statisti-

cally significant changes between the two groups after surgery.

Correlation analysis

Table 4 shows calculated correlation scores between the five
important radiological factors (C2s, T1s-CL, C2-7A, T1s, and
C7s) and all the other radiological factors before and after sur-
gery. Overall, most factors maintained similar statistical cor-
relations before and after surgery, except for CVA. C2s and
T1s-CL showed very similar correlation patterns and scores
with all other radiological factors and very high correlation
scores (r=-0.96 and r=-0.88) with each other. These two fac-
tors were statistically correlated with Os, O-C2A, C2-7A, USS,
SA, CVA, and C2-7SVA, but did not show statistical correla-
tion with the other three factors (C2s, C7s, and LSS) peri-op-
eratively. C2-7A was statistically correlated with all (r=]0.20-
0.71]) but one factor (USA, r=0.13) before surgery. However,
three other factors (Os, CVA, and C2-7SVA) did not show sta-
tistical correlation with C2-7A after surgery. C7s and T1s also
showed very similar correlation patterns and scores with all
other radiological factors and very high correlation scores
(r=0.91 and r=0.94) with each other. Two lower cervical param-
eters (C7s and T1s) were statistically correlated with C2-7A,

Table 4. Correlation analysis among radiologic parameters

C2s C7s T1s T1s-CL 0-C2A C2-7A 0-C7A uss LSS SA CVA C2-7SVA

Os

Pre-OP

0.09 0.08 -0.96* -0.77* 0.72% 0.13 0.55% 0.14 0.34* 0.67% -0.71%

1

0.34*

C2s
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*Statistical significance (p<0.05). Os : occipital slope, C2s : C2 slope, C7s : C7 slope, T1s : T1 slope, T1s-CL : T1 slope minus cervical lordosis, O-C2A : O-C2 angle, C2-7A : C2-7 angle, O-C7A : O-C7

angle, USS : upper segmental slope, LSS : lower segmental slope, SA : segmental angle, CVA : cranio-vertebral angle, C2-7 SVA : C2-7 sagittal vertical axis, OP : operation
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O-C7A, USS, LSS, SA, and C2-7SVA. However, these factors
were not correlated with upper cervical parameters (Os, C2s,
and O-C2A) and T1s-CL peri-operatively.

DISCUSSION

The ideal approach for the evaluation of cervical sagittal
alignment may be through major cervical deformity patients;
however, these cases are very rare compared to thoracolumbar

#1926 Therefore, we assumed that the next

deformity cases
best thing is to evaluate sagittal alignment with the most
widely used procedure and disease. As we know, ACDF is the
most common and widely performed procedure for cervical
spondylosis. Recently, some previous reports have been pub-
lished for the same purposes as ours, and the results showed
that ACDF can influence the change of spine alignment re-
gionally (cervical spine) or globally (whole spine)*”. Moreover,
as described in our previous report (n=61, conducted at a dif-
ferent institution), the cervical alignment change after ACDF

was variable and dependent on whether or not pre-operative

e: -17°, C7 slope: -24°, C7-T1A:3° C2-TA: T

segmental kyphosis existed"”.

Previous studies also revealed some important factors about
sagittal balance analysis. First, the use of a plate construct may
induce better sagittal alignment change than using a cage-
alone technique. Second, more obvious sagittal alignment
changes occur in two-level ACDF than in one-level ACDF™".
In an effort to leverage the above phenomenon, we selectively
conducted our study with two-level ACDF and only with pro-
cedures using a plate (allobone spacer) system to maintain
consistency of biomechanical effects™.

In the present study, two-level ACDF induced statistically
significant changes of many radiological factors (C7s, T1s,
0O-C2A, C2-7A, USS, LSS, SA, and CVA). However, other fac-
tors (Os, C2s, T1s-CL, O-C7A, and C2-7SVA) did not show
significant changes after ACDE. Although correlation analysis
may be more precise to estimate the relationships among
many radiological factors, the grasp of directional or numeri-
cal changes of each parameter can also give us some clues to
estimate relationships between specific parameters. From this
point of view, the directions and numerical changes between
C7s and T1s were very similar (</-1.8° vs. £/-1.9°), and C2s and

' slope: -6°, C7 slope:-20°, C7-T1A:3° C2-7A:14°

AT1s-CL: 12, A C2 slope: -12°, A C7 slope: &',
A C7-TIA:0°, AC2-7A:7°

Fig. 2. Example of sagittal alignment changes after ACDF (A and B) in mismatch group patients (T1s-CL, 20). Two levels ACDF induced improvement of
cervical lordosis (C2-7A) and T1s-CL (20—8). Because, C7-T1A remained constant with a small difference (3°), the difference value between T1s-CL and C2
slope was also maintained constantly. ACDF : anterior cervical discectomy and fusion, T1s-CL : T1 slope minus cervical lordosis, C2-7A : C2-7 angle, C7-

T1A:C7-T1 angle.
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T1s-CL also showed the same absolute change value (]0.8|°).
Like our previous report, there was a close association in di-
rectional nature between T1s and C7s and these two parame-
ters did not significantly differ in some previous reports"'*.

T1s-CL has been recognized as an important factor, which
might affect cervical balance and clinical symptoms'”. Some
previous papers insisted not to exceed a certain T1s-CL value
(14.5°-26.5°) to prevent malalignment and the worsening of
clinical results. Moreover, some other reports showed the nor-
mal value of T1s-CL from 15.8° to 22.2°>>'**", Therefore, we
selected 16° as the reference value of T1s-CL for dividing pa-
tients into two groups (mismatch group : 23.0° vs. balance
group : 7.6°) in this study, as most patients did not show any
major deformity””,

When we compared the two groups (mismatch vs. balance),
there were statistically significant differences in most factors,
excepting three radiological factors (C7s, T1s, and LSS). Ana-
tomically, LSS was measured in the lower cervical vertebrae
(C6 or C7), so the difference in lower cervical slopes may not
be a decisive element of mismatch. Rather, the factor with the
large difference value between the two groups may be the def-
inite one in determining a mismatch. Therefore, we came to
the conclusion that C2 (£13.3°) and C2-7A (414.7°) should
be the most decisive factors for representing a mismatch.
Moreover, since the value of C2-7A is obtained by the differ-
ence value between C2s (significantly different between the
two groups) and C7s (insignificantly different between the
two groups), C2s will ultimately be the most important factor.

We tried to prove the above phenomenon analytically and
interpreted the T1s-CL formula as below. Because usually T1s
and C7s are represented as negative values in this study, the
T1s-CL formula can be interpreted as |T1s|-(C2s-C7s) or |T1s|-
C2s+C7s. As a result, T1s-CL value is determined by two fac-
tors (C2s and C7-T1 angle [C7-T1A]). At this stage, it should
be necessary to understand the aspect of the C7-T1A. The
mean difference value of C7-T1A was less than 2.6° and was
maintained constantly pre- and postoperatively in this study.
Moreover, only seven patients (7/117, 5.9%) had a C7-T1A
greater than 6° before surgery. If we consider that C7-T1A was
a constant value (about 3°) in most patients, the most influen-
tial factor in determining sagittal mismatch will be C2 itself
(Fig. 2).

The patterns of change between the two groups after the

ACDF procedure were very different. ACDF induced upward

The Meaning of T1s-CL | Lee HJ, et al.

movement of C2s (£3.2°) and downward movement of C7s
(43.1°); thus, CL was much improved in the mismatch group.
Two segmental factors (USS : £2.1° and LSS : £-3.1°) also
showed similar change patterns. However, in contrast to the
mismatch group, upward movement of C2s or USS did not
occur in the balance group. We can also observe the smaller
downward movement of C7s and LSS (4-1.9° and £-2.2°) in
the balance group. Although the ACDF procedure itself has
enough ability to correct regional or overall cervical deformi-
ty, the alignment change after ACDF was not very influential
to well-balanced patients. The above results are in line with
our previous study"”.

In addition, looking at the change between the pre- and
post-operative differences between the two groups, only four
factors (C2s, T1s-CL, O-C2A, and C2-7A) showed statistical
significance. If we think about C2s again, the other three fac-
tors (T1s-CL, O-C2A, and C2-7A) are closely related to C2s.
As we said earlier, T1s-CL can be represented as C2s, and the
other cervical angles (O-C2A and C2-7A) were fundamentally
measured with C2s. As a result, all changes of sagittal align-
ment may be related to C2s and represented as changes in C2s.

The close relationship between T1s-CL and C2s can be also
confirmed by Pearson correlation analysis (r=-0.96 before
surgery; r=0.88 after surgery). Moreover, these two factors

showed very similar relationship patterns with other radiolog-

— (25
— T1s-CL
—— (2-7A
—_—Tls
— (7S

T1s-CL

Fig. 3. This figure shows that the degree and trend of correlation among
variable cervical radiologic parameters (occipital slope [Os], C2 slope
[C2s], C7 slope [C7s], T1 slope [T1s], T1 slope minus cervical lordosis [T1s-
CL], C2-7 angle [C2-7A], cranio-vertebral angle [CVA], C2-7 sagittal vertical
axis [C2-7SVA]) in Table 4 (pre-operation). T1s-CL and C2s have very
similar degrees and trends of correlation with other parameters and C7s
and T1s also show very similar patterns of correlation.
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ical factors. First, C2 and T1s-CL were not statistically related
to the lower cervical slopes (C7s, T1s, and LSS). Some previous
reports have also demonstrated that there is no significant

21 . .
) This is because, as ex-

correlation between T1s and T1s-CL
plained earlier, T1s-CL is just a representation of C2s. Second,
C2 and T1s-CL (r=|0.60-0.71|) are more closely related to the
SVA than are the other three factors (C2-C7A, C7s, and T1s,
r=[0.28-0.31|). Generally, C2-7SVA is recognized as an impor-
tant indication of clinical and radiological malalignment;
therefore, it is very important to identify the most relevant
factors to the SVA. Kwon et al."” showed that SVA after two-
level ACDF was affected more significantly by C2-7A than
Tls. The above result is very similar to our present result.
Third, these two factors (C2 and T1s-CL) did not statistically
correlate to the lower cervical slopes (C7s and T1s). In other
words, the lower cervical slopes (C7s and T1s) were indepen-
dent of the upper cervical slopes (C2s or Os) but were closely
related to each other (r=0.91-0.94).

Through the correlation analysis, we found that C2-7A is
most widely associated with many other radiological factors
(Fig. 3). This is because the C2s reflects the upper cervical seg-
ment (Os and T1s-CL) and the C7s reflects the lower cervical
segment (LSS and T1s). Therefore, measuring two absolute
parameters (C2s and C7s) separately will help us to under-
stand the overall cervical sagittal balance, rather than measur-
ing C2-7A (relative parameter) using Cobb’s method.

Our study has three limitations. First, the present study did
not include clinical data that can be used to estimate the in-
fluence of sagittal balance on clinical symptoms. We assumed
that the clinical outcome of ACDF may depend on the well
nerve decompression rather than the cervical balance itself, as

11,13,24 . .
' Second, we did not include

described in other reports
cases involving C7-T1 level, which might significantly change
C7-T1A. At this time, there were very few cases involving C7-
T1; however, further analysis of the C6-7-T1 ACDF will be
meaningful. Third, we also need to see if the present findings

will be consistent with the posterior cervical operation.

CONCLUSION

Generally, the incidence of major deformity pathology is
very low; therefore, it may be unreasonable to apply ambigu-

ous (Tl-related) parameters to minor or relatively well-bal-

920 https:/doi.org/10.3340/jkns.2021.0011

anced cervical pathology routinely. Through the actual clini-
cal analysis and arithmetical interpretation of formulas, we
can conclude that the T1s-CL may just represent the C2s.
However, C2s has little correlation with lower cervical param-
eters (C7s and T1s). Therefore, if we can recognize C7s as a
substitute for T1s, just measuring C2s and C7s will give us a
good guideline for understanding the overall cervical balance
in ACDF patients. These two parameters (C2s and C7s) should
be more easily measurable than T1-related parameters for es-

timating cervical sagittal balance.
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