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ABSTRACT

Introduction. Retrospective study to assess correlation between the sagittal alignment of the cervical spine and the long-term 
outcomes of long cervical fusion due to cervical spondylotic myelopathy (CSM), with the emphasis on T1 slope minus cervical 
lordosis (T1S-CL). 

Summary of background data. Growing evidence shows that the sagittal profile can play a major role in the outcomes of 
treatment, but the role of its correction is yet to be established. 

Material and methods. We conducted a retrospective analysis of 54 patients treated for CSM from 2006 to 2012. The neck 
pain-related disability was measured using NDI, the myelopathy was measured with the mJOA and Nurick scales. Six years after 
the surgery, standardised X-ray measurements were obtained, including C2–C7 lordosis (CL), C2–C7 sagittal vertical alignment 
(SVAC2-C7), T1 slope (T1S), and T1S minus CL (T1S-CL). The patients were divided based on the T1S-CL into two groups, using 
the threshold value of 16.5 degrees.

Results. A statistically significant improvement was noted in the mean NDI, mJOA, and median Nurick scale during the initial 
two years in both groups. The better aligned group had a better outcome measured with NDI at all follow-ups. The mJOA was 
significantly better in the better aligned group, but only preoperatively; at all follow-ups, the difference was not significant. 
T1S-CL had the strongest correlation with the NDI at the final follow-up. 

Conclusions. T1S-CL is an effective prognostic factor of the long term outcome after long cervical fusion in CSM treatment.
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Introduction

There is substantial evidence that the sagittal spinal balance 
is correlated with the health-related quality of life (HRQOL) 
[1] in the lumbosacral segment. The key parameters for de-
scribing the global spinal alignment include lumbar lordosis, 

sacral slope, pelvic incidence, pelvic tilt, and thoracic kyphosis 
[2]. Of these, pelvic incidence-lumbar lordosis (PI-LL: PI 
minus LL) mismatch has been identified as a major predictor 
of surgical outcomes [3]. Similar parameters have also been 
established in the cervical spine. Recently, another parameter, 
T1 slope minus cervical lordosis (T1S-CL) as equivalent to the 
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lumbar PI-LL, has been under intensive focus [4]. Moreover, 
T1S-CL has been shown to correlate negatively with the sever-
ity of myelopathy [5] and preoperative HRQOL [6]. A recent 
article by Staub et al. [7]  has identified 16.5 ± 2 degrees as 
a normative value for this parameter.

Cervical spondylotic myelopathy (CSM) is the most com-
mon progressive spinal cord disorder in patients > 55 years 
[8]. Current evidence shows that spinal malalignment exerts 
a vital role in the pathomechanism of CSM [9] and affects 
the outcome of surgical treatment [10]. In addition, surgical 
treatment often requires long fusion with decompression, and 
hence proper sagittal balance is a critical issue.

Some studies have demonstrated a correlation between 
HRQOL and sagittal alignment; however, the long-term  
(> 5 years) data has not yet been reported. The present study 
aimed to evaluate the sagittal cervical alignment with emphasis 
on T1S-CL in the long-term (6 years) outcomes of long fusion 
surgery for CSM.

Material and methods

The Ethics Committee of the Medical University of Lublin 
approval was obtained prior to accessing patient medical re-
cords; the need for the patient’s informed consent was waived. 
A retrospective analysis of clinical outcomes and sagittal 
radiographic parameters was performed for patients who had 
undergone multilevel (≥ 4 levels) posterior cervical surgery 
from 2006–2012, either single-stage posterior only or com-
bined 360° fusion. They were all operated by a single surgeon 
[WJ]. In all cases, the indication for surgery was CSM, and the 
subjects underwent a follow-up evaluation of clinical outcomes 
at two, four, and six years. Each patient was subjected to stand-
ing radiographic measurements at a minimum of six years after 
surgery, and the data was obtained using a standard lateral 
cervical X-ray protocol [11]. The patients were instructed to 
look straight ahead in a neutral position with knees flexed and 
hands hanging freely by the side of their body. This protocol 
was strictly followed in each case. The following parameters 
were assessed (Fig. 1): (1) C2–C7 lordosis (CL), (2) C2–C7 sag-
ittal vertical alignment (SVAC2-C7), (3) T1 slope (T1S), and (4) 
T1S minus CL (T1S-CL). CL was measured according to the 
sagittal Cobb angles between the lines drawn parallel to the 
inferior endplates of the C2 and C7 vertebral bodies. SVAC2-

C7 was defined as the distance between the C2 plumb line and 
the posterior-superior endplate of C7. T1S is an angle between 
the line parallel to the superior endplate of T1 and the horizon-
tal line. T1S-CL is a mathematical difference between CL and 
T1S. The degree of cervical deformity was evaluated using the 
ISSG classification [12]. In this scale, four factors are taken into 
account: SVAC2-C7, Chin-Brow Vertical Angle (CBVA), T1S-CL, 
and the severity of myelopathy measured with a modified JOA 
(mJOA) scale. In order to assess the functional disability due 
to CSM, the Nurick [13] classification, as well as the modified 

Figure 1. Visual representation of technique used to measure 
cervical sagittal parameters. CL was measured according to sagit-
tal Cobb angles between lines drawn parallel to inferior endplates 
of C2 and C7 vertebral bodies. SVAC2-C7 was defined as distance 
between C2 plumb line and posterior-superior endplate of C7. T1S 
is an angle between line parallel to superior endplate of T1 and 
horizontal line

JOA (mJOA) scale, was used [14]. The myelopathy recovery 
rate (RecR) was calculated using the formula: (postoperative 
JOA−preoperative JOA)/18−preoperative JOA) × 100 [15]. 
The health-related quality of life was evaluated using the neck 
disability index (NDI) [16]. 

The entire population studied was then divided into two 
groups, based on the last available T1S-CL: the ≤ 16.5 group 
and  the 16.5+ group. The cut-off point was 16.5 degrees as 
per the recommendations of the International Spine Study 
Group (ISSG) [7], which proposed this as a normative value 
for predicting an ideal cervical lordosis. A poor outcome was 
defined as an NDI score of 30 or more, this approach being 
adapted from other authors [17, 18]. Univariate logistic regres-
sion analysis of factors associated with a poor outcome was 
performed to evaluate the role of confounders such as age, 
sex, number of levels fused and, most importantly, the type 
of surgery (posterior only vs. 360 degrees fusion). In the same 
analysis, the odds ratio for a bad outcome was evaluated for 
the value of T1S-CL of 16.5 or more.
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Finally, the Pearson correlation coefficient r was calculated 
to evaluate the correlation between the final NDI score and 
T1S-CL, CL and SVA.

All calculations were performed using MedCalc statistical 
software v.12 (MedCalc Software, Ostend, Belgium).

Results

Fifty-four surgically treated CSM patients matched the cri-
teria and were included in this study. There were 17 females and 
37 males, with a mean age of 52.2 (range 28–67) years. Thirty-
two patients underwent posterolateral fusion with facet screws, 
and in 22 cases the multilevel ACDF with posterolateral fusion 
and facet screws was performed. The baseline characteristics are 
set out in Table 1. There were 33 patients in the ≤ 16.5 group 
and 21 in the 16.5+ group. The initial NDI was 48.85 (SD 15.08) 
in the ≤ 16.5 group and 52.29 (SD 13.48) in the 16.5+ group. 
The difference was not statistically significant. These values 
decreased gradually at each follow-up, significantly more in 
the former group (p < 0.05 at each timepoint) (Fig. 2). The 
initial mJOA score was 12.76 (SD 3.34) in the ≤ 16.5 group and 
13.67 (SD 2.86) in the 16.5+ group. The difference was statisti-
cally significant at p < 0.05. These values increased at a similar 
rate in both groups (Fig. 3). The differences at each follow-up 
were not statistically significant. The median Nurick score was 
2 before admission in both groups at the time of surgery. This 
decreased to 1 at two years postoperatively and was maintained 
subsequently (Tab. 1). The mean recovery rate of mJOA (RecR) 
at the final follow-up was 52.44 (SD 16.31) in the ≤ 16.5 group 
and 51.81 (SD 13.53) in the 16.5+ group, as calculated using the 
formula described above. The differences were not statistically 
significant. Similarly, Odom scores were not different at the final 

Table 1. Comparison of groups

 ≤ 16.5 group 16.5 +  group P-value

Demographics

N 33 21

Age 50.33 (11.39) 55.14 (9.11) 0.1092

M:F 1.75 2 0.8218

% of 360 degree 
fusion

52.38 33.33 0.1688

Radiographic parameters at 6 years

T1S-CL 7.21 (6.82) 22.88 (5.48) < 0.0001

SVA 28.82 (11.89) 40 (21.72) 0.0343

CL 19.03 (10.05) 2.41 (11.36) < 0.0001 

T1S 28.82 (9.38) 25.35 (10) 0.6207

CDC [median] 1 4 < 0.0001 

Outcomes at 6 years

Nurick 1 1 0.498

Odom 2 2 0.0624

RecR 52.44 (16.31) 51.81 (13.53) 0.6707

Figure 2. Change in NDI over time in each group. Error bars repre-
sent SE, * – p < 0.05

Figure 3. Change in mJOA over time in each group. Error bars 
represent SE, * – p < 0.05

follow-up (Tab. 1). At six years postoperatively, the values for 
the follow-up sagittal parameters were as follows: mean CL was 
12.17 (range 17–37), mean SVAC2-C7 was 32.69 (range 4–110), 
mean T1s was 25.72 (range 5–55), and T1S-CL was 13.54 (range 
12–36). There were substantial differences in radiographic 
parameters at the time of the last follow-up. The mean T1S-CL 
was 7.21 (SD 6.82) in the ≤ 16.5 group and 22.88 (SD 5.48) in 
the 16.5+ group. This and other measurements are shown in 
Table 1. Univariate logistic regression analysis revealed that 
T1S-CL was a strong predictor of bad outcome, with an odds 
ratio of 10.07 (CI 95% 1.60–63.36, p < 0.05). Other variables 
were not associated with a bad outcome (Tab. 2). There was 
a moderate positive correlation of T1S-CL and the final NDI 
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Table 2. Logistic regression analysis of factors associated with poor outcomes

Variable Odds ratio Low High P-value

Age 0.9752 0.8945 1.0632 0.5687

Female sex 0.9304 0.1639 5.2828 0.9351

T1S-CL > 16.5 10.0697 1.6005 63.3559 0.0138

360  degree fusion 1.8295 0.3253 10.2881 0.493

Number of levels fused 2.5397 0.7469 8.636 0.1355

Table 3. Correlation of selected measurements with final NDI

Variable Pearson correlation  
coefficient

Low High P-value

T1-CL 0.47 0.23 0.66 0.0003

CL –0.38 –0.59 –0.12 0.0049

SVA 0.25 –0.02 0.49 0.0669

(r = 0.47, p < 0.001), weak but statistically significant for the 
CL (r = –0.38, p < 0.01), and not significant for SVA (Tab. 3).

Discussion

A significant malalignment after fusion surgery in the lum-
bosacral area results in poor outcomes and an increased rate 
of severe complications [19, 20]. Patients with deformity have 
demonstrated that a positive sagittal balance is proportional 
to a progressive sagittal imbalance [21]. Thus far, only a few 
studies have investigated this topic in regard to the cervical 
spine. Similar to the lumbar spine, several radiographic pa-
rameters can be measured in the cervical segment. In order to 
assess the global alignment, an appropriate protocol, especially 
the positioning of subjects, is critical before obtaining X-ray 
imaging. In the present study, the protocol described by Park 
et al. [11] was followed, i.e. hands hanging freely by the side of 
the body, instead of placing over the clavicles. The study found 
that the clavicle position during the whole-spine radiograph 
causes a substantial decrease in the T1-slope and CL. The 
most widely used measurement in routine clinical practice 
is CL, which can be measured in several ways. Nevertheless, 
the Cobb C2-C7 is the leading method in clinical application 
[22], in which the lordosis is measured as the angle between 
the inferior endplates of C2 and C7; this method was utilised 
in the present study. The SVA is an indicator of sagittal transla-
tion and was measured as a distance between the vertical line 
dropped from the middle of C2 and the superior posterior 
aspect of C7. This approach has been frequently used previ-
ously, as it is clinically relevant and directly correlated with 
the clinical outcomes [23]. The T1S is defined as the angle 
between the upper endplate and the horizontal line, similarly 
to the sacral slope in the lumbar spine. The derivative of T1S 
is T1S-CL, which is used to determine the so-called ‘ideal’ 
cervical lordosis and discern the kyphotic deformity [7, 24].

The main objective of our study was to evaluate the role of 
sagittal profile of the cervical spine on the HRQOL after long 
fusion over the long term, with the emphasis on the T1S-CL 
parameter. Our results indicate that sagittal malalignment is 
indeed associated with poor outcomes. 

The literature on this topic is somewhat scarce and ambigu-
ous. Villavicencio et al. conducted a prospective, randomised, 
double-blind clinical study to evaluate the correlation between 
clinical outcomes and cervical sagittal alignment [25]. They 
found that the cervical Cobb angle alignment did not correlate 
significantly with the clinical outcomes. In addition, improved 
segmental sagittal alignment positively affected the clinical 
outcomes measured with NDI and SF-36. Another study by 
Sielatycki et al. [4] failed to show any association between 
C2–C7 lordosis and the postoperative HRQOL. 

In the present study, the correlation between SVAC2-C7 and 
6-year NDI was weak and statistically insignificant. This 
finding is in contrast to Tang et al. [23], wherein a positive 
association was detected with the endpoint NDI. Moreover, 
the positive balance of ≥ 40 mm was associated with a bad 
outcome, similar to that described previously [26]. Another 
study demonstrated that most patients with SVAC2-C7 > 40 mm 
did not show an overall improvement in HRQOL. Further-
more, regression models predicted a threshold SVAC2-C7 value 
of 50 mm, beyond which the correlations were significant [27]. 

The primary focus of our work was T1S-CL, as it has 
recently been identified as a potentially helpful marker of 
cervical malalignment. The T1S-CL mismatch is associated 
with a marked degree of cervical malalignment and disability, 
as defined by C2–C7 SVA and NDI scores, respectively [26]. 
In a recent article, Staub et al. [7] from the International Spine 
Study Group, proposed a value of 16.5 degrees as a normative 
value according to the formula CL = T1S – 16.5° ± 2°. This 
formula provides a threshold for cervical deformity, but it 
also implies a goal for surgical correction. Another study [4] 
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on cervical sagittal deformity in patients undergoing thora-
columbar osteotomy established threshold values for a com-
pensated cervical spine: T1S-CL of 17° and SVAC2-C7 of 4 cm; 
these threshold values were used to categorise the patients into 
compensated and uncompensated groups. In the present study, 
T1S-CL correlated well with the clinical outcome. Our most 
important finding was that the NDI at all follow-ups was sig-
nificantly different in favour of the ≤ 16.5 group. Patients with 
a T1S-CL greater than 16.5 degrees were more than 10 times 
more likely (10.07, CI 95% 1.60–63.36, p < 0.05) to experience 
unfavourable outcomes measured with the NDI, according to 
the logistic regression model. A recent article by Jeon et al. 
demonstrated a significant correlation between postoperative 
T1S-CL and changes in NDI [28]. Lan et al. [29] presented 
preoperative T1S-CL as a valuable predictor of poor postopera-
tive HRQOL, more reliable than SVAC2-C7 although these values 
are correlated [28]. All remaining potential confounders failed 
to demonstrate a significant effect on the outcomes (Tab. 2).

The present study failed to demonstrate any significant 
correlation between the radiographic parameters and the neu-
rological outcomes of surgical treatment of CSM, despite clear 
benefits achieved at all follow-ups. Historically, CSM has been 
viewed as a result of multilevel spondylosis [22]; however, new 
evidence indicates spine deformity to be a major contributor 
towards chronic spinal cord injury. Kyphotic deformity leads 
to cord flattening, increased tension, and thus increased intra-
medullary pressure [30]. Experimental models of CSM have 
revealed that cervical kyphotic deformity is associated with 
demyelination, atrophy, and neuronal loss of the anterior horn, 
together with a decreased vascular supply of the anterior spinal 
cord [9, 31]. Contrary to our results, a correlation between the 
CSM severity and the preoperative [32] or postoperative [33] 
local kyphotic deformity was found in recent studies. 

This study has its limitations. The preoperative sagittal 
parameters were not available, and thus the role of surgery 
in the final sagittal profile is impossible to assess. Instead, 
this study shows that the endpoint imbalance, expressed as 
T1S-CL greater than 16.5, is merely correlated with worse 
outcomes measured with the NDI. Another issue is that T1S 
is not a constant parameter, and it is likely to be affected by 
even miniscule changes in patient posture during the X-ray 
examination. To account for that, we followed a strict protocol 
in each case. Last but not least, our work did not assess the 
thoracic inlet, which is now being speculated as an equivalent 
to the pelvic incidence [24], which is a critical value in the 
lumbosacral sagittal profile. 

Conclusions

Our study showed that T1S-CL is an effective prognostic 
factor of the long-term outcome after long cervical fusion in 
CSM treatment. On the other hand, the long-term neurologi-
cal outcome of surgical treatment of CSM is independent of 
this value.
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