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Abstract 

Background Context: Patients with severe cervical deformity (CD) often have profound deficits in 

numerous activities of daily living. The association between health status and post-operative radiographic 

goals is difficult to quantify.  

 

Purpose: We aimed to investigate the radiographic characteristics of patients who achieved optimal 

health related quality of life scores following surgery for CD. 

 

Study Design: We performed a retrospective review of a prospectively collected database of patients with 

spinal deformity.  

 

Patient Sample: One hundred and fifty-three patients with cervical deformity 

 

Outcome Measures: Common health-related quality of life scores (HRQOLs) measurements were taken 

for patients treated operatively for cervical deformity including neck disability index (NDI), modified 

Japanese Orthopaedic Association scale (mJOA) for myelopathy and numeric rating scale for neck pain 

(NRS-neck),   

 

Methods: Surgical patients with severe (can you define severe?) CD were isolated based upon a 

previously presented discriminant analysis which outlined a combination of preoperative cervical sagittal 

vertical axis (cSVA), T1 slope, maximum focal kyphosis in extension, C2 slope in extension, and number 

of kyphotic levels in extension. Those with available preoperative and 1-year postoperative HRQL data 

were included. Based on a previous study, patients were grouped into 3 distinct sagittal morphotypes of 

CD: focal deformity (FD), flatneck (FN=large TS-CL and lack of compensation), or cervicothoracic (CT). 

Post-operative outcomes were defined as “good” if a patient had >2 of the 3 following criteria (1) NDI 

<20 or meeting MCID, (2) mild myelopathy (mJOA≥14), and (3) NRS-Neck ≤5 or improved by >2 points 

from baseline. Within each distinct deformity group, patients with good outcomes were compared to those 

with poor outcomes (i.e. not meeting the criteria for good) for differences in demographics, HRQL scores, 

and alignment, via Chi-squared or student’s t-tests.  

 

Results: Overall, 83 of 153 patients met the criteria of severe CD and 40 patients had complete 1-year 

follow-up of clinical/radiographic data. Patient breakdown by deformity pattern was: CT (N=13), FN 

(N=17), and FD (N=17), with 7 patients meeting criteria for both FD and FN deformities. Within the FD 

cohort, maximal focal kyphosis (i.e. kyphosis at one level) was better corrected in patients with a “good” 

                  



outcome (p = 0.03). In the FN cohort, patients with “good” outcomes presented pre-operatively with 

worse horizontal gaze (McGregor Slope 21° vs 6°, p=0.061) and cSVA (72mm vs 60mm, p=0.030). 

“Good” outcome FN patients showed significantly greater postop correction of horizontal gaze (-25° vs -

5°, p = 0.031). In the CT cohort, patients with “good” outcomes had superior global alignment both pre- 

(SVA: -17mm vs 108mm, p <0.001) and post-operatively (50mm vs 145mm, p=0.001). CT patients with 

“good” outcomes also had better postop cervical alignment (cSVA 35mm vs 49mm, p=0.030), and less 

kyphotic segments during extension (p=0.011). In the FD cohort, there were no differences between 

“good” and “poor” outcomes patients in preoperative alignment; however, “good” outcome patients 

showed superior changes in postoperative focal kyphosis (-2° vs 5°, p=0.030). Within all three deformity 

pattern categories, there were no differences between “good” and “poor” outcome patients with respect to 

demographics or surgical parameters (levels fused, surgical approach, decompression, osteotomy, all 

p>0.050).  

 

Conclusions: The results of this study show each CD patient’s unique deformity must be carefully 

examined in order to determine the appropriate alignment goals to achieve optimal HRQOLs. In 

particular, the recognition of the sagittal morphotype can help assist surgeons to aim for specific 

alignment goals for CT, FN and FD. Distinct deformity specific intra-operative goals include obtaining 

proper sagittal global/cervical alignment for cervicothoracic patients, correcting maximal focal kyphosis 

in focal deformity patients, and correcting horizontal gaze for flatneck patients. 

 

Keywords: 

Cervical deformity, operative goals, flatneck, cervicothoracic deformity, horizontal gaze, focal kyphosis, 

adult spinal deformity, health related quality of life scores, HRQOL 

 

Introduction 

 Cervical deformity (CD) is a debilitating and complex condition affecting patients already 

frailed[1]. At baseline these patients struggle to maintain horizontal gaze and any concomitant deformity 

in the thoracolumbar and/or lumbosacral spine can have dramatic impact on alignment for patients with 

CD[2-4]. Therefore, attempts at surgical correction of CD can be a daunting prospect for a surgeon. 

Concurrent spinal stenosis and resulting radiculopathy and/or myelopathy must also be accounted for 

during surgical correction adding another layer of complexity. 

                  



 Studies have shown that there are alignment goals associated with good outcomes in only specific 

clinical situations of cervical deformity. Tang et al. demonstrated that positive cervical sagittal vertical 

axis (cSVA) was associated with worse outcomes after posterior cervical surgery[5]. Other studies 

emphasized the need to correct focal cervical kyphosis and that correcting a patient’s driver of deformity 

(i.e. not correcting cervical/thoracic driver of deformity) can correlate with better outcomes[6, 7].  

 In order to create a patient specific set of parameters for surgeons to aim for when correcting CD 

we first worked to classify patient’s based on overall cervical and global spinal alignment. We utilized 

previously presented work on (1) defining severe cervical deformity (sCD) based on pre-operative 

cervical radiographs and (2) classification of cervical deformity into three sagittal morphotypes[8]. We 

aimed to delineate which alignment goals for each sagittal morphotype correlated with improved health 

related quality of life scores one year out from surgery for patients with severe cervical deformity.  

 

Methods 

Patient selection 

 We performed a retrospective review of a prospectively collected database of adult patients over 

18 years old across 13 sites. We received Institutional Review Board approval for collection of this 

patient data. We evaluated a longitudinal collection of clinical and radiographic parameters between 

2012-2015. In order to be defined as having CD the patient had to have one at least one of the following 

radiographic parameters. 

Data Collection 

 For all these patients we collected basic demographic including body mass index, age and gender. 

We also collected baseline and follow-up health related quality of life (HRQOL) scores during clinic 

visits. These scores included the modified Japanese Orthopaedic Association measurement myelopathy 

(mJOA), numeric rating scale for neck pain (NRS-neck) and neck disability index.  

 

 

                  



Radiographic parameters 

 Anteroposterior (AP) and lateral full-length standing radiographs were obtained for each patient 

within our database. Global spinopelvic measurements included pelvic incidence (PI), lumbar lordosis 

(LL), pelvic tilt (PT), thoracic kyphosis (TK), and T1-pelvic angle (TPA). Regional cervical parameters 

were measured for each patient in both flexion and extension. These sagittal measurements included 

cSVA, C2-C7 Cobb angle, T1 slope (T1S), C2 slope (C2S), TS-CL, and local parameters like level focal 

kyphosis, and number of kyphotic segments over 5 degrees. A summary of the measured angles is shown 

in Figure 1. Of note, Figure 1 includes both lateral radiographic measurements and lateral (neutral lateral 

radiograph) minus extension lateral radiographic measurements. We have defined cervical lordosis as a 

positive value and cervical kyphosis as a negative value as has been done in previously published 

articles[9-11]. 

 

Patient classification 

 We selected for severe cervical deformity using an analysis from a previously presented 

study[12].  Within this previous study we performed a discriminant analysis to identify factors that were 

associated with “severe” CD as determined by a panel of surgical experts. The following parameters were 

identified as influencing whether a patient had a severe cervical deformity: cSVA, extension maximum 

focal kyphosis, extension C2 slope, lateral T1 slope and number of kyphotic levels in extension. For this 

current study, we selected for patients with severe CD (sCD) based on the aforementioned parameters of 

cSVA, extension maximum focal kyphosis, etc. Given the nature of a discriminant analysis there is not a 

defined numerical value for each of these measurements, but patients with severe deformity had higher T1 

slope, more cervical kyphosis, higher C2 slope, larger cSVA, larger maximum focal kyphosis and more 

kyphotic levels. (I understand that this was published previously, though the reference is a book it seems. 

Can you repeat the numerical criteria for severe?) We then further separated patients into one of three 

sagittal morphotypes based on a previously reported 2-step cluster analysis[8].  The sagittal morphotype 

was identified by analyzing T1-slope, C2-C7 Cobb angle, cSVA, maximum focal kyphosis and TS-CL. 

                  



The three sagittal morphotypes were “flatneck” (FN), focal deformity (FD) and cervicothoracic deformity 

(CT). The cutoff values for the FN cohort were T1S < 29°, cSVA > 40mm, neutral minus extension C2-

C7 > 10°. The cutoff values for FD were T1S < 29°, cSVA > 40mm, maximum focal kyphosis < -5°, and 

TS-CL < 22°. The cutoff values for CT were T1S > 40°, neutral minus extension C2-C7 > -10°. Of note, 

within this previous study there was no statistically significant difference in baseline HRQOLs between 

each sagittal morphotype. 

 

Analysis of outcomes 

 Once we had selected three cohorts of patients with a varied sagittal morphotype of deformity we 

then followed their HRQOL’s after their surgery to one year out from surgery. We defined a “good” 

outcome based on reaching 2 of the following HRQOL scores. We defined a good NDI at 1 year from 

surgery as either below 20 or if they had reached a minimum clinically important difference (MCID). We 

selected a NDI of 20 because stable/improved cervical radiculopathy is associated with a NDI of 

approximately 20. We also used a previously published value for NDI MCID[13, 14]. The mJOA cutoff 

for myelopathy was set at above or equal to 14 which approximates mild myelopathy[15]. NRS-Neck of 5 

or less or a NRS-neck improvement of 2 was deemed a good outcome related to neck pain at one year out 

from surgery. Our study did not specifically examine radicular pain, because the authors felt that these 

symptoms likely did not have much impact on patient quality of life as severe neck pain and/or inability 

to maintain horizontal gaze. 

 We found radiographic parameters associated with good outcomes after surgery by comparing 

radiographs between patients that had reached a “good” outcome and those that did not. This entailed 

using a chi-squared tests and student’s t-test to compare specific radiographic measurements. We have 

used 0.05 as our p-value to determine significance. An appropriate Bonferroni correction factor was used 

when necessary for multiple comparisons. (can you note what p-value you used for significance? I assume 

it’s 0.05. However, you have made multiple comparisons. Was there consideration to using a Bonferonni 

correction?) 

                  



Results 

 There were 153 patients with CD within our database. Eighty three patients met our criteria for 

severe CD (sCD). Forty of these patients had radiographic and HRQOL data at one year out from surgery. 

The patients were then subcategorized into either FN, FD or CT cohorts. There were 7 patients that met 

inclusion criteria for both FN and FD. There were 17 patients in the FN, 17 patients in the FD and 13 

patients in the CT cohort. 

 

Analysis of Flatneck patients 

There were 17 patients that met inclusion criteria for FN. Of these patients, 9 had a good outcome and 

8 had a poor outcome. There was no significant difference in age (p = 0.89) or Charleston Comorbidity 

Index (p > 0.05) between the good cohort versus poor cohort. There was a statistically significant higher 

NDI for the “good outcome” cohort (44.9 +/- 7.9 vs 33.3 +/- 12.5, p = 0.001). Radiographs at baseline 

show no difference in thoracolumbar alignment. The poor cohort had better pre-operative alignment to 

start with a cSVA of 6.0 +/- 10.0cm vs 7.2 ± 10.5cm, p =0.03. The poor cohort also trended towards 

having a better pre-operative horizontal gaze as measured by McGregor’s slope (5.7° +/- 4.7° vs 21.5° +/- 

18.0°, p = 0.061). 

 At one year out from surgery the NDI was lower for the good cohort (28.2 +/- 9.7 vs 54.5 +/- 

13.6, p = 0.001). The NRS-neck was better for the good cohort (2.8 +/- 2.2 vs 6.8 +/- 1.8, p = 0.001). In 

terms of radiographic outcomes, a good outcome was associated with a larger correction in MacGregor’s 

slope (25.1° +/- 11.9° vs 4.8° +/- 14.6°, p = 0.031). There were no statistically significant differences 

between the good vs poor outcome cohorts in terms of number of levels fused. 

 Figure 2 illustrates an example of applying our alignment goals for a patient suffering from a FN 

deformity. This is a 64 year old female that has typical flatneck deformity with a positive cSVA and an 

inability to maintain horizontal gaze. Surgical correction with a long posterior construct allowed for 

correction of both cSVA and allowed for improved horizontal gaze. 

 

                  



Analysis of Focal deformity group 

There were 17 patients that met inclusion criteria for FD. There were 10 patients that met criteria for 

good outcomes while 7 were defined as having a poor outcome. At baseline, there was no difference in 

age (p = 0.62) or Charleston Comorbidity Index (p = 0.19) between the good and poor outcome cohorts. 

There were no statistically significant differences in baseline HRQOLs (all p > 0.05) between good and 

poor outcome cohorts. There were no significant differences in baseline radiographic measurements.    

At one year out from surgery, HRQOLs were statistically significantly different between good and 

poor outcome cohorts.  Patients within the good outcome cohort had improved mJOA (15.3 +/- 2.4 vs 

12.5 +/- 2.1, p = 0.02), NDI (26.0 +/- 16.2 vs 46.4 +/- 12.2, p = 0.01), NSR neck (2.1 +/- 1.8 vs 6.2+/-1.5, 

p < 0.001).  In terms of radiographic alignment, the patients in the poor outcome cohort had an increase in 

maximum kyphosis from neutral to extension radiographs (-5.0° +/- 5.9° which means an increase in 

maximum segmental kyphosis). This contrasts to the good outcome cohort which had less maximum local 

kyphosis when examining neutral to extension radiographs (2.4° +/- 3.8° which means a decrease in 

maximum segmental kyphosis). This was a statistically significant difference (p = 0.03). This finding 

indicates the patients having a good outcome had a more flexible deformity that could be compensated 

with patient extension. There were no statistically significant differences between the good vs poor 

outcome cohorts in terms of number of levels fused. 

 Figure 3 illustrates an example of a patient suffering from focal deformity that went on to have 

good post-operative outcomes one year from surgery. This is a 50 year-old male with significant C4-C5 

focal kyphotic deformity of 12.1° and focal cervical stenosis as demonstrated in Figure 4. After the long 

construct posterior spinal fusion, at one year from surgery the focal alignment at C4-C5 was 12.6° of 

lordosis.   

 

Analysis of Cervicothoracic deformity  

There were 13 patients that met inclusion criteria for CT. There were 7 patients that met criteria for 

good outcome. There was no difference in age (p = 0.89) or CCI (p = 0.23) between good vs poor 

                  



outcome cohorts. At baseline, there was a significantly better pre-operative mJOA (15.0 +/- 2.0 vs 12.0 

+/- 2.0, p = 0.016) and NDI (57.0 +/- 18.0 vs 31.2 +/- 10.7, p = 0.008) for patients in the good outcome 

cohort. The poor outcome cohort had worse pre-operative baseline global alignment as measured by SVA 

(10.8 +/- 4.4cm vs -1.7 +/- 3.2cm, p < 0.001) and T1SPi (4.0° +/- 5.9° vs -10.0 +/- 2.6°, p = 0.004). There 

was also less  ability to maintain horizontal gaze during extension at baseline for patients that had worse 

outcomes in the CT cohort as measured by the change in McGregor’s line from neutral to extension (4.1° 

+/- 6.1° vs -16.6° +/- 5.1°, p = 0.075). 

 At one year from surgery for the good outcome cohort, there was an improvement in NDI scores 

as compared to the poor outcome cohort (58.0 +/- 14.1 vs 23.7 +/- 8.4, p < 0.001). In terms of one year 

radiographic parameters, the poor outcome cohort still had worse global alignment as measured by SVA 

(14.5 +/- 3.5cm +/- 5.0 +/- 3.1cm, p = 0.001), T1SPi (8.2° +/- 4.8° vs -3.5 +/- 3.8,  p = 0.008). Cervical 

parameters were also worse for the poor outcome cohort. There was worse cSVA (4.9 +/- 4.6cm vs 3.6 

+/- 11.2, p = 0.03), worse flexion deformity at the CT junction as measured by TS-CL (49.6° +/- 6.8° vs 

34.0° +/- 10.5°, p = 0.03) and more maximum focal kyphosis in extension (-6.1° +/- 1.5 vs -2.6° +/- 2.2°, 

p = 0.03). There were no statistically significant differences between the good vs poor outcome cohorts in 

terms of number of levels fused. 

Figure 5 illustrates a case of a patient with cervicothoracic deformity that had a good post-operative 

outcome based on her HRQOLs. This is a 69 year old female that has severe global malalignment at 

baseline along with deformity within her cervical spine. With correction of her SVA and kyphosis at the 

cervicothoracic junction she is in an overall better cervical and global alignment.  

 

Discussion 

Our study found post-operative alignment parameters that were associated with improved patient 

reported outcomes for patients suffering from severe CD. We approached this difficult clinical entity by 

first dividing patients into three unique sagittal morphotypes then found unique radiographic parameters 

that were associated with good post-operative outcomes. For patients with a CT deformity we found 

                  



patients that achieved improved cSVA and improved overall global alignment (i.e. SVA) had improved 

post-operative outcomes. Flatneck patients with improved horizontal gaze were also more likely to 

achieve favorable HRQOLs at one year out from surgery. Finally, for patients with focal deformity, 

reduction of maximum local kyphosis was associated with improved outcomes. 

 There are critical aspects of the cervical spine which add layers of complexity to treating patients 

with severe CD. The cervical spine has the widest range of motion of all spinal segments and is the final 

compensatory mechanism for thoracolumbar deformity in order to correct for horizontal gaze [16]. 

Besides the mechanical function of the cervical spine to allow for horizontal gaze, it also houses the 

cervical spinal cord. Any degenerative changes in terms of hypertrophied ligamentum flavum, disc-

osteophyte complexes or other forms of bony/disc related degeneration can lead to spinal cord and/or 

nerve root compression.  Therefore, addressing all these issues of cervical alignment, horizontal gaze, 

spinal cord/nerve root compression with one single radiographic alignment goal may not be accurate. 

Instead, having morphotype-related alignment goals might best guide surgeons to a more individualized 

cervical alignment surgery. 

It is important to customize the definition of a good outcome in patients with severe CD. Smith et 

al. showed that patients with operative CSD are severely debilitated and are comparable to the bottom 25
th

 

percentile values for blindness/low vision, emphysema, End Stage Renal Disease (spell out) and stroke[1, 

17]. There is also a significant baseline rate of complications for patients treated operatively with CD[18]. 

Given this combination of baseline severe disability and high complication rate associated with surgery 

we avoided as much as possible traditional markers for improvement. Using terms like MCID used for 

cervical radiculopathy alone in the context of patient’s suffering from such severe symptoms like being 

unable to look forward while walking did not appear appropriate for the authors. Therefore, the threshold 

for a good outcome was lowered to a degree for patients suffering from severe CD. Furthermore, the 

authors acknowledge that there might be specific HRQOL goals for each distinct morphotype of CD. For 

instance, patients with worse focal deformity may require greater emphasis on mJOA score improvement 

                  



given possible worse myelopathy[19]. Further investigation is required to determine if there are varying 

HRQOL goals based on the specific type of deformity a patient may have. 

 In our cohort of patients with CT deformity we found significant relationships between overall 

HRQOL measures and global alignment. This fits with previously reported literature outlining how the 

“neck affects the back”. Protopsaltis et al. showed that regional cervical parameters impact HRQOLs for 

patients with thoracolumbar deformity[20]. Our findings were similar in that patients with CT deformity 

had improved outcome when their global alignment was improved at one year out from surgery.  

 Based on our findings, patients with a FN deformity require improved horizontal gaze and 

cervical sagittal alignment. By definition patients with a flatneck deformity have extreme sagittal 

malalignment along with an ability to correct this deformity with active extension[8]. This reserve of 

extension is illustrated by the dramatically improved cSVA going from neutral to extension radiographs 

shown in Table 2 for FN patients. Within this cohort we found that those patients that were able to 

achieve a better cSVA as well as have a greater improvement with McGregor’s slope did have better post-

operative outcomes. This group of patients with improved post-operative outcomes may expend less 

energy in bringing their head upwards for horizontal gaze. This may explain their improved NDI scores 

with improved cSVA/McGregor’s slope.  Furthermore, we found that FN patients that have worse pre-

operative cSVA were more likely to have a “good” outcome after surgery. We hypothesize that this is 

because patients with worse FN deformity expend a significant amount of energy maintaining horizontal 

gaze. Once this is corrected, these patients have a large improvement in their quality of life (i.e. 

HRQOLs) due to the decreased energy expenditure for bringing up their head for horizontal gaze.  

 Our results for patients suffering from FD was consistent with previously published reports that 

correction of focal deformity can improve neurologic outcomes. Specifically, Grosso et al. showed that 

patients that had improved focal kyphosis did have improved neurologic function[6]. We were also able 

to show that correction of focal deformity was associated with improved NSR-neck and mJOA scores.  

Clearly, for this subset of patients living with FD, surgeons should focus on creating a construct that 

provides lasting support for correction of 1-2 levels of the worst portion of cervical deformity. 

                  



There are several important limitations to our study. We analyzed a relatively small cohort of 40 

patients. We limited our patient population in order to ensure we had an appropriate 1 year 

radiographic/clinical data for patients only with severe CD. It is encouraging, however, that even with this 

small patient population we were able to identify statistically significant results between patients with 

good vs poor outcomes. There was also an overlap of 7 patients within the FN and FD cohorts. This 

“grey” area of defining a sagittal morphotype for a patient is inherent to the natural cluster analysis which 

was used in the original study to define all three sagittal morphotypes of sCD. This cluster analysis 

outlines a broad set of values for each measurement (i.e. cSVA, C2-C7 cobb angle, etc) that best defines 

groups of patients and some degree of overlap of patients can be expected, Another limitation is that this 

database is surgeon maintained and has no external validity. In this study we attempted to mitigate this 

issue by using strict standards for severe cervical deformity and for each sagittal morphotype 

subclassification. We defined a “good” outcome as having a mJOA score of 14 or greater. As a result, we 

have included a subset of patients that received a point on our metric of good outcomes without 

necessarily having improvement in mJOA. This is a limitation of our definition of a “good” outcome, but 

given that surgery for myelopathic symptoms is often done to halt the progression of myelopathy, the fact 

that these patients still only had mild myelopathy at one year from surgery would still be considered a 

“good” outcome.  Finally, our analyses was retrospective and we do not have a control group of patients 

to apply our findings/conclusions upon. 

In conclusion, our study identified specific alignment goals for patients suffering from severe cervical 

deformity, We found that correcting horizontal gaze for patients with a flatneck deformity , improving 

global alignment for patients with cervicothoracic deformity and correcting focal kyphosis are important 

goals that are associated with improved HRQOLs for severe cervical deformity. We view these findings  

as providing a broad guide for surgeons attempting to treat patients with severe cervical deformity.  
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Figure Legends 

 

 

 

 

Figure 1: Radiographic measurements acquired at each visit for all patients included in our study. All 

cervical measurements were found for neutral, flexion and extension radiographs. 

 

 

 

 

                  



 

 

Figure 2: This is an illustrative case of an elderly female patient with a severe flatneck deformity. At 

baseline, the patient had extreme difficulty maintaining her horizontal gaze. With a posterior spinal fusion 

she was able to have improved cervical axis  (cSVA) and McGregor’s slope. 

 

 

Figure 3: This is a pre-operative radiograph showing a patient with FD. There is substantial kyphotic 

deformity at C4-C5 which has been corrected in the post-operative radiograph shown.  

 

 

 

                  



 

 

 

Figure 4: Mid-sagittal pre-operative MRI showing focal cervical stenosis at C4-C5 as well as kyphotic 

alignment within the subaxial spine. The stenotic area was appropriately decompressed posteriorly and 

treated with a long posterior fusion. This patient went on to have a good outcome at 1 year out from 

surgery. 

                  



 

 

 

Figure 5: This is an illustrative case for global correction of deformity for patients with cervicothoracic 

deformity. With improvement of her cSVA and SVA there was a subsequent improvement in her 

HRQOLs. 

 

Table 1: Radiographic parameters for study inclusion.  

Parameter Inclusion Criteria 

Coronal Cobb angle (aka cervical scoliosis) >10 deg 

Cervical kyphosis >10 deg 

Cervical sagittal vertical axis (cSVA) >4cm 

Chin-brow vertical angle (CBVA) >25deg 

 

 

                  



 

Table 2: These radiographs and measurements approximate the differences in the three sagittal 

morphotypes of cervical deformity that has been previously been presented 
9
. 

 

 

                  


