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Objective  A high prevalence of cervical deformity (CD) has been identified among adult patients with thoracolumbar 
spinal deformity undergoing surgical treatment. The clinical impact of this is uncertain. This study aimed to quantify the 
differences in patient-reported outcomes among patients with adult spinal deformity (ASD) based on presence of CD 
prior to treatment.
Methods  A retrospective review was conducted of a multicenter prospective database of patients with ASD who un-
derwent surgical treatment with 2-year follow-up. Patients were grouped by the presence of preoperative CD: 1) cervical 
positive sagittal malalignment (CPSM) C2–7 sagittal vertical axis ≥ 4 cm; 2) cervical kyphosis (CK) C2–7 angle > 0; 3) 
CPSM and CK (BOTH); and 4) no baseline CD (NONE). Health-related quality of life (HRQOL) scores included the Phys-
ical Component Summary and Mental Component Summary (PCS and MCS) scores of the 36-Item Short Form Health 
Survey (SF-36), Oswestry Disability Index (ODI), Scoliosis Research Society-22 questionnaire (SRS-22), and minimum 
clinically important difference (MCID) of these scores at 2 years. Standard radiographic measurements were conducted 
for cervical, thoracic, and thoracolumbar parameters.
Results  One hundred eighty-two patients were included in this study: CPSM, 45; CK, 37; BOTH, 16; and NONE, 84. 
Patients with preoperative CD and those without had similar baseline thoracolumbar radiographic measurements and 
similar correction rates at 2 years. Patients with and without preoperative CD had similar baseline HRQOL and on aver-
age both groups experienced some HRQOL improvement. However, those with preoperative CPSM had significantly 
worse postoperative ODI, PCS, SRS-22 Activity, SRS-22 Appearance, SRS-22 Pain, SRS-22 Satisfaction, and SRS-22 
Total score, and were less likely to meet MCID for ODI, PCS, SRS-22 Activity, and SRS-22 Pain scores with the follow-
ing ORs and 95% CIs: ODI 0.19 (0.07–0.58), PCS 0.17 (0.06–0.47), SRS-22 Activity 0.23 (0.09–0.62), SRS-22 Pain 0.20 
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Increasingly, the management of adult spinal deformity 
(ASD) is considered from a global perspective.1,14,16,26 
The majority of literature regarding the management 

of ASD has focused on the thoracolumbar region with 
little regard for the adjacent regions. Several recent stud-
ies have demonstrated that regional spinal alignment and 
pathology can affect other spinal regions. These studies 
highlight the importance of considering the entire spine 
when planning for the surgical correction of ASD.

Ames et al.1 reported a significant chain of correlations 
beginning with pelvic alignment parameters that linked 
the pelvis with lumbar lordosis (LL), thoracic kyphosis 
(TK), and cervical lordosis (CL) in normal volunteers. 
Surgical correction in 1 region may result in an alignment 
change in another region. Klineberg et al.16 found changes 
in thoracic and lumbar alignment for unfused segments 
following thoracic and lumbar osteotomies, respectively. 
Similarly, Lafage et al.18 reported a spontaneous increase 
in unfused TK following lumbar 3-column osteotomies. 
Lastly, both Smith et al.26 and Ha et al.14 reported sponta-
neous improvement of cervical alignment after correction 
of global sagittal malalignment following lumbar pedicle 
subtraction osteotomy. These studies focus on thoraco-
lumbar deformities. Not until recently has cervical defor-
mity (CD) been investigated more thoroughly.

The cervical spine is a complex region. It not only sup-
ports the mass of the head, but it also allows the widest 
range of motion relative to the rest of the spine.22 Fur-
thermore, the cervical spine plays a pivotal role in in-
fluencing adjacent and global spinal alignment as com-
pensatory changes occur to maintain horizontal gaze. 
Cervical malalignment is debilitating and has adverse 
effects on the overall functioning and health-related 
quality of life (HRQOL) of the patient.7,12,22,24,27,29 Tang 
and colleagues27 investigated cervical positive sagittal 
malalignment (CPSM) and disability following posterior 
cervical fusion in 113 patients. The authors found that 
increasing CPSM correlates with increasing disability 
and determined a CPSM threshold of 4 cm, at which se-
vere disability occurs. Moreover, Smith and colleagues24 
found a significant correlation between CPSM and sever-
ity of myelopathy in patients with cervical spondylotic 
myelopathy.

There has been a shift from the regional view of the 
spine to a more global perspective, and recent work has 
found concomitant spinal deformities in patients. Specifi-
cally, there is a high prevalence of CD among adult pa-
tients with thoracolumbar spinal deformity. A study by 
Smith et al.25 determined the prevalence of concomitant 
CD in a large thoracolumbar ASD population of 470 pa-
tients. Cervical deformity was defined as cervical kypho-
sis (CK) or CPSM defined by a C2–7 sagittal vertical axis 
(SVA) of ≥ 4 cm. The prevalence of CK and CPSM were 
found to be 31% and 29%, respectively, with the preva-
lence of CK and/or CPSM being 53%. Given the high 
prevalence of concomitant cervical malalignment, it has 
yet to be determined if this has any impact on HRQOL 
outcomes or the likelihood of reaching a minimum clini-
cally important difference (MCID)2,3,6 following surgical 
correction of the thoracolumbar deformities. Therefore, 
the purpose of the present study was to determine the ef-
fect of concomitant baseline CD on HRQOL outcomes 
and the probability of reaching an MCID 2 years after 
surgical correction of adult thoracolumbar spinal defor-
mity.

Methods
Patient Population

This study is a retrospective review of a prospective 
multicenter ASD database composed of 11 sites across the 
US. All patients were enrolled into a protocol approved by 
the institutional review board at each site. Inclusion crite-
ria for the database were age > 18 years and presence of 
spinal deformity, as defined by scoliosis Cobb angle ≥ 20°, 
SVA ≥ 5 cm, pelvic tilt (PT) ≥ 25°, and/or TK ≥ 60°. Exclu-
sion criteria included spinal deformity of a neuromuscular 
etiology and presence of active infection or malignancy. In 
addition to the above criteria, patients with available cervi-
cal and thoracolumbar radiographs were included.

Data Collection, Radiographic Assessment, and HRQOL
The demographic and clinical data included patient age, 

sex, body mass index (BMI), and Charlson Comorbidity 
Index (CCI).5 Surgical data collected included American 
Society of Anesthesiologists (ASA) physical status clas-

(0.08–0.53), and SRS-22 Appearance 0.34 (0.12–0.94). Preoperative CK did not have an effect on outcomes. Interest-
ingly, despite correction of the thoracolumbar deformity, 53.3% and 51.4% of patients had persistent CPSM and persis-
tent CK, respectively.
Conclusions  Patients with thoracolumbar deformity without preoperative CD are likely to have greater improve-
ments in HRQOL after surgery than patients with concomitant preoperative CD. Cervical positive sagittal alignment in 
adult patients with thoracolumbar deformity is strongly associated with inferior outcomes and failure to reach MCID at 
2-year follow-up despite having similar baseline HRQOL to patients without CD. This was the first study to assess the im-
pact of concomitant preoperative cervical malalignment in adult patients with thoracolumbar deformity. These results can 
help surgeons educate patients at risk for inferior outcomes and direct future research to identify an etiology and improve 
patient outcomes. Investigation into the etiology of the baseline cervical malalignment may be warranted in patients who 
present with thoracolumbar deformity.
http://thejns.org/doi/abs/10.3171/2015.3.SPINE141098
Key Words  adult spinal deformity; cervical deformity; health-related quality of life; minimum clinically important 
difference; cervical sagittal alignment; cervical sagittal vertical axis
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sification, length of hospital stay (LOS), operating room 
time, and estimated blood loss (EBL).

Standardized HRQOL instruments included the Os-
westry Disability Index (ODI), 36-Item Short Form Health 
Survey (SF-36), and the Scoliosis Research Society-22 
questionnaire (SRS-22). Two standard summary scores 
were calculated based on the SF-36: the Physical Compo-
nent Summary (PCS) and the Mental Component Sum-
mary (MCS). To place HRQOL outcomes in a clinically 
relevant context, MCID values have been established for 
the HRQOL instruments.2,8 Analysis for differences in the 
proportions of patients across groups reaching MCID for 
each HRQOL measure was also conducted. The MCID 
values used in the present study included ODI (-15), PCS 
(5.2), SRS-22 Activity (0.375), SRS-22 Pain (0.587), SRS-
22 Appearance (0.8), and SRS-22 Mental (0.42).3,6,8

Full-length free-standing lateral spine radiographs (36-
in cassette) at baseline and at 6-week, 1-year, and 2-year 
follow-up were analyzed using validated software4,21 
(SpineView, ENSAM, Laboratory of Biomechanics). All 
radiographic measures were performed at a central loca-
tion based on standard techniques19 and included coronal 
Cobb angles of thoracic and lumbar curves, TK (T2–12; 
Cobb angle between superior endplate of T-2 and inferior 
endplate of T-12), SVA (C-7 plumb line relative to S-1), 
PT, and the mismatch between pelvic incidence and LL 
(PI-LL). Based on these radiographic parameters, patients 
were additionally stratified by the SRS-Schwab ASD clas-
sification.23 In this classification, the coronal curve type 
of a spine is determined by the maximal coronal angle 
measured according to standard Cobb technique. The 4 
curve types included a Type T spine with a thoracic major 
curve > 30° (the spinal level of the curve apex was at T-9 
or above) and a lumbar curve < 30°; Type L with a lumbar 
or thoracolumbar major curve > 30° (the spinal level of 
the curve apex was at T-10 or lower) and a thoracic curve 
< 30°; Type D with a double major curve (i.e., 1 Type T 
and 1 Type L curve), with each curve > 30°; and Type N 
with no coronal curve > 30° (no major coronal deformity).

Additional cervical radiographic parameters included 
CL for C2–7, cervical SVA (measured from offset between 
the plumb line from the center of the C-2 lower endplate to 
the posterosuperior corner of C-7), T-1 slope (T1S), and the 
mismatch between T1S and CL (T1S-CL). Patients were 
classified into 4 groups based on the presence or absence 
of preoperative CD: 1) only CPSM (C2–7 SVA ≥ 4 cm); 2) 
only CK (C2–7 Cobb angle > 0°); 3) both CPSM and CK 
(BOTH); and 4) no preoperative CD (NONE). Addition-
ally, patients were grouped based on persistent deformity 
(Persistent CPSM or CK) or spontaneous correction of the 
deformity at 2 years (Corrected CPSM or CK), or if they 
remained without deformity (Persistent NONE).

Statistical Analyses
Continuous variables were described by the mean and 

SD. Normality of data was determined using the Shapiro-
Wilk test. Comparison of means between the groups ini-
tially included an ANOVA or Kruskal-Wallis test where 
appropriate, which was followed by pairwise comparisons 
using Tukey’s Honest Significant Difference test to con-
trol for Type I error or Wilcoxon rank-sum tests where 

appropriate. Initial frequency analysis for meeting MCID 
between patients with preoperative CD and those patients 
without was conducted using Pearson’s chi-square analy-
sis. In addition, multivariable binomial logistic regressions 
were conducted to assess the impact of preoperative CD 
(CPSM vs NONE and CK vs NONE) on the rates of meet-
ing MCID for each of the HRQOL measures. Covariates 
in the models included age; sex; CCI; BMI; the respec-
tive baseline HRQOL measure (i.e., baseline ODI for the 
ODI MCID model); and baseline PT, PI-LL, and SVA. 
ORs with the corresponding 95% CIs were reported. All 
statistical analyses were conducted using commercially 
available software (SPSS v22, IBM), and the level of sig-
nificance was set at p < 0.05 for all analyses.

Results
Patient Population

Of the available patients, 286 were eligible for 2-year fol-
low-up: 235 (82.2%) had complete baseline data and 2-year 
radiographic and clinical follow-up. Of those, 182 patients 
(77.4% of 235) had 36-in radiographs that included the cer-
vical spine and were thus available for measurement. None 
of the patients had any treatment involving their cervical 
spine. All surgical treatment was localized to correction 
of the thoracolumbar deformity. Of the total 182 patients 
included in the present study, those with preoperative CD 
included 45 patients (24.7%) with CPSM, 37 (20.3%) with 
CK, 16 (8.8%) with BOTH, and 84 (46.2%) with NONE 
(Table 1). Due to the small number of patients in the BOTH 
group, analyses were not conducted for this group. Patients 
with CK were significantly younger than those without 
(p < 0.05 for both). No other significant differences were 
noted between groups for the demographic variables. The 
distribution of SRS-Schwab coronal curve types was sta-

TABLE 1. Baseline patient demographic data and SRS-Schwab 
classification for CPSM, CK, and NONE groups*

Variable CPSM CK NONE

No. of patients 45 37 84
Age, yrs 57.5 ± 13.2 46.5 ± 15.3 56.1 ± 13.9
Female/male 37:8 33:4 37:8
BMI, kg/cm2 28.1 ± 5.2 25.4 ± 5.4 27 ± 5.5
ASA 2.2 ± 0.6 2.2 ± 0.8 2.3 ± 0.6
CCI 1.5 ± 1.9 0.8 ± 1.2 1.4 ± 1.5
LOS, days 8.2 ± 2.9 7.2 ± 2.8 7.4 ± 3.1
OR time, hrs 417.2 ± 152.5 391.3 ± 141.5 394.9 ± 122.7
EBL, ml 1848 ± 1476.6 1588.6 ± 1431.8 1530.7 ± 1259
SRS-Schwab  
  coronal curve  
  type, no. of  
  patients (%)

     

    N 14 (31.1) 6 (16.2) 19 (22.6)
    T 2 (4.4) 4 (10.8) 3 (3.6)
    L 15 (33.3) 13 (35.1) 31 (36.9)
    D 14 (31.1) 14 (37.8) 31 (36.9)

OR = operating room.
*  Unless otherwise indicated, values are expressed as the mean ± SD.
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tistically similar between all of the CD groups and NONE 
(p > 0.05).

Health-Related Quality of Life Analysis
Patients with CPSM and CK both had statistically 

similar baseline mean HRQOL for all scores measured 
compared with NONE (p > 0.05 for all, Table 2). The 
CPSM, CK, and NONE groups all had significant mean 
improvements in all HRQOL measures at 2 years postop-
eratively compared with baseline (p < 0.05 for all). At 2 
years, CPSM had worse mean HRQOL scores compared 
with NONE for ODI, PCS, SRS-22 Activity, SRS-22 Ap-
pearance, SRS-22 Pain, SRS-22 Satisfaction, and SRS-22 
Total score (p < 0.05 for all). There were no significant dif-
ferences in 2-year mean HRQOL scores between patients 
with CK and NONE (p > 0.05 for all).

Minimum Clinically Important Difference Analysis
Patients with preoperative CPSM were significantly less 

likely to reach 2-year MCID for ODI, PCS, SRS-22 Activ-
ity, SRS-22 Pain, and SRS-22 Appearance than NONE (p 
< 0.05 for all, Table 3, Fig. 1). The odds of meeting the 
MCID from the multivariable binomial logistic regression 
models for each HRQOL measure were ODI 0.19, PCS 
0.17, SRS-22 Activity 0.23, SRS-22 Pain 0.20, and SRS-22 
Appearance 0.34 (p < 0.05 for all, Table 4). Patients with 
preoperative CK had statistically similar rates of meeting 
MCID for all HRQOL compared with NONE (p < 0.05 for 
all, Tables 3 and 4).

Radiographic Analysis
At baseline, patients with CPSM had statistically simi-

lar mean PT and PI-LL compared with NONE (p > 0.05, 

Table 5, Fig. 2). Patients with CPSM also had statistical-
ly similar mean SVA compared with NONE (p > 0.05). 
However, patients with CK had significantly smaller mean 
SVA compared with NONE (p < 0.05). For the baseline 
cervical and thoracic parameters, CPSM had larger mean 
C2–7 SVA, CL, T1S, T1S-CL, and TK compared with 
NONE (p < 0.05 for all). The CK group had significantly 
smaller mean T1S and TK as well as larger mean T1S-CL 
compared with NONE (p < 0.05 for all).

At 2 years, the CPSM, CK, and NONE groups all had 
significantly improved mean SVA and PI-LL compared 
with baseline (p < 0.05) but not PT (p > 0.05, Table 5, Fig. 
2). Both the CPSM and CK groups had similar 2-year mean 
SVA, PT, and PI-LL compared with the NONE group (p 
> 0.05 for all), as well as similar amounts of correction for 
each measure (p > 0.05 for all) with the exception of those 
patients with CK, who still had a smaller mean SVA than 
NONE (p < 0.05). Regarding the cervical and thoracic pa-
rameters, CPSM continued to have elevated mean C2–7 
SVA, CL, T1S, and TK compared with NONE (p < 0.05 
for all). Similarly, the CK group continued to have lower 
mean CK, T1S, T1S-CL, and TK at 2 years compared with 
NONE (p < 0.05 for all).

When stratifying the patients by persistent or spontane-
ously corrected CD at 2 years, 53.3% of patients with pre-
operative CPSM and 51.4% of patients with preoperative 
CK had persistent CPSM and CK, respectively (Table 6). 
Due to the small number of patients in the persistent and 

TABLE 2. Complete standard HRQOL measures for CPSM, CK, and NONE groups at baseline and at 2 years*

Time Group ODI PCS MCS
SRS-22 
Activity SRS-22 Pain

SRS-22  
Appearance

SRS-22 
Mental

SRS-22 
Satisfaction SRS-22 Total

Preop CPSM 43.5 ± 19.5 32.5 ± 9.3 44.2 ± 13.2 2.9 ± 1 2.4 ± 0.9 2.3 ± 0.7 3.5 ± 1 2.8 ± 1.1 2.8 ± 0.7
CK 36.2 ± 19.4 37.1 ± 11.1 49.8 ± 11.1 3.2 ± 1 2.6 ± 0.9 2.8 ± 0.8 3.6 ± 0.8 3 ± 1 3.1 ± 0.7
NONE 39.8 ± 18.9 33.4 ± 9.7 45.1 ± 14.4 3 ± 0.8 2.5 ± 0.9 2.5 ± 0.7 3.5 ± 0.9 2.7 ± 1.1 2.9 ± 0.7

At 2 yrs CPSM 34.8 ± 17.6 36.4 ± 10.8 48.4 ± 12.5 3.1 ± 1 2.9 ± 1 3.4 ± 1 3.7 ± 0.9 4 ± 1 3.3 ± 0.8
CK 19.7 ± 18 46.5 ± 11.6 49.9 ± 11.7 4 ± 0.9 3.9 ± 1.1 4.1 ± 0.7 4 ± 0.8 4.5 ± 0.8 4 ± 0.7
NONE 23.1 ± 20.1 42.4 ± 11.2 51.1 ± 12.9 3.7 ± 1 3.6 ± 1.1 3.8 ± 0.9 3.9 ± 0.9 4.4 ± 0.8 3.8 ± 0.8

*  Values are presented as the mean ± 1 SD.

TABLE 3. Percentage of patients reaching MCID for the various 
HRQOL measures in the CPSM, CK, and NONE groups

No. of Patients (%)
HRQOL Instrument CPSM CK NONE

ODI 14 (31.1) 18 (48.6) 43 (52.4)
PCS 11 (29.7) 20 (64.5) 46 (63.9)
SRS-22 Activity 21 (50) 23 (69.7) 60 (72.3)
SRS-22 Pain 21 (50) 24 (72.7) 59 (71.1)
SRS-22 Appearance 26 (63.4) 25 (75.8) 66 (79.5)
SRS-22 Mental 16 (39) 14 (42.4) 35 (42.2)

FIG. 1. The percentage of patients meeting MCID in the various HRQOL 
measures for patients with baseline cervical SVA ≥ 4 cm (CPSM) and 
patients without baseline CPSM or CK (NONE). Values marked with an 
asterisk are statistically significant with p < 0.05. 
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corrected groups, analyses were not conducted. A case ex-
ample is provided in Fig. 3.

Discussion
There is a high prevalence of CD among adult patients 

with thoracolumbar spinal deformity, with rates as high as 
31% and 29% for CK and CPSM, respectively, and 53% 
for either.25 Given this high prevalence of concomitant 
cervical malalignment, it has yet to be determined if this 
has any impact on HRQOL outcomes. The present study 
determined the effect of concomitant baseline CD (CPSM 
and CK) on HRQOL outcomes and the probability of 
reaching MCID at 2 years following surgical correction of 
adult thoracolumbar spinal deformity. Despite experienc-
ing significant improvements in both HRQOL scores and 
thoracolumbar sagittal radiographic correction, preop-
erative CPSM is strongly associated with worse HRQOL 
outcomes and failure to reach MCID at 2-year follow-up. 
There were no differences in HRQOL or thoracolumbar 
radiographic parameters preoperatively between patients 
with and without CD. Moreover, the majority of these pa-
tients continued to have cervical malalignment at 2 years.

At baseline, all of the demographic differences were 
similar between patients with and without preoperative 
cervical malalignment, with the exception of CK. Patients 
with CK were significantly younger by an average of 10 

years. This result is in line with both Park et al.20 and Smith 
et al.25 The study by Park and colleagues assessed the ef-
fect of age on cervical sagittal alignment in 100 asympto-
matic subjects and found that the C2–7 lordosis increased 
with age. Smith et al. also found that patients with CK were 
significantly younger than those without CK in a large pop-
ulation of adult patients with thoracolumbar spinal defor-
mity. Increasing age is probably a large factor contributing 
to the progressive increase in CL. Interestingly, CPSM did 
not significantly vary based on age in the present study or 
in the other 2 studies.20,25 Cervical sagittal translation ap-
pears to be conserved as patients become older.

All patients had similar mean baseline HRQOL scores 
regardless of whether they had concomitant cervical 
malalignment. This is interesting, considering that prior 
studies have demonstrated that cervical malalignment, es-
pecially positive SVA, is associated with poor HRQOL. 
Tang et al.27 investigated CPSM and disability following 
posterior cervical fusion. The authors found that increas-
ing CPSM correlated with increasing disability and ex-
panded this to define a CPSM threshold of 4 cm, at which 
severe disability occurs. All patients in the present study 
were categorized as having CPSM based on this criterion 

TABLE 4. ORs for reaching MCID at 2 years in the listed HRQOL 
measures for patients with preoperative cervical malalignment 
compared with those without

HRQOL Measure
OR (95% CI)

Preop CPSM vs NONE* Preop CK vs NONE

ODI 0.19 (0.07–0.58) 0.94 (0.37–2.42)
PCS 0.17 (0.06–0.47) 1.16 (0.42–3.22)
SRS-22 Activity 0.23 (0.09–0.62) 1.43 (0.52–3.91)
SRS-22 Pain 0.20 (0.08–0.53) 0.89 (0.31–2.54)
SRS-22 Appearance 0.34 (0.12–0.94) 1.21 (0.37–3.99)
SRS-22 Mental 0.76 (0.27–2.12) 1.35 (0.49–3.72)

*  Values in bold are significant.

TABLE 5. Complete radiographic values for preoperative, 2-year follow-up, and 2-year changes from baseline for CPSM, CK, and NONE 
groups*

Timeframe Group
C2–7 SVA,  

cm CL°† T1S° T1S−CL° TK° C7–S1 SVA, cm PT° PI−LL°

Preop CPSM 5.4 ± 1.2 16.7 ± 11.5 35.7 ± 10.9 19.1 ± 9.4 45.1 ± 18.3 8.0 ± 6.8 25.8 ± 10.4 14.6 ± 21.4
CK 2.4 ± 1.1 −8.3 ± 6.3 13 ± 7 21.3 ± 7.4 23.5 ± 14.8 1.1 ± 4.6 19.8 ± 9.2 8.5 ± 18.1
NONE 2.6 ± 0.9 12.9 ± 11.3 23 ± 9.3 10 ± 9.7 31 ± 15.7 5.9 ± 7.4 22.7 ± 12.5 14.5 ± 22.8

At 2 yrs CPSM 5.0 ± 1.8 15.7 ± 14.2 38 ± 12.2 22.3 ± 12.9 56.5 ± 15.7 4.2 ± 5.5 22.3 ± 9.8 2.6 ± 13.7
CK 2.8 ± 1.5 −4.6 ± 13.3 19.6 ± 10.8 24.2 ± 10.9 36.9 ± 17.1 0.3 ± 4.5 17.8 ± 9 1 ± 13.3
NONE 3.0 ± 1.4 10.4 ± 15.2 28.4 ± 11.5 18 ± 10.3 45.7 ± 15.4 2.8 ± 5.0 20.6 ± 10.9 3.4 ± 15.2

2-yr change  
  from baseline

CPSM −0.3 ± 1.5 −0.9 ± 10.3 2.3 ± 10 3.2 ± 10 −11.4 ± 16.3 −3.8 ± 6.5 −3.4 ± 8.9 −12 ± 18.6
CK 0.4 ± 1.4 3.7 ± 12.8 6.5 ± 9.5 2.9 ± 11.4 −13.4 ± 15.4 −0.8 ± 4.2 −2 ± 6.3 −7.5 ± 15.4
NONE 0.5 ± 1.3 −2.5 ± 13.1 5.5 ± 9.9 8 ± 11.3 −14.7 ± 14.4 −3.1 ± 6.4 −2 ± 7.6 −11.1 ± 17.4

*  Values are presented as the mean ± 1 SD.
†  For CL, negative values indicate kyphosis. 

FIG. 2. The mean preoperative and 2-year postoperative thoracolumbar 
radiographic parameters are shown for patients with preoperative CPSM 
defined by cervical SVA ≥ 4 cm and those without any preoperative CD 
(NONE). There were no significant differences between the 2 groups for 
preoperative and 2-year postoperative values. 
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of greater than 4 cm. Moreover, Smith and colleagues24 
found a significant correlation between CPSM and sever-
ity of myelopathy in patients with cervical spondylotic 
myelopathy. It is unknown whether the cervical malalign-
ments in the patients in the present study are primary 
cervical deformities or compensatory alignment changes 
from the thoracolumbar malalignment. It is probable that 
there is a mix of primary deformity and compensatory 
changes. The compensatory changes may not produce as 
large of an effect on HRQOL as the primary deformities. 
Furthermore, it is also possible that the thoracolumbar 
deformity dominates the patient-reported HRQOL scores 
and that any affect the cervical spine may have is missed.

Every group in the present study had a significant im-

provement in mean HRQOL at 2 years compared with 
baseline. However, patients with CPSM did not improve as 
much as those without, as evidenced by the lower 2-year 
HRQOL scores as well as the lower rates of reaching 
2-year MCID. This may be a result of the persistence of 
cervical malalignment following the thoracolumbar cor-
rection that affects the chances of reaching MCID and 
further improvement in HRQOL, as 53.3% of the patients 
had persistent CPSM. Furthermore, significant improve-
ments in sagittal thoracolumbar correction were seen, both 
in patients with preoperative CPSM and those without. 
However, the cervical parameters remained abnormal at 2 
years in the patients with preoperative CPSM. Therefore, 
it may be the case that after the disability and pain from 

TABLE 6. Number and percentage of patients in each group who had persistent, corrected, or new deformity at 2-year 
follow-up

No. of Patients (%)

Group Preop 
2 Yrs Postop,  
Persistent

2 Yrs Postop,  
Corrected 2 Yrs Postop, New CPSM 2 Yrs Postop, New CK 2 Yrs Postop, New BOTH

CPSM 45 (100) 24 (53.3) 13 (28.9) NA 4 (8.9) 4 (8.9)
CK 37 (100) 19 (51.4) 10 (27.0) 4 (10.8) NA 4 (10.8)
BOTH 16 (100) 4 (25.0) 3 (18.8) 4 (25.0) 5 (31.3) NA
NONE 84 (100) 47 (56.0) NA 14 (16.7) 19 (22.6) 4 (4.8)

NA = not applicable.

FIG. 3. An example is given of a patient with preoperative CPSM that persisted 2 years after surgery. This patient did not meet 
any of the 2-year MCID values for all 6 of the HRQOL measures. Preoperative anteroposterior (A) and lateral (B) radiographs are 
shown with the following values: T6–11 Cobb = 38.2°, L1–5 Cobb = 43.0°, PT = 21.9°, PI = 65.3°, LL = 61.8°, PI-LL = 3.5°, C-7 
SVA = -4.6 mm, and C2–7 SVA = 44.4 mm. Two-year anteroposterior (C) and lateral (D) radiographs are shown with the following 
values: T6–11 Cobb = 24.8°, L1–5 Cobb = 1.2°, PT = 30.4°, PI = 66.3°, LL = 49.9°, PI-LL = 16.4°, C-7 SVA = 57.4 mm, CL = 13.3°, 
and C2–7 SVA = 44.3 mm.
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the thoracolumbar deformity has been corrected or at least 
improved, the persistent cervical malalignment may have 
a larger effect on patients, reducing their 2-year HRQOL 
and making them less likely to reach 2-year MCID. Anoth-
er hypothesis could be that a subset of this population also 
has cervical degenerative disease, with possible pain from 
that adding to the reduced probability of reaching MCID. 
Unfortunately, the number of patients in these groups was 
small and thus prohibited our analysis from further assess-
ing the cause of the inferior HRQOL outcomes. In addi-
tion, neck-specific HRQOL measures were not collected, 
e.g., the Neck Disability Index, because this study stems 
from a database of patients with thoracolumbar deformity.

It is interesting to note that patients with preoperative 
CK have HRQOL at both baseline and 2 years postopera-
tively that is similar to those without CD. However, there 
exists no clear threshold of CK at which onset of disability 
can be defined.9–11,13,15,17,28 Park and colleagues reported the 
mean C2–7 sagittal Cobb angles for asymptomatic indi-
viduals in their 20s and those older than 60 years to be 
-8.98° ± 10.98° and -13.70° ± 10.48°, respectively. Based 
on the definition of CK > 0°, there may be a population 
within this definition in which CK is normal. As evidenced 
by the present study, it appears that CK (as defined by > 0°) 
does not have an effect on outcomes unless the kyphosis is 
large enough to result in a cervical SVA greater than 4 cm. 
Thus, the clinical definition of CK may need to include ad-
dition of the cervical SVA or a greater degree of kyphosis. 
Further work is warranted to define clinically relevant CK.

More work is needed to determine other factors that 
may be contributing to the observed differences in out-
comes. The present study should be viewed as an initial 
evaluation of the clinical relevance of concomitant CD 
in patients with thoracolumbar deformity. As mentioned 
above, it is possible that a subset of these concomitant CDs 
represents compensatory changes in response to the tho-
racolumbar deformities and may correct with treatment 
of the thoracolumbar deformity. This is evidenced by the 
present study, in which 28.9% of CPSMs were corrected 
over the 2-year period. Furthermore, it is also possible that 
a different subset of these CDs may represent significant 
pathologies directly affecting the HRQOL measures as-
sessed. Lastly, cervical degenerative disease may also be 
contributing to these results.

The strengths of the current study include the multi-
center design and the complete preoperative and 2-year 
follow-up data of the patients assessed. Furthermore, pa-
tients were enrolled by multiple surgeons from 11 different 
sites across the US, allowing for better generalizability of 
the results. Other strengths of this study include the use of 
MCID, which allows for even further characterization of 
the impact of the HRQOL parameters studied on patients’ 
clinical improvement. However, there are a few limitations 
to this study, one of which includes the retrospective de-
sign. Despite the retrospective nature of this study, the data 
used were obtained from a large multicenter prospective 
database of patients with ASD. Another limitation is that 
the MCID values used in the present study have not been 
validated in patients with deformity. Rather, MCID values 
were taken from studies in which the outcomes were de-
termined from patients with lumbar degenerative disease. 

Thus the generalizability of these MCID values is limited, 
but there is no strong prospective adult deformity study 
defining MCID values for HRQOL. In addition, neck-spe-
cific HRQOL was not recorded. Also, the sample sizes re-
main too small in the current data set to elucidate a strong 
etiology for the inferior outcomes in patients with CPSM. 
However, this is the first study to begin investigating the 
role of concomitant cervical malalignment in patients with 
thoracolumbar deformity. It can therefore set the ground-
work for further research in this area.

Conclusions
Concomitant cervical positive sagittal alignment in 

adult patients with thoracolumbar deformity is strongly as-
sociated with inferior outcomes and failure to reach MCID 
at 2-year follow-up compared with patients without CD. 
This is despite having similar baseline HRQOL and experi-
encing significant improvements in HRQOL scores as well 
as sagittal thoracolumbar radiographic correction. Cervical 
positive sagittal malalignment persisted at 2 years in 53.3% 
of patients. This is the first study to assess the impact of 
concomitant preoperative cervical malalignment in adult 
patients with thoracolumbar deformity. These results can 
help surgeons educate patients at risk for inferior outcomes 
and direct future research to identify an etiology and im-
prove patient outcomes. Investigation into the etiology of 
the baseline cervical malalignment may be warranted in 
patients who present with thoracolumbar deformity.
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