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ABSTRACT
Background: The lower instrumented vertebrae (LIVs) in cervical deformity (CD) constructs may have varying effects on patient outcomes 
that are still poorly understood.

Objective: The objective of the study is to compare outcomes in CD patients undergoing instrumented correction according to the relation 
of LIV with primary driver (PD).

Methods: Patients who met radiographic criteria for CD were included in the study. Patients were stratified by PD of deformity: cervical (C) through 
AMES classification (TS‑CL >20 or cervical sagittal vertical axis >40) and thoracic (T) through hyper/hypokyphosis (TK) from T4‑T12 (60 < TK < 40). 
Patients were further stratified by LIV in relation to curve apex (above/below). Univariate and multivariate analyses identified group differences 
in postoperative health‑related quality‑of‑life and distal junctional kyphosis (DJK) (>10° LIV and LIV + 2) rate up to 1 year.

Results: Sixty‑two patients were analyzed. Twenty‑one patients had a C‑PD and 41 had a T‑PD by definition. 100% of C‑PDs had LIVs below 
CL apex, while 9.2% of T‑PDs had LIVs below (caudal) to TK apex and 90.8% had LIVs above TK apex. By 1 year, C patients trended lower 
Neck Disability Index (NDI) (21.9 vs. 29.0, P = 0.245), lower numeric rating scales neck pain (4.2 vs. 5.1, P = 0.358), and significantly higher 
EuroQol five‑dimensional questionnaire Visual Analog Scale (69.2 vs. 52.4, P = 0.040). When T patients with LIVs below TK apex were excluded, 
remaining T patients with LIV above apex had significantly higher 1‑year NDI than C patients (37.5 vs. 21.9, P = .05). T patients also trended 
higher rates of postoperative DJK than C (19.5% vs. 4.8%, P = 0.119).

Conclusions: Stopping before apex was more common in patients with a primary thoracic driver (T) and associated with deleterious effects. 
Primary cervical driver (C) tended to have LIVs inclusive of CL apex with lower rates of DJK.
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INTRODUCTION

The natural shift from a flexible lordotic cervical spine to a 
relatively fixed thoracic kyphotic spine gives rise to highly 
heterogenic presentation and manifestation of cervical 
deformity (CD).[1,2] To improve specification of CD subtypes, 
the AMES‑ISSG cervical spine deformity classification system 
was developed. Categorizing CD based on primary sagittal or 
coronal deformity apex, the classification system provides a 
basis for greater case‑specific management and treatment.[3,4] 
Passias et al. further delineated CD by primary driver (PD) 
regions of deformity and their influence on cervical and global 
postoperative alignment.[2] The authors demonstrated that 
PDs originating in the thoracic versus the cervical region of 
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the spine result in significant CD differences; particularly, 
thoracic PD patients were shown to have greater thoracic 
kyphosis (TK), lumbar lordosis, T1 slope, and CO‑2 angle.[2]

Despite greater appreciation for the complexity and 
varied presentation of CD, distal junctional kyphosis (DJK) 
following corrective fusion surgery remains a significant 
postoperative concern.[5,6] High mechanical stress due to rigid 
instrumentation may subsequently alter the alignment of 
adjacent levels above or below the fusion.[7] DJK occurs when 
adjacent levels below the instrumented vertebra slowly shift, 
possibly resulting in further malalignment, instrumentation 
failure, myelopathy, and radiculopathy.[8] Determining the 
level where instrumentation ends can influence surgical 
outcomes, as correct placement of the lower instrumented 
vertebrae (LIVs) has been shown to reduce the risk of DJK in 
thoracic deformity surgery.[9] Given the known biomechanical 
complexities of CD, selecting proper placement of the LIV may 
be multifactorial and requires further investigation.

It is currently unknown if certain factors, including PD 
type, should influence placement of the LIV below the apex 
of deformity during corrective CD surgery. Furthermore, 
the effects of LIV on health‑related quality‑of‑life (HRQL) 
outcomes after CD surgery are still poorly understood. 
The objective of this study is to compare outcomes in CD 
patients undergoing instrumented correction according to 
the relation of LIV with consideration of cervical and thoracic 
PD of deformity.

METHODS

Study inclusion and exclusion criteria
This was a retrospective analysis of consecutively enrolled 
patients >18 years of age with primary cervical diagnoses 
undergoing cervical fusion by a single spine surgeon at an 
academic institution. Institutional review board approval 
was obtained, and before enrollment, informed consent 
was obtained. Criteria for database inclusion required a 
planned elective multilevel (at least 2 contiguous levels fused) 
posterior or anterior cervical fusion ending proximal to or 
distal to the cervicothroacic junction with mild to severe 
radiographic CD: cervical kyphosis >10°, scoliosis (coronal 
Cobb >10°), positive cervical sagittal imbalance (cervical 
sagittal vertical axis [cSVA] >4 cm or TS‑CL >10°), or 
chin‑to‑brow vertical angle (CBVA) >25°. The database 
encompasses a range of diagnoses including cervical disc 
herniation, spinal stenosis, spondylolisthesis, degenerative 
scoliosis, and adjacent segment disease. Patients included had 
neurological involvement, either radiculopathy or myelopathy 
or both, in addition to mild CD. Study inclusion criteria 

required full baseline and 1‑year HRQL and radiographic data. 
Exclusion criteria comprised of a history of cervical fusion, 
diagnosis of trauma, ankylosing spondylitis, rheumatoid 
arthritis or chronic autoimmune conditions, neoplasm, 
systemic infection, or preoperative spinal infection.

Data collection, radiographic, and  HRQL assessment
Patient demographic and clinical data assessed included 
patient age, gender, body mass index (BMI), and Charlson 
comorbidity index (CCI) burden. Operative data were 
collected and included total number of levels fused, surgical 
approach, decompression and osteotomy incidence, 
estimated blood loss, and total operative time.

To assess the regional and global radiographic parameters 
of the spine, preoperative and follow‑up full‑length 
free‑standing lateral spine radiographs were measured 
with SpineView® (ENSAM, Laboratory of Biomechanics, 
Paris, France) software at a single academic center. Cervical 
radiographic parameters assessed included (cSVA: C2 
plumbline offset from the posterosuperior corner of C7), 
T1 slope minus CL (TS‑CL: mismatch between T1 slope and 
cervical curvature), CBVA. Global radiographic alignment 
parameters investigated included T4‑T12 angle (TK).

Col lect ion of  HRQL data included the modif ied 
Japanese orthopedic association (mJOA) score, neck 
disabi l i ty index (NDI) ,  EuroQol f ive‑dimensional 
questionnaire (EQ5D), and the numeric rating scales (NRS) 
for neck and back pain.

Cervical deformity drivers and patient grouping
Blinded preoperative patient radiographs (cervical, full‑spine, 
and flexion‑extension) were assessed to identify PDs of CD. 
Surgeon consensus and grouped all patients into deformity 
PD type according to the AMES‑ACD classification system.[2] 
The AMES‑ACD classification system incorporates a sagittal 
deformity descriptor (C – cervical; CT – cervicothoracic; 
T – thoracic) if they demonstrated a TS‑CL >20° or a 
cSVA >40 mm. In contrast, the T patients were identified 
through hyper/hypokyphosis (TK) at the T4‑T12 angle with 
an angle >60° and <40°. These patients were then further 
grouped by their LIV in relation to the curve apex, either 
above or below.

Assessment of distal junction kyphosis
DJK was defined per physician note or radiographically as 
DJK angle <‒10° (kyphosis between the superior endplate 
of the LIV and the inferior endplate of the second distal 
vertebra [LIV‑2]) and a baseline to postoperative change in 
the DJK angle by <‒10°.
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Statistical analysis
Demographic, clinical, and surgical data were assessed with 
descriptive analyses. Chi‑square and independent sample 
t‑test analyses assessed the frequencies and means of 
patient characteristic between PD (C or T) of deformity and 
location of the LIV. One‑way analysis of variance ascertained 
significant variation for continuous variables. Tests were 
two sided, and significance was set to a P < 0.05. All 
analyses were conducted with IBM Statistical Package SPSS 
software (version 23.0, Armonk, NY, USA).

RESULTS

Baseline demographics
Sixty‑two patients who underwent elective cervical fusion 
surgeries by a single surgeon were included in this study. 
The average age was 54.9 years and 62.8% of patients were 
female. Mean BMI for the cohort was 29.6 kg/m2 with a mean 
CCI of 0.65 ± 1.0. The most common comorbidities were 
diabetes (27.9%), vascular disease (19.1%), and pulmonary 
disease (7.5%). At baseline, the patients included had a 
mean NDI of 60.2, EQ5D Visual Analog Scale (VAS) of 61.1, 
mJOA 12.8, NRS Neck 8.0, NRS Back 6.5. 21 (33.9%) of the 
patients presented with cervical PDs (C‑PD) and 41 (66.1%) 
had identified thoracic PDs (T‑PD). Between the PD groups, 
age, gender, BMI, and CCI were not significant (P > 0.050). 
Baseline HRQLs were also not significantly different between 
the two driver groups, P > 0.050.

Radiographic parameters and lower instrumented vertebra 
location
For the cohort, the mean preoperative TS‑CL was 28.1°, cSVA 
26.9 mm, T4‑T12 angle of 38.1°. 100% (21/21) of C‑PD patients 
had LIVs below their CL apex, while 9.2% of T‑PD patients 
had LIVs caudal to the TK apex. 90.8% of T‑PD had their LIVs 
above the TK apex.

Patient‑reported outcomes between primary driver groups
At baseline and 3 months postoperatively, there were no 
differences in HRQLs between C‑PD and T‑PD groups. By 
1 year, C‑PD patients trended toward lower NDI scores (C‑PD: 
21.9 vs. T‑PD: 29.0, P = 0.245), lower NRS neck pain 
scores (C‑PD: 4.2 vs. T‑PD: 5.1, P = 0.358), and significantly 
higher EQ5D VAS (C‑PD: 69.2 vs. T‑PD: 52.4, P = 0.040) 
in comparison to the thoracic PD group. No significant 
differences in mJOA were found (P > 0.05).

Patient‑reported outcomes based upon lower instrumented 
vertebra apex
When thoracic patients with LIVs below the thoracic 
apex (9.2%) were excluded from the analysis, remaining 
thoracic patients with LIV above apex had significantly 

higher (worse) 1‑year NDI than cervical patients (37.5 vs. 
21.9, P = 0.05). Thoracic patients also trended higher rates 
of postoperative DJK than cervical patients (19.5% vs. 4.8%, 
P = 0.119).

DISCUSSION

The onset of proximal junctional kyphosis of the 
thoracolumbar spine due to improper instrumentation 
length and location is well established in literature.[10‑13] 
Although less commonly assessed, DJK can develop after 
corrective surgery for Scheuermann disease, adolescent 
idiopathic scoliosis (AIS), and CD.[8,14,15] Reported DJK 
incidence for CD corrective surgery is approximately 23.8% 
at 2‑year postoperative and can be a costly complication 
resulting in revision surgery.[15,16] Until recently, corrective 
surgery for CD did not consider the interdependence of 
global sagittal alignment, such as cervicothoracic, thoracic, 
and lumbosacral PDs of CD, during long‑term cervical 
realignment strategy.[2,17] The influence of PD on appropriate 
LIV fixation for CD surgery is currently unknown. This study 
attempts to determine whether or not LIV below or above 
deformity apex based on PD affects postoperative HRQL and 
incidence of DJK.

In this study, 100% of CD patients with cervical PDs had 
LIV below the cervical lordosis apex, while only 9.2% of CD 
patients with thoracic PDs had LIV below the TK apex. At 
1‑year postoperative, cervical PD patients trended toward 
improved NDI and NRS neck pain scores with significantly 
higher EQ5D VAS scores. When thoracic PD patients with 
LIV below the TK apex were excluded, cervical PD patients 
had significantly higher 1‑year NDI than the remaining 
thoracic PD patients. In addition to worse HRQL, thoracic 
PD patients trended toward higher rates of DJK at 1‑year 
follow‑up, suggesting that inclusion of apex beyond the 
CD may play a role in reduced DJK incidence. Interestingly, 
these findings are not consistent with a study evaluating 
DJK incidence and HRQL for CD corrective surgery. A recent 
retrospective review of 101 CD patients who underwent 
corrective deformity surgery did not find DJK to be correlated 
with HRQL outcomes.[15]

Previous research indicates that placement of the LIV 
beyond the apex of deformity is successful in minimizing 
DJK in cervical and thoracic deformity surgery.[9,18‑20] An 
aforementioned study by Yang et al. assessed DJK incidence 
in thoracic AIS based on inclusion of the stable sagittal 
vertebra (SSV) defined as the most proximal lumbar vertebra 
crossing the vertical line from the posterior‑superior corner 
of the sacrum.[9,21] The authors noted LIV below the SSV 
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demonstrated lower rates of DJK incidence in comparison to 
cases in which the LIV was superior to the SSV.[9] Passias et al. 
found that inclusion of driver apex for CD corrective surgery 
in cases of cervical and thoracic PDs is especially important 
for reducing postoperative deformity.[18] A retrospective 
analysis of 98 CD patients by Osterhoff paper et al. assessed 
surgical outcomes. Inclusion of the cervicothoracic junction 
in the LIV leads to lower rates of symptomatic pathologies 
below fixation.[19]

This analysis demonstrates that inclusion of the apex of 
deformity was more commonly performed in CD patients 
with cervical PDs compared to thoracic PDs. When the LIV 
was above the apex of deformity, thoracic PD patients showed 
significantly worse postoperative HRQL compared to cervical 
PD patients. Furthermore, thoracic PDs patients trended 
toward greater DJK incidence at 1‑year follow‑up.

Limitations
The retrospective nature of the cohort can inherently 
lead to potential reporting or observer bias. Using data 
collected from one surgeon operating in an academic 
setting may not be representative of the average physician 
and average hospital, a primary cervical diagnoses patient 
receives treatment at in the United States. Furthermore, 
a study of this nature cannot examine causality and both 
sagittal spinal alignment parameters and HRQL may be 
influenced by another confounding factor such as the 
underlying spinal diagnoses for which the patient was 
receiving spinal fusion surgery. This study is also limited 
by a limited patient sample size, especially for the cervical 
PD group. At 1‑year postoperative, this study may be 
hindered by a relatively short follow‑up time for DJK 
incidence.

CONCLUSIONS

Stopping before apex in patients with a primary thoracic 
driver and associated with deleterious effects. Those with 
a primary cervical driver tended to have LIVs inclusive of 
CL apex with lower rates of postoperative DJK. In addition, 
thoracic PD patients with LIVs above TK apex had significantly 
higher NDI and lower EQ5D VAS scores by 1 year.
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