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This retrospective cohort study describes adult cervical deformity(ACD) patients with Ames-ACD classi-
fication at baseline(BL) and 1-year post-operatively and assesses the relationship of improvement in
Ames modifiers with clinical outcomes. Patients � 18yrs with BL and post-op(1-year) radiographs were
included. Patients were categorized with Ames classification by primary deformity descriptors
(C = cervical; CT = cervicothoracic junction; T = thoracic; S = coronal) and alignment/myelopathy
modifiers(C2-C7 Sagittal Vertical Axis[cSVA], T1 Slope-Cervical Lordosis[TS-CL], Horizontal Gaze[Horiz],
mJOA). Univariate analysis evaluated demographics, clinical intervention, and Ames deformity descrip-
tor. Patients were evaluated for radiographic improvement by Ames classification and reaching
Minimal Clinically Important Differences(MCID) for mJOA, Neck Disability Index(NDI), and EuroQuol-
5D(EQ5D). A total of 73 patients were categorized: C = 41(56.2%), CT = 18(24.7%), T = 9(12.3%), S = 5
(6.8%). By Ames modifier 1-year improvement, 13(17.8%) improved in mJOA, 26(35.6%) in cSVA grade,
19(26.0%) in Horiz, and 15(20.5%) in TS-CL. The overall proportion of patients without severe Ames mod-
ifier grades at 1-year was as follows: 100% cSVA, 27.4% TS-CL, 67.1% Horiz, 69.9% mJOA. 1-year post-
operatively, severe myelopathy(mJOA = 3) prevalence differed between Ames-ACD descriptors
(C = 26.3%, CT = 15.4%, T = 0.0%, S = 0.0%, p = 0.033). Improvement in mJOA modifier correlated with reach-
ing 1-year NDI MCID in the overall cohort (r = 0.354,p = 0.002). For C descriptors, cSVA improvement cor-
related with reaching 1-year NDI MCID (r = 0.387,p = 0.016). Improvement in more than one radiographic
Ames modifier correlated with reaching 1-year mJOA MCID (r = 0.344,p = 0.003) and with reaching more
than one MCID for mJOA, NDI, and EQ-5D (r = 0.272,p = 0.020). In conclusion, improvements in radio-
graphic Ames modifier grades correlated with improvement in 1-year postoperative clinical outcomes.
Although limited in scope, this analysis suggests the Ames-ACD classification may describe cervical
deformity patients’ alignment and outcomes at 1-year.

� 2021 Published by Elsevier Ltd.
1. Introduction

After failure of non-operative treatment, surgical correction of
adult cervical deformity (ACD) may be utilized for malalignment
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correction and nerve decompression. As surgeons are more fre-
quently attempting these high-risk procedures, assessment of
post-operative improvement is increasingly important. Previously,
most outcome assessments following ACD corrective surgery have
relied on radiographic measurements and health-related quality of
life scores that are neither validated nor specific to cervical defor-
mity [1–4]. A new classification for cervical deformity that
describes severity by four different metrics has been proposed,
but few studies have assessed the clinical relevance of this classi-
fication system.

The Scoliosis Research Society (SRS)-Schwab classification sys-
tem for adult spinal deformity (ASD) has successfully unified the
language and understanding of ASD, increasing the ease and uni-
formity for physicians, researchers, and patients to discuss ASD
and evaluate its severity [5–8]. Ames et al [9] proposed an analo-
gous classification to the SRS-Schwab for cervical deformity that
takes into account a patient’s cervical deformity type and apex,
while simultaneously assessing thoracolumbar alignment
cervical-specific alignment and disability. There are five modifiers
included in the classification: cervical sagittal alignment (cSVA), T1
slope and cervical lordosis mismatch (TS-CL), horizontal gaze
(chin-brow vertical angle, CBVA), myelopathy (assessed by means
of the modified Japanese Orthopaedic Association [mJOA] score),
and the SRS-Schwab classification. The Ames classification was
established based on the input of experienced cervical spine sur-
geons and consensus regarding modifier grades with inter- and
intra-reliability, though little clinical evidence has been used to
support this classification.

Recently, Passias et al. performed the first clinical application of
the Ames classification system for ACD using a multicenter
prospective patient registry of cervical deformity patients [10].
The authors found that the Ames classification alignment modifiers
differed in severity based on the cervical deformity descriptor.
They also showed that the Ames and SRS-Schwab classifications
can be applied successfully to assess ACD patients at baseline,
revealing that patients with a cervicothoracic(CT) Ames descriptor
had mostly lower SRS-Schwab PI-LL modifier grades and that all
cervical deformity descriptors, except coronal (S), had similar
SRS-Schwab curve type distributions. However, the short follow-
up of this study warranted further investigation to develop a dee-
per understanding of the clinical applicability of the Ames classifi-
cation system.

The present study utilizes the Ames adult cervical deformity
classification system to assess patient outcomes at the 1-year
post-operative interval. We describe cervical deformity patients
using this classification and sought to correlate Ames modifier
grades with clinical outcomes. We hypothesize that improved
Ames modifier grades correlate with improved clinical outcomes.
Fig. 1. Schematic of the measured sagittal alignment parameters for the cervical
(left) and global spinopelvic (right) spinal regions. cSVA = cervical sagittal vertical
axis; C2-7CL = cervical lordosis; CBVA = chin-brow vertical angle; TK = thoracic
kyphosis; LL = lumbar lordosis; SVA = sagittal vertical axis; PT = pelvic tilt;
PI = pelvic incidence.
2. Methods

2.1. Data source

This study is a retrospective review of a prospective database of
cervical deformity patients enrolled from 13 sites around the U.S.
Internal Review Board approval was obtained at each participat-
ing site prior to study initiation, and all patients provided
informed consent. Inclusion criteria for the database were patients
ages � 18 years, and radiographic evidence of cervical deformity at
baseline assessment, defined as the presence of at least 1 of the
following: cervical kyphosis (C2-7 Cobb angle > 10�), cervical
scoliosis (C2-7 coronal Cobb angle > 10�), C2-7 sagittal vertical
axis (cSVA) > 4 cm, or chin-brow vertical angle (CBVA) > 25�.
Patients with active tumors or infections were excluded from the
study.
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2.2. Data collection

Demographic and clinical data collected included patient age,
sex, body mass index (BMI), history of prior cervical surgery,
baseline mJOA score, and baseline T4-T12 thoracic kyphosis.
Surgical data collected included operative time, estimated blood
loss, surgical approach, bone morphogenetic protein 2 (BMP-2)
use, osteotomy use and number of osteotomies, levels fused, and
instrumentation used.

Patients were evaluated using full-length free-standing lateral
spine radiographs (3600 cassette) at baseline and 1 year post-
operative follow-up visit. Radiographs were analyzed using dedi-
cated and validated software (SpineView�; ENSAM, Laboratory of
Biomechanics, Paris, France) at a single center with standard tech-
niques [11–13]. Measured cervical spine parameters (Fig. 1)
included cervical SVA (cSVA: offset from the C2 plumbline and
the postero-superior corner of C7), C2-C7 lordosis (CL: Cobb angle
between C2 inferior endplate and C7 inferior endplate), T1 slope
minus CL (TS-CL: mismatch between T1 slope and cervical lordo-
sis), and chin-brow vertical angle (CBVA: angle subtended between
the vertical line and the line from the brow to the chin). Spinopel-
vic parameters (Fig. 1) included: sagittal vertical axis (SVA: C7
plumb line relative to the posteriosuperior corner of S1), pelvic
incidence minus lumbar lordosis (PI-LL: mismatch between pelvic
incidence and lumbar lordosis), and pelvic tilt (PT: angle between
the vertical and the line through the sacral midpoint to the center
of the two femoral heads).
2.3. Clinical outcomes assessment

Clinical outcomes were assessed using modified Japanese
Orthopaedic Association (mJOA), Neck Disability Index (NDI) and
EuroQol Five-Dimensions (EQ-5D) scores at baseline and 1-year
following surgery. The minimally clinically important difference
(MCID) for the mJOA was set at 2 based on published values [14].
The MCID for Neck Disability Index was set as 15; this is double
the published MCID value because our NDI score was collected
on a 0–100 scale as opposed to 0–50). The EQ-5D MCID was set
as 0.1 per previously published values [15–17].
 from ClinicalKey.com by Elsevier on June 16, 2023. 
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2.4. Deformity classification

ACD patients were classified at baseline and 1-year post-
operatively for cervical deformity based on an established classifi-
cation system. The Ames-ACD classification includes a cervical
deformity descriptor in addition to five alignment modifiers [9].
Deformity descriptors are based on the apex of the cervical sagittal
or coronal deformity: Type C – apex in cervical spine; Type CT –
apex at the cervico-thoracic junction; Type T – apex in thoracic
spine; Type S – primary coronal deformity (C2-C7 Cobb
angle � 15�); Type CVJ – primary cranio-vertebral junction defor-
mity. The modifiers include alignment measures (C2-C7 SVA
[cSVA], horizontal gaze [CBVA], T1 Slope – Cervical lordosis mis-
match [TS-CL]) and disability (myelopathy, assessed by modified
Japanese Orthopaedic Association questionnaire [mJOA]). These
modifiers are graded on a scale that increases in severity. Align-
ment modifiers are graded from 0 (normal) to 2 (markedly abnor-
mal) and the mJOA disability modifier is graded from 0 to 3 (Fig. 2).
For radiographic Ames modifiers, any grade>0 indicates malalign-
ment; for the mJOA modifier, any grade>0 indicates presence of
myelopathy-related disability.
Table 1
Demographic and surgical details for the overall cohort of ACD patients. Results are
2.5. Statistical analysis

Comparisons were made between modifier groups using the
Ames-ACD primary cervical deformity type. Changes in alignment
modifier grades were quantified as improvements (improvement
by 1 or 2 grades), deterioration (lowering by 1 or 2 grades), or no
change. Pearson v2 tests and ANOVA were used to compare
patient distributions in study groups. Changes in health-related
quality of life scores were determined with paired t tests. Within
Ames descriptor groups, Pearson bivariate correlations and binary
logistic regression tests were used to assess the relationship
between improving in Ames modifier and improving in health-
related quality of life score. Two-sided p-values < 0.05 were con-
sidered to be statistically significant. All statistical analysis was
conducted in SPSS version 23.
Fig. 2. Description of the Ames adult cervical deformity classification system,
which includes a deformity descriptor and five modifiers.
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3. Results

3.1. Patient Demographic and surgical overview

73 patients met inclusion criteria for this analysis. Table 1 pre-
sents a demographic and surgical overview of the included cohort.
17.8% of surgeries utilized anterior-only approach, 47.9% posterior-
only, and 34.2% combined. The average levels fused was
7.57 ± 3.62. By 1-year postoperatively, 82.6% of the cohort demon-
strated successful fusion, 17.4% of patients had radiographic evi-
dence of pseudarthrosis.
3.2. Baseline radiographic descriptors and 1-Year improvements

Table 2 presents a radiographic overview of the included cohort
at baseline and 1-year postop. Patients presented with moderate
baseline cervical deformity: cSVA (46.21 ± 23.91 mm), TS-CL (36.
74 ± 19.36). In the overall cohort, patients showed significant pre
to post changes in SVA and in all cervical parameters assessed
including cSVA, TS-CL, and C2 slope (all p < 0.001).
3.3. Improvements based on Ames modifiers in overall cohort

Distribution of Ames-ACD descriptors was as follows: C = 41
(56.2%), CT = 18 (24.7%), T = 9 (12.3%), S = 5 (6.8%). Overall, 51
(69.9%) patients improved in at least one Ames modifier from base-
line to 1Y. By Ames modifier improvement at 1Y, 13 (17.8%)
improved in mJOA score, 26 (35.6%) in cSVA grade, 19 (26.0%) in
horizontal gaze, and 15 (20.5%) in TS-CL. The breakdown of number
of Ames modifiers improved is as follows: 22 (30.1%) had no mod-
ifier improvements, 31 (42.5%) improved in one modifier, 18
(24.7%) improved in two modifiers, and 2 (2.7%) improved in three
modifiers. The distribution of patients without severe modifier
reported as either Mean ± Standard Deviation or N (percentage). CCI = Charlson
Comorbidity Index; SPO = Smith-Peterson Osteotomy; VCR = vertebral column
resection.

Demographic Variable Average or Frequency

Age (years) 61.81 ± 10.67
BMI (kg/m2) 29.47 ± 8.13
CCI 0.63 ± 0.94
Gender (% Female) 43 (58.9%)
Prior Cervical Surgery 27 (38.0%)
History of Smoking 20 (29.0%)
Diabetes 5 (6.8%)
Osteoporosis 8 (11.0%)
Depression 21 (28.8%)

Surgical Variable Average or Frequency
Levels Fused 7.57 ± 3.62
Estimated Blood Loss (cc) 824.07 ± 887.69
Operative Time (min) 286.39 ± 154.22
BMP-2 Use 28 (38.4%)
Surgical Approach
Anterior Only 13 (17.8%)
Posterior Only 35 (47.9%)
Combined 25 (34.2%)

Osteotomy Use
Partial Facet 3 (4.1%)
Complete Facet 1 (1.4%)
SPO 14 (19.2%)
Opening Wedge 1 (1.4%)
Closing Wedge 12 (16.4%)
VCR 3 (4.1%)
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Table 2
Preoperative baseline and 1-Year radiographic measurements for the whole cohort of
ACD patients. Bolded cells represent statistical significance to P < 0.05. PT = pelvic tilt;
PI-LL = spino-pelvic mismatch; SVA = sagittal vertical axis; TK = thoracic kyphosis; TS-
CL = T1 slope minus cervical lordosis, CBVA = chin brow vertical angle.

Radiographic Parameter Baseline 1 Year P value

PT (�) 19.39 ± 11.06 18.21 ± 10.32 0.118
PI-LL (�) 1.33 ± 16.29 1.31 ± 15.33 0.987
SVA (mm) 8.28 ± 75.34 41.34 ± 16.51 0.002*
T4-T12 TK (�) 40.21 ± 16.39 44.17 ± 15.59 0.001*
T1 Slope (�) 30.54 ± 17.53 35.64 ± 14.85 <0.001*
TS-CL (�) 36.74 ± 19.36 27.42 ± 13.18 <0.001*
C2-C7 CL � �6.32 ± 21.35 7.51 ± 16.41 <0.001*
C2-C7 SVA (mm) 46.21 ± 23.91 41.09 ± 16.76 0.018*
CBVA (�) 5.38 ± 7.69 3.14 ± 0.232
C2-T3 (�) �16.03 ± 20.40 0.07 ± 16.43 <0.001*
C2-T3 SVA (mm) 78.82 ± 39.45 77.73 ± 27.17 0.663
C2 Slope (�) 37.42 ± 20.27 26.47 ± 13.83 <0.001*
C1 Slope (�) 1.92 ± 18.21 �7.09 ± 13.42 <0.001*
C0 Slope (�) �1.27 ± 14.37 �7.23 ± 9.88 0.002*
C0-C2 Angle (�) 33.49 ± 12.05 28.34 ± 11.12 0.001*
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grades (i.e. grade ++) at 1Y across all Ames descriptors were as fol-
lows: 100% cSVA, 27.4% TS-CL, 67.1% horizontal gaze, 69.9% mJOA.

3.4. Improvements based on Ames descriptors

Across Ames deformity descriptor groups (C, CT, T, and S), there
were no significant differences in rates of baseline to 1-year
improvements in cSVA, TS-CL, or horizontal gaze modifiers. How-
ever, patients with a cervical (C) Ames descriptor improved in
mJOA modifier grade at a higher rate than patients in other
descriptor groups (Table 3). Baseline to 1-Year changes in Ames
modifier grades broken down for each Ames deformity descriptor
are reported in Table 4. Within the cervical descriptor group, the
proportion of patients with non-severe cSVA modifier grades
(grade 0) increased from baseline to 1-year postoperative (26.8%
to 58.5%, p = 0.001). The proportion of cervical descriptor patients
with non-severe mJOA modifier grades also increased from base-
line to 1-year (5.0% to 13.2%, p = 0.012), indicating reduction of
both deformity and myelopathy severity. At 1Y, only coronal (S)
deformity patients differed in cSVA grade distribution (0 = 20.0%,
1 = 80.0%, 2 = 0.0%, p = 0.048), though severemyelopathy (mJOA = 3)
prevalence differed between Ames-ACD deformity descriptors
(C = 26.3%, CT = 15.4%, T = 0.0%, S = 0.0%, p = 0.033).

3.5. Improvement based on SRS-Schwab classification

Cervical deformity patients with cervical, cervicothoracic, and
coronal cervical deformity types displayed a similar distribution
of SRS-Schwab adult spinal deformity curve types, the exception
being thoracic deformities (T = 11.1%, L = 0.0%, D = 22.2%,
N = 66.7%, p = 0.021). Higher pelvic tilt (PT) was observed in
patients with high (1 + 2) cSVA grades (58.3% vs. 28.0%,
p = 0.013) and high (2 + 3) mJOA (64.0% vs. 39.6%, p = 0.041) scores
at baseline (Table 5). At 1-year postoperative, 12.3% of patients
improved in PT grade, 11.0% improved in SVA grade, and 8.2%
Table 3
Breakdown of Ames modifier grade improvements by deformity descriptor. The frequency
to 1-year was compared across deformity descriptors. cSVA = cervical sagittal vertical ax
Association.

Modifier Cervical (C) Cervicothoracic (CT)

cSVA 14 (34.1%) 6 (33.3%)
TS-CL 8 (19.5%) 1 (5.6%)
Horizontal Gaze 10 (24.4%) 6 (33.3%)
mJOA 11 (26.8%) 1 (5.56%)
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improved in PI-LL grade. At 1-year postoperative, higher SVA was
observed in patients with a low horizontal gaze grade (65.4% ver-
sus 19.1%, p < 0.001) and higher pelvic tilt was associated with
patients with a lower mJOA modifier grade (55.3% versus 25.7%,
p = 0.01).
3.6. Correlation of Ames modifiers with clinical outcomes

Overall, 39.7% of patients met minimally important clinical dif-
ference for NDI, 17.8% EQ-5D, and 13.7% mJOA (Table 6). Improve-
ment in the mJOA modifier correlated with reaching 1-year
postoperative MCID for NDI in the overall cohort (r = 0.354,
p = 0.002), and showed a trend of correlation with 1-year postop-
erative MCID for EQ-5D (r = 0.229, p = 0.081). In the overall cohort,
no other correlations were observed between improvements in
Ames modifiers and reaching MCID in patient-reported outcome
measures (all p > 0.05).

For patients with a cervical (C) deformity descriptors, improve-
ment in cSVA modifier correlated with reaching MCID in NDI at 1-
year (r = 0.387, p = 0.016), though this relationship was not signif-
icant in regression analysis (OR: 8.3, 95% confidence interval: 0.9–
77.6]). Within each Ames deformity descriptor groups, there were
no other significant correlations between improvements in Ames
modifiers and reaching MCID for patient-reported outcome mea-
sures (all p > 0.05).
3.7. Correlating number of modifier improvements with clinical
outcomes

Increasing number of radiographic Ames modifiers a patient
improved in from baseline to 1-year was associated with higher
odds of reaching 1Y MCID for myelopathy (mJOA) score (OR: 3.8,
[1.4–10.1], p = 0.008). Increasing number of radiographic Ames
modifier improvements also showed a trend of association with
reaching 1Y MCID for NDI (OR: 1.7, [0.9–3.1], p = 0.082), though
this was not statistically significant. There was no association
between number of radiographic Ames modifier improvements
and reaching 1Y MCID in EQ-5D (p = 0.263).
3.8. Case example

An illustrative case example of a 68 year old female character-
ized by the Ames adult cervical deformity classification system is
presented in Fig. 3. Using the Ames classification, this patient at
baseline presents with a primary cervico-thoracic (CT) deformity
type, cSVA modifier grade 1 (4–8 cm), horizontal modifier grade
1, TS-CL grade 2 (>20�), and mJOA modifier grade 2 (moderate:
12–14). Utilizing the SRS-Schwab classification, this patient has a
thoracic curve type, and PT grade ++ and PI-LL and SVA
grades + both at baseline and follow-up. One-year post-
operatively, this patient improved in cSVA (grade 1 to 0) and mJOA
(grade 2 to 1) modifiers, though TS-CL and horizontal modifiers
remained the same. This patient also improved in the two other
outcome measures assessed: she achieved the MCID for NDI
and percentage of patients who improved in each modifier from preoperative baseline
is; TS-CL = T1 slope minus cervical lordosis; mJOA = modified Japanese Orthopaedic

Thoracic (T) Coronal (S) P value

3 (33.3%) 1 (20.0%) 0.646
2 (22.2%) 1 (20.0%) 0.898
1 (11.1%) 2 (40.0%) 0.838
1 (11.1%) 0 (0.0%) 0.047*
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Table 4
Baseline to 1-Year changes in Ames modifier grades broken down for each Ames deformity descriptor. Bolded cells represent significance of P < 0.05. C = cervical descriptor;
CT = cervicothoracic descriptor; T = thoracic descriptor; S = coronal; cSVA = cervical sagittal vertical axis; Horiz = horizontal gaze; TS-CL = T1 slope minus cervical lordosis;
mJOA = modified Japanese Orthopaedic Association.

C (41) CT (18) T (9) S (5)

Baseline 1Y Baseline 1Y Baseline 1Y Baseline 1Y

cSVA 0 11 (26.8%) 24 (58.5%) 10 (55.6%) 13 (72.2%) 3 (33.3%) 7 (77.8%) 1 (20.0%) 1 (20.0%)
0.001* 0.618 0.417 0.800

1 29 (70.7%) 17(41.5%) 7 (38.9%) 5 (27.8%) 6 (66.7%) 2 (22.2%) 3 (60.0%) 4 (80.0%)
0.006* 0.324 0.417 0.400

2 1(2.4%) 0(0.0%) 1(5.6%) 0(0.0%) 0(0.0%) 0(0.0%) 1 (20.0%) 0(0.0%)
0.879 0.432 0.987 0.326

Horiz 0 11 (34.4%) 9 (25.7%) 1 (7.1%) 4 (26.7%) 4 (57.1%) 2 (22.2%) 1 (25.0%) 1 (25.0%)
0.225 0.778 0.167 0.800

1 13 (40.6%) 17 (48.6%) 7 (50.0%) 7 (46.7%) 2 (28.6%) 6 (66.7%) 2 (50.0%) 3 (75.0%)
0.274 0.583 0.417 0.700

2 8 (25.0%) 9 (25.7%) 6 (42.9%) 4 (26.7%) 1 (11.1%) 1 (11.1%) 1 (25.0%) 1 (25.0%)
0.427 0.407 0.889 0.988

TS-CL 0 2(4.9%) 7 (17.1%) 3 (16.7%) 1 (5.6%) 2 (22.2%) 3 (37.5%) 0(0.0%) 0(0.0%)
0.316 0.167 0.417 0.895

1 1(2.4%) 4(9.8%) 3 (16.7%) 4 (22.2%) 1 (11.1%) 0(0.0%) 0(0.0%) 1 (25.0%)
0.902 0.005* 0.984 0.326

2 38 (92.7%) 30 (73.2%) 12 (66.7%) 13 (72.2%) 6 (66.7%) 5 (62.5%) 5 (100%) 3 (75.0%)
0.619 0.022* 0.405 0.321

mJOA 0 2(5.0%) 5 (13.2%) 1 (7.7%) 2 (15.4%) 3 (37.5%) 2 (28.6%) 1 (20.0%) 1 (20.0%)
0.012* 0.889 0.583 0.200

1 9 (22.5%) 11 (28.9%) 4 (30.8%) 4 (30.8%) 3 (37.5%) 2 (28.6%) 2 (40.0%) 1 (20.0%)
0.042* 0.019* 0.583 0.400

2 19 (47.5%) 12 (31.6%) 4 (30.8%) 5 (38.5%) 2 (25.0%) 3 (42.9%) 2 (40.0%) 3 (60.0%)
0.021* 0.002* 0.583 0.300

3 10 (25.0%) 10 (26.3%) 4 (30.8%) 2 (15.4%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
0.045* 0.039* 1.00 1.00

Table 5
Comparisons between alignment modifier for Ames-ACD (Hi: Grades � 1; Lo: Grade 0) and SRS-Schwab-ASD (Hi: Grades +/++; Lo: Grade 0) deformity classifications.
cSVA = cervical Sagittal Vertical Axis; TS-CL = T1 Slope minus Cervical Lordosis; mJOA = Modified Japanese Orthopaedic Association; PI-LL = Pelvic Incidence minus Lumbar
Lordosis; PT = Pelvic Tilt. Bolded cells represent a significance of P < 0.05.

cSVA TS-CL Horiz mJOA

Lo Hi Lo Hi Lo Hi Lo Hi

Baseline SVA (% Hi) 28.0% 37.5% 34.8% 28.6% 39.3% 17.6% 41.7% 20.0%
0.293 0.549 0.085 0.054

PI-LL (% Hi) 16.0% 33.3% 27.3% 27.5% 28.6% 23.5% 28.0% 29.3%
0.095 0.376 0.471 0.571

PT (% Hi) 28.0% 58.3% 50.0% 28.6% 48.5% 47.5% 39.6% 64.0%
0.013* 0.250 0.577 0.041*

1 Year SVA (% Hi) 28.9% 46.4% 23.1% 38.3% 65.4% 19.1% 31.6% 40.0%
0.102 0.239 <0.001* 0.306

PI-LL (% Hi) 31.1% 21.4% 38.5% 25.0% 34.6% 23.4% 28.9% 25.7%
0.266 0.254 0.224 0.482

PT (% Hi) 37.8% 46.4% 30.8% 43.3% 50.0% 36.2% 55.3% 25.7%
0.313 0.304 0.183 0.010*

Table 6
Outcome measures for the overall cohort for Neck Disability Index (NDI), EQ5D (EuroQol Five Dimensions), and modified Japanese Orthopaedic association (mJOA) questionnaires.
Baseline and 1-year scores for each metric were compared. In addition, the number of patients who showed any improvement in each outcome metric and also the number of
patients who achieved MCID for each metric were quantified.

Outcome Measure Baseline 1 Year Difference P Value Improved MCID

NDI 48.36 ± 17.10 36.97 ± 19.85 �11.61 ± 16.20 <0.001* 53 (72.6%) 29 (39.7%)
EQ5D 0.74 ± 0.06 0.78 ± 0.07 0.04 ± 0.08 <0.001* 44 (60.3%) 13 (17.8%)
mJOA 13.50 ± 2.70 14.05 ± 2.87 0.36 ± 2.52 0.282 26 (35.6%) 10 (13.7%)
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(pre-op: 42, post-op: 16) and EQ-5D (pre-op: 0.647, post-op:
0.803) from baseline to 1-year post-operative.
4. Discussion

The Ames classification of cervical deformity increases the ease
with which physicians and patients can communicate about the
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complex nature of adult cervical deformity. This classification uses
both radiographic and clinical outcome assessments to give a com-
prehensive evaluation of patient status. This study further supports
the applicability and clinical relevance of the Ames ACD classifica-
tion system using a prospective, multicenter database of cervical
deformity patients to describe these patients’ disability and defor-
mity at 1-year post-operatively. Improvements in radiographic
 from ClinicalKey.com by Elsevier on June 16, 2023. 
 Copyright ©2023. Elsevier Inc. All rights reserved.



Fig. 3. Pre- and one-year post-operative sagittal and anteroposterior (AP) full-body radiographs and sagittal cervical radiographs for a 68 year old female with adult cervical
deformity characterized by the Ames classification. A) pre-operative sagittal full-body image; B) pre-operative AP full-body image; C) pre-operative cervical sagittal image; D)
post-operative sagittal full-body image; E) post-operative AP full-body image; F) post-operative sagittal cervical image.
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Ames modifier grades were correlated with better clinical out-
comes, particularly with improvement in myelopathy severity
and with improving in terms of the Neck Disability Index. In addi-
tion, different deformity descriptors have differential response to
modifier improvements.

The primary sagittal cervical (C) and cervicothoracic (CT) Ames
deformity descriptors were the most prevalent among this cohort.
C and CT groups showed the greatest percentage of improvement
in the cSVA modifier grades, while CT descriptors showed the least
improvement in TS-CL after surgical correction, possibly because
their deformity extends beyond the cervical spine. At 1Y, severe
mJOA grades were persistent only for the C and CT deformity
descriptor groups, however mJOA modifier improvements were
still detected for C descriptors. This could be a result of the small
sample size for the T and S descriptors, leaving these groups under-
powered. Long-term follow-up may be warranted to fully assess
mJOA changes.

Recent studies have assessed cervical deformity within the con-
text of a thoracolumbar deformity population, demonstrating the
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need to assess spinal deformities in all regions of the spine
[1,2,18–20]. This increased emphasis on investigating cervical
deformity in the context of thoracolumbar and spinopelvic align-
ment prompted Ames et al. to incorporate the SRS-Schwab classifi-
cation for adult thoracolumbar deformity as a modifier in the Ames
ACD classification system [9]. The present analysis similarly uses
the SRS-Schwab classification system in the context of cervical
deformity to further explore the relationship between cervical
and thoracolumbar malalignments. The results of our study sug-
gest that cervical deformity patients should be assessed with glo-
bal alignment parameters in addition to cervical-specific
alignment and disability. All C, CT, and S Ames descriptor patients
showed a similar distribution of SRS-Schwab ASD curve types, with
T descriptors being the only group with a variable distribution of
ASD curve types. Future work is warranted with a larger cohort
to fully assess these differences. There were no significant differ-
ences across Ames deformity descriptors for any of the SRS-
Schwab modifiers both at baseline and 1Y post-operatively, how-
ever, we found that patients with higher Ames modifier grades also
 from ClinicalKey.com by Elsevier on June 16, 2023. 
 Copyright ©2023. Elsevier Inc. All rights reserved.
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displayed more severe SRS-Schwab modifier grades. This suggests
that severe thoracolumbar deformities are associated with cervical
deformities, and that patients should be assessed for both cervical
and thoracolumbar deformities.

In addition to describing the relationship between cervical and
thoracolumbar malalignments in the context of CD, the results of
our study further support the clinical relevance of the Ames classi-
fication system. To be considered clinically relevant, the Ames clas-
sification must demonstrate a relationship between modifier grade
severity and health-related quality of life. Previous applications of
the Ames classification system in surgical CD patient populations
show significant associations between cervical malalignment, tho-
racolumbar malalignment, and both preoperative and early post-
operative clinical outcomes [10]. Our study yielded similar
results, namely, patients who improved in any of the three Ames
alignment modifier grades showed concurrent improvement in
NDI and EQ-5D scores from baseline to 1-year. Cervical deformity
descriptor patients who improved in cSVA were more likely to
show clinically important improvement in NDI at 1-year. The
results of this study support the notion that cervical sagittal align-
ment may play an important role in clinical outcomes following
corrective surgery in some cervical deformity cases. These results
can be used to better inform the surgical planning process and
improve communication between healthcare providers and
patients regarding outcome expectations following surgery. Future
studies should continue to investigate the relationship between
cervical sagittal alignment and HRQL outcomes, assessing which
independent alignment parameters have the strongest relationship
with patient-reported clinical outcomes.

The clinically meaningful improvement in NDI is consistent
with prior literature showing that positive sagittal imbalance plays
a critical role in achieving better clinical outcomes and restoration
of alignment improves a patient’s health status [21,22]. Though
improvement in alignment did not show improvement in mJOA
score, as patients improved in more than one modifier, there was
a relation to reaching MCID for more than one outcome measure
(mJOA, NDI, and EQ-5D). Naderi et al showed that abnormal cervi-
cal curvature predicts less post-operative neurological improve-
ment, possibly explaining why some of these patients did not
improve in mJOA [23]. Although general relationships exist
between the Ames modifiers and clinical outcomes, there needs
to be further refinement to better correlate modifiers with
outcomes.

It is important to note that the Ames ACD classification system
was primarily designed as a tool for health professionals to stan-
dardize communication about cervical deformity—Ames and col-
leagues concede that classification system is ‘‘likely to undergo
future revision,” as the current version’s clinical relevancy is still
under investigation [9]. Indeed, our results suggest that while post-
operative improvements in Ames modifiers do moderately corre-
late with improved clinical outcomes, the classification scheme
warrants further adjustment to improve its validity as an instru-
ment gauging cervical deformity severity. Our results indicate that
the current version of the Ames ACD classification system is not a
stopping place, but rather a starting point, in the valid assessment
of cervical deformity severity.
5. Limitations:

As no CD-specific clinical outcome questionnaires have been
validated in the literature, the present analysis is limited by its
use of non-CD specific outcome measures in a population of CD
patients. While the NDI, mJOA, and EQ-5D questionnaires have
all previously been investigated in the context of cervical defor-
mity, these non-CD-specific outcome assessment tools warrant
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increased scrutiny as measures of clinical improvement for CD
patients, and may explain the weak correlations this study found
between outcomes and Ames modifiers. Furthermore, when
assessing the relationship between clinical outcomes and improve-
ments in Ames modifiers, this study did not account for the covari-
ates of complication status, patient age, or frailty, all of which have
previously been shown to affect clinical outcomes following CD-
corrective surgery. While our results suggest a relationship
between clinical outcomes and changes in Ames modifier, this con-
clusion should be interpreted in the greater context of our cohort’s
specific patient and surgical profile. Additionally, as this study is a
retrospective review of a multicenter database, the potential arises
for surgeon and site variation and bias, though this may also attri-
bute to the generalizability of the findings give that the sites are a
subset of a representative sample of surgeons across the country.
The limited follow-up of one year for this cohort warrants atten-
tion in future studies.

Perhaps most importantly, the relatively small sample size—
both overall (N = 73) and within the thoracic (N = 9) and coronal
(N = 5) deformity descriptor groups—limits the statistical power
of our findings. In conducting a comprehensive analysis of the rela-
tionship between the Ames classification system and 1-year post-
operative outcomes, our analysis includes multiple different
statistical investigations on a relatively patient sample. This
increases the risk of spurious significance due to statistical noise;
however, the relationships in our study are all in the same direc-
tion of statistical significance, suggesting a trend of association,
rather than statistical noise. We recognize that there is room for
improvement in correlating outcomes with the Ames ACD classifi-
cation system. Our results should be interpreted as promising find-
ings that justify additional investigation as the cervical deformity
literature grows.

6. Conclusions

Using a prospective, multicenter database of cervical deformity
patients, improvements in radiographic Ames modifier grades
were identified to correlate with better clinical outcomes and
spinal alignment. It was also identified that different deformity
descriptors have differential responses to modifier improvements.
Although limited in scope, this analysis suggests that the Ames-
ACD classification may be applicable to describe cervical deformity
patients’ alignment and outcomes at 1-year; however, a direct
relationship between Ames modifier grade and clinical outcome
was not evident for every CD descriptor. The modest, but statisti-
cally significant, relationship between clinical outcomes and Ames
modifiers suggests the need for future adjustment of the Ames ACD
classification system to increase its clinical utility.
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