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OBJECTIVE  Malalignment following cervical spine deformity (CSD) surgery can negatively impact outcomes and in-
crease complications. Despite the growing ability to plan alignment, it remains unclear whether preoperative goals are 
achieved with surgery. The objective of this study was to assess how good surgeons are at achieving their preoperative 
goal alignment following CSD surgery.
METHODS  Adult patients with CSD were prospectively enrolled into a multicenter registry. Surgeons documented align-
ment goals prior to surgery, including C2–7 sagittal vertical axis (SVA), C2–7 sagittal Cobb angle, T1 slope minus cervi-
cal lordosis (TS-CL), and C7–S1 SVA. Goals were compared with achieved alignment, and the offsets (achieved goal) 
were calculated. General linear models were created for offset magnitude for each alignment parameter, controlling for 
baseline deformity and surgical factors.
RESULTS  The 88 enrolled patients had a mean age of 63.6 ± 13.0 years. The mean number of anterior and posterior 
instrumented levels was 3.5 ± 1.0 and 10.6 ± 4.5, respectively. Surgeons failed to achieve their preoperative alignment 
goals by an average of 17.2 (range 0.1–75.4) mm for C2–7 SVA, 10.3° (range 0.1°–45.5°) for C2–7 sagittal Cobb angle, 
15.6° (range 0.0°–42.9°) for TS-CL, and 34.2 (range 0.3–113.7) mm for C7–S1 SVA. The sagittal alignment parameters 
with the highest rate of extreme outliers were TS-CL and C7–S1 SVA, with 32.2% exceeding 20° and 60.8% exceeding 
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Spinal deformity can be defined as an abnormal cur-
vature or alignment that deviates from normal.1,2 All 
regions of the spine can be affected by deformity 

and the underlying etiologies are remarkably broad. Over 
recent decades, significant advances have been made in 
the management of thoracolumbar deformities, including 
surgical alignment strategies,3–5 operative techniques,6 and 
assessments of treatment outcomes.7–9 As gains have been 
made in the treatment of thoracolumbar deformities, a re-
newed interest has emerged to similarly advance the care 
of patients with adult cervical spine deformities (CSDs).2

Although scoliosis may occur in the cervical spine, 
most adult CSDs primarily affect the sagittal plane, in-
cluding varying degrees of cervical kyphosis (CK) and 
global sagittal malalignment.2,10–13 Adult CSD most com-
monly develops from degenerative changes, but may also 
be secondary to trauma, infection, neoplasm, or congeni-
tal malformations. The health impact of adult CSD can 
be profound, including neck and radicular pain, myelopa-
thy, dysphagia, and an inability to maintain a horizontal 
gaze.14,15 Over the past decade, advances in the field of 
CSD have included attempts to define what constitutes 
CSD and its severity through classification systems,11,16–18 
development of a nomenclature for soft-tissue releases 
and osteotomies that are critical for operative treatment,19 
reporting and analysis of complications associated with 
surgical treatment,10,20–22 and assessment of postoperative 
clinical outcomes.10,22–25

The goals of surgical treatment for adult CSD include 
ensuring adequate decompression of neural structures, re-
storing functional alignment of the head and spine, and 
creating a spinal construct with mechanical durability. 
Achieving sufficient occipital and spinal realignment is 
particularly important because suboptimal alignment can 
be associated with a greater risk of mechanical compli-
cations and may negatively impact clinical outcomes.25–27 
Although there are a growing number of tools to facili-
tate preoperative sagittal alignment planning, and our un-
derstanding of alignment targets continues to improve, it 
remains unclear how effective surgeons are at achieving 
their preoperative sagittal alignment goals following sur-
gical treatment of CSD. In the present study, we prospec-
tively assessed the ability of spinal deformity surgeons 
across multiple centers to achieve their preoperative sagit-

tal alignment goals in a series of adult patients with CSD 
undergoing surgical treatment. We also assessed whether 
any factors could be identified that were associated with 
the likelihood of achieving goal sagittal alignment.

Methods
Study Design and Population

This was a multicenter, prospective cohort study of 
adult CSD patients treated surgically at 13 centers across 
North America. This study was registered with the Clini-
calTrials.gov database (http://clinicaltrials.gov), and its 
registration no. is NCT01588054. This study was ap-
proved by the institutional review committee at Presbyte-
rian/St Luke’s Medical Center, HCA-HealthONE, and all 
enrolled patients provided signed informed consent. The 
cohort included adult patients (≥ 18 years of age) with a 
diagnosis of CSD and a plan for surgical treatment. CSD 
was defined based on meeting at least one of the following 
radiographic/alignment criteria: 1) C2–7 sagittal kyphosis 
(Cobb angle > 15°); 2) T1 slope minus cervical lordosis 
(TS-CL) ≥ 35°; 3) segmental CK > 10° between any 2 ver-
tebrae between C2 and T1 or > 15° across any 3 vertebrae 
between C2 and T1; 4) cervical scoliosis > 10° with Cobb 
angle end vertebrae within the cervical spine; 5) C2–7 
sagittal vertical axis (SVA) > 4 cm; or 6) McGregor’s 
slope > 20° or chin brow vertical angle > 25°. Exclusion 
criteria included active spinal infection or neoplasm, de-
formity due to acute trauma, incarceration, and pregnancy 
or immediate plans to get pregnant. The operating surgeon 
made decisions regarding indications for surgery, radio-
graphic evaluation, surgical planning strategies and goals, 
surgical procedure and approach, and implants.

Data Collection
Standardized data collection forms were used at pre-

operative baseline and postoperative follow-up to collect 
demographic, clinical, radiographic, and operative data. 
Prior to each surgery, the operating surgeon was required 
to document the goal sagittal alignment, including C2–7 
SVA, C2–7 sagittal Cobb angle, TS-CL, and C7–S1 SVA. 
The study required these alignment goals to be submitted 
to a central data repository prior to surgery.

At the time of enrollment and at follow-up visits, full-

20 mm from goal alignment, respectively. After controlling for baseline deformity and operative parameters, the only fac-
tor associated with achieving targeted alignment for C2–7 sagittal Cobb angle was greater baseline thoracic kyphosis 
(TK; B = −0.148, 95% CI −0.288 to −0.007, p = 0.040), and for TS-CL, the only associated factor was lower baseline 
TS-CL (B = 0.187, 95% CI 0.027–0.347, p = 0.022). Both lower TK and greater TS-CL may reflect increased baseline 
deformity through greater thoracic compensation and increased TS-CL mismatch, respectively. No significant associa-
tions were identified for C2–7 SVA and C7–S1 SVA.
CONCLUSIONS  Surgeons failed to achieve their preoperative alignment goals by an average of 17.2 mm for C2–7 SVA, 
10.3° for C2–7 sagittal Cobb angle, 15.6° for TS-CL, and 34.2 mm for C7–S1 SVA. The few factors identified that were 
associated with offset between goal and achieved alignment suggest that achievement of goal alignment was most chal-
lenging for more severe deformities. Further advancements are needed to enable more consistent translation of preop-
erative alignment goals into the operating room for adult CSD correction.
Clinical trial registration no.: NCT01588054 (ClinicalTrials.gov).
https://thejns.org/doi/abs/10.3171/2024.8.SPINE24703
KEYWORDS  cervical spine deformity; alignment; kyphosis; scoliosis; surgery; planning
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body EOS radiographs were obtained. Image analysis 
and measurements were performed at a central site using 
validated techniques and software (Spineview, ENSAM 
Laboratory of Biomechanics).

Participating surgeons were queried regarding wheth-
er they use specific surgical planning tools and whether 
they employ specific goal alignment criteria in planning 
their adult CSD surgeries. Surgical planning tools were 
grouped into three categories: generic imaging work-
stations (e.g., PACSs), commercially available planning 
software (e.g., Surgimap) specifically designed for spine 
surgery planning, or commercially available services that 
provide alignment planning. Goal alignment criteria were 
reported as the specific system used (e.g., Ames/Interna-
tional Spine Study Group [ISSG]16) or as patient-individ-
ualized alignment criteria if a surgeon indicated that no 
specific criteria were used, but rather goals were individu-
alized to the patient.

Data Assessment and Statistical Analysis
The operating surgeon’s goal preoperative alignment 

parameters were compared with the postoperative align-
ment for each patient based on radiographs obtained at 
6-week follow-up after surgery. Preoperatively, surgeons 
were required to provide specific values (not ranges) for 
their goal alignment targets. To quantify the dispersion 
of postoperative alignment around the target alignment, 
patients were categorized into 1 of 5 groups based on the 
magnitude of offset (absolute value) between achieved and 
preoperative goal alignment. These offset groups were: 1) 
< 5 mm/< 5°, 2) 5–10 mm/5°–10°, 3) 10.1–15 mm/10.1°–
15°, 4) 15.1–20 mm/15.1°–20°, and 5) > 20 mm/> 20°.

IBM SPSS (version 29.0, IBM Corp.) was used for 
statistical analyses. Descriptive statistics were summa-
rized using means and standard deviations for continuous 
variables and frequencies with percentages for categori-
cal variables. Correlations between continuous variables 
were assessed using Pearson correlation coefficients. As-
sociations between offset group and baseline demograph-
ic, clinical, radiographic, and operative parameters were 
assessed using one-way ANOVA for continuous variables 
and chi-square analysis for categorical variables. General 
linear models were performed for each of the four sagit-
tal goal alignment parameters using the respective offset 
magnitude as the dependent variable and a combination 
of significant variables from univariate analyses and the 
respective baseline parameter values, surgical planning 
tool used, goal alignment criteria used, number of verte-
bral levels instrumented/fused, and whether a combined 
anterior and posterior procedure was performed. All tests 
were two-tailed, with a significance level of p < 0.05.

Results
Patient Population

Baseline demographic, clinical, radiographic, and op-
erative parameters are summarized in Table 1 for the 
88 enrolled patients. The mean age for the study cohort 
was 63.6 ± 13.0 (range 30–87) years, and approximately 
one-half (51.1%) of the patients were women. A history of 
previous cervical or thoracolumbar fusion was present in 

38.6% and 36.4% of study patients, respectively. The most 
common diagnoses at the time of study enrollment were 
degenerative CK (70.5%), iatrogenic CK (22.7%), dropped 
head syndrome (14.8%), and ankylosing spondylitis (AS)–
associated CK (3.4%). Baseline radiographic parameters 
were overall reflective of moderate to severe CSD (Table 
1). The most common surgical approach was posterior-on-
ly (51.1%), followed by combinations of anterior and pos-
terior approaches (37.5%), and anterior-only approaches 
(11.4%). The mean number of anterior instrumented lev-
els was 3.5 ± 1.0 (range 2–5), and the mean number of 
posterior instrumented levels was 10.6 ± 4.5 (range 2–26). 
Eighteen patients (20.5%) underwent a 3-column osteot-
omy (3CO), including 14 pedicle subtraction osteotomies 
(PSOs) and 4 vertebral column resections (VCRs).

Achievement of Sagittal Alignment Goals
Fifteen surgeons contributed between 1 and 16 patients 

(mean 5.9) to the study cohort (Table 2). Of the 15 en-
rolling surgeons, 9 (60%) primarily relied on PACS or an 
equivalent workstation for preoperative surgical planning, 
5 (33.3%) used commercially available software specifi-
cally designed for spine surgery planning, and 1 surgeon 
(6.7%) used a commercially available service to plan 
alignment and generate corresponding patient-specific 
rods (Table 2). Five surgeons (33.3%) used the Ames/ISSG 
alignment criteria28 in determining goals for alignment. 
The remaining 10 surgeons (66.7%) did not use specific 
general alignment criteria but instead applied a more pa-
tient-individualized approach when determining goal sag-
ittal alignment for each patient prior to surgery.

Overall, goal and achieved alignment for each assessed 
sagittal parameter correlated significantly (Fig. 1). The 
correlations were weak for C2–7 SVA (R = 0.260) and TS-
CL (R = 0.276), moderate for C2–7 sagittal Cobb angle (R 
= 0.443), and strong for C7–S1 SVA (R = 0.624; Fig. 1). 
For each patient and for each of the assessed sagittal align-
ment parameters, the difference between the surgeon’s 
goal and the achieved alignment (offset) was calculated 
(Fig. 2), demonstrating similar rates of positive and nega-
tive offsets for C7–S1 SVA and a tendency toward greater 
positive offset for C2–7 SVA, C2–7 sagittal Cobb angle, 
and TS-CL.

The mean magnitudes of offsets (|achieved − goal|) 
and ranges of offsets for all patients are summarized in 
Table 2. The lowest mean offset (best achieved goal) was 
for C2–7 sagittal Cobb angle (mean 10.3° ± 9.9°), and the 
greatest mean offset (least achieved goal) was for C7–S1 
SVA (mean 34.2 ± 27.1 mm). The range of offset was the 
greatest for C7–S1 SVA (0.3–113.7 mm). Across surgeons, 
there was a moderate range of mean offsets for each sagit-
tal parameter (Table 2).

Patients were placed into 1 of 5 groups based on magni-
tude of offset (absolute value) in 5 mm/5° increments (Fig. 
3). The sagittal alignment parameters with the highest rate 
of extreme outliers were TS-CL and C7–S1 SVA, with 
32.2% exceeding 20° and 60.8% exceeding 20 mm from 
goal alignment, respectively. Two illustrative patient ex-
amples, one in which alignment goals were well achieved 
and one in which goal alignment parameters were not well 
achieved, are shown in Fig. 4.
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Factors Associated With Achievement of Sagittal 
Alignment Goals

Univariate analyses were performed to assess for po-
tential associations between the 5 offset groups (Fig. 3) 
and baseline demographic, clinical, radiographic, and op-
erative parameters (Table 1). No significant associations 
were identified for C2–7 SVA or C7–S1 SVA. Only greater 
baseline thoracic kyphosis (TK) was associated with in-
creased likelihood of achieving goal C2–7 sagittal Cobb 
angle alignment (p = 0.032). For TS-CL, 5 factors were 

TABLE 1. Baseline demographic, clinical, and radiographic 
parameters, and operative parameters, for 88 adults with CSD

Variable Value 

Age, yrs
  Mean ± SD 63.6 ± 13.0
  Range 30–87
Women, n (%) 45 (51.1)
BMI
  Mean ± SD 29.5 ± 5.6
  Range 18.3–43.1
CCI
  Mean ± SD 1.4 ± 1.8
  Range 0–8
ASA grade
  Mean ± SD 2.7 ± 0.5
  Range 2–3
Previous cervical fusion, n (%)
  Yes 34 (38.6)
  No 54 (61.4)
Previous thoracolumbar fusion, n (%)
  Yes 32 (36.4)
  No 56 (63.6)
Diagnosis, n (%)
  Degenerative CK 62 (70.5)
  Iatrogenic CK 20 (22.7)
  Dropped head syndrome 13 (14.8)
  AS-associated CK 3 (3.4)
  RA-associated CK 1 (1.1)
  Congenital CK 1 (1.1)
  Congenital scoliosis 1 (1.1)
Radiographic measures
  C2–7 lordosis, °
    Mean ± SD −11.5 ± 25.6
    Range −88.1 to 59.8
  TS-CL, °
    Mean ± SD 47.6 ± 21.5
    Range 8.7–116.6
  C2–7 SVA, mm  
    Mean ± SD 49.4 ± 19.1
    Range 5.0–85.5
  Cervical coronal Cobb angle, °*
    Mean ± SD 10.2 ± 4.6
    Range 6–24
  Upper thoracic coronal Cobb angle, °†
    Mean ± SD 14.4 ± 10.0
    Range 6–47
  TK (T4–12), °
    Mean ± SD −44.2 ± 19.3
    Range −102.4 to −2.8
  C2–S1 SVA, mm
    Mean ± SD 60.7 ± 64.5

CONTINUED IN NEXT COLUMN »

» CONTINUED FROM PREVIOUS COLUMN

TABLE 1. Baseline demographic, clinical, and radiographic 
parameters, and operative parameters, for 88 adults with CSD

Variable Value 

Radiographic measures (continued)
  C2–S1 SVA, mm (continued)
    Range −48.4 to 232.0
  C7–S1 SVA, mm
    Mean ± SD 14.9 ± 54.7
    Range −113.1 to 171.9
  T1 pelvic angle, °
    Mean ± SD 17.2 ± 10.1
    Range −7.1 to 45.4
  Pelvic tilt, °
    Mean ± SD 22.6 ± 9.9
    Range −2.1 to 45.4
Operative parameters
  Approach, n (%)
    Posterior-only 45 (51.1)
    Anterior-only 10 (11.4)
    Combined approaches 33 (37.5)
  No. of instrumented levels
    Anterior
      Mean ± SD 3.5 ± 1.0
      Range 2–5
    Posterior
      Mean ± SD 10.6 ± 4.5
      Range 2–26
  3CO, n (%)
    PSO 14 (15.9)
    VCR 4 (4.5)
  Operative time, hrs
    Mean ± SD 6.3 ± 2.7
    Range 1.7–12.3
  Estimated blood loss, L
    Mean ± SD 0.6 ± 0.6
    Range 0.01–0.7

ASA = American Society of Anesthesiologists; CCI = Charlson Comorbidity 
Index; RA = rheumatoid arthritis.
* Thirty patients had measurable (≥ 5°) cervical scoliosis (magnitude of curve).
† Twenty-seven patients had measurable (≥ 5°) upper thoracic scoliosis 
(magnitude of curve).
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significantly associated with greater likelihood of achiev-
ing goal alignment: lower baseline TS-CL (p < 0.001), 
lower baseline C2–7 sagittal Cobb angle (p = 0.004), oper-
ating surgeon (p = 0.003), use of PACSs or equivalent for 
planning (p = 0.006), and use of Ames/ISSG alignment 
criteria (p = 0.042).

General linear models were created for offset magni-
tude for each alignment parameter, controlling for respec-
tive baseline parameter values, surgical planning tool used, 
goal alignment criteria used, number of vertebral levels 
instrumented/fused, and whether a combined anterior and 
posterior procedure was performed. After controlling for 
these variables, the only factor associated with achieving 
targeted alignment for C2–7 lordosis was greater baseline 
TK (B = −0.148, 95% CI −0.288 to −0.007, p = 0.040). For 
TS-CL, the only factor associated with achieving targeted 
alignment was lower baseline TS-CL (B = 0.187, 95% CI 
0.027–0.347, p = 0.022). No significant associations were 
identified for C2–7 SVA or C7–S1 SVA.

Discussion
Achievement of appropriate alignment following cor-

rective surgery for CSD is important to optimize clinical 
outcomes and minimize the risks of mechanical compli-
cations.10,27,29–31 Although progress has been made in de-
fining optimal occipital and cervical alignment1,2,16,26 and 
increasingly sophisticated planning tools are available for 
preoperative planning, it remains unclear how successful 
surgeons are in achieving their desired alignment goals. 
In this study, we provide a real-world assessment of the 
ability of experienced deformity surgeons from across 
North America to achieve their preoperatively specified 
sagittal alignment goals following surgery for adult CSD. 
Surgeons failed to achieve their preoperative alignment 
goals by an average of 17.2 (range 0.1–75.4) mm for C2–7 
SVA, 10.3° (range 0.1°–45.5°) for C2–7 sagittal Cobb an-
gle, 15.6° (range 0.0°–42.9°) for TS-CL, and 34.2 (range 
0.3–113.7) mm for C7–S1 SVA. These data suggest that 
further advancements are needed to help surgeons better 
achieve their alignment goals intraoperatively.

Recent advancements in personalized spinal implants 
may offer surgeons the ability to better translate detailed 
preoperative plans into the operating room and better 
achieve goal alignment. For example, patient-specific 
posterior spinal rods may be generated to reflect the de-

TABLE 2. Summary of 88 adults treated surgically for CSD, stratified by surgeon, surgical planning tools, and alignment criteria used by 
the surgeon, and the magnitude of offset between achieved and goal alignment for each assessed parameter

Variable
No. of 
Cases

Surgical  
Planning Tool

Alignment  
Criteria

Mean Offset* (SD)
C2–7 SVA, mm C2–7 Sagittal Cobb Angle,° TS-CL, mm C7–S1 SVA, °

Surgeon
  A 16 Commercial service Ames/ISSG 14.1 (7.6) 13.1 (12.1) 19.1 (14.9) 33.5 (25.8)
  B 8 Planning software Ames/ISSG 10.3 (8.6) 10.4 (10.0) 14.1 (12.5) 30.4 (19.7)
  C 3 PACS/equivalent Pt-individualized 15.6 (10.6) 7.3 (0.7) 18.2 (5.8) 15.8 (5.1)
  D 8 PACS/equivalent Ames/ISSG 9.6 (8.4) 8.6 (5.7) 7.2 (6.0) 21.6 (19.4)
  E 5 PACS/equivalent Pt-individualized 18.4 (9.7) 8.3 (5.7) 26.2 (14.1) 48.5 (39.5)
  F 9 PACS/equivalent Pt-individualized 18.5 (12.1) 9.0 (8.0) 16.9 (9.2) 38.6 (23.1)
  G 4 PACS/equivalent Pt-individualized 22.1 (13.7) 20.1 (17.9) 18.5 (6.9) 33.9 (23.1)
  H 1 Planning software Pt-individualized 6.4 (—) 2.3 (—) 16.8 (—) 17.8 (—)
  I 4 Planning software Pt-individualized 18.0 (9.2) 17.0 (13.3) 21.2 (8.9) 38.7 (50.2)
  J 2 PACS/equivalent Pt-individualized 12.8 (8.4) 25.9 (24.8) 13.8 (1.5) 28.8 (20.0)
  K 11 Planning software Ames/ISSG 26.1 (24.7) 6.4 (4.6) 13.0 (8.3) 41.1 (29.9)
  L 3 Planning software Pt-individualized 8.7 (6.7) 9.1 (12.3) 7.1 (5.1) 58.2 (45.2)
  M 7 PACS/equivalent Pt-individualized 15.4 (5.6) 7.1 (4.8) 10.3 (5.9) 36.2 (36.4)
  N 2 PACS/equivalent Ames/ISSG 10.1 (8.9) 7.7 (8.4) 5.9 (0.3) 22.8 (—)†
  O 5 PACS/equivalent Pt-individualized 38.3 (27.1) 7.4 (9.2) 21.7 (16.7) 20.7 (8.3)
Mean of all surgeons 

(SD)‡
— — — 16.3 (8.1) 10.6 (6.1) 15.3 (5.9) 32.4 (11.8)

Range of means‡ — — — 6.4–38.3 6.4–25.9 5.9–26.2 15.8–58.2
Mean of all pts (SD)§ — — — 17.2 (14.6) 10.3 (9.9) 15.6 (11.2) 34.2 (27.1)
Range§ — — — 0.1–75.4 0.1–45.5 0.0–42.9 0.3–113.7

Pt = patient.
TS-CL could be assessed for 87 of 88 patients; 1 patient had inadequate visualization of the T1 endplate. C7–S1 SVA could be assessed for 79 of 88 patients due to the 
availability of postoperative full-length radiographs.
* Mean offset = |achieved − goal alignment|.
† C7–SVA could not be assessed for 1 of 2 patients from surgeon N; therefore, SD could not be calculated.
‡ Mean of the means for each surgeon. Range represents the range of the means for each surgeon.
§ Mean of the offsets for each patient. Range represents the range of values across patients.
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tailed preoperative alignment plan of the surgeon. These 
rods may then be used in the operating room as a guide 
and implanted to facilitate achieving the preoperative goal 
alignment.32–35 Another example of personalized implants 
relies on the ability to control the disc space through re-
alignment using interbody spacers. The recent develop-
ment of personalized interbody spacers enables surgeons 
to plan the desired alignment goal at each disc space, order 
interbody spacers that match this goal alignment, and ulti-
mately better achieve the desired alignment.36–41 Operative 
strategies and preoperative alignment planning for CSD 
surgery are far from standardized,42 and it is likely that 
many surgeons do not create any specific alignment plan 
before entering the operating room. Although all surgeons 
in the present study reported preoperative alignment plan-
ning for enrolled patients, the tools used varied. Of the 
15 enrolling surgeons, 9 (60%) relied on the basic tools 
available in a PACS (or equivalent) workstation to mea-
sure and plan alignment goals, 5 (33.3%) used commer-
cially available, spine-specific software to plan alignment, 
and 1 surgeon (6.7%) relied on a commercially available 
alignment service to set alignment goals and create cor-
responding patient-specific rods. Notably, although only 1 
surgeon used a commercial planning service, this surgeon 
contributed approximately 20% of the cases, providing 
adequate representation of this planning technique in the 
cohort. Although on univariate analysis use of PACSs (or 

equivalent) for planning (vs commercially available plan-
ning software or commercial planning services) was as-
sociated with greater likelihood of achieving goal TS-CL, 
this association was no longer apparent after controlling 
for baseline and operative variables. This result suggests 
that the specific planning tool used may have limited 
impact on achievement of alignment goals.

Optimal goals for alignment have not been standard-
ized. The Ames/ISSG CSD classification16 was derived 
primarily based on the Delphi method and provides basic 
guidance on key alignment parameters. One-third of the 
surgeons in the present study generated their preoperative 
sagittal alignment goals based on the Ames/ISSG classi-
fication. The remaining surgeons favored a more patient-
individualized approach for determination of alignment 
goals. Use of the Ames/ISSG classification goals was as-
sociated with achievement of goal TS-CL alignment on 
univariate analysis but not on adjusted general linear mod-
eling, suggesting that whether surgeons used the Ames/
ISSG classification goals or patient-individualized goals 
did not appear to have a major impact on postoperative 
achievement of alignment goals.

Only two factors were significantly associated with 
achievement of sagittal alignment goals on adjusted gen-
eral linear modeling. For TS-CL, greater baseline TS-CL 
was associated with greater likelihood of missing the 
targeted goal alignment. This suggests that patients with 

FIG. 1. Scatterplots of achieved versus goal sagittal alignment and baseline sagittal alignment versus the difference between goal 
and achieved alignment for 88 adult patients with CSD treated surgically. Shown are plots for C2–7 SVA (A), C2–7 sagittal Cobb 
angle (B), TS-CL (C), and C7–S1 SVA (D). Figure is available in color online only.
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greater baseline deformity (greater mismatch between TS 
and CL) are not being sufficiently corrected. For C2–7 sag-
ittal Cobb angle, lower baseline TK was associated with 
not achieving preoperative goal alignment. In the setting 
of sagittal malalignment, flattening of the thoracic spine 
(hypokyphosis) is a common mechanism of compensation 

to maintain upright posture and horizontal gaze. A lower 
baseline TK may reflect severe deformity, again suggest-
ing that patients with greater baseline deformity are not 
being sufficiently corrected.

A recent report detailed the ability of surgeons to 
achieve their goal sagittal alignment for 266 patients with 

FIG. 2. Histograms summarizing the distribution of 88 patients treated surgically for adult CSD based on the difference between 
the surgeon’s preoperative goals for sagittal alignment and the achieved postoperative alignment. Shown are plots for C2–7 SVA 
(A), C2–7 sagittal Cobb angle (B), TS-CL (C), and C7–S1 SVA (D).

FIG. 3. Plots summarizing the offset between achieved alignment and preoperative surgeon goal alignment for each radiographic 
measure assessed. Patients are grouped into 1 of 5 categories based on the magnitude of offset (absolute value) from the goal.
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adult thoracolumbar deformities.5 Goal versus achieved 
alignment was assessed for C7–S1 SVA, mismatch be-
tween pelvic incidence and lumbar lordosis, and TK. Goal 
alignment for all 3 of these parameters was achieved with-
in 1 standard deviation for 37.2% of patients. In the present 
study, patients were categorized based on the magnitude 
of offset (achieved − preoperative goal alignment) into 1 
of 5 groups (Fig. 3). Although the present study does not 
necessarily aim to define objective thresholds for success 
and failure in achieving goal alignment, arguably, achiev-
ing goal alignment within 10 mm/10° (groups 1 and 2; 
Fig. 3) for each of the assessed sagittal alignment param-
eters could be reasonably considered a success. Based on 
this assumption, successful goal alignment was achieved 
for C2–7 SVA in 31.8%, for C2–7 sagittal Cobb angle in 
62.5%, for TS-CL in 34.5%, and for C7–S1 SVA in 17.8%. 
These rates are comparable to those reported for thora-
columbar deformities,5 suggesting similar challenges in 
translating preoperative goals into achieved alignment.

Notably, surgeons were required to preoperatively enter 
their goals for postoperative sagittal alignment parameters 
as specific values and not ranges. However, it would not 
be reasonable to expect surgeons to necessarily achieve 
that exact value. Defining noninferiority boundaries for 

alignment is complex, because there is likely some range 
around ideal that offers a similar risk of mechanical com-
plication without a detrimental effect on patient-reported 
outcomes. This study is further complicated by the fact 
that surgeons may have different alignment targets and 
some may choose “imperfect” targets and achieve them 
perfectly. For these reasons, we chose to categorize pa-
tients by 5 mm/5° increments of offset into groups, as 5 
mm and 5° are close to commonly accepted values of mea-
surement error.43,44

Limitations of the Study
This study offers the strengths of being a multicenter 

study with prospective collection of data, but it is not with-
out limitations. Although clinically significant CSD is con-
siderably less common than thoracolumbar deformities, 
and 88 operated patients with CSD can be considered a 
large cohort for this pathology, the relatively small number 
of patients from a statistical standpoint may have limited 
the analyses, resulting in underpowering and undetected, 
but potentially important, associations. In addition, there 
was no standardization of the alignment planning tools and 
alignment criteria used by the enrolling surgeons, which 
may have contributed to variability in achieving alignment 

FIG. 4. Patient examples illustrating alignment goals. A–D: The first patient is a 47-year-old woman with cervical sagittal malalign-
ment for whom all sagittal alignment goals were well achieved. Shown are preoperative anteroposterior (AP; A) and lateral (B) and 
6-week postoperative AP (C) and lateral (D) full-body radiographs. Preoperative alignment measures were: C2–7 SVA = 62 mm, 
C2–7 sagittal Cobb angle = −13°, TS-CL = 49°, and C7–S1 SVA = 83 mm. The surgeon’s alignment goals were: C2–7 SVA = 50 
mm, C2–7 sagittal Cobb angle = −20°, TS-CL = 20°, and C7–S1 SVA = 50 mm. The achieved alignment on imaging at 6 weeks 
following surgery was: C2–7 SVA = 58 mm, C2–7 sagittal Cobb angle = −24°, TS-CL = 22°, and C7–S1 SVA = 73 mm. E–H: The 
second patient is a 68-year-old man with CK for whom sagittal alignment goals were not well achieved. Shown are preoperative 
AP (E) and lateral (F) and 6-week postoperative AP (G) and lateral (H) radiographs. Preoperative alignment measures were: C2–7 
SVA = 66 mm, C2–7 sagittal Cobb angle = 54°, TS-CL = 73°, and C7–S1 SVA = 11 mm. The surgeon’s alignment goals were: 
C2–7 SVA = 30 mm, C2–7 sagittal Cobb angle = −5°, TS-CL = 10°, and C7–S1 SVA = 40 mm. The achieved alignment on imaging 
at 6 weeks following surgery was: C2–7 SVA = 49 mm, C2–7 sagittal Cobb angle = +22°, TS-CL = 53°, and C7–S1 SVA = 71 mm.

Brought to you by Duke University | Unauthenticated | Downloaded 02/03/25 03:11 PM UTC



J Neurosurg Spine  January 3, 2025 9

Smith et al.

goals. However, this approach is arguably more reflective 
of the current real-world approach in which there is con-
siderable variability in how surgeons preoperatively plan 
these surgeries. For analyses designed to assess potential 
factors associated with failure to achieve goal alignment, 
we focused on the magnitude of offset (absolute value), 
which does not account for the directionality (overcorrec-
tion or undercorrection) of offset. Although there could 
be differences in the impact of overcorrection versus un-
dercorrection, recent literature suggests that both are re-
lated to increasing mechanical failure rates and should be 
avoided.45 The present study did not specifically assess the 
potential impact of spine flexibility versus rigidity or pa-
tient bone health on the ability of surgeons to achieve pre-
planned alignment goals. In addition, we chose the 6-week 
time point for postoperative assessment of alignment, be-
cause this was the first standardized follow-up time point 
in our study that should allow sufficient recovery to enable 
a fair assessment of alignment. Although it could be inter-
esting to assess how alignment may change over time, this 
was beyond the scope of the present analysis. Lastly, CSD 
is a remarkably heterogeneous diagnosis,17 and the cases 
in the present cohort, although likely generally reflective 
of the pathology, include a broad range of deformity types 
that could have had varying impact on the ability of sur-
geons to generate and achieve goal alignment parameters.

Conclusions
Surgeons failed to achieve their preoperative alignment 

goals by an average of 17.2 (range 0.1–75.4) mm for C2–7 
SVA, 10.3° (range 0.1°–45.5°) for C2–7 sagittal Cobb an-
gle, 15.6° (range 0.0°–42.9°) for TS-CL, and 34.2 (range 
0.3–113.7) mm for C7–S1 SVA. The few factors identified 
that were associated with offset between the preoperative 
goal and achieved alignment suggest that achievement 
of goal alignment was most challenging in the setting of 
more severe deformities. Further advancements are need-
ed to enable more consistent translation of preoperative 
alignment goals into the operating room for adult CSD 
correction.
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