
Highest Achievable Outcomes for Patients
Undergoing Cervical Deformity Corrective Surgery
by Frailty

BACKGROUND: Frailty is influential in determining operative outcomes, including
complications, in patients with cervical deformity (CD).
OBJECTIVE: To assess whether frailty status limits the highest achievable outcomes of
patients with CD.
METHODS: Adult patients with CD with 2-year (2Y) data included. Frailty stratification: not
frail (NF) <0.2, frail (F) 0.2 to 0.4, and severely frail (SF) >0.4. Analysis of covariance established
estimated marginal means based on age, invasiveness, and baseline deformity, for im-
provement, deterioration, or maintenance in Neck Disability Index (NDI), Modified Japanese
Orthopaedic Association (mJOA), and Numerical Rating Scale Neck Pain.
RESULTS: One hundred twenty-six patients with CD included 29 NF, 83 F, and 14 SF. The NF
group had the highest rates of deterioration and lowest rates of improvement in cervical
Sagittal Vertical Axis andhorizontal gazemodifiers. Two-year improvements inNDI by frailty: NF:
�11.2, F:�16.9, and SF:�14.6 (P = .524). The top quartile of NF patients also had the lowest 1-
year (1Y) NDI (7.0) compared with F (11.0) and SF (40.5). Between 1Y and 2Y, 7.9% of patients
deteriorated in NDI, 71.1% maintained, and 21.1% improved. Between 1Y and 2Y, SF had the
highest rate of improvement (42%), while NF had the highest rate of deterioration (18.5%).
CONCLUSION: Although frail patients improved more often by 1Y, SF patients achieve
most of their clinical improvement between 1 and 2Y. Frailty is associated with factors
such as osteoporosis, poor alignment, neurological status, sarcopenia, and other medical
comorbidities. Similarly, clinical outcomes can be affected by many factors (fusion status,
number of pain generators within treated levels, integrity of soft tissues and bone, and
deformity correction). Although accounting for such factors will ultimately determine
whether frailty alone is an independent risk factor, these preliminary findings may suggest
that frailty status affects the clinical outcomes and improvement after CD surgery.
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F railty describes the difference between
chronological and physiological age, fac-
toring in comorbidities.1-3 As “a medical

syndrome with multiple causes and contributors

that is characterized by diminished strength,
endurance, and reduced physiological function that
increases an individual’s vulnerability for develop-
ing increased dependency and/or death,” frailty is
an important risk factor for adverse events and
complications.4-7 The utility of frailty as a demo-
graphic measure is multifaceted. Given that certain
medical issues call for intervention, frailty can serve
as a gauge for corrective potential in the surgical
context. Although modifiable, it also demonstrates
poor health state and may serve as an obstruction,
keeping patients from achieving their full potential
and delay recovery after surgery.
Frail adults are at a greater hazard of all-cause

mortality using Neck Disability Index (NDI)
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assessment.8 Despite this, there is little to no evidence of an
association between a patient’s disability and their postsurgical
satisfaction level, indicating that surgical intervention may be
worthwhile despite their baseline disability report.9 Yet, it is also
important to understand and manage expectations regarding
surgical outcome for severely frail (SF) and disabled patients
because many are at risk for complications and adverse events.10,11

In the context of cervical deformity (CD) corrective surgery,
certain indices have been developed to quantify frailty, with
higher frailty scores indicating greater risk of major complica-
tions.12,13 Additional studies have shown that CD frailty score
and odds of experiencing postsurgical complications are re-
lated.14 It is because of this increased risk that we posit patients
may have an upper limit to their operative outcome, deemed a
ceiling effect.15,16

On the contrary, patients who have a severe deformity or dis-
ability at baseline may also have a greater propensity to improve
from spine surgery. Although they may remain more severe than
their counterparts at certain time points, their magnitude of im-
provement from baseline is significantly greater. This study aims to
investigate the complex relationship between frailty and patient-
reported outcomes within the context of CD corrective surgery.

METHODS

Study Design and Inclusion Criteria
As previously published, the current database comprises 13 distinct

centers across the United States, contributing consecutively enrolled,
consented patient data with Institutional Review Board approval to a
prospectively enrolled adult CD database that this study used through

retrospective analysis. Patients who were included in this study also
had baseline and 2-year (2Y) data from the NDI questionnaire and
available frailty scores and meeting previously established radio-
graphic criteria.17,18

Frailty Index
Each patient’s frailty index score was used to stratify them based on

thresholds established by Miller et al.12 Not frail (NF) patients had a score
that was less than or equal to 0.2. Frail (F) patients had scores that were
greater than 0.2 and less than or equal to 0.4, and SF patients had frailty
index scores greater than 0.4. Patients were also separated into quartiles by
their 1-year NDI score within their frailty grouping, yielding quartile
groups based on NDI within each frailty group (Figure 1).

Data Collection and Radiographic Parameters
Standardized collection forms and chart review collected demo-

graphic (age, body mass index [BMI], biological sex, and Charlson
Comorbidity Index [CCI]), surgical (levels fused, operative time,
length of stay, surgical approach, and performance of decompressions
and osteotomies), and clinical (complications and reoperations) data.
These forms were submitted by individual surgeons and centers and
reviewed and inputted into the database by a standardized committee
and study coordinators to ensure a high level of quality. Compli-
cation assessments were made based on review of imaging, patient
reports, and clinical follow-up. NDI results were collected at baseline
and follow-up intervals, as well as pain Numerical Rating Scale for
neck (NRS-neck), and myelopathy score (as assessed by the modified
Japanese Orthopaedic Association, mJOA). NDI scores were cal-
culated out of 50 and converted to a 0 to 100 scale.

Full-length free-standing lateral spine radiographs (EOS or 36-
inch cassette if unavailable) were collected and assessed at baseline
and follow-up. Radiographic images were analyzed using SpineView
(ENSAM, Laboratory of Biomechanics) software.19-21 Radiographic
parameters assessed included cervical sagittal vertical axis, TS-CL,
and chin-brow vertical angle. Cervical parameters were classified into low,
moderate, and highmodifiers based on the Ames-ISSGCD classification.22

Patients were deemed “improved” if improving in deformity categories
from baseline to 2 years (ie, marked to moderate deformity) or achieving
low deformity in the cervical parameter at 2 years.

Statistical Analysis
Means comparison analysis assessed complications, demographics, and

clinical data. Analysis of covariance established estimated marginal means
while adjusting for age, CCI, BMI, baseline neurological examination,
revision status, invasiveness, use of a 3-column osteotomy, number of
levels fused, upper instrumented vertebra, lower instrumented vertebra,
and baseline deformity (Sacral Slope, Pelvic Tilt, Pelvic Incidence, Pelvic
Incidence minus Lumbar Lordosis, and cervical Sagittal Vertical Axis
[cSVA]).23 Logistic regression analyzed relationships between 1-year (1Y)
NDI score and 2Y outcome. The minimal clinically important difference
(MCID) for NDI is 15 and was used to demonstrate an improvement or
deterioration from 1Y to 2Y.24 An improvement was considered a re-
duction in NDI score more than 15 points, deterioration was considered
an increase in NDI score of more than 15 points, and maintenance was
considered remaining within ±15 points of their 1Y NDI score at 2Y. The
analysis was repeated for mJOA and NRS Neck Pain. Statistical tests were
performed using SPSS software (v21.0).
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RESULTS

Cohort Demographics
There are 169 patients with CD in the database who underwent

surgical intervention, of which 126 patients had full 2-year data
(86% met 3-month follow-up, 72% met 1-year, and 75% met 2-
year). The mean CCI was 1.0 ± 1.3, mean age of 61.6 ±
10.0 years, mean BMI was 28.9 ± 7.6, 65% of the cohort was
female, and 17% of patients were osteoporotic.

Frailty Categorization
Among these 126 patients, 23% were classified as NF, 66%

were F, and 11%were SF. Of those not meeting the 2-year follow-
up and excluded, 6 were NF, 32 were F, and 5 were SF.

Cohort Baseline, Surgical, and Hospital
Stay Characteristics
The baseline characteristics for each frailty category are pre-

sented in Table 1. When stratified by frailty, groups differed in
sex, BMI, CCI, and baseline NDI score. The surgical and hospital
stay outcomes for each frailty category are presented in Table 2.
When stratified by frailty, groups had significant differences
between rates of decompression, surgical intensive care unit ad-
mission, and length of hospital stay.

Radiographic Modifiers at Baseline and Follow-up
Baseline Ames-International Spine Study Group (ISSG) de-

formity modifiers are presented in Tables 3 and 4. At the 2-year
follow-up in Table 5, the NF group tended to show more patients
deteriorating in cSVA and TS-CL Ames-ISSG classification
modifiers than SF and F groups, although this difference only
resulted significance for horizontal modifier (NF: 46% vs F: 19%
vs SF: 0%; P = .005) and more deterioration when adjusting for
baseline (odds ratio: 4.3, [1.1-17.3]; P = .039). When observing
patients who improved in the corresponding modifiers, only the
cSVA modifier was significant, showing a lower proportion of NF
patients improving (93% vs all others; P = .039).

Patient Improvement in NDI
Frailty had a positive correlation with improvement in NDI

by 2 years (r = 0.256, P = .004). Adjusting for baseline deformity,
age, and invasiveness through analysis of covariance, NF patients
had a mean improvement in NDI of 11.2 points, F patients of
16.9, and SF patients had 14.6 (P = .524), in Figure 2. By 1 year,
there were 40% of patients who met MCID in NDI. There were
29.6% of NF patients meeting MCID in NDI by 1 year, 48.0%
of F patients, and 16.7% of SF patients (P = .087). SF patients
were likely to stay the same in NDI compared with F and NF
(83.3% vs F: 48.0% vs NF: 55.6%, P = .043). By 2 years, there
were 54% of patients who met MCID in NDI. There were
41.4% of NF patients meeting MCID in NDI by 2 years, 57.8%
of F patients, and 57.1% of SF patients (P = .306). There were
17.2% of NF patients deteriorating in MCID in NDI by 2 years,
3.6% of F patients, and 7.1% of SF patients (P = .049).

NDI Change From 1-Year to 2-Year Follow-up
Patients who were in the top quartile of 1Y NDI within the NF

group had the lowest mean score (7.0) compared with F (11.0)
and SF (40.5; P < .001). Between 1Y and 2Y, SF patients had the

TABLE 1. Frailty Baseline Characteristics

Baseline characteristics by group

Demographics Not frail F SF P value

Sex 41% F 72% F 71% F .009
Age (y) 62.7 ± 10.3 61.3 ± 9.8 60.9 ± 10.5 .792
BMI (kg/m2) 27.4 ± 5.0 28.4 ± 7.3 35.6 ± 10.6 .003
CCI 0.6 ± 0.8 0.9 ± 1.2 1.8 ± 2.0 .041
Frailty Index 0.14 ± 0.04 0.30 ± 0.06 0.45 ± 0.04 <.001
Osteoporosis 10% 17% 36% .120
Revision 17% 23% 49% .174
Neurological deficits 31% 47% 50% .302
NDI 29.2 ± 9.8 50.9 ± 13.4 68.6 ± 12.8 <.001

BMI, body mass index; CCI, Charlson Comorbidity Index; F, frail; NDI, Neck Disability
Index; SF, severely frail.

FIGURE 1. Stratification of patients by frailty into quaritles based on NDI scores at 1 year. NDI, Neck Disability Index.
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highest rate of improvement (41.7%; P = .098) while NF patients
had the highest rate of deterioration (18.5%; P = .052). Figure 3
shows baseline frailty score compared with 1Y NDI by 2Y NDI
outcome. Logistic regression analysis found that a higher NDI
score at 1Y indicated a higher probability of improving by 2Y
(odds ratio: 1.06, [95% CI: 1.03-1.08]; P < .001), with no
correlation to either improvement or deterioration.

NRS-Neck Pain and mJOA Score Change at 1-Year and
2-Year Follow-up
Of the patients eligible to meet MCID in mJOA (beginning

with a baseline less than 16), by 1 year, there were no differences
in meeting, maintaining, or deteriorating in mJOA score. By
2 years, there were also no differences in deterioration or meeting
MCID in mJOA. About NRS Neck Pain, there were no dif-
ferences in meeting or deteriorating in MCID by either 1 or
2 years.

DISCUSSION

Key Findings
Frailty indices provide useful risk assessment for surgical

planning and have been repeatedly validated to predict poor
surgical outcomes and higher odds of complications in patients
with CD.11,12,25 Despite the breadth of literature on the as-
sociation between frailty and objective outcome measures, a
literature gap exists on how frailty affects patient-reported
outcomes in CD populations. To investigate whether frailty
influenced the improvement in CD, this study used patient-
reported outcome measures alongside baseline frailty status. The
results of this study prove to have variability in the context of
CD. Our study found a linear increase in improvement of NDI
by 2 years as frailty category increased in severity. In addition, we
identified the F groups to have the highest rate of improvement
in NDI from 1 year to 2 years postoperatively, while the NF

group interestingly had the highest rate of deterioration in the
same period.

Interpretation
Nonfrail patients had a similar magnitude of improvement in

NDI compared with their F and SF counterparts, as well as mJOA
score and neck pain. Although the adverse events experienced by F
and SF patients may significantly hinder their reported outcomes,
this is consistent with previous frailty data in the context of CD.10,11

However, a previous study using the same Miller frailty index on
adult spinal deformity that found the SF group actually had the
greatest improvement in Scoliosis Research Society-22.26 Therefore,
the distinct nature of CD pathology and procedures from those of
adult spinal deformity may confer a different impact of frailty on
patient-reported outcomes. In addition, Pierce et al26 found that

TABLE 3. Baseline Ames-ISSG Cervical Deformity Modifier Pro-
portions by Frailty Category

Ames modifiers

NF, % F, % SF, %

Low deformity
cSVA modifier 50.0 58.8 38.5
TSCL modifier 10.7 6.4 15.4
Horizontal gaze modifier 32.1 14.1 25.0

Moderate deformity
cSVA modifier 50.0 41.2 61.5
TSCL modifier 7.1 7.7 0.0
Horizontal gaze modifier 32.1 48.7 41.7

High deformity
cSVA modifier 0.0 0.0 0.0
TSCL modifier 82.1 66.2 84.6
Horizontal gaze modifier 35.7 37.2 33.3

cSVA, cervical Sagittal Vertical Axis; F, frail; NF, not frail; SF, severely frail; TSCL, T1 Slope
Minus Cervical Lordosis.

TABLE 2. Frailty Surgical Characteristics

Surgical characteristics NF F SF P value

Mean levels fused 7.3 ± 4.9 7.7 ± 3.8 8.9 ± 2.8 .453
Operative time (min) 331 ± 156 394 ± 240 499 ± 232 .071
Estimated blood loss (mL) 718 ± 1033 828 ± 813 863 ± 553 .807
Anterior-only approach (%) 31 16 7 .096
Posterior-only approach (%) 45 49 50 .909
Combined approach (%) 24 35 43 .419
Decompression (%) 34 61 64 .033
Osteotomy (%) 41 53 71 .181
Three-column osteotomy (%) 14 17 14 .915
SICU admission (%) 48 67 93 .013
Length of stay (d) 5.4 ± 3.7 6.4 ± 7.4 11.3 ± 12.8 .049
Discharge other than home (%) 24 28 43 .432

F, frail; NF, not frail; SF, severely frail; SICU, surgical intensive care unit.
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compared with NF patients, F patients undergoing CD surgery had
better recovery kinetics up to 1 year according to EQ-5D. In addition
to assessing improvement at a later period from 1 year through 2 years
postoperatively, our study also delineated SF fromF patients, whereas
a combined cohortmay havemasked increased improvement inNDI
by severity of frailty.
An interesting, unintended aspect of our analysis was the lack of

correlation between radiographic and clinical improvement.
Many CD classifications have been proposed to address this issue,
but the disassociation between these 2 prominent outcomes
continues to riddle the spine surgeon.22,27-30 Our study con-
cluded NF patients demonstrated equivocal mean improvement
in NDI by 2 years, despite experiencing the least amount of
improvement in 2 of the 3 radiographic modifiers. Furthermore,
they also had the highest rates of deterioration in the horizontal
modifier by 2 years. However, no patient deteriorating in this
modifier met MCID in NDI by 2 years for this population.
Therefore, although radiographic and clinical outcomes may not
have a direct correlation in the context of CD, improvement in
certain parameters may translate to durability of optimal clinical
outcomes.
We also note that while SF patients had the highest rate of

clinical improvement among the frailty groups between 1 and
2 years, NF patients had the highest rate of deterioration. This
possibly indicates that a patient’s corrective potential increases
along with frailty, and these patients may take longer to achieve
maximal clinical improvement during the postoperative course.
This is partially reinforced by the fact that logistic regression
analysis found a higher, or more disabled, NDI score at the 1-year
follow-up also indicated higher probability of further improve-
ment at the 2-year follow-up. It may also be possible to deduce
from this finding that the components contributing to the
baseline frailty may prolong the recovery period of the more severe
populations, at least in some manner.31 This contrast was seen
with F patients exemplifying the highest rates of meeting MCID
in NDI by 1 year, while SF patients demonstrated the greatest
clinical improvement between 1 and 2 years.

Generalizability
Although this cohort was heterogeneous in etiology of defor-

mity, it represents one of the largest CD cohorts with a 2-year

follow-up. In addition, our findings correlated with previous studies
and built on our current knowledge of this population, although the
postoperative course after CD surgery may include events extending
past the 2-year mark. Therefore, further closer cross-examinations of
complication rates and adverse events alongside follow-up frailty and
disability status are warranted to determine the potential causation
and clearly explain this phenomenon.

Limitations
There are several potential limitations to this study. As a retro-

spective review of a multicenter database, the analysis may have
inherent bias because of surgeon preference and variation across
sites. Furthermore, owing to the lack of uniformity for both in-
dications for surgery and classification of deformity, our study may
be limited in application to specific characterizations of CD. Factors,
such as osteoporosis, BMI, and other comorbidities, do play a role in
outcomes and are difficult to be studied independently within the
confines of an individual study. Although incorporating these as
controls in our adjusted analysis, the influence of these factors must
not go unnoticed and should be considered during surgical planning
and management. In addition, we recognize there are many factors
that have yet to be correlated to outcomes. Therefore, as a pre-
liminary investigation into the role these items may play, we chose

TABLE 5. Change in Ames-ISSG Modifiers from Baseline to 3M

Change in modifiers NF, % F, % SF, % P-value

Same
cSVA modifier 3.7 0.0 0.0 .205
TSCL modifier 51.9 63.9 63.6 .547
Horizontal gaze modifier 25.0 43.1 44.4 .286

Improved
cSVA modifier 92.6 100 100 .039
TSCL modifier 37.0 30.6 18.2 .526
Horizontal gaze modifier 29.2 38.5 55.6 .379

Deteriorated
cSVA modifier 3.7 0.0 0.0 .205
TSCL modifier 11.1 5.6 18.2 .302
Horizontal gaze modifier 45.8 18.5 0.0 .005

cSVA, cervical Sagittal Vertical Axis; F, frail; NF, not frail; SF, severely frail; TSCL, T1 Slope
Minus Cervical Lordosis.

TABLE 4. Baseline Thoracic and Global Radiographic Parameters by Frailty Category

Frailty NF F SF

Thoracic kyphosis �41.5° ± 19.9° �39.7° ± 15.8° �35.4° ± 10.8°
C7-S1 SVA, mm �14.5 ± 41.3 �4.7 ± 68.5 69.2 ± 82.6
T1PA 11.1° ± 11.3° 13.0° ± 11.7° 22.4° ± 13.0°
PI-LL �2.4 ± 15.9° 0.5 ± 17.9° 10.6° ± 19.1°
Pelvic Tilt 18.8° ± 11.8° 19.4° ± 11.5° 23.0° ± 9.4°
GAP score 2.9° ± 2.3° 3.5° ± 3.0° 4.9° ± 3.8°

F, frail; GAP, Global Alignment and Proportion; NF, not frail; PI-LL, Pelvic Incidence minus Lumbar Lordosis; SF, severely frail.
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to evaluate the summation of these factors (frailty) on outcomes,
with future direction to target the individual components that may
play a more significant role than others. A larger, more homogenous
patient sample would also grant more definitive results regarding
the complex relationship between frailty and operative outcome.
NDI, mJOA, and neck pain are only a few measures of outcomes
and may not capture improvements in other measures. Future
studies should target other outcome measures such as radiographic
parameters, overall health state measures, myelopathy scores, and
rates of complications to further characterize patients subject to
either improvement or deterioration.

CONCLUSION
We set out to identify whether F patients can achieve

equipoise in clinical outcomes relative to NF and found severe
frailty to only place a significant burden on a patient’s im-
provement by 1 year, with full recovery and maximal im-
provement achieved by 2 years. The factors contributing to a
F patient’s index may differ from those of a SF patient. Spinal
deformity surgeons should be aware of how a patient’s frailty
status may affect their ability to improve and possibly serve as a
risk factor for a prolonged recovery from surgical intervention
for CD.

FIGURE 3. Percentage of patients improving, maintaining, or deteriorating in NDI from 1 to 2 years. Blue—
not frail; orange—frail; gray—severely frail. NDI, Neck Disability Index.

FIGURE 2. Improvement in NDI scores from baseline to 2 years. Gray—not frail; orange—frail; blue—
severely frail. NDI, Neck Disability Index.
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