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Abstract

Study Design: Modified Delphi study.

Objective: Adult spinal deformity (ASD) is an increasingly recognized condition, comprising a spectrum of pathologies con-
siderably impacting patients’ health and functional status. Patients present with a combination of pain, disability, comorbidities and
radiological deformity. The study aims to propose a systematic approach of gathering information on the factors that drive
decision-making by developing a patient profile.

Methods: The present study comprises of 3 parts. Part |: Development of prototype of patient profile: The data from the Core
Outcome Study on SCOlisis (COSSCO) by Scoliosis Research Society (SRS) was categorized into a conceptual framework. Part 2:
Modified Delphi study: Items reaching >70% agreement were included in a 4 round iterative process with 51 panellists across the
globe. Part 3: Pilot testing—feasibility: Content validity and usability were evaluated quantitatively.

Results: The profile consisted of 4 domains. I. General health with demographics and comorbidities, 2.Spine-specific health
with spine related health and neurological status, 3. Imaging with radiographic and MRI parameters and 4. Deformity type. Each
domain consisted of | or 2 components with various factors and their measuring instruments. Profile was found to have an
excellent content validity (I-CVI, 0.78-1.00; Ave-CVI 0.92) appropriateness, relevance and usefulness.

! Department of Spine Surgery, Mallika Spine Centre, Guntur, Andhra Pradesh, India

2 Department of Orthopaedics and Traumatology, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Pokfulam, Hong Kong
3 Research Department, AO Spine International, Davos, Switzerland

* Department of Orthopaedics and Traumatology, Acibadem University School of Medicine, Istanbul, Turkey

® Department of Orthopaedic Surgery, University of Minnesota, MN, USA

¢ Department of Orthopaedic Surgery, Uijeongbu St. Mary’s Hospital, The Catholic University of Korea, Gyeonggi-do, Korea

7 Department of Orthopaedics, National Hospital Organization Hokkaido Medical Center, Sapporo, Japan

8 Department of Orthopedic Surgery, Columbia University Medical Center, New York, NY, USA

% Department of Orthopaedic Surgery, Radboud University Medical Center, Nijmegen, The Netherlands

!0 Department of Research, Sint Maartenskliniek, Nijmegen, Netherlands

Corresponding Author:
J Naresh-Babu, Director & Chief, Department of Spine Surgery, Mallika Spine Centre, Guntur, Andhra Pradesh 522001, India.
Email: nareshspine@gmail.com

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-Non
@ @ @ @ Commercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction and distribution of the
(BB \vork as published without adaptation or alteration, without further permission provided the original work is attributed as specified on the SAGE and Open Access
pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



https://orcid.org/0000-0001-6375-8888
https://orcid.org/0000-0001-6375-8888
https://orcid.org/0000-0002-4034-8525
https://orcid.org/0000-0002-4034-8525
https://orcid.org/0000-0002-1836-7674
https://orcid.org/0000-0002-1836-7674
mailto:nareshspine@gmail.com
https://sagepub.com/journals-permissions
https://doi.org/10.1177/21925682211037935
http://journals.sagepub.com/home/gsj
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F21925682211037935&domain=pdf&date_stamp=2021-08-17

Global Spine Journal

Conclusions: The present study, is first to provide a universally applicable multimodal ASD patient profile to methodically
describe patients. Physicians are encouraged to assess ASD patients holistically using this profile and not just based on radio-

graphic findings.
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Introduction

Adult spinal deformity (ASD) is an increasingly recognized
condition, comprising a spectrum of pathologies considerably
impacting patients’ health and functional status. The reported
prevalence of ASD varies between 1.4%-32% in the general
adult population.'™ The prevalence rate was reported to be as
high as 68% in population older than 60 years of age.’ In spite
of the magnitude of the problem, there is still inconsistency in
categorizing these patients. One of the greatest challenges in
developing an adequate, valid and reliable comprehensive clas-
sification is the inherent heterogeneity of the ASD population,
characterized by a wide range of clinical symptoms associated
with different combinations of comorbidities.®

Initial attempts toward classifying ASD patients were made
by Ponsetti & Freeman,” Aebi® and later by Simmons.” A
recently conducted systematic review'® identified 54 different
classification systems for ASD and the most commonly used
classification system was that of Scoliosis Research Society
(SRS)-Schwab classification.!' This classification, which is
solely based on radiological parameters, considers the coronal
curve type, sagittal modifiers such as global sagittal alignment
and pelvic parameters, where the modifiers relate to patient-
reported outcome measures (PROMs).'? Glassman et al reported
that positive sagittal balance is a significant predictor of clinical
status.'>'* However, Jackson et al demonstrated a poor correla-
tion of curve magnitude and sagittal plane measures with pain
and moderate correlation between apical vertebral rotation and
pain.'>'® Deviren et al, demonstrated a poor correlation between
radiographic measures and health in adult spinal deformity.'”

Unlike adolescent spinal deformities, wherein radiological
parameters such as curve magnitude and progression of the
curve are the main drivers of patient management; classifying
and managing ASD patients depend on multiple non-
radiological (bio-psychosocial) factors such as disability,
comorbidities, frailty, social support, expectation of treatment
outcome and underlying etiology.®*'*%> Each patient with ASD
presents with different combinations of pain, disability and risk
factors along with diverse radiological deformities making it
difficult to develop a linear classification. Recent reviews on the
factors affecting the outcome of ASD patients have reported that
in addition to the radiological appearance, various clinical fac-
tors such as back pain, leg pain, neurological status and comor-
bidities drive the decision-making in ASD management.®*° To
capture all the relevant outcome domains, the Core Outcome
Study on Scoliosis (COSSCO) project, supported by SRS, has
identified the minimal set of outcome domains, accompanying

measurement instruments and contributing risk factors for adult
spinal deformity.”® The COSSCO data provides measurement
instruments to systematically measure the outcomes.

The present study aims to take these efforts a step forward
by methodically describing those drivers and risk factors in a
conceptual framework employing a common language for each
patient, thereby identifying a unique patient profile. This
patient profile to be developed, needs to be applicable in daily
practice for surgical and non-surgical patients and needs to
balance pragmatic use with sufficient granularity.

Methods

The study was designed in line with the 3-phased mixed methods
pathway proposed by Audigé et al*’” which involves 1) Devel-
opment, including pilot agreement study—i.e. the current study,
2) Reliability and accuracy in clinical setting, and 3) Prospective
validation and association with patient outcomes. The present
study addresses the Phase 1 and consists of 3 parts: Part 1. To
develop a prototype patient profile, Part 2. To obtain formal
consensus via a Modified Delphi study, and Part 3. To test
feasibility in terms of content validity and usability. (Figure 1).

Part|: Development of Prototype of Patient Profile

A preliminary conceptual framework of the patient profile con-
sisting of radiological parameters, clinical findings and comor-
bidities was taken as a template to develop the prototype. The
minimal set of outcome domains, accompanying measurement
instruments and contributing case-mix and risk factors data as
defined in the SRS-COSSCO project (Table 1) was categorized
to suit the purpose of the development of the patient profile.

Part 2: Modified Delphi International Expert Consensus
study

The Delphi process was conducted by the project team consisting
of the principal investigator along with 2 more spine surgeons and
supported by a methodologist and a project manager. The role of
project team was to conduct the required literature search, recruit
the panellists for Delphi process, preparation of the questionnaire
for each survey round, preliminary analysis of data, preparation of
feedback reports and monitoring the survey process.

Selection of panellists. To recruit the expert panellists, an open call
detailing the purpose of the study and expected involvement as a
panelist was sent to all AO Spine members. 175 international
experts responded. The data pertaining to their experience and
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¢ A primitive conceptual framework of the patient profile was taken as template.
e The minimal set of outcome domains, accompanying measurement instruments from SRS-COSSCO*
project was categorised into different domains to suit the purpose of development of patient profile.
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panellists agreed

Delphi process

e A four round Delphi concensus process was undertaken. (3 online surveys and one face-face

¢ Of 175 international experts enrolled, 54 expert panellists were selected.
* The consensus to include a particular item in the profile was assumed to be reached when 270% of

N

Pre- validation

J
~N
* To pilot test the patient profile, its content validity and usability were evaluated quantitatively.
¢ Nine experts, independent from the Delphi panellists, originating from five continents, participated
in a survey.
J

Figure 1. lllustrating the study design consisting of 3 parts.

Table I. The Case Mix Fact Sheet of SRS-COSSCO Data Consisted
of 5 Dimensions.

|. Demographics:
Age
Gender
Work status

2. Indications for surgery:
Magnitude of scoliosis or kyphosis.
Sagittal malalignment
Neurological status.

3. Pre-operative Health status:
HRQL (SRS-22r and EQ5D-3L
Functional status (ODI, back and leg pain)

4. Pre-operative clinical status
Height
Weight
Smoking status
ASA Physical status classification
Obesity (BMI > 30)

Depression

DM

Cardiovascular disease
5. Surgical procedure.

number of scientific publications related to ASD, as well as their
geographical representation was collected. 54 panellists (listed
in the appendix), representing 5 continents, were selected based
on the best combination of clinical experience, scientific publi-
cations and geographical distribution (Table 2).

Delphi procedure. A modified Delphi technique was used to seek
consensus on the items to be included in the profile.”® The

Table 2. Characteristics of Panellists Selected for Delphi Process.

Number

Panellists experience

<10 yrs. 8

10-19 yrs. 17

> =20 yrs. 29
Geographic distribution

Europe & South Africa 10

Asia Pacific 13

Latin America I

Middle East & Northern Africa 6

North America 14

Delphi process aims to obtain “formal group consensus”
among panellists by presenting a series of surveys pertaining
to the structure and items of the prototype. An anonymous and
controlled feedback of group response was presented to the
panellists before each subsequent round. The synthesis of
responses in one round was used to design the following round.
This iterative process was continued until consensus was
reached. The Delphi process was modified by incorporating
a face-to-face meeting in addition to online surveys. The mod-
ified process involved 4 rounds. Rounds 1, 2 and 4 were
designed and distributed using an online survey program (Sur-
veyMonkey Inc, SurveyMonkey.com, California, USA).?’
Round 3 was a face-to-face meeting moderated by 2 non-
voting chairpersons. In order to further substantiate the third
round (a face-to-face meeting with 13/54 panellists), a fourth
round including all panellists was added to confirm the derived
patient profile.
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Figure 2. The 4 round modified Delphi process outlining the details of questionnaire and feedback response.

In each round, the panellists were provided with a series of
“Yes or No” questions. They were asked to consider their own
opinion as well as the evidence provided from literature and
were encouraged to provide free-text feedback. The survey
related to the agreement of items in the prototype profile con-
stituted Round 1; the group response was summarized, com-
ments and suggestions were categorized and presented to the
panellists as controlled anonymous feedback along with a sec-
ond set of questions and new items in Round 2. The face-to-
face meeting (Round 3) consisted of presenting group response,
anonymous feedback report of previous round and guided dis-
cussions by chairpersons on profile structure and items. The
fourth round of survey completed the iterative process. The
end-product of Round 4 was subjected to pilot testing.

Consensus definition. When >70% of panellists agreed on a par-
ticular item, consensus was considered reached and the item
was included in the profile. The items with less than 30%
agreement were excluded. For those items with 30-69% agree-
ment, additional information (e.g. literature) was provided and
the item was subjected for voting in the subsequent round. If
such items still failed to achieve consensus, the panellists were
asked if they agree for alternative proposals. If >70% agreed
for alternate proposals, they were developed and submitted for
voting in the subsequent round.

Part 3: Pilot Testing—Feasibility of Patient Profile

The content validity and usability of the profile were evaluated
quantitatively in the pilot test utilizing 8 de-identified case
examples. Content validity refers to “the degree to which the
content of an instrument is an adequate reflection of the con-
struct to be measured**>'; and deals with the relevance (all
items are relevant for the construct of interest within a specific
population and context of use), comprehensiveness (no key
aspects of the construct should be missing), and comprehensi-
bility (the items should be understood as intended; clarity).>%>>

Content validity. Nine experts, independent from the Delphi
panellists, from 5 continents participated in the testing. The
panellists indicated the relevance, comprehensiveness, and
comprehensibility of the patient profile. First, panellists

answered questions based on Consensus-based Standards for
the selection of health status Measurement Instruments (COS-
MIN) content validity checklist.**> Second, panellists rated the
items of the patient profile in terms of its “relevancy” and
“clarity” on a 4-point ordinal scale (1 [not], 2 [somewhat], 3
[quite], 4 [highly]).

Content validity is operationalized by the content validity
index (CVI) for the relevance (I-CVI,) and the clarity of each
item (I-CVI,). For the full patient profile, the content validity
ratio (CVR) and the average CVI (Ave-CVI) for relevance
were calculated. The CVR, I-CVI,. . and Ave-CVI were calcu-
lated using formulae as described by Almanasreh et al.>® The
CVR varies between —1 and 1. The higher score indicates
agreement of panellists on the necessity of the patient profile.
For 9 panellists a CVR <0.78 would mean that the profile
needed revision. The I-CVI ranges between 0 to 1. Excellent
content validity would be achieved in the case that I-CVI is
>0.78 (relevant or clear) and Ave-CVI is >0.90 (>0.80
acceptable).

Usability. The panellists completed questions on whether they
were satisfied with use of the patient profile. Usability survey
with a 7-point Likert scale for agreement was completed that
was adapted from Brouwers et al.** Ratings were dichotomized
with 1 indicating agreement (i.e. strong, somewhat, agree) and
0 indicating no agreement (strong, somewhat, disagree, neu-
tral). Acceptable usability was defined as having at least 60%
response in positive ratings.

Results
The Modified Delphi Process

The response rates for online survey were 94.4% (n = 51/54)
for Rounds 1 and 2, and 90.7% (n = 49/54) for Round 4.
Thirteen panellists participated in the face-to-face survey. The
results of Delphi rounds were summarized in the Figure 2.

Round I. The survey consisted of 35 questions. There was 100%
agreement (51/51) on the need for the development of a com-
prehensive multimodal patient profile system (Table 3).
Although all the components and items reached consensus, one
measuring instrument for expectations of treatment outcome
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Table 3. The Prototype of Patient Profile With Respective Agreement Percentages at the End of Round I.

Domain Component Factors Agreement, n (%)
Deformity Type: 51 (100)
Etiology 49 (96.1)
Aebi’s classification 37 (72.6)
Radiological Status: 51 (100)
Coronal Plane
Curve type 50 (98)
Magnitude in degrees 42 (82.4)
Balance 51 (100)
Obeid types’® 38 (74.5)
Sagittal Plane
Sagittal Vertical Axis 43 (84.3)
Pelvic Tilt 48 (94.1)
Pelvic incidence minus lumbar lordosis. 49 (96.1)
Clinical Status: 51 (100)
Health Status
Functional Ability 50 (98)
Oswestry Disability Index®’ 47 (92.2)
Back Pain & Leg pain 51 (100)
NPRS (0-10)*° 46 (90.2)
Health-related Quality of Life 47 (92.2)
EQ-5D-3L* 40 (78.4)
SRS-22r subdomains*? 40 (78.4)
Expectations: 4] (80.4)
Credibility and Expectations questionnaire (CEQ)™* 33 (64.7)
Neurological Status
Neurological compression (stenosis/radicular pain) 51 (100)
Clinical relevance (yes/no) 44 (86.3)
General health Status: 51 (100)
Age 48 (94.1)
Range:25-39;40-64; >65 42 (82.4)
Comorbidities 50 (98)
Cardiopulmonary deficit 44 (86.3)
ASA Physical status grade** 44 (86.3)
Frailty 44 (86.3)
ASD Frailty index 42 (82.4)
Osteoporosis 48 (94.1)
Obesity 49 (96.1)
Depression 47 (92.2)
Diabetes Mellitus 44 (86.3)
Smoking status 46 (90.2)

(i.e. the credibility and expectancy questionnaire (CEQ)35'37)

failed to reach consensus (64.7%). In addition, 32 of the 51
panellists suggested to include other components not yet listed.

Feedback and follow-up action. Literature and supplementary
material with explanation was made available on CEQ item for
the next round.* >’ After analyzing 32 open-ended responses,
5 new themes and 5 new items (Previous surgery, Social sup-
port, Compensated spine (radiological), Neurological function
and Frailty measure) were identified (Table 4). Other com-
ments included concerns about ASD-FI as a measure of
frailty45 4% and need for imaging with MRI.

Round 2. The survey consisted of 7 questions related to recon-
firming Round 1 agreed items, identifying measurement

instruments for treatment expectations (I CEQ item and 4
questions CEQ) and introduction of 5 new items. The 1 CEQ
item achieved 58.8% agreement, the 4 questions CEQ achieved
33.3% agreement, and 7.8% panellists voted for none. The
consensus was achieved to rename the domain “Radiological
Status” into “Imaging” and MRI was introduced as another
component in this domain (with 100% agreement). The agree-
ment was tested between modified (11-item) frailty index
(mFI) and the ASD Frailty Index (ASD-FI).***® Both instru-
ments failed to reach consensus, with ASD-FI reaching 52.9%
agreement.

Feedback and follow-up action. Consensus was not yet achieved
on the measurement of expectations and forwarded to the next
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Table 4. The 5 New Items Proposed With Respective Agreement Percentages at the End of Round 2.

Agreement,
New factors Questionnaire n (%)
I.  Previous surgery Do you agree to include “Previous spine surgery” to have a full patient profile? 50 (98)
To indicate “Previous surgery,” do you agree to use “YES / NO answer options, if YES indicate 48 (94.1)
number?”
2. Social Support Do you agree to include “Social support” to have a full patient profile, that drives future 44 (86.3)
decision-making for treatment!
3. Compensated spine Do you agree to include “Compensated spine,” to have a full patient profile? 48 (94.1)
Do you agree to use Compensated spine with YES/NO answering options and with the indication 44 (86.3)
of “Thoracic”/“Thoraco-Lumbar”/“Lumbar”/“Pelvic,” as answer options to indicate
“Compensated spine”?
4. Neurological function Do you agree to include “Neurologic function,” which covers “radicular pain,” “loss of sensation,” 49 (96.1)
and “motor weakness”?
Do you agree to use Clinical relevance with YES/NO answering options to indicate the factors 48 (94.1)
included in “Neurologic function”?
5. Frailty Which measure do you prefer to use to indicate frailty in patients with ASD?
ASD-FI* 27 (52.9)
mFP** 24 (47.1)

*Adult spinal deformity frailty index.
**Modified frailty index.

Table 5. The List of Questions Moderated by Chairpersons During Face to Face Meeting in Round 3.

Survey questions

Agreement, n (%)

. Do you agree to use the new structure of the profile?
. How to use “age” as continuous measure? (already included as item)
. Should we include “gender”?

I

2

3

4. Is granularity and detailed information about comorbidities needed in profile?

5. Do you agree to use “expectations” for treatment outcomes in Profile?

6. Should we add the location of spine surgery to the item “previous spine surgery”?

7. Should we move item “social support” to domain General health status?

8. Should we use item “neurologic function” measure it as previously agreed and proposed?
9

. a. Should we use “sagittal alignment” instead of “sagittal balance”?

b. Should we use continuous measures for sagittal plane (SVA, PT, PI, LL)

c. In accordance with sagittal plane (SVA) should we use C7 plumb line in cm for coronal plane?
10. Should we include “compensated spine” and measure as previously agreed?
I'l. Should we include “neurological compression” under MRI as previously agreed?

12/12 (100)*
9/12 (75)*
10/12 (83.3)*
11712 (91.7)*
12/13 (92.3)
13/13 (100)
13/13 (100)
13/13 (100)
13/13 (100)
13/13 (100)
12/13 (92.3)
13/13 (100)
13/13 (100)

*Survey questions 1-4 had only 12 participants.

round. The item “Social Support” lacked a clear definition and
was carried to the next round.

Round 3(face-to-face meeting). 13 panellists participated in this
meeting. Two non-voting moderators (MdK & LL) led the
discussions. This round consisted of 10 questions. In view of
the challenges to implement currently available frailty instru-
ments in routine practice, extensive discussions were held
regarding frailty and how this can be measured in a pragmatic
way in daily practice. Consensus was reached to carry out
voting in the next round for measure of frailty (91.7%), expec-
tations of treatment outcome (92.3%) and social support
(100%) (Table 5).

Feedback and follow-up action. Three options along with a
supplemental literature information for frailty i.e. modified

Frailty Scale (mFI),* ASD Frailty Index (ASD-FI)****” and the
Edmonton Scale*’ was provided.

Round 4: (confirmation round). 49 of the 54 panellists participated
in the survey. This round consisted of 14 questions. The final
consensus was achieved for all the 4 domains i.e. General
health status (98%), Spine-Specific Status (100%) Imaging
(94%) and Type of Deformity (100%).

Regarding the outstanding items, the 3 proposed measure-
ment instruments for frailty i.e. mFI (39%), ASD FI (22%) and
Edmonton scale (39%) failed to reach the consensus. In the
follow-up question, 92% consensus was achieved to use
“clinically relevant” frailty as a binary (yes/no) measure rather
than one of the existing frailty measures. The proposed criteria
for social support (1. informal care such as family, friends and
neighbors, 2. formal professional care such as home care and 3.
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General Health Status Spine-specific Status

Demographics Comorbidities Health Status

Expectations
(CEQ item®)

o Yes & clinically relevant
o Yes &clinically not relevant®
oNo
Previous Thoracolumbar
Spine Surgery
oYes &
oNo

(number)

LEGEND [—Jprovides space for filling in appropriate value / number.
o Indicates single-choice options. Please only tick one from the options.

o Indicates multiple-choice options. Please tick whichever applies. Can be none.

Please choose based on your own clinical expert opinion

AO Spine Adult Spinal Deformity Patient Profile

Neurologic Status

Age (=18 y)  Cardiopulmonary Deficit* Functional Ability Neurological Impairment  Coronal Plane Neural Compression (Aebi Classification:
(vears) oYes « ODIv21a (0-100) « Radicular Pain « Curvetype (SRS-Schwab)  ‘Stenosis™ Type |, Il or Il
oite 100 o Yes with dermatome o Thoracic OYes &clinically relevant | primary degenerative
Gender « Depression* e EmER © Wil o Yes &clinically not relevant’ ‘de novo’
o Female oYes Back Pain o Yes with no specific o Double oD oIl Adult Idiopathic
o Male oNo « NPRS (0-10) dermatome involvement o No major coronal deformity Scoliosis (AdIS)
« Diabetes Mellitus* /10 oNo « Balance (Obeid Type) o lll Secondary
Social Support oYes 00 ‘Balanced’ degenerative
NEs& e e oNo Leg Pain * Motor Weakness 0182 ‘Imbalanced’ Spine related
such as family / friends / ~ « Smoking Status « NPRS (0-10) o Yes &clinically relevant « Largest Cobb Angle* (degree) 0 Post-trauma
neighbors o Yes, current-smoker /10 oYes & chr'ﬂcal\y not P—— O Post-tumor
o Yes & formal o Yes, former smoker o Arjz\evam o BEsymETics REscasian o PS:I'SdW%eW IA‘S&
professional care such as o No, never-smoker HRQoL oYes & (degrees) . gChCefue‘;?;”%:Vs
. ’sze care . Co)tzzssity (BMI =30) o EQSD/;%L (1-3) i P « Loss of Sensation oNo B
oA /3, /3, g o Yes &clinically relevant « Alignment* (CSVL - C7PL) o Osteoporotic
g o Yes & clinically not (mm) O Inflammatory disease
. Osleopo‘rosws' 100 (EQ V?S: 0-100) relevant' . Motor control related
(radiologically confirmed) (Utility score®: -0.330-10) oNo Sagittal Plane 0 Neuromuscular
DU  SRS-22r (1-5) o PI (degree) o Multiple Sclerosis
oNo /5 (Function) (continuous) o Parkinson's disease
Physical Status S « PT (degree)
/5 (Self-Image) (continuous)
DL /5 (Mental Health) o LL* (de
0ASA2 gree)
OASA3 /5 (Satisfaction) (continuous)
OASA 4 /5 (Subtotal) « SVA' (mm)
/5 (Total) (continuous)
Frailty* « Compensated Spine*

* These items do not yet have a widely accepted measurement instrument in the literature.

@ ®©@ © 2020 AO Foundation, AO Spine
A BB This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

Imaging Type of Deformity
Radiograph Etiology

O Yes & at thoracic

O Yes & at thoracolumbar
0 Yes & at lumbar

O Yes & at sacropelvis
oNo

t Clinically not relevant—referring to either not contributing to decision-making, or lacking
correlation between imaging and clinical findings.

§ Please provide the score when it is available.

# CEQ set 1item 4: By the end of the treatment period, how much improvement in your
symptoms do you think will occur? Answer options: 0; 10; 20; 30; 40; 50; 60; 70; 80; 90; 100%
+ SRS manual. Please indicate as positive or negative whenever applicable.

Figure 3. The AO Spine adult spine deformity patient profile.

no social support) reached 100% consensus. Set 1 item 4 of
CEQ reached (94%) consensus as a measurement instrument
for expectations of treatment outcome. 98% of the panellists
agreed to list neurological impairment in to 3 parts 1.Radicular
pain (Yes with dermatome involvement, Yes with no specific
dermatome involvement and No), 2.Motor Weakness (Yes &
clinically relevant, Yes & clinically not relevant and No) and
3.Loss of Sensation (Yes & clinically relevant, Yes & clinically
not relevant and No).

The project team developed the final patient profile, which
was subjected for pilot feasibility testing (Figure 3).

Pilot Feasibility Test

Content validity. I-CVI, ranged from 0.78 to 1.00 (Table 6) and
the average [-CVI (ave-CVI) for relevance is 0.92. The panel-
lists valued comprehensibility lower (I-CVI, 0.33-1.00;
Table 6). The I-CVI, of comorbidities, frailty, balance, pro-
gression, compensated spine, and neurologic compression
“stenosis” was <0.78, indicating that these items lacked clarity
and needed revision. Overall the Patient Profile had excellent
content validity (I-CVI, 0.78-1.00; Ave-CVI 0.92). This was

further substantiated by the COSMIN content validity checklist
(67-100%; Table 6).

Usability. Overall, the panellists indicated the patient profile as
acceptable (range 78% [7/9]-100% [9/9]), rated the overall
quality as 71/100, and 78% (7/9) recommend the Profile for
use (Tables 7 and 8).

Discussion

In this study, a comprehensive patient profile was developed
with the aim of being universally applicable. Patients with a
spinal deformity present with a spectrum of signs and symp-
toms, such as back pain, neurogenic leg pain, fatigue, stooped
posture, and these symptoms change over time.**

To guide treatment, classification systems are needed that
describe patient characteristics that might ultimately guide
management. Currently available classification systems are
mainly based on radiological parameters.”'? However, multi-
variate analysis of radiological sagittal parameters and various
preoperative factors demonstrated that the effect of sagittal
parameters on PROMs was not as strong as it was described
in previous studies.>® In addition, age, gender, ASA score and
BMI were found to be associated with preoperative PROMs.>”
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Table 6. Content Validity per Item (n = 9 panellists).

Patient profile Item Relevant (quite or very) |-CVI. Clear (quite or very) [-CVI.
General Health Status I Age 9 1.00 9 1.00
Demographics 2 Gender 8 0.89 7 0.78
3 Social support 8 0.89 7 0.78
Comorbidities 4 Comorbidities 9 1.00 5 0.56
5  Physical status 8 0.89 8 0.89
6 Frailty 9 1.00 3 0.33
Spine-Specific Status 7  Functional ability 9 1.00 8 0.89
Health Status 8  Back pain 9 1.00 9 1.00
9 Leg pain 9 1.00 9 1.00
10 Health-Related Quality of Life 9 1.00 9 1.00
Il Expectations 7 0.78 7 0.78
12 Previous thoracolumbar spine surgery 7 0.78 7 0.78
Neurologic status 13 Neurological impairment 8 0.89 7 0.78
Imaging 14 Curve type 8 0.89 8 0.89
Radiograph—Coronal plane I5 Balance 8 0.89 6 0.67
16  Magnitude 7 0.78 8 0.89
17 Progression 7 0.78 6 0.67
18  Alignment 8 0.89 9 1.00
Radiograph—Sagittal plane 19 Pelvic Incidence (PI) 9 1.00 9 1.00
20  Pelvi Tilt (PT) 9 1.00 9 1.00
21 Lumbar Lordosis (LL) 9 1.00 9 1.00
22 Sagittal Vertical Axis (SVA) 9 1.00 9 1.00
23 Compensated spine 7 0.78 5 0.56
MRI 24  Neurological compression “stenosis” 8 0.89 [ 0.67
Type of Deformity—Etiology 25  Etiology 9 1,00 8 0.89

I-CVI, Item content validity for relevance; I-CVI, Item content validity for clarity.

Bold font values indicate <0.78, indicating that these items lacked clarity.

Table 7. Usability; Content Validity (Relevance and
Comprehensiveness; n = 9).

n (%), yes
Relevant aspects condition ASD 9 (100)
Relevant aspects ASD population 9 (100)
Relevant items for purpose Patient Profile 9 (100)
Patient Profile comprehensively reflects ASD 6 (67)

ASD, Adult Spinal Deformity.

Recently, categorizing ASD patients purely based on radiolo-
gical parameters has received considerable critical atten-
tion.®*° Even among the patients with identical radiological
features, each patient can potentially present with different
levels of pain, disability and comorbidities.”’ The patient pro-
file developed in this study incorporates most, if not all, critical
factors in addition to radiographic parameters.

The Structure of Profile

The proposed profile was developed using a rigorous, well-
established methodology and encompasses 4 domains: General
health status, Spine-specific health, Imaging, and Type of
deformity (Etioloy). The profile is intended to be used in daily
practice, and this necessitated balancing granularity with the
applicability. Some of the items are well-established and can be

easily measured such as age and gender. For other items that
lack a standardized measuring instrument (i.e. frailty) or for
items requiring clinical judgment (i.e. motor weakness or loss
of sensation), the pragmatic concept of “clinical relevance”
was adopted.

General Health

The general health status domain comprises 2 components:
demographics and comorbidities. It is well known that frailty
and social support play a very important role in assessing the
patient’s ability to cope with their spinal deformity. None of the
currently available frailty measurements have been validated in
the adult spine deformity population, and all require the use of
relatively long questionnaires. Furthermore, institutional abil-
ities to manage the frail patients vary across the globe. The
treating physician’s judgment of the clinical relevance of
frailty was adopted as a measuring instrument. Similarly, avail-
ability of social support is known to have favorable effects on
the wellbeing of elderly adults. It is defined as the amount of
companionship, care and affection from family members,
friends, and other individuals.’® However, the social support
systems are different among countries and cultures which
makes it a complex item to quantify. Available tools like Social
Support Rating Scale (SSRS) are too elaborate to be adopted in
the profile for daily practice.’'>* Instead, a simple description
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Table 8. Usability Survey.

Agreement
(Likert scale 5-7), n (%)

User manual instructions

| Purpose PP is clear 7 (78)

2 How to use PP is clear 7 (78)

3 Instructions are clear 7 978)
Patient Profile—clarity content

4 Components and Domains clear 9 (100)

5 Items clear 7 (78)

6 Measurement instruments clear 7 (78)
Patient Profile—structure

7 Structure PP comprehensive 7 (78)

8 Structure PP logical 8 (89)

9 Level of detail appropriate 7 (78)
Patient Profile—overall

10 Overall quality (0 [poor] —100 [good]) 71

I Recommendation for use (Yes/No; n [%]) 7 (78)

Liker scale 5-7 Agree, somewhat agree, strongly agree.

in the form of informal care, or formal professional care or no
social support was agreed and adopted.

Spine Specific Status

The spine-specific status domain consists of 2 components:
“Spine Health Status” and “Neurological Status.” The impor-
tant drivers of ASD management i.e. functional ability, back
and neurogenic leg pain were quantitatively documented in this
domain. An assessment of expectations is required to improve
the management of these patients. A study on elderly patients
undergoing surgery for lumbar spinal stenosis identified that
patients’ expectations were the best predictive factor of satis-
faction after treatment.”® Currently no validated instrument is
available to measure expectations regarding treatment outcome
in ASD population. The CEQ set one item 4 i.e “by the end of
the treatment period, how much improvement in your symp-
toms do you think will occur?” in a 0-100% scale as adopted
with consensus.*?

Imaging

The imaging domain consists of 2 components i.e. “Radiograph”
and “MRI”

The radiographic measurements consisted of simple coronal
and sagittal parameters to quantify osseous/skeletal spinal
deformity and MRI to quantify neurogenic component. The
literature on coronal malalignment in ASD is limited. Coronal
malalignment can be a potential source of functional impair-
ment.”* To address this, the Obeid classification®® was adopted.
Similarly, the compensation of spine in sagittal plane in the
setting of spinopelvic mismatch was included in the profile.
MR imaging plays an important role in the management of
adult spinal deformity especially in ASD presents with leg pain
or neurological claudication. MRI also aids in planning the
decompressive procedures as stand-alone procedure or in

combination with spinal fixation and corrections. As MRI is
very sensitive in documenting anatomical stenosis, whether it
is “clinically relevant” or “clinically not relevant” is documen-
ted in the profile.

Type of Deformity (Etiology)

To categorize the ASD patients according to the etiology, the
classification proposed by Aebi’ was adopted into the profile.
This categorizes ASD patients into Type I Primary degenera-
tive “de novo” deformity resulting from degenerative changes
in intervertebral discs and subsequent development of adult
spinal deformity, Type II Adult Idiopathic Scoliosis (AdIS)
which is an adolescent origin idiopathic scoliosis in adult life,
Type 11 Secondary degenerative (Spine related or Motor con-
trol related). Each of these patient population significantly dif-
fer in terms of their clinical presentation, management
strategies, surgical needs and deliverables.

The proposed patient profile has the potential to fill the
knowledge gap of current ASD patient management by captur-
ing comprehensive patient data, creating uniformity in evalua-
tion and potentially helping to develop decision-making
pathways by identifying clusters of patients with similar pro-
files. In the pre-validation by a group of independent experts
(i.e. not one of the Delphi panellists or authors) the currently
proposed patient profile has been shown to have an excellent
content validity, is appropriate, relevant and is useful as
assessed.

The multifaceted, time dependent, bio-psychosocial, nature
of ASD patients, offers an opportunity for application of
advanced analytics and artificial intelligence in nonsurgical
and surgical care. Recently, Ames et al>> demonstrated the use
of unsupervised learning via hierarchical clustering to create a
novel classification system for ASD based on large data of
patient and surgical characteristics. The data captured in the
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proposed patient profile provide a good scope for adoption of
these technologies.

Limitations of the Study

The AOASD Patient Profile was developed based on the avail-
able literature, complimented by expert consensus and feasi-
bility test for usage in clinical practice. The profile is limited to
the initial evaluation of the ASD patients to drive decision-
making for treatment management. It does not take periopera-
tive and surgical drivers into consideration, such as team
experience, hospital facilities and setting etc. Several items
proposed in the profile are evolving and no universally agreed
measurement tool for ASD exists in the literature (e.g. frailty
and CEQ). To address these items, subjective judgments such
as “clinical relevance” were introduced as a pragmatic alterna-
tive that achieved very high consensus. The developed profile
is not a classification system, as it does not attempt to guide
treatment. In future, further studies involving testing of relia-
bility, accuracy, validation, and association with patient out-
comes in clinical practice, this profile could ultimately mature
into a classification system. The profile involves incorporation
of substantial amounts of data and has shown to have an excel-
lent content validity, relevance, appropriateness and useful-
ness, but the time consumed to collect the data in the clinical
setting, needs to be further evaluated.

Conclusions

The present study, is the first to provide a universally applica-
ble multimodal patient profile that can be used as a framework
to methodically describe patients with adult spinal deformities.
Physicians managing adult spine deformities are encouraged to
assess their patients holistically using this profile, and that
decision-making regarding treatment should be made with this
profile in mind, and not just based on radiographic findings.
Different combinations of these factors can give an indication
of the severity of the disease, help in patient counseling, facil-
itate shared decision-making, future risk stratification and
treatment recommendations. This will ultimately improve
quality of care for patients with ASD. Additionally, identifying
groups of ASD patients with similar profiles can potentially
help classifying ASD and developing respective decision-
making pathways.

Appendix: List of Panelists in the Delphi
Process
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Yukihiro Matsuyama
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John L.T. Chen
Brian Hsu

Yong Hai

Jau-Ching Wu
Ho-Joong Kim
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Ayaz Khan
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Martikos Kostantinos
Alberto Zerbi
Jeronimo Milano
Marcelo Valacco
Jaime Segura
Cristiano Menezes
Mario Patricio Zumarraga Velasco
Ignacio Dockendorff
Nelson Astur
Marcelo Simoes
Olga Morillo

Ali Haghnegahdar
Atiq Uz Zaman
Mohammad El-Sharkawi
Tarek ElHewala
Nasser Mehrab
Ganesh Swamy
Jean-Christophe Leveque
John DeVine

Isador Lieberman
William Lavelle
Avery Buchholz
Andrew Dailey

Acknowledgments

The study was proposed by AO Spine Indian Subcontinent (AOSIN)
on behalf of AO Spine Asia Pacific (AOSAP) in response to the AO
Spine Global Research Grant call for proposals. This study was orga-
nized and funded by AO Spine through the AO Spine Knowledge
Forum Deformity, a focused group of international deformity experts.
AO Spine is a clinical division of the AO Foundation, which is an
independent medically-guided not-for-profit organization. Study



Naresh-Babu et al

support was provided directly through the AO Spine Research Depart-
ment. The consensus based on Delphi process was reached thanks to
the contributions of expert surgeons and radiologist, as panelists,
across the globe. The list of panelists is provided in the Appendix.
The experts were identified through the recommendations provided by
AO Spine Asia Pacific, AO Spine Europe and Southern Africa, AO
Spine Latin American, AO Spine Middle East and Northern Africa,
and AO Spine North America.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This study
was organized and funded by AO Spine through the AO Spine Knowl-
edge Forum Deformity, a focused group of international deformity
experts. AO Spine is a clinical division of the AO Foundation, which
is an independent medically-guided not-for-profit organization. Study
support was provided directly through the AO Spine Research
Department.

ORCID iDs

J Naresh-Babu, MBBS, MS, FNB
75-8888

Kenny Yat Hong Kwan, BMBCh, FRCSEd, FHKCOS, FHKAM
https://orcid.org/0000-0002-4034-8525

Yabin Wu, MSc, PhD (& https://orcid.org/0000-0002-1836-7674

https://orcid.org/0000-0001-63

References

1. Carter OD, Haynes SG. Prevalence rates for scoliosis in US
adults: results from the first National Health and Nutrition Exam-
ination Survey. Int J Epidemiol. 1987;16(4):537-544.

2. Perennou D, Marcelli C, Herisson C, Simon L.Adult lumbar sco-
liosis: epidemiologic aspects in a low-back pain population. Spine
(Phila Pa 1976). 1994;19(2):123-128.

3. Robin GC, Span Y, Steinberg R, Makin M, Menczel J. Scoliosis
in the elderly: a follow-up study. Spine (Phila Pa 1976). 1982;
7(4):355-359.

4. Francis RS. Scoliosis screening of 3,000 college-aged women.
The Utah study-phase 2. Phys Ther. 1988;68(10):1513-1516.

5. Schwab F, Dubey A, Gamez L, et al. Adult scoliosis. Prevalence,
SF-36, and nutritional parameters in an elderly volunteer popula-
tion. Spine (Phila Pa 1976). 2005;30(9):1082-1085.

6. Dagdia L, Kokabu T, Ito M. Classification of adult spinal
deformity: review of current concepts and future directions.
Spine Surg Relat Res. 2018;3(1):17-26. do0i:10.22603/ssrr.
2017-0100

7. Ponseti IV, Friedman B. Prognosis in idiopathic scoliosis. J Bone
Joint Surg Am. 1950;32A:381-395.

8. Aebi M. The adult scoliosis. Eur Spine J. 2005;14(10):925-948.

9. Simmons ED. Surgical treatment of patients with lumbar spinal
stenosis with associated scoliosis. Clin Orthop Relat Res. 2001;
(384):45-53. doi: 10.1097/00003086-200103000-00007

10.

11.

12.

13.

14.

16.

18.

19.

20.

21.

22.

23.

24.

Kwan KYH, Naresh-Babu J, Jacobs W, et al. Toward the devel-
opment of a comprehensive clinically oriented patient profile: a
systematic review of the purpose, characteristic, and methodolo-
gical quality of classification systems of adult spinal deformity.
Neurosurgery. 2021;88(6):1065-1073.

Schwab F, Ungar B, Blondel B, et al. Scoliosis Research Society—
Schwab adult spinal deformity classification: a validation study.
Spine (Phila Pa 1976). 2012;37(12):1077-1082.

Schwab F, Farcy J, Bridwell K, et al. A clinical impact classifi-
cation of scoliosis in the adult. Spine (Phila Pa 1976). 2006;
31(18):2109-2114.

Glassman SD, Bridwell K, Dimar JR, Horton W, Berven S,
Schwab F. The impact of positive sagittal balance in adult spinal
deformity. Spine (Phila Pa 1976). 2005;30(18):2024-2029.
Glassman SD, Berven S, Bridwell K, Horton W, Dimar JR. Cor-
relation of radiographic parameters and clinical symptoms in
adult scoliosis. Spine (Phila Pa 1976). 2005;30(6):682-688.

. Jackson RP, Simmons EH, Stripinis D. Incidence and severity of

back pain in adult idiopathic scoliosis. Spine (Phila Pa 1976).
1983;8(7):749-756.
Jackson RP, Simmons EH, Stripinis D. Coronal and sagittal plane
spinal deformities correlating with back pain and pulmonary func-
tion in adult idiopathic scoliosis. Spine (Phila Pa 1976). 1989;
14(12):1391-1397.

. Deviren V, Berven S, Kleinstueck F, Antinnes J, Smith JA, Hu

SS. Predictors of flexibility and pain patterns in thoracolumbar
and lumbar idiopathic scoliosis. Spine (Phila Pa 1976). 2002;
27(21):2346-2349.

Sethi RK, Pong RP, Leveque JC, Dean TC, Olivar SJ, Rupp SM.
The Seattle spine team approach to adult deformity surgery: a
systems-based approach to perioperative care and subsequent
reduction in perioperative complication rates. Spine Deform.
2014;2(2):95-103.

Buchlak QD, Yanamadala V, Leveque JC, Sethi R. Complication
avoidance with pre-operative screening: insights from the Seattle
spine team. Curr Rev Musculoskelet Med. 2016;9(3):316-326.
Naresh-Babu J, Viswanadha AK, Ito M, Park JB. What should an
ideal adult spinal deformity classification system consist of?:
Review of the factors affecting outcomes of adult spinal defor-
mity management. Asian Spine J. 2019;13(4):694-703.
Chapman TM Jr, Baldus CR, Lurie JD, et al. Baseline patient-
reported outcomes correlate weakly with radiographic para-
meters: a multicenter, prospective NIH adult symptomatic lumbar
scoliosis study of 286 patients. Spine (Phila Pa 1976). 2016;
41(22):1701-1708.

Pizones J, Pérez Martin-Buitrago M, Perez-Grueso FJ, et al; ESSG
European Spine Study Group. Function and clinical symptoms are
the main factors that motivate thoracolumbar adult scoliosis patients
to pursue surgery. Spine (Phila Pa 1976). 2017;42(1): E31-E36.
Acaroglu RE, Dede O, Pellise F, et al; European Spine Study
Group. Adult spinal deformity: a very heterogeneous population
of patients with different needs. Acta Orthop Traumatol Turc.
2016;50(1):57-62.

Bess S, Boachie-Adjei O, Burton D, et al; International Spine
Study Group. Pain and disability determine treatment modality
for older patients with adult scoliosis, while deformity guides


https://orcid.org/0000-0001-6375-8888
https://orcid.org/0000-0001-6375-8888
https://orcid.org/0000-0001-6375-8888
https://orcid.org/0000-0001-6375-8888
https://orcid.org/0000-0002-4034-8525
https://orcid.org/0000-0002-4034-8525
https://orcid.org/0000-0002-4034-8525
https://orcid.org/0000-0002-1836-7674
https://orcid.org/0000-0002-1836-7674
https://orcid.org/0000-0002-1836-7674

Global Spine Journal

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

treatment for younger patients. Spine (Phila Pa 1976). 2009;
34(20):2186-2190.

Pekmezci M, Berven SH, Hu SS, Deviren V. The factors that play
a role in the decision-making process of adult deformity patients.
Spine (Phila Pa 1976). 2009;34(8):813-817.

de Kleuver M, Faraj SSA, Haanstra TM, et al. The Scoliosis
Research Society adult spinal deformity standard outcome set
[published online April 6, 2021]. Spine Deform. 2021:1-11. doi:
10.1007/s43390-021-00334-2. PMID: 33822320.

Audigé L, Bhandari M, Hanson B, Kellam J. A concept for the
validation of fracture classifications. J Orthop Trauma. 2005;
19(6):401-406.

Boulkedid R, Abdoul H, Loustau M, Sibony O, Alberti C. Using
and reporting the Delphi method for selecting healthcare quality
indicators: a systematic review. PLoS One. 2011;6(6):¢20476.
SurveyMonkey Inc., CA, USA. SurveyMonkey.com. Accessed
April 7, 2020. Updated May 5, 2020.

Mokkink LB, Terwee CB, Patrick DL, et al. The COSMIN study
reached international consensus on taxonomy, terminology, and
definitions of measurement properties for health-related patient-
reported outcomes. J Clin Epidemiol. 2010;63(7):737-745. doi:
10.1016/j.jclinepi.2010.02.006.

Mokkink LB, de Vet HCW, Prinsen CAC, Patrick DL, Alonso J,
Bouter LM, Terwee CB. COSMIN Risk of Bias checklist for
systematic reviews of Patient-Reported Outcome Measures. Qual
Life Res. 2018;27(5):1171-1179.

Terwee CB, Prinsen CAC, Chiarotto A, et al. COSMIN methodol-
ogy for evaluating the content validity of patient-reported outcome
measures: a Delphi study. Qual Life Res. 2018;27(5):1159-1170.
Almanasreh E, Moles R, Chen TF. Evaluation of methods used for
estimating content validity. Res Social Adm Pharm. 2019;15(2):
214-221. doi:10.1016/j.sapharm.2018.03.066

Brouwers MC, Ako-Arrey D, Spithoff K, et al; AGREE-HS
Research Team. Validity and usability testing of a health systems
guidance appraisal tool, the AGREE-HS. Health Res Policy Syst.
2018;16(1):51.

Crow R, Gage H, Hampson S, Hart J, Kimber A, Thomas H. The
role of expectancies in the placebo effect and their use in the
delivery of health care: a systematic review. Health Technol
Assess. 1999;3(3):1-96.

Smeets RJ, Beelen S, Goossens ME, Schouten EG, Knottnerus JA,
Vlaeyen JW. Treatment expectancy and credibility are associated
with the outcome of both physical and cognitive-behavioral treat-
ment in chronic low back pain. Clin J Pain. 2008;24(4):305-315.
Mertens C, Moser A, Verbunt J, Smeets R, Goossens M. Content
validity of the credibility and expectancy questionnaire in a pain
rehabilitation setting. Pain Pract. 2017;17(7):902-913.

Obeid I, Berjano P, Lamartina C, Chopin D, Boissiére L, Bourghli
A. Classification of coronal imbalance in adult scoliosis and spine
deformity: a treatment-oriented guideline. Eur Spine J. 2019;
28(1):94-113.

Fairbank JC, Couper J, Davies JB, O’Brien JP. The Oswestry low
back pain disability questionnaire. Physiotherapy. 1980;66(8):
271-273.

Jensen MP, Karoly P, Braver S. The measurement of clinical pain
intensity: a comparison of six methods. Pain. 1986;27(1):117-126.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Rabin R, de Charro F. EQ-5D: a measure of health status from the
EuroQol Group. Ann Med. 2001;33(5):337-343.

Asher M, Min Lai S, Burton D, Manna B. The reliability and
concurrent validity of the Scoliosis Research Society-22 patient
questionnaire for idiopathic scoliosis. Spine (Phila Pa 1976).
2003;28(1):63-69.

Devilly GJ, Borkovec TD. Psychometric properties of the cred-
ibility/expectancy questionnaire. J Behav Ther Exp Psychiatry.
2000;31(2):73-86.

Owens WD, Felts JA, Spitznagel EL Jr. ASA physical status
classifications: a study of consistency of ratings. Anesthesiology.
1978;49(4):239-243.

Miller EK, Lenke LG, Neuman A, et al; AOSpine Knowledge
Forum Deformity, the International Spine Study Group. External
validation of the adult spinal deformity (ASD) frailty index (ASD-
FI) in the Scoli-RISK-1 patient database. Spine (Phila Pa 1976).
2018;43(20):1426-1431.

Miller EK, Vila-Casademunt EK, Neuman A, et al; European
Spine Study Group & International Spine Study Group. External
validation of the adult spinal deformity (ASD) frailty index
(ASD-FI). Eur Spine J. 2018;27(9):2331-2338.

Miller EK, Neuman BJ, Jain A, et al; International Spine Study
Group. An assessment of frailty as a tool for risk stratification in
adult spinal deformity surgery. Neurosurg Focus. 2017;43(6):E3.
Leven DM, Lee NJ, Kothari P, et al. Frailty index is a significant
predictor of complications and mortality after surgery for adult
spinal deformity. Spine (Phila Pa 1976). 2016;41(23):E1394-E1401.
Rolfson DB, Majumdar SR, Tsuyuki RT, Tahir A, Rockwood K.
Validity and reliability of the Edmonton Frail Scale. Age Ageing.
2006;35(5):526-529.

Takemoto M, Boissiére L, Vital M, et al. Are sagittal spinopelvic
radiographic parameters significantly associated with quality of
life of adult spinal deformity patients? Multivariate linear regres-
sion analyses for pre-operative and short-term post-operative
health-related quality of life. Eur Spine J. 2017;26(8):2176-2186.
Sok SR, Yun EK. A comparison of physical health status, self-
esteem, family support and health-promoting behaviours between
aged living alone and living with family in Korea. J Clin Nurs.
2011;20(11-12);1606-1612.

Xiao S. Social Support Rating Scale. Mental Health Scale (Suppl).
Wang X, ed. Chinese Mental Health Publishing House; 1999.
Yamashita K, Hayashi J, Ohzono K, Hiroshima K. Correlation of
patient satisfaction with symptom severity and walking ability
after surgical treatment for degenerative lumbar spinal stenosis.
Spine (Phila Pa 1976). 2003;28(21):2477-2481.

Bao H, Yan P, Qiu Y, Liu Z, Zhu F. Coronal imbalance in degen-
erative lumbar scoliosis: prevalence and influence on surgical
decision-making for spinal osteotomy. Bone Joint J. 2016;98-
B(9):1227-1233.

Ames CP, Smith JS, Pellisé F, et al; European Spine Study Group,
International Spine Study Group. Artificial intelligence based
hierarchical clustering of patient types and intervention categories
in adult spinal deformity surgery: towards a new classification
scheme that predicts quality and value. Spine (Phila Pa 1976).
2019;44(13):915-926.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


