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Abstract
Study design: Bibliometric analysis.
Objectives: To identify patient-reported outcomes (PROs) used in adult spinal deformity (ASD) research over the past decade, their
frequency, and usage trends.
Summary of background data: The emphasis on PROs is increasing along with the demand for evidence-based medicine. However, there
is currently no standardization or consensus on which PROs ought to be used in ASD.
Methods: Five top orthopedics journals were reviewed from 2004 to 2013 for clinical studies of surgical intervention in ASD that report
PROs. Publication year, level of evidence (LOE), and PROs were collected for each article. Errors and inconsistencies of PRO score re-
porting were analyzed for the 3 most commonly used PROs.
Results: A total of 84 PRO studies were published in ASD literature over the period studied. The number of PRO studies published
increased from 1 in 2004 to 16 in 2013. We identified 24 unique PROs. The Oswestry Disability Index (ODI) was the most frequently used
single instrument (47.8%), followed by the Scoliosis Research Society (SRS)-22 (35.6%) and SRS-24 (21.1%), and Short Form-36 (SF-36)
and visual analog scale (VAS) were tied (13.3%). The combined use of SRS instruments exceeded ODI use. LOE 4 was most common
(42.9%), and no LOE 1 studies were identified. Incomplete preoperative and postoperative PRO scores was the most common reporting
inconsistency, occurring in 16% of articles using ODI, 58% of articles using SRS-24, and 22% of articles using SRS-22.
Conclusions: The frequency of studies using PROs in ASD research has increased over the past decade, yet quality studies and stan-
dardization are lacking. In general, the ODI and SRS instruments are emerging as standards in ASD surgery; however, frequent use of many
uncommon PROs presents a challenge for interstudy comparisons. Additionally, of the top 5 instruments used, only SF-36 is routinely used
for cost-effectiveness studies, making procedure costeoutcome decisions difficult.
� 2015 Scoliosis Research Society.
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Introduction

Studies of outcomes in adult spinal deformity surgery
(ASD) demonstrate treatment effectiveness and enable
healthcare providers and patients to make informed de-
cisions. Over the past decade, the cost and utilization of
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spinal deformity surgery, and other surgical fields has risen
dramatically prompting hospitals and regulatory bodies to
push for cost-effective and evidence-based treatments. In
surgically managed ASD patients, McCarthy et al. [1]
estimated a 16-fold increase in total charges in the Medi-
care population from 2000 to 2010. The increase is due, in
part, to the aging baby boomer population driving an in-
crease in utilization. Increases are also attributed to the
introduction of new surgical procedures. Outcome studies
will provide the necessary data to drive utilization of the
most effective spinal deformity treatments and ensure that
treatment quality is maintained in the face of rising eco-
nomic pressures for greater efficiency [1].
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Outcome studies in ASD surgery frequently report
complication rates, revision surgery rates, procedure mea-
sures, such as curve correction and sagittal or coronal bal-
ance, and patient-reported outcomes (PROs). A majority of
PROs used and discussed in the literature today are health-
related quality of life (HRQOL) instruments, such as the
Scoliosis Research Society (SRS)-24 question survey. Sim-
ple pain scales, such as the visual analog scale (VAS), pre-
date HRQOL instruments by several decades, but they are
still widely used. Robust PRO data are crucial for cost-
effectiveness studies as they most closely reflect the funda-
mental goal of treatmentdto improve quality of life for the
patient. In an earlier review of SRS and the Oswestry
Disability Index (ODI) in the ASD literature, Yadla et al. [2]
found very little use of HRQOL instruments prior to 15 years
ago. The purpose of our study was to perform a compre-
hensive review of PRO instrument use in ASD literature, in
an effort to highlight trends and usage patterns that may aid
researchers deciding between PROs for research studies or
professional societies and governing bodies drafting guide-
lines to standardize PRO use in ASD research.
Methods

Five top orthopedics journals (The Journal of Bone &
Joint Surgery [JBJS (Am)], The Bone & Joint Journal1

[JBJS (Br)], Spine, European Spine Journal [ESJ], and
The Spine Journal ) read for information on spine surgery
were identified by readership and impact factor. The titles
of all clinical articles published in these journals from 2004
through 2013 were reviewed on PubMed. Articles were
included if the title referred to a surgical intervention in a
clinical study with outcomes measured by any PRO in-
strument. If these criteria could not be clearly assessed
from the title alone, the abstract was reviewed. Articles
meeting these criteria were reviewed in full. The title,
author, year, level of evidence (LOE), sample size, general
diagnosis, and PRO instruments used were recorded. We
report the use of several additional PROs beyond those
reported in previous literature reviews of ASD, and we
distinguish between SRS versions because direct compari-
sons between them are not valid. After careful review of the
abstracts, LOE was assigned to each article by the authors
of this study according to the definitions provided by the
Oxford Center for Evidence Based Medicine (CEBM) [3].
Only articles having LOE 1 to 4 were included in our study;
any LOE 5 articles were excluded.

This study included articles with the general diagnosis of
ASD, which included specific diagnoses of adult idiopathic
scoliosis, fixed sagittal imbalance, Scheuermann kyphosis,
and acquired kyphoscoliotic deformity. Trends in PRO
usage were reported over time. The number of PRO studies
1 In September 2011, The Journal of Bone and Joint Surgery (British

Volume) changed its name to The Bone & Joint Journal. For convenience,

articles from both journals are reported under JBJS (Br) in this study.
in each journal was reported along with the frequency of
each LOE.

Errors and inconsistencies of PRO score reporting were
analyzed by reviewing theMethods andResults sections of all
articles that used 1 or more of the 3 most common PROs. The
reference standard for reporting was defined as a study with:

� Complete preoperative and postoperative data,
� Numerical data reporting (as opposed to only graph-
ical or statistical reporting),

� Total score reporting (as opposed to only domain,
subscale, or component scores), and

� Use of valid, un-modified PRO instruments.

Studies whose PRO reporting did not meet these criteria
were identified and categorized according to their errors or
inconsistencies.
Data Analysis
Data were recorded and analyzed with Micro-
soft Excel 2011.

Results

Over the past 10 years (2004e2013), JBJS (Am), JBJS
(Br), Spine, ESJ, and The Spine Journal published a total of
19,736 articles. We identified 1,079 clinical studies of sur-
gical interventions that reported use of 1 or more PRO in-
struments. Of these, 84 articles focused on ASD surgery
research. Fig. 1 shows the trend in PRO use over the past
decade, with usage increasing from 1 article in 2004 to 16
articles in 2013. Spine published the most PRO studies, with
60 (71.4%) of the 84 total articles in this study, followed by
ESJ, The Spine Journal, JBJS (Am), and JBJS (Br). Fig. 2
shows the number of articles published in each journal.
Distinct Outcome Instruments, Frequency, and Level
of Evidence
A total of 24 unique PRO instruments were identified in
our search. The most common of these are categorized by
type in Table 1. The top 5 PROs in order of frequency are
Fig. 1. Patient-reported outcome use by year.



Fig. 2. Patient-reported outcome use by journal. ESJ, European Spine

Journal; JBJS, Journal of Bone and Joint Surgery.

Fig. 3. Patient reported outcome prevalence. n5 84 articles. ODI, Oswes-

try Disability Index; SRS, Scoliosis Research Society questionnaire; SF-

36, Short Form-36; VAS, visual analog scale.

Fig. 4. Level of evidence of articles using patient-reported outcomes. n 5

84 articles.

Fig. 5. Level of evidence by journal. n5 84 articles. ESJ, European Spine

Journal; JBJS, Journal of Bone and Joint Surgery.

Table 1

PRO instrument types and top instruments used 2004-2013

General

health

Regional

specific

Disease specific Pain

SF-36

SF-12

ODI

RMDQ

MacNab

Criteria

SRS-22r,

SRS-22

SRS-24

SRS-29

SRS-30

JOA Scale

VAS

NRS

Wong-Baker

FACES

SF-36, Short Form-36; SF-12, Short Form-12; ODI, Oswestry

Disability Index; RMDQ, Roland Morris Disability Questionnaire; SRS,

Scoliosis Research Society Questionnaire; JOA, Japanese Orthopaedic

Association; VAS, Visual Analog Scale; NRS, Numerical Rating Scale.
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ODI (43 uses; 47.8% of articles used this PRO), SRS-22
(32 uses, 35.6%), and SRS-24 (19 uses, 21.1%), and SF-
36 and VAS were tied (12 uses, 13.3%) (Fig. 3).
Although the ODI was the most frequently used single PRO
instrument, the combined frequency of all SRS versions
was significantly higher (70.2%). Excluding the top 5
PROs, all other named PROs appeared a total of 43 times.
LOE 4 was most common among the articles (36 arti-
cles, 42.9%) (Fig. 4). LOE 3 was the second most common
(27, 32.1%), followed by LOE 2 (21, 25.0%) and LOE 1 (0,
0.0%). Spine published the greatest number of studies
having LOE 2 evidence (Fig. 5).
Errors and Inconsistencies of Reporting
The methods and results of studies reporting ODI, SRS-
22, or SRS-24 scores were analyzed for errors and in-
consistencies since these were the 3 most frequently used
PROs. The studies are categorized in Table 2 according to
their reporting inconsistency. Incomplete preoperative or
postoperative data were most common across all 3 in-
struments, appearing in 16% of ODI studies, 58% of SRS-
24 studies, and 22% of SRS-22 studies. Graphical reporting
and reporting only the mean change in scores were rela-
tively infrequent, appearing in !10% of studies for each
PRO. Standard instruments were modified in 5 studies
identified in this review, 3 of which combined scores from
SRS-24 and SRS-22 without use of valid conversions.



Table 2

Errors and Inconsistencies of Reporting.

Errors and inconsistencies ODI SRS-24 SRS-22

1 Pre- or postoperation data missing (%) 7 (16%) 11 (58%) 7 (22%)

2 Only graphical or statistical data reported (%) 2 (5%) 0 (0%) 3 (9%)

3 Only mean change reported (%) 1 (2%) 0 (0%) 1 (3%)

4 Modification of a standard instrument (%) 1 (2%) 4 (21%) 3 (9%)

5 No Error or Inconsistency (%) 32 (74%) 4 (21%) 18 (56%)

Total 43 19 32
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Discussion

The use of PRO instruments increased considerably in
ASD studies over the past decade, thanks to the introduction
of a validated, disease-specific PRO in the SRS-24 and an
increased emphasis throughout the health care industry on
measuring patient quality of life. The SRS-22, which is the
product of multiple revisions of the SRS-24, and the ODI
have emerged as standard PROs in ASD research. However,
the frequent use of several uncommon and unnamed in-
struments reflects the lack of standardization in PRO in-
strument use in ASD research.

Comparing the findings of this study to a previous ASD
literature review by Bridwell et al. [4] reveals an increase in
both the frequency of PRO use and the quality of PRO
studies. In a review of Spine and JBJS articles, Bridwell
et al. found no prospective studies from 1996 to 2006. In
our review of articles published from 2004 to 2013, we
identified 22 prospective studies, with half of those pub-
lished in 2011 or later. The quality of evidence in PRO
studies has therefore improved since the decade studied by
Bridwell et al.; however, LOE 1 studies have yet to
be published.
Errors and Inconsistencies of Reporting
Errors and inconsistencies of reporting present a barrier
to interstudy comparison that could be eliminated if stan-
dards of use for PROs are established. Since no standards
currently exist for PRO reporting, the errors and in-
consistencies evaluated in this review are a synthesis of
problems with PRO use identified previously in the litera-
ture [4] and apparent barriers to interstudy comparison. The
largest area of PRO reporting inconsistencies was missing
preoperative or postoperative data. As Bridwell et al. [4]
points out in an earlier review of ASD literature, studies
without preoperative and postoperative data do not answer
the question of whether ASD patients benefit from surgical
treatment. Although postoperative scores are often readily
obtained for retrospective studies, the postoperative scores
alone are insufficient for assessing whether a patient has
benefited from an intervention. Bridwell et al. identified a
single study with complete preoperative and postoperative
data from 1996 to 2006. This number improved consider-
ably over the past decade, yet many articles are still missing
either preoperative or postoperative data.
Exclusively graphical or statistical reporting was rela-
tively uncommon; however, we identified studies that re-
ported correlation statistics between PRO scores and other
variables while omitting mean PRO scores. Reporting only
mean change in PRO scores from preoperative to post-
operative assessment was also infrequent, appearing in 1
study. Other studies reported only domain scores for a given
instrument (ie, the reporting of only domain scores from SRS
questionnaires or only component scores from SF-36).
Domain scores are helpful in that they allow more precise
comparisons to be made among outcome studies, yet studies
that report certain, but not all, domains are incomplete.

Although graphical reporting and domain score reporting
are mainly inconsistencies that present barriers to meta-
analyses or interstudy comparisons, modifications of standard
instruments are true errors of reporting. Bymodifying standard
instruments directly (e.g. removing or replacing a question) or
lumping scores from different versions of an instrument (e.g.
SRS-22 and SRS-24) without using valid conversions, in-
vestigators inadvertently publish PRO data that are not valid.
The modification seen most commonly among SRS-22 and
SRS-24 studies was grouping and reporting scores measured
from different SRS questionnaire versions. This may be
attributable to the successive revisions of the SRS question-
naire over a short period. Authors and editors should be aware
of these inconsistencies and errors of reporting.
Scoliosis Research Society Questionnaires
The SRS-24 was first introduced in 1999 as a disease-
specific PRO instrument for adolescent scoliosis and was
soon validated in the ASD population [5]. It has been sequen-
tially revised from SRS-24 to SRS-23, then to SRS-22, and
finally to SRS-22r (refined) to improve its psychometric
properties [6]. The SRS-22r has 5 domainsdfunction, pain,
self-image, mental health, and satisfactiondand is the most
widely validated version [6-13]. Higher scores on all SRS in-
struments indicate better outcomes. Because the scores of each
SRS version are not directly comparable, Lai et al. developed a
regression equation in 2011 to allow valid conversion from
SRS-24, -23, and -22 to SRS-22r equivalents [6]. We encoun-
tered several studies that drew invalid comparisons between
SRS instruments prior to and since the publication of Lai’s
study. These included 2 studies mentioned in the errors and
inconsistencies of reporting analysis and a review paper that
translated all SRS version scores into SRS-30 equivalents for
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statistical purposes while acknowledging that a valid conver-
sion method was not used. This approach is convenient but
shouldbe avoided, as it doesnot provide anaccurate assessment
of outcomes for those particular interventions investigated.

A standard minimum follow-up period may be helpful for
future comparisons of PRO studies. The present analysis
identified studies with follow-up periods of!1 year, 2 years,
and O2 years, with a 2-year follow-up being most common.
Multiple authors recommend a 2-year minimum follow-up so
that the effects of chronic or subacute complications are
accounted for in PROs [2, 4]. However, Glassman et al. studied
and proposed a 1-year minimum follow-up standard, showing
evidence that 1-year outcomes are predictive of 2-year out-
comes [14]. Results from prospective studies with high quality
evidence would be available sooner with this method. Given
the disagreement in the literature as well as the potential ben-
efits of a shorter minimum follow-up, consensus regarding an
optimal follow-up period for ASD outcome studies is needed.
ODI

The ODI was introduced in 1980 to measure clinical
outcomes in back pain research [15]. It has been referred to
as a regional-specific, rather than disease-specific, PRO
instrument in ASD [1] because it addresses only low back
pain concerns rather than the full spectrum of quality-of-
life concerns that patients with ASD face. The most com-
mon presenting symptoms of ASD are neurologic
dysfunction and pain, so this instrument addresses 1 of the
key symptoms [16]. In general, the ODI is a short, easy-to-
use PRO instrument with only 10 questions, making it a
favorite for clinical outcomes research in ASD. Despite
widespread use of the ODI, good validation studies of the
instrument’s psychometric properties are lacking in the
ASD population. In a point of view letter to Spine, Walsh
points out that wide use of an instrument should not be
mistaken for validation of an instrument [17-19]. Though
the ODI is shown in this review to be used widely in ASD,
it should not be considered a gold-standard PRO until its
reliability (internal consistency and reproducibility) and
validity (criterion, concurrent, and discriminant validity)
have been studied in the ASD population [8, 17].

Like the SRS, the ODI has undergone multiple revisions
since its introduction. Fairbank, the original author of the
ODI, recognizes versions v1.0 (1980) [15], v2.0 (2000) [20],
v2.1 (2000) [21], and v2.1a of the ODI instrument. The
version of ODI used in a given study, however, is rarely
reported. This may be due to users’ lack of familiarity with
the history and development of the instrument. Poor version
reporting makes comparisons of ODI scores between studies
problematic as scores from different versions are not directly
comparable. In a 2007 review paper titled ‘‘The Use and
Abuse of the Oswestry Disability Index,’’ Fairbank et al.
made an effort to break the cycle of poor version reporting,
stating that, ‘‘it is essential that investigators indicate the
version number of an instrument in publications and that this
practice is enforced by editors and referees’’ [22]. Meta-
analyses and systematic reviews of ASD literature should
also acknowledge the lack of ODI version information to
help reverse the trend of poor version reporting.
Short Form-36

The SF-36 is a general-health questionnaire that enables
comparisons of quality of life outcomes across medical
disciplines. The instrument was first published in 1992 by
Ware et al. [23] and has been validated in several spinal
conditions, including back pain, spinal injury and disk her-
niation [24,25]. SF-36 is the only PRO instrument among the
top 5 that is routinely used to calculate health utility scores,
which are the core of cost-effectiveness studies. Health
utility scores on a scale of 0 to 1 are considered over time to
determine quality-adjusted life-years (QALYs) resulting
from a given treatment. Costs per QALY are then compared
in cost-effectiveness studies. Our analysis showed that SF-
36 was used in only 13.3% of outcomes studies in ASD
over the past decade. Considering the 16-fold estimated in-
crease in ASD spending over the past decade, general-health
questionnaires like SF-36, SF-12, and EQ-5D will need to be
used more frequently to support cost-effectiveness research
prompted by this rise in spending [1].

Regression equations have been developed to conve-
niently convert ODI to health utility scores in the lumbar
degenerative disease population [26,27]. The benefit of this
approach is a reduced administrative burden for re-
searchers; however, the population for which the regression
equations were developed is not specifically spinal defor-
mity, making it less than ideal for ASD studies.
Visual Analog Scale

The VAS has been used in clinics and research for
measuring pain since the 1920s [28]. It is primarily used to
measure back and leg pain, but has been employed to
measure a diversity of other endpoints such as satisfaction
with treatment and even health utility scores [29,30]. A
common VAS layout is a 100-mm line with the text ‘‘no
pain’’ on the left and ‘‘severe pain’’ on the right. Patients
are instructed to pick the location along the line that best
describes their condition. Many variations of the orientation
and text of the VAS scale exist. Scores are frequently re-
ported from 0 to 10, and sometimes from 0 to 100. The
VAS is a very quick and convenient PRO that assesses one
of the most common symptoms of ASDdpain. However,
the VAS cannot be used for cost-effectiveness studies and
only provides a tangential and limited assessment of patient
outcome following surgical intervention.

As with any study, ours is not without shortcomings. The
main one is that we did not include all pertinent spine-
related journals, including neurosurgical journals, in our
search. It would have been too labor intensive, perhaps
logistically impossible, to include all journals. We modeled
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our study design after that of Hunt et al. [31] and chose the
5 journals based on high impact factor and broad readership
for select sampling. In reviewing candidate articles for our
analysis, it is possible that PRO studies were missed,
especially if no mention was made of PRO use in the title or
abstract. This is the first study of adult spinal deformity
research to measure the frequency of use of PROs and er-
rors and inconsistencies of reporting PRO scores. Our re-
sults afford the insights needed to establish standards of
PRO use going forward.

Conclusion

In this review, we have shown an increase in PRO
studies in ASD surgery research over the past decade and
quantified the frequency of the most used instruments. For
the growing body of data generated by PRO studies to be
useful and reliable going forward, (1) the 24 unique PROs
used in ASD must be pared down to a few PROs that can be
used consistently, and (2) authors must take care to accu-
rately report instrument version and (3) abstain from
modifying standard instruments. There is a need to stan-
dardize PRO use in ASD research, and our study hopefully
provides background data for that purpose.
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