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Study Design A broad narrative review.

Objectives Outcome assessment in spinal disorders is imperative to help monitor the
safety and efficacy of the treatment in an effort to change the clinical practice and
improve patient outcomes. The following article, part two of a two-part series, discusses
the various outcome tools and instruments utilized to address spinal disorders and their
management.

Methods A thorough review of the peer-reviewed literature was performed, irrespec
tive of language, addressing outcome research, instruments and tools, and applications.
Results Numerous articles addressing the development and implementation of
health-related quality-of-life, neck and low back pain, overall pain, spinal deformity,
and other condition-specific outcome instruments have been reported. Their applica-
tions in the context of the clinical trial studies, the economic analyses, and overall
evidence-based orthopedics have been noted. Additional issues regarding the problems
and potential sources of bias utilizing outcomes scales and the concept of minimally
clinically important difference were discussed.

Conclusion Continuing research needs to assess the outcome instruments and tools
used in the clinical outcome assessment for spinal disorders. Understanding the
fundamental principles in spinal outcome assessment may also advance the field of
“personalized spine care.”
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Introduction

Throughout recent years, clinical outcomes research in or-
thopedic surgery has grown immensely, whereby the spine
discipline and specialists have gained a leadership role in this
development. Generally, there are six categories of outcome
measurements, some of which are more readily employed in
spine surgery and research than others (~Table 1). However,
an abundance of outcome measurement tools have been
designed to address the spine-related disorders, including
general functional status instruments, pain measurement
tools, back-specific disability scales, and neck and pain dis-
ability scales. These tools have been tailored to not only
address localized pathologic manifestations, but to also in-
clude the assessment of patient-specific factors that may
affect health status and treatment outcomes. Such factors
may entail patients’ educational level, employment history
and satisfaction, psychological elements, expectations, satis-
faction levels, worker’s compensation, and influences by
third-party claims. Furthermore, the strength of an outcome
measurement tool is derived from its specificity for a given
condition or outcome, reproducibility, construct validity,
responsiveness, and interpretability.” The following review
provides several examples of the common outcome instru-
ments used in spine research, focusing on their clinical
applications and implications of outcomes research, without
any claim on completeness. A more expanded list of various
outcome instruments can be found in =Table 2.

Health-Related Quality-of-Life Outcome
Instruments

Short Form-36 Survey

The Short Form-36 (SF-36) is a 36-item questionnaire that
was developed to measure general health status.># It is a
widely used, comprehensive, generic outcome tool that
quantitatively measures physical and mental dimensions.
The SF-36 has been extensively investigated to confirm its
validity and reliability, and it has been translated into more
than 40 languages as part of the International Quality of Life
Assessment Initiative.> The questionnaire takes ~5 to 10

Table 1 Types of outcome measures

Vavken et al.

minutes to complete and is based on eight domains:
physical functioning, role limitations caused by physical
health or by emotional problems, bodily pain, social func-
tioning, general mental health, vitality, and general health
perceptions. In essence, the SF-36 form is a reliable and
valid tool that is commonly used because of its brevity,
psychometric assessment potentials, and applicability to
patients with different medical conditions and demo-
graphics.® Moreover, the SF-36 is a self-administered ques-
tionnaire that is sensitive to differences in disease severity,
and it distinguishes between sick and healthy populations.
In addition, to further improve the efficacy associated with
the SF-36 form and to decrease costs, a shorter version of
the questionnaire was constructed in the mid-1990s, aptly
named the SF-12.% This shorter questionnaire employs the
same eight-scale profile as the SF-36, but in less depth than
the original questionnaire.

The Sickness Impact Profile

The Sickness Impact Profile (SIP) was first published in the
mid-1970s and was further revised in the 1980s.” This
outcome tool was also constructed to evaluate the functional
health consequences of health care. It is a behavior-based
measurement tool that presents a set of items in a yes-or-no,
dichotomous fashion. The SIP evaluates the type of work that
chronically ill patients can perform, as well as how these
individuals will respond in their work environments because
of their medical conditions. A total of 136 items are included
in the assessment tool, which takes ~20 to 30 minutes to
complete. Although the SIP attempts to offer a descriptive
profile of changes in a patient’s behavior caused by his or her
illness, it fails to capture the potential dynamics between an
individual’s health and his or her work. The weakened
sensitivity of such a tool is possibly attributable to the
inadequate depiction of a general set of work activities, as
well as the potential categorical limitations inherent in a yes-
or-no question format. However, the SIP and other measure-
ment tools have become the foundation, as well as the
impetus, for more precise role-specific measurements that
relate to the working life. Overall, it is a reliable and valid
instrument that has been used to investigate various

Type of measure Description

Dimension-specific

Focus is on a particular aspect of health (i.e., Beck’s Depression Inventory)

Disease-/population-specific

Measures several health domains and focuses on aspects of health that are
relevant to particular health problems

Generic

Measures outcomes across diseases and different patient populations

Individualized

The importance of certain aspects of the respondent’s life are measured and
weighted to produce a single score (i.e., patient-generated index scores)

Role-specific A more specific generic tool that captures aspects of working life
(i.e., Occupational Role Questionnaire)
Utility Developed for economic evaluation, entails preferences for health states, and

yields a single index (i.e., EuroQol EQ-5D)
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Table 2 Various condition and outcome measurement tools (list is not comprehensive)

Categories

Measurements

Pain scales

* Verbal rating scale

Visual analog scale

Numerical rating scale

Wisconsin Brief Pain Questionnaire

Memorial Pain Questionnaire

McGill Pain Questionnaire

Patient Outcome Questionnaire

Medical Outcomes Study

Descriptor Differential Scale

Integrated Pain Scale

Pain Perception Profile

West Haven-Yale Multidimensional Pain Inventory

Brief Pain Inventory

Unmet Analgesic Needs Questionnaire

City of Hope Mayday Pain Resource Center Pain Audit Tools
City of Hope Mayday Pain Resource Center Patient Pain Questionnaire
Dallas Pain Questionnaire

Northwick Park Neck Pain Questionnaire

Neck Pain and Disability Scale

Disability: lower back questionnaires

Oswestry Disability Index Questionnaire
Million Disability Questionnaire
Roland-Morris Disability Questionnaire
Waddell Disability Index

Low Back Pain Type Specifications

Disability: cervical questionnaires

Neck Disability Index
Neck Pain and Disability Scale
Headache Disability Index

Psychometric questionnaires

Illness Behavior Questionnaire

Psychosocial Pain Inventory

Waddell Non-Organic Low Back Pain Signs
Modified Somatic Perception Questionnaire
Somatic Amplification Rating Scale
Modified Zung Depression Index

Minnesota Multiphasic Personality Inventory
Health Status Questionnaire

Fear Avoidance Beliefs Questionnaire

Patient satisfaction questionnaires

Patient Satisfaction Questionnaire

Low Back Pain Patient Satisfaction

Group Health Association of America Consumer Satisfaction Survey
Chiropractic Satisfaction Questionnaire

Combined assessment scales

Edmonton Symptom Assessment System
Symptom Distress Scale

Memorial Symptoms Assessment Scale
Symptom Scale

Voices

Rotterdam Symptom Checklist

Support Team Assessment Schedule
National Hospice Study

Care Cooperative Charts

Hospice Quality of Life Index

McGill Quality of Life Index

Quality of Well-Being Scale

European Organization for Research and Treatment of Cancer Quality of
Life Questionnaire 30

VITAS Quality of Life Index

SF-36, SF-12

Health Status Questionnaire

RAND 36

Sickness Impact Profile

Nottingham Health Profile

Scoliosis Follow-Up Questionnaire
Scoliosis Research Society (SRS-22, - 30)

(Continued)
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Table 2 (Continued)
Categories Measurements

* Cervical Spine Outcomes Questionnaire
* North American Spine Society Lumbar Spine Outcome Assessment
Instrument

Adapted from Samartzis D, Dominique DA, Perez-Cruet M|, Fehlings MG. Clinical outcome analyses. In: Perez-Cruet M|, Khoo LT, Fessler RG, eds. An
Anatomical Approach to Minimally Invasive Spine Surgery. St. Louis: Quality Medical Publishing, Inc.; 2006:103-130.°

pathologic conditions of the spine, and it is available in
multiple languages.2

EQ-5D

The group of quality-of-life outcome measurements was
expanded in 1990 by the EQ-5D, published by EuroQoL.
This multinational group was founded in 1987 with the aim
of creating a non-disease-specific measurement tool for
health-related quality of life (HRQOL), which was to be
simple, self-administered, and brief, so as not to be a burden
for the respondent. From this, the EQ-5D was developed and
constantly improved. Respondents are asked to describe their
state of health for 16 items, arranged in two groups of eight
20-cm visual analog scales (VASs) anchored at “best imagin-
able health state” (i.e., 100) and “worst imaginable health
state” (i.e., 0). Being Euro-centric, the EQ-5D has been trans-
lated into and validated for several European languages and
populations. Also, based on such validation studies, weights
have been calculated for individual health states to allow the
interpolation of scores for health states not directly assessed
by the EQ-5D.

A good example from the literature on the use of HRQOL
outcomes is the 2010 study by Danielsson et al.8 The authors
examined 77 patients with adolescent scoliosis. Thirty-seven
patients were treated with a brace, and 40 patients had no
immobilization. Radiographic and clinical examinations were
performed during the follow-up for both groups. In addition
to the usual end points, such as progression and spine-specific
outcomes, quality of life was measured with the SF-36. The
results showed no difference in quality of life as the SF-36 and
the Scoliosis Research Society (SRS)-22 questionnaire dem-
onstrated no significant differences between the two groups.
Specifically, there were no statistical differences between the
groups in the effect of bracing or on the quality of life of these
young patients.

Neck-Related Outcome Instruments

Neck Disability Index

The Neck Disability Index (NDI) is a 10-item, one-dimensional
questionnaire designed to assess neck pain and disability.’
The items are organized by type of activity and then by six
different assertions corresponding to progressive levels of
functional capability. Based on the response, the NDI is scored
as a percentage of maximal pain and disability. The strength
of the tool lies in its established validity among different
patient populations, as well as against multiple measure-
ments of function, pain, and clinical signs or symptoms.

Global Spine Journal  Vol. 5 No. 4/2015

Concerns regarding the NDI include a possible “ceiling effect”;
that is, patients with severe disease may reach a plateau at a
maximum score, and the scale cannot reflect any further
decline in function.'® Furthermore, the scale can be affected
by incompletely answered questionnaires, because it focuses
on automobile driving, which is not often applicable to the
elderly or societies where certain activities are not com-
mon."! These missing data fields make data interpretation
and comparisons difficult.

Neck Pain and Disability Scale

The Neck Pain and Disability Scale (NPDS) is a multidimen-
sional comprehensive tool used to measure neck pain and
associated functional status.'? The NPDS measures neck prob-
lems, pain intensity, the effect of neck pain on emotion and
cognition, and the degree to which neck pain interferes with
daily activities. This instrument was developed as an extension
of the NDI.° It consists of 20 items, and each question has a 10-
cm line that is similar to a VAS. The items are scored from 0
(normal) to 5 (worse) based on the scale, and the total score is
the sum of all the items. In comparison studies, the NPDS
demonstrates good reproducibility, construct validity, and
factorial structure.>'3 The NPDS has been validated in multiple
languages, and all versions have shown good psychometric
properties. Although patients prefer the simplicity of its VAS,
this assessment tool has been associated with some limitations
in the literature, because it must be completed directly by the
study subject, rather than by study personnel.’

In a recently published prospective study from Kang
et al,' the NDI and NPDS were used on 72 patients who
underwent an anterior cervical spine surgery. The NDI and
NPDS (and other questionnaires) were evaluated before and
1 year after surgery to examine the outcome of a single-level
anterior cervical diskectomy and fusion, among other things.
The results showed an improved NDI (34.2 to 9.9) and NPDS
(44.8 to 16). With the help of these questionnaires, the
authors compared the function, pain, and clinical signs and
symptoms specifically for the neck.

Low Back-Related Outcome Instruments

In 2011, Chapman et al'” identified 75 different outcome
measures evaluating chronic low back pain, raising awareness
of the plethora of outcome questionnaires and the nonstan-
dardization of assessment between centers. However, for low
back pain in general, the most commonly used outcome
instruments have been the Oswestry Disability Index (ODI)
and the Roland-Morris Disability Questionnaire (RMDQ).
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Oswestry Disability Index

The ODI was first reported in 1980 and enjoys the distinction of
being one of the earliest disease-specific spine questionnaires.'®
The 10-section questionnaire assesses pain level and how it
affects the activities of daily living, such as sleeping, self-care,
social life, sex, and traveling. Various versions of the ODI have
been reported, and it has been translated into multiple languages
with respective validity.!”-'® Version 2.0 of the ODI has been
recommended by Fairbank and Pynsent,'” and it is more specific
to the patients’ status in line with the current day of assessment
as a reference point. Some sections have been modified or
omitted in certain studies due to inapplicability or other
domains were measured by other means. A standard scoring
method can be used in all the versions of the ODI; however,
variations in the ODI should allow for scoring adjustments.'” The
categorical data are converted to an ordinal number, and the
sum is taken. Though this can be viewed as a continuum, there is
no linear correlation with disability.'” A minimum of 15-point
change in score has been recommended to represent a clinically
significant change.!”

Roland Morris Disability Questionnaire

The RMDQ was designed to assess physical disability due to
low back pain and consists of 24 binary questions, which can
result in a total score of 24 (the higher the score, the worse the
outcome). This questionnaire was originally designed for use
in primary care, for the elderly to monitor their care, and for
research purposes.'® The RMDQ was adopted from the SIP
and the phrase “because of my back pain” was added at the
end of each statement.?? Because it is short, simple to
complete, and readily understood, it is also widely used
and validated in different languages.?' Several modifications
to the RMDQ have been proposed but have not been adapted
because these modifications have not demonstrated a vast
improvement of the original version.?? Studies have demon-
strated that the improvement of initial scores lower than 4
points and the deterioration in patients with initial scores
greater than 20 points cannot be detected with a high degree
of confidence.?> However, the minimum level of detectable
change is up to 5 points.

Direct comparison between the ODI and RMDQ showed
correlation between the two scales, though the ODI seems to
be more sensitive in detecting change in a more severe
symptoms versus minor disability.?! Both questionnaires
use the time scale of “now” compared with the average of
symptoms in the previous week, or the previous month as is
the case with the SF-36. Roland and Fairbank recommend use
of the ODI in persistent severe disability, whereas the RMDQ
is recommended in patients with relatively little disability,
because the RMDQ includes more subtle complaints (back
pain, discomfort) and the ODI focuses on major problems
(activities of daily living, hygiene, social function, sexual
function) that might not be as relevant for the early stages
of spine diseases.”'

Spinal Stenosis Questionnaire
Stucki et al** developed a self-administered questionnaire to
address disability and health-related parameters in patients

Vavken et al.

diagnosed with lumbar spinal stenosis. It includes three
scales with seven questions on symptom severity, five on
physical function, and six on satisfaction. Symptom severity
addresses pain, pain frequency, back pain, leg pain, numb-
ness, weakness, and balance disturbance. The physical func-
tion questions address walking distance and ability to walk
for pleasure, for shopping, and for daily functions at one's
residence. Patient satisfaction addressed outcomes from low
back surgery, pain relief after operation, walking ability after
the operation, ability to do housework or yard work or job
after surgery, lower limb strength, and balance. The Spinal
Stenosis Questionnaire has been validated in several lan-
guages against SF-36, ODI, and other measurement scales.
The reliability has been measured in test-retest assessments
and consistently scored above 90% agreement.25‘28

With the help of the ODI, a Korean group examined
90 patients who underwent a direct lumbar interbody fusion
with minimum follow-up of at least 6 months.?? In addition to
the morphological aspects and fusion rates, the clinical
outcome was also measured on the basis of the ODI, which
significantly improved after the surgery. As such, combined
with the other results, the direct lumbar interbody fusion was
proven to be an effective surgical procedure with satisfactory
results.

Spine Deformity Outcome Instruments

In 1999, Haher et al®® reported a disease-specific HRQOL
instrument to assess the baseline condition and treatment
effect in patients with spinal deformity. This instrument
consisted of 24 items divided into seven equally weighted
domains (SRS-24) evaluating patient satisfaction and perfor-
mance of adolescents with idiopathic scoliosis. The param-
eters were pain, general self-image, postoperative self-image,
general function, overall level of activity, postoperative func-
tion, and satisfaction. The study showed that the greatest
differences were in pain and general activity level, and patient
satisfaction had a high correlation with pain, followed by self-
image.

Scoliosis Research Society Questionnaires (SRS-22, -23,
and -30)
The SRS-23 questionnaire was the result of the changes made
on the original SRS HRQL questionnaire (i.e., SRS-24).3' The
five domains included in this modified SRS (i.e., MSRS)
outcome instrument were function/activity, pain, self-im-
age/appearance, mental health, and satisfaction of manage-
ment. The original questionnaire was shortened from 24 to 23
questions, and the answers were expanded from two to five,
giving more information. This MSRS showed increased inter-
nal consistency in all five domains compared with the original
SRS outcome measure.>’ When each MSRS domain was
correlated with the SF-36, correlation was strong in all
domains, establishing concurrent validity for the SRS
Questionnaire.

The MSRS was originally for adolescent idiopathic scolio-
sis; however, it has been established that it can also be used
for adult deformity as a self-assessment tool for measuring

Global Spine Journal  Vol. 5 No. 4/2015
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health status and outcomes.> Adult scoliosis has a great effect
on the quality of life of the patient with regards to pain,
function, appearance, and mental health. Radiographic meas-
urements do not correlate with the health status.3> The MSRS
demonstrated a high-degree of internal consistency and
reproducibility in adult scoliosis and was validated with SF-
36 showing good correlation.>?

The SRS-22 is a result of modifications made on the MSRS
(SRS-23), including deleting an item in the self-image/
appearance domain and moving another item to the pain
domain.* The SRS-22 has shown good to excellent internal
consistency among the five domains, with excellent test—
retest intraclass correlations and relatively high correlation
between relevant SRS-22 and SF-36 domains.3* There might
be some bias concerning treatment satisfaction, because the
operating surgeon is known to the patient and the treatment
is an accepted technique that is known to have good results.>3

The use of the SRS-22 in adult deformity has also been
established, comparing it to the ODI and SF-12.3* Compared
with the ODI assessing patients preoperatively to 2 years
postoperatively, the SRS-22 showed greatest change involv-
ing the self-image, pain, and total score domains. This sug-
gests that the SRS-22 is more sensitive to change caused by
primary surgery, followed by ODI, then the SF-12. Further-
more, comparing the SRS-22 with the latter questionnaires,
adult scoliosis patients seem to have significant improvement
in pain, self-image, and function after surgical treatment.

Modifications were made on the SRS-23 in 2003, including
adding historical recall questions and rephrasing/relocating
various questions, giving rise to the SRS-30.%° Baldus et al®°
established the population medians, means, confidence in-
tervals, standard deviations, and percentiles for the domains
of the SRS-30 questionnaire in adults without scoliosis.
These values are regarded as reference points, allowing the
clinicians and investigators to interpret and compare domain
scores of individuals with spine deformity to those without
deformity. Thus, the SRS-30 is the most current, most sensi-
tive scoliosis outcome tool that has been validated.

Use of the SRS-30 has been demonstrated in a recently
published study by Dorward et al.3® One hundred twenty-
eight patients with different spinal deformities underwent
posterior fusion to spinal deformity surgery with posterior
column osteotomies. The patients were observed at 2-year-
follow-up. Besides the morphological differences, the clinical
outcomes were measured using the SRS-30 and the ODI.
Postoperative SRS-30 and ODI scores improved significantly
and demonstrated a favorable clinical outcome.

Pain Outcome Instruments

Visual Analog Scale

The VAS consists of a straight line with the end points
denoting the extreme limits, such as “no pain” and “pain as
bad as it could be.”3” When descriptive terms such as “mild,”
“moderate,” “severe,” or a numerical scale are added to the
line, a graphic rating scale is created. Patients are simply asked
to show their pain level between the two end points of the
line. The line is generally ~10 to 15 cm in length, because

Global Spine Journal  Vol. 5 No. 4/2015
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studies have shown this length is the easiest for patient use
and it results in the smallest measurement error.3® The
distance from the “no pain” end point represents the patient’s
pain score. Studies have quantified the amount of change
needed to be significant with the VAS. A change of 20% for
chronic low back pain and 12% for acute low back pain has
been shown to be clinically significant.3® One possible disad-
vantage of scoring the traditional VAS is the time needed,
because measurements must be made individually. To sim-
plify the process, a mechanical VAS is available; it has a sliding
tool that patients move corresponding to their pain. Overall,
the VAS is a sensitive, reliable, and easy assessment tool to use
for the evaluation of pain in patients with back disorders.>%3°

In a recent report by Lee et al, % the authors utilized the
VAS as a measurement tool in their investigation of the
quality of life and the cervical sagittal alignment in patients
with ankylosing spondylitis in comparison with a healthy
group. The study included 102 patients with ankylosing
spondylitis and a control comparative group of 50 people.
Radiographic parameters, VAS score assessing neck pain, the
NDI, and the NPAD were compiled. Correlation analysis
verified significant relationships between radiographic mal-
position and the quality of life.

The McGill Pain Questionnaire

Considered a standardization benchmark for the evaluation
of pain, the McGill Pain Questionnaire (MPQ) is a reliable,
valid, and sensitive tool for the assessment of pain relief and
treatment.*' The MPQ has three major measurement com-
ponents: a pain-rating index, several words chosen to de-
scribe pain, and a scale of 1 to 5 that represents pain intensity.
The pain-rating index relies on a numeric grading of words
describing the sensory, affective, and evaluative aspects of
pain. Each descriptor is assigned a rank value based on its
position in the word set. The sum of the rank values yields the
pain-rating index. In addition, a short form of the MPQ (SF-
MPQ) has been developed, with 15 questions, 11 of which
address sensory dimensions and 4 are related to affective
dimensions. The intensity scale in the SF-MPQ has been
reduced to 4 points, and the pain rating index is incorporated
as a VAS.

What to Do with Results from Outcome
Assessment Studies

The findings of outcome analyses are often published as
stand-alone articles in scientific journals. Moving scientific
findings from basic research into clinical practice is at the
heart of the translational research.

Clinical Research|Clinical Trials

Most outcome assessment is used for clinical research, aimed
to publish in a scientific journal. Currently, 3 to 8% of all
studies published in the orthopedic journals are controlled,
meaning that most studies are still observational or cases
series/case reports.*>*3 However, there has been a move to
higher-quality science recently, and spine surgery and re-
search is no exception.43

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Clinical Outcomes Assessment for Spinal Disorders

A particularly important subform of clinical research is
clinical trials, which assess new interventions or medications.
Clinical trials can be subdivided into three phases. In phase 1,
safety and efficacy are established and whether the new
treatment performs better than what is currently available
without causing additional complications is investigated. A
phase 1 trial requires the approval of the new treatment or
medication from the Food and Drug Administration, or a
similar institution if outside the United States. Phase 2 is
designed to focus on evaluating efficacy or how this treatment
will perform in a real-life setting. At the same time, the cost-
effectiveness of the new treatment is analyzed to see if the
additional cost will provide additional benefit compared with
what treatments are already available. Finally, phase 3 is
designed to ensure that a new treatment is a sustainable
solution.

Economic Analyses

A particularly pressing issue in present-day clinical medicine
is cost-effectiveness. Orthopedic procedures are among the
most expensive medical treatments, and spine procedures
can be found among the most cost-intensive orthopedic
treatments.***> The rationale of economic analyses is to
help in the comparison of two or more treatments to find
the intervention that produces the most value, defined as the
highest clinical impact-to-cost ratio, which is also called
“efficiency.” In other words, economic analyses are not a
“cold-blooded” exercise aiming at withholding treatment
for patients to increase profit margins for hospitals and
insurance providers, but to allocate the very limited resource
of “money” in such a way as to treat the largest possible
number of patients with the most effective treatments.*+4°
Properly conducted outcome analyses are invaluable as a
source for valid and reliable estimates of the clinical impact
that can be put into relation with the incurred costs.

Most economic analyses come in one of four forms. (1) Cost
analysis is the most basic form of economic analysis (i.e., a
summation of the costs of a treatment). However, although
this seems trivial, quite the contrary is true. Costs are divided
into direct and indirect costs; direct costs include obvious
factors, such as the cost of implants and/or medication, rent
for the operating room, fees for surgeons and ancillary
services, among others. Indirect cost are more complicated
and include such items as loss of income or the extra cost
involved with treatment, such as transport to and from the

Table 3 Methods of economic analysis

Vavken et al.

hospital or doctor’s office, cost of care for dependents during
treatment, and so on. Naturally, all errors in measurement of
cost will be perpetuated in further analyses. (2) Although
cost-effectiveness analysis (CEA) is commonly used as a
synonym for economic analysis, it really is one specific
subgroup comparing the cost to clinical effectiveness, as
measured in such outcome tools as presented in this review.
To compare two treatments, the outcomes are measured,
divided by the costs to obtain outcome/dollar values, and
then directly compared with see how much more or less
outcome is “bought” per dollar. (3) Cost utility analysis (CUA)
is very similar to CEA, but uses quality-of-life outcome tools
instead of generic ones. By assessing the quality-of-life status
and multiplying it by the amount of time spent in this state,
the so-called quality-adjusted life-year (QaLY) is estimated.
For example, if a patient spends 1 year at only 75% (0.75) of
his perfect quality-of-life score (e.g., full SF-36 score), then
this 1 calendar year counts as (0.75 QoL x 1 year) = 0.75
QalLY. If he returns to full health the next year, then both
calendar years count as (0.75 QoL x 1 year) + (1 QoL x 1
year) = 1.75 QalY. This can then be inserted in a very similar
equation as used for CEA. The advantage is that different
treatments and diseases that cannot be assessed by the same
disease-specific outcome scale can be compared, such as
spine fusion and total hip replacement. (4) Cost-benefit
analyses compares cost (in dollars) with benefit (in dollars)
afforded by a treatment or intervention. The advantage is that
the results of such analyses are very readily understood by the
illustration of a plus or minus dollar sum, compared with
“QaLY/dollar” or “points-ODI/dollar.” The disadvantage is that
clinical outcomes have to be converted to a dollar sum.
Numerous validated methods exist for this limitation, but
even a concise description of these is outside of the scope of
this review. =Table 3 illustrates the various methods of
economic evaluation.

Evidence-Based Clinical Orthopedics

Evidence-based medicine has been defined as “the consci-
entious, explicit and judicious use of current best evidence
in making decisions about the care of individual
patients.”*® Three pieces of information should be included
in evidence-based medicine decision making in clinical
medicine: patient preferences, clinical circumstance, and
research evidence. Diligent outcome assessment studies
will provide such research evidence and allow choosing a

Input

Outcome measure

Outcome tool utilized

Cost-effectiveness analysis Money units ($)

Natural outcome measure (life-years

Disease-specific outcome

saved, infections prevented, etc.) scores
Cost-utility analysis Money units ($) QoL outcomes measures (QALYs) Short Form-36, EuroQol-5D,
etc.

Cost-benefit analysis Money units ($)

Money unit ($)

Willingness to pay, human
capital, revealed preferences

Abbreviations: QALYs, quality-adjusted life years; QoL, quality of life.
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course of action that is consistent with the patient’s wishes
as well as being efficacious and cost-effective.

Clinical Applications

Outcomes studies mark a substantial detour from the way that
medicine is practiced based on practitioner-based observa-
tions (“paternalistic model”) toward a patient-centric value-
based transaction. Consequently, patient-reported quality-
of-life outcomes tests (“consumer-based value model”) have
seen a tremendous increase in their relevance as scientific
standards for clinical research have dramatically increased.
Consequently, the use of outcomes assessments has left the
research environs and is rapidly becoming a standard for the
routine measurement of patient outcomes beyond the tradi-
tional medical/surgical observations. The development of in-
creasingly hardwired mechanisms to gather these patient-
derived outcomes scores is an urgent need for clinical practices
with high-cost implications, such as seen in spine care. Doing
this in a cost-effective and accountable fashion is challenging
and can be very expensive. Limiting outcomes testing to
validated core data sets and employing systematic planned
data gathering rather than incidental occurrence-based sam-
pling will become desirable features of a future health care
delivery model.

The other perspective of patient health-reported quality-
of-life assessment tools lies in the prospect of clinical decision
making on a front-end basis, rather than using it for outcomes
analyses in a mostly post hoc fashion. Our current decision
making in spine care remains heavily based on phenotypical
assessment strategies, such as physical examination, imaging
interpretation, and rather cursory use of some patient symp-
tom reporting system. With growing awareness of the influ-
ence of genetic, psychological, and sociologic factors on a
large component of spinal disorders as well as the outcomes
of treatment, we can expect to increasingly test strategies to
account for these components in the front-end part of a
future, more comprehensive decision-making process. For
example, depression scoring and quantification of distress
responsiveness has a substantial impact on patient well-being
and subsequently patient health-reported quality-of-life. It
would make sense to modify the intervention strategies
under consideration of such insights gained. Similarly, em-
ployment status, socioeconomic health, and demographics
play a role in the resource utilization, such as readmission,
return to functional status, and readmission rates. These
factors deserve consideration.

Finally, we are now aware of the genetic basis of many
diseases. The propensity for premature symptomatic disk
degeneration, osteoporosis, and deformities are all examples
of spinal disorders with well understood roots in genetic
abnormalities.*’=>" Similarly, pain response mechanisms may
have a genetic foundation.*® Rapid progress in understanding
the causal correlations will lead toward the creation of inter-
relational data repositories that will—once taken into cumu-
lative consideration—allow for more individualized decision
making in health care delivery under utilization of an artifi-
cial intelligence. Although this prospect might appear fright-
ening to some, the more positive interpretation is that of
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allowing for better and more directed “personalized” health
care delivery. And that prospect would seem to be of great
appeal to all involved. As such, the outcomes tools assess-
ments are just the beginning of a more sophisticated under-
standing of health care transactions.

Problems and Potential Sources of Bias in the
Use of Outcome Scales

Several potential problems arise with the use of clinical
outcomes scores in the outcome research. Although we
cannot list all of them in this text, we strive to include
some of the most meaningful and often most disregarded
ones.

The most pertinent bias is internal and external validity.
Internal validity describes the ability of a test to assess a
desired outcome and is often explained as using a thermom-
eter, not a scale, to measure temperature. Validity is often
mentioned along with, but is not synonymous with, reliabili-
ty, which is the test-retest consistency of an outcome tool. To
stay with the former example, a scale might have excellent
reliability but poor validity in a study of temperatures.
External validity, in turn, describes if results of a study can
be applied to a population outside of the study. With highly
specific and rigorously controlled inclusion criteria, this is
oftentimes questionable.

Another bias related to a test’s ability to measure an
outcome is the ceiling effect.*> With improved medical
technology, treatment outcomes have improved substantially
and success rates above 80% are not uncommon. However,
with such remarkable successes, further improvements are
often only small in scale (i.e., a ceiling effect has been
reached). Because many clinical scores are designed some-
what coarse for the sake of general applicability and easier
understanding, their “resolution” cannot detect the small
changes that are possible with ceiling effects.

Minimum Clinically Important Difference

Another important concept discussing the size of improve-
ments measured by a clinical test is the minimum clinically
important difference (MCID). The original meaning of the
MCID was the “smallest difference in scores in the domain of
interest which patients perceive as beneficial and which would
mandate, in the absence of troublesome side-effects and
excessive cost, a change in the patient’s m.‘:magement.”52 In
the course of further investigations, it was simplified to define
the threshold value of minimum treatment effectiveness,
which stands for the amount of change that is considered to
be meaningful and worthwhile by the patient.>>>* It therefore
describes the smallest change in outcome that is important to
the patient.>>° It is seen as a possibility to overcome the
shortcomings or deficiencies of the “statistically significant
difference” to help clinicians evaluate the importance of
seemingly statistically significant results.>* Methods to calcu-
late the MCID are classified into anchor-based methods, which
compare the change in patient-reported outcome score to
some other measure of change (considered an external crite-
rion), or distribution-based methods, which compare the
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change in patient-reported outcome scores to some measure of
variability, such as the standard error of measurement, the
standard deviation, the effect size, or the minimum detectable
change.>®>* The latter leads to a difficult analysis and evalua-
tion as all the different calculation methods result in different
MCID values.

Conclusion

Spinal disorders affect every population worldwide. Treat-
ment modalities of spine conditions can vary between centers
and surgeons. Novel and elaborate methods are being intro-
duced that contribute to a surgeon’s armamentarium on a
daily basis. When choosing a clinical outcome instrument, it
is important to make sure that it will reflect the anticipated
end point. It is prudent to consider its generalizability or its
ability to be compared with other instruments or prior
literature. Although it cannot be stated that one questionnaire
or outcome instrument is superior to another, some are being
used more frequently than others. As such, one should make
sure to be aware which outcome instruments are used most
frequently in one’s own field of research. Also, it is important
to ensure that the chosen instrument has been validated for
the anticipated use. In addition, the perceived outcomes and
financial issues may vary geographically. As such, there is a
need to continue research assessing such outcome instru-
ments and their outcomes between more developed to less
developed countries.
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