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Why and how should we measure outcomes in spine surgery?
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صخلملا

،زجعلاو،مللأافيفختىلإةيسكنتلاضارملأليرقفلادومعلاتاحارجفدهت
ةرظننيبقسانتلامدعىدأدقو.لمعللةدوعلاو،ضيرملاةايحليعونلانيسحتلاو
ةيافكو،تارقفلاجمدعضوللاخنمةيعاعشلاصوحفلاجئاتنلةهجنمحارجلا
؛ىرخأةهجنمجئاتنلانعضيرملااضرو،عاخنلاىلعطغضلافيفختتايلمع
ربتعتو.ضيرملارظنةهجونميرقفلادومعلاتاحارججتاونمييقتلةجاحلاىلإ
نمةرشابمذخؤتيحصلاعضولانعريراقتيهجتاونللىضرملاريراقت
ةماعلاتاودلأانمددعروطُةيضاملادوقعلاربعو.ءابطلأالخدتنودىضرملا
ىلعاهنمددعنمققحتلامتامك،جتاونللىضرملاريراقتسايقلةصاخلاو
ريراقتسايقتاودأرثكأةقرولاهذهتعجار.يرقفلادومعلاتافآبنيباصملا
اهتافصىلعزيكرتلاعم،يرقفلادومعلاتافآىضرملامادختساجتاونللىضرملا
.اقرفثدحييريرسفلاتخالقأرايعموقيبطتللاهتيلباقو

يرقفلادومعلا؛ةايحلاةيعون؛ملأ؛جتاون؛زجعلا:ةيحاتفملاتاملكلا

Abstract

The objectives of spinal surgery for degenerative disor-

ders are to reduce pain and disability and improve pa-

tients’ quality of life while allowing an early return to

work. The incongruence between surgeons’ perspectives,

findings of imaging exams in terms of fusion statuses or

adequate decompression, and patients’ satisfaction levels

with treatment have underscored the need to evaluate
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outcomes of spinal surgery with a specific focus on pa-

tients’ perspectives. Patient-reported outcomes (PRO) are

reports on health status taken directly from patients

without interference from physicians. In recent decades,

several generic and disease-specific PRO instruments

have been developed and validated in patients with spinal

disorders. In this paper, we review the most commonly

used PRO instruments in patients with spinal disorders,

focussing on their characteristics, applicability and min-

imum clinically important differences.
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Introduction

Degenerative spinal disorders have a major impact on

patients’ quality of life. Surgical treatment is usually indi-
cated for patients who do not respond to clinical therapy.
Although the indications for surgery are usually based on the

relationship between clinical findings, imaging exams and
pain symptoms, several studies have demonstrated little
correlation between these variables and the severity of the

disease from patients’ perspectives.1e5

The definition of a good surgical outcome depends on
how success is assessed.6 In the past, outcomes were
commonly assessed based on surgeons’ subjective views,

and the results were ranked using terms such as
“excellent”, “good”, “moderate” and “bad”. The technical
success of surgeries in terms of decompression and/or
his is an open access article under the CC BY-NC-ND license
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fusion, as assessed by imaging studies during patients’
follow-up visits, also influenced these classification

schemes. However, surgeons’ perspectives and results of
imaging exams frequently do not correlate with patient
satisfaction.1e3,7

In patients with degenerative spinal disorders, the main
objective of treatment is to improve health-related quality of
life by reducing pain and disability. In this sense, the best

measurement of treatment quality should be the patient’s
opinion of the results using patient-reported outcomes
(PRO) instruments. In recent decades, several questionnaires
have been developed and validated for the clinical and

functional evaluation of spinal treatment outcomes. These
instruments, in addition to assessing outcomes from patients’
perspectives, can be used to select patients for whom surgery

is appropriate, as preoperative values often correlate with the
success of treatment.8e11

In this article, the authors provide a thorough overview

of the main PRO instruments commonly used in spinal
disorders. Special attention is given to their clinical appli-
cations and the interpretation of their results. Finally, we
report our experiences since 2006 in using PRO in routine

spine care.
Assessing patient-reported outcomes in spinal disorders

PRO are health status reports taken directly from patients
without interpretation by clinicians.12 In recent years, many

generic and disease-specific PRO instruments have been
validated worldwide to assess the outcomes of spine-related
treatments.10,11,13e16 The evaluation of PRO in spine care

provides useful information for quality improvement and
comparisons of effectiveness.17 Table 1 summarizes the
main applications of the data collected from PRO
instruments.

PRO instruments provide results as numerical scores. Pre-
and post-operative scores can be compared to detect
changes. Validation studies comparing changes in numerical

scores with standard categorical scales (i.e., anchor-based
validation) have identified the minimal changes in the in-
struments that represent clinical significance for patients.18,19

This concept is called the minimum clinical important
difference (MCID),19 and it is generally used as a
parameter to establish the clinical effectiveness of a

treatment. In other words, the MCID is the smallest
difference in the instrument score that is significant for
patients. It is important to understand that these values
depend on both the instrument type and the pathology, as
Table 1: Examples of patient-reported outcomes instrument use

in spine care.

Evaluating the burden of disease.

Monitoring treatment outcomes.

Facilitating patient-physician communication.

Allowing results of treatments to be compared between different

centres.

Measuring treatment quality for health economic analyses in

spine care.

Can be used by health care provider organizations for

benchmarking and quality improvement.
well as the patient’s history of previous spinal
surgeries.18,20,21

Another important factor is the difference between a
statistically significant and a clinically significant difference
in the PRO instruments: a statistically significant difference

is not always clinically relevant from a patient’s
perspective.22,23

Given the great variety of assessment tools available in the

literature, it is essential for spine surgeons to have the basic
knowledge needed to choose and evaluate the results of the
most appropriate tools for each disease or outcome of in-
terest. Generally, the quality of instruments is assessed

through their reliability, validity, responsiveness, accept-
ability, feasibility and ceiling and floor effects.19 Reliability is
the instrument’s consistency in producing similar results in

similar situations; variation is the error measure. The
smaller the variation, the greater the reliability of the
instrument. Validity refers to the degree to which an

instrument actually measures the variable of interest.
Responsiveness is the sensitivity of a test in detecting
clinically relevant changes in a given scenario,
notwithstanding its size. Acceptability relates to how

appropriate the questions in the instrument are for the
patients answering them; this refers to characteristics
related to the time needed to complete the questionnaire,

the way the instrument is administered, the proportion of
missing data, and the difficulty in understanding and
interpreting the questions. Feasibility refers to the ease of

administering the instrument and processing its results; for
example, self-administered and short instruments are more
practical than semi-structured interviews and extensive

questionnaires. Finally, ceiling and floor effects refer to the
ability of a test to discriminate groups of patients and to
detect changes in the disease that is being evaluated; for
example, the ability to distinguish between patients with

moderate versus severe disabilities arising from a particular
disease.

Below, we review the PRO instruments most commonly

used for patients with spinal disorders (Table 2). Special
attention is given to their clinical applications and the
interpretation of their results.
Pain

The assessment of pain intensity must be conducted using
standardized scales due to the subjectivity of the symp-
tom.24,25 Visual and numerical scales have been used to

assess pain intensity. Some examples of visual analogue
scales are1: visual analogue scales of cups, which relate the
amount of liquid inside a glass to the intensity of the pain

perceived by the patient2; visual analogue scales of faces, in
which the patient identifies the face that best represents his/
her perception of the pain at any given time3; metric visual

analogue scales, in which the patient marks a point on a
10-cm horizontal line that represents no pain on one end
and the maximum possible pain on the other. The evaluator

then measures the distance from the beginning of the line to
the marked point and computes the pain intensity in
millimetres.

The numerical rating scale of pain intensity is the most

widely used pain scale for spinal surgeries.10,11,26 The patient



Table 2: Commonly used generic and specific patient-reported outcomes instruments.

Instrument Questions Score range MCID Observations

SF36 36 0e100 4.918 The most-used generic instrument for the assessment of health-related

quality of life.

The SF6D can be derived from the SF36, and it is widely used as

utility measure.

2 components: physical and mental.

EQ5D 5 �0.594 e 1 e A utility measure.

Evaluates five areas: mobility, self-care, usual activities (work, study,

housework, family or leisure activities), pain/discomfort and

anxiety/depression.

ODI 10 0e100 10e12.818,30 Disability in lumbar disease. Scores: 0e20, minimal disability; 21e40,

moderate disability; 41e60, severe disability; 61e80, crippling back pain;

81e100, patients are either bed-bound or are exaggerating their symptoms.

NDI 10 0e100 837 Disability in cervical disease. Scores: 0e10, no disability; 11e30, minimal

disability; 31e50, moderate disability; 51e70, severe disability; above 71,

total disability.

NRS of pain 1 0e10 1 to 2 points18 Applied separately for axial or radicular pain.

BDI 21 0e63 e Depression. Scores: 0e13, no depression or minimal symptoms; 14e19,

mild depression; 20e28, moderate depression; 29e63, severe depression.

HADS 14 0e21 e Depression and anxiety. Composed of two subscales of depression and

anxiety, each with 7 questions. The depression subscale has a high

correlation with BDI scores.

MCID: minimal clinically important difference; SF36: short-form health survey 36 questions; SF6D: short-form health survey 6D; EQ5D:

Euro Quality of Life 5D; ODI: Oswestry Disability Index; NDI: Neck Disability Index; NRS: Numerical Rating Scale; BDI: Beck

Depression Inventory; HADS: Hospital Anxiety and Depression Scale.
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lists the intensity of their pain on a scale from zero (no pain)
to 10 (maximum possible pain). The scale should be applied

separately for axial pain (cervical pain and lower back pain)
and radicular pain (leg or arm pain). The MCIDs for the
metric and numerical visual analogue scales of pain are
15e20 mm and 1e2 points, respectively.18

Disability

The assessment of disability is performed using specific

instruments according to the topography of the pathology
being evaluated (i.e., cervical versus lower back) and the type
of disease or symptoms (i.e., pain versus myelopathy).

The Oswestry Disability Index (ODI) is the scale most
commonly used to assess disability in lumbar spine pathol-
ogies.27,28 The scale consists of 10 questions with six possible

answers whose values range from 0 to 5, with the total score
calculated and presented on a scale from zero to 100: 0e20
indicates minimal disability; 21e40 indicates moderate
disability; 41e60 indicates severe disability; 61e80
indicates crippling back pain; and 81e100 indicates that
the patient is either bed-bound or exaggerating their symp-
toms.28 The scale assesses the domains of pain, personal care

(dressing and bathing), lifting, walking, sitting, standing,
sleeping, sexuality, socializing and the ability to travel. The
clinically relevant minimum difference is 10e12.8 points in

the total score.18,29

Other instruments that assess disability due to lower back
disorders are the RolandeMorris Disability Questionnaire

(RMDQ)30 and the Quebec Back Pain Disability Scale
(QBPDS).31 The RMDQ is more appropriate than the ODI
for the assessment of patients with milder disabilities.32 It
consists of 24 statements that assess the impact of lower

back pain in daily life and in work activities. The results
vary from zero (no impairment) to 24 (severe impairment),
and the MCID varies from 3 to 6 points, depending on the

author.32 The QBPDS consists of 20 items describing the
difficulty of performing physical activities of mild intensity.
The possible scores for each item range from zero (no
difficulty) to 5 (maximum inability to perform activities),

and the final score can range from zero to 100. The MCID
is 20 points in the total score.20

In cervical spine diseases, the most widely used scale is the

Neck Disability Index,11,33e35 which is composed of 10
questions with six possible answers to each ranging from
0 to 5. The total score is calculated and presented on a

scale from zero (no disability) to 100 (maximum disability).
Scores from zero to 10 represent no disability; 11 to 30,
minimal disability; 31 to 50, moderate disability; 51 to 70,

severe disability; and above 71, total disability.35 A
difference of 8 points is considered clinically relevant.36

Another scale used in several studies is the Neck Pain and
Disability Scale (NPDS), which consists of 20 items scored

on a visual analogue scale from zero (normal function) to 5
(maximum disability due to neck pain).33 The instrument
assesses functional disabilities in four areas: general neck

problems, pain intensity, emotional effects or changes in
mood resulting from neck pain, and effects on daily
activities.

Outcome assessments for cervical myelopathy are usually
performed with scales that measure the severity of symp-
toms. The most widely used are the Nurick Grade37 and the
modified Japanese Orthopedic Association scale

(mJOA).37,38 The Nurick Grade classifies patients on a
scale from zero to five, where zero refers to patients
without evidence of myelopathy, 1 indicates patients with

clinical signs of myelopathy but without gait abnormalities,
2 indicates patients with some gait impairments but
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without impacts on daily activities, 3 indicates patients with
severe gait impairments but who are still able to walk without

assistance, 4 indicates patients who need assistance to walk
and 5 indicates patients who use wheelchairs.37 The mJOA
assesses the motor and sensory functions of the upper and

lower limbs, as well as trunk and bladder function. The
final score ranges from zero (maximum disability) to 17
(normal function). Scores lower than 12 are considered

indicative of severe disability.37
Quality of life

The most widely used instrument for assessing health-

related quality of life is the Short Form 36 Health Survey
Questionnaire (SF36).39 It is a multidimensional generic
instrument composed of 36 items, and it is validated for

several diseases, including diseases of the spine.10,11 The
SF36 has two components, physical and mental, and eight
domains. The physical component evaluates the domains

of functional capacity, physical aspects, pain and general
health. The mental component assesses vitality, social
functioning, emotional aspects and mental health. The
results are transformed into a scale from zero to 100, with

50 points as the average measured in the general
population, a standard deviation of 10 points, and an
MCID of 4.9 points in the component scores.18 Shorter

versions of the instrument have been used in several studies
(SF12 and SF6) with good reliability and reproducibility
compared with the SF36.39e41

Other examples of generic instruments are the World
Health Organization Quality of Life Assessment e short
version42 and the Euro Quality of Life e 5 Dimensions

(EQ5D).43 The EQ5D is a generic instrument that is widely
used to measure preference-based health status for health
economic analyses. This short instrument evaluates five
areas: mobility, self-care, usual activities (work, study,

housework, and family or leisure activities), pain/discomfort
and anxiety/depression.
Psychological aspects

The evaluation of psychological aspects is critical in the
preoperative period and during follow-up care for patients

with spinal disorders.15 The prevalence of mood disorders is
very high in these patients.11 Moreover, it has been clearly
established that there is a relationship between the presence
of depression and anxiety in the preoperative period and

higher chances of failure after surgical treatment for
degenerative diseases of the spine.44,45 Additionally, we
recently demonstrated that depression can be identified in

65% of patients following spinal surgery and that
improvement in depression is associated with positive
clinical outcomes.46

The most widely used instrument for the assessment of
depressive symptoms is the Beck Depression Inventory
(BDI), which consists of 21 questions with scores ranging

from zero to 3.47 The instrument assesses the following
symptoms: sadness, pessimism, sense of failure, feelings of
guilt, self-dislike, suicidal thoughts, weight loss, work inhi-
bition, sleep disturbances, fatigability, and loss of libido.

Scores range from zero to 63. Scores of 0e13 indicate no
depression or minimal symptoms, scores of 14e19 indicate
mild depression, scores of 20e28 indicate moderate depres-

sion, and scores of 29e63 indicate severe depression.11

The Zung Self-Rating Depression Scale is also commonly
used for patients with spinal disorders.48e50 The

questionnaire consists of 20 statements related to specific
characteristics of depression. These are evaluated using
Likert scale responses. The final score is the sum of the

scores for each question. The minimum possible score is 20
and the maximum possible score is 80: scores of 20e49
indicate no depression, scores of 50e59 indicate mild
depression, scores of 60e69 indicate moderate depression,

and scores of 70e80 indicate severe depression.
The Hospital Anxiety and Depression Scale (HADS)

consists of 14 multiple-choice questions and two subscales.

Each subscale for depression and anxiety consists of 7
questions, and total scores can range from zero to 21. Using
8e9 as the cut-off points for both subscales, the sensitivities

and specificities are 93.7% and 72.6% for anxiety and 84.6%
and 90.3% for depression, respectively.51 The depression
subscale has a high correlation with the BDI.15

Another important factor when evaluating the results of

spinal disease treatment is the assessment of fears and beliefs
related to physical activity and work. One of the most
commonly used instruments for measuring these responses is

the Fear-Avoidance Beliefs Questionnaire, which contains 16
questions related to physical activity (FABQ-FA, 5 ques-
tions) and work (FABQ-W, 11 questions).52 This

questionnaire uses Likert scale responses with seven
choices ranging from zero (completely disagree) to 6
(completely agree). Validation studies have shown that

questions 13, 14 and 16 are redundant and that issues 1
and 8 have a very low correlation with the total scale;
therefore, they are excluded from the final score.53 The
FABQ-FA score can range from 0 to 24, and the FABQ-W

score can range from 0 to 42 points. The higher the score,
the greater the fear-avoidance beliefs related to work and
physical activity.53, 54
Use of PRO in routine spine care: the experience of the

Universidade de Caxias do Sul’s Spine Surgery Group

In 2006, we started our prospective clinical registry with

patients selected for surgery by theUniversidade de Caxias do
Sul’s Spine Surgery Group. All patients undergoing elective
spinal surgery for degenerative diseases are invited to enrol in
this prospective clinical registry. Preoperative data and

follow-up data (collected at 30 days, 6 months, and annually)
are collected, including demographic information, PRO,
radiological results, and costs. The full protocol has been

reported in detail elsewhere.11 The PRO instruments examine
the following domains: pain (numerical rating scales of axial
and radicular pain), spine-related disability (using the ODI

for lumbar and the NDI for cervical), quality of life (SF36),
and psychological aspects (BDI, HADS, and FABQ). For
utility measures, we can extract SF6D values from the SF36

using specific Brazilian metrics.41 All of the data are collected
and managed using a database specifically built for this
registry.

Our initial experience with the clinical registry and routine

collection of PRO is encouraging. From 2006 to early 2015,



Figure 1: Improvements in patient-reported outcomes after commonly performed spinal procedures by the Universidade de Caxias do Sul

Spine Surgery Group e Brazil. Note: ODI: Oswestry Disability Index, NDI: Neck Disability Index, NRS: Numerical Rating Scale, SF6D:

Short-Form 6 Dimensions.
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843 patients completed 1-year of follow-up care. As previ-

ously reported,11 patients’ perceptions of completing PRO
instruments have been very positive. Using a specific
database, we can assess clinical outcomes, pathologies and
surgeries from patient to patient (Figure 1). This

strengthens the patientephysician relationship, facilitates
communication between the two parties and enables
comparisons with different centres’ reports in the literature.

As the results of PRO instruments are also used for
research purposes, all of the patients invited to participate
must sign an informed consent form. Before starting this

registry, the protocol was submitted and approved by the
local ethics committee. To date, several research articles have
been published using this database.15,46,55e57 We understand
that the opportunity to share routine experiences is

important to increasing research in developing countries.58,59

The value of a health intervention is based on its quality
divided by its cost. In patients with degenerative spinal dis-

orders, themain objective of treatment is to improveHRQOL
by reducing pain and disability. In this sense, the best mea-
surements of the quality of treatments should be patients’

own reports regarding their outcomes, that is, patient-
reported outcomes (PRO). The majority of the studies on
the comparative effectiveness of spine care have been con-

ducted in developed countries. However, due to the high
prevalence and social and economic burdens of spinal dis-
orders all over the world, comparative effectiveness research
should also be conducted in developing countries, where
health care resources are often distributed without adequate

rationale and many health services are often underfunded.57

Thus, it is essential for spine surgeons, as health care
providers, to begin collecting PRO. It is expected that, as in
developed countries, there will be a shift in paradigm

towards value-based health care in the near future.60

Our group recently published the first health economic
analysis of spinal surgery in Brazil.56 Using data from PRO

collected routinely in patients undergoing surgery for lumbar
disc herniation, we demonstrated that lumbar discectomy is a
very cost-effective treatment for patients with lumbar disc

herniation refractory to clinical treatment from private and
public health care perspectives.56 Thus, in addition to serving
to evaluate patients’ outcomes from their own perspectives,
the routine collection of PRO instruments for patients with

spinal disorders can be used for health economic analyses.
We strongly believe that these initiatives are extremely
important in the contemporary paradigm of value-based

health care, principally in developing countries, where
routine assessments of PRO are performed by a very limited
proportion of spine care groups.
Final considerations

Spinal disorder treatment outcomes should be assessed
from patients’ perspectives. The objectives of treatments are

to reduce pain and disability and to increase patients’ quality
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of life and occupational capacity. There are many validated
PRO instruments available that measure different clinical

and functional outcomes. It is essential for spine care pro-
viders to be aware of and routinely use PRO instruments as
needed. Outcome assessments made using PRO instruments

help spine surgeons to better manage their patients and
monitor treatment progress.
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