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Minimum Detectable Measurement Difference
for Health-Related Quality of Life Measures Varies
With Age and Disability in Adult Spinal
Deformity
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Implications for Calculating Minimal Clinically Important Difference
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Methods. A prospective observation cohort was queried for

Study Design. Retrospective cohort.
Objective. To investigate the minimum detectable measure-

ment difference (MDMD) in the Scoliosis Research Society-22r

(SRS-22r) outcomes instrument in adult spinal deformity (ASD)

and to evaluate the effect of baseline data on measurable

difference.
Summary of Background Data. The minimum clinically

important difference (MCID) is the smallest, clinically relevant

change observed and has been proposed for the SRS-22r

instrument in ASD as 0.4. The MCID must be greater than the

MDMD to be useful. The MDMD for the SRS-22r has not been

calculated, nor have the effect of patient baseline values on

MDMD.
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patients treated both operatively and nonoperatively for ASD.

Patients with baseline and 1-year, 2-year follow-up SRS-22r data

were included in the analysis. The MDMD was calculated using

classical test theory and item-response theory methods. Effect

size and standardized response means were calculated. The

effect of baseline data values was evaluated for MDMD.
Results. A total 839 Patients were eligible for cohort inclusion

with 428 (51%) eligible for analysis with complete data. MDMD

for Pain (0.6) and Self-Image (0.5) were greater than 0.4. MDMD

varied with age (highest for the youngest patients) and with

disability (highest for SF-36 Physical Component Summary

<28.6). MDMD was less than 0.4 for Activity (0.3), Mental

Health (0.3), and Total Score (0.2). Gender and mental health

did not affect MDMD for the SRS-22r instrument.
Conclusion. An MCID of 0.4 for the SRS-22r total score and

domain scores may not be an appropriate value as the

calculated MDMD is greater than 0.4 for both the Pain and Self-

Image subscores. The MDMD for the SRS-22r instrument varied

with age and baseline disability, making the assessment of

clinically significant change more difficult using this tool. The

MCID must be considered in the setting of the MDMD for

instruments used to assess outcomes in ASD.
Key words: adult, deformity, health-related quality of life,
minimum clinically important difference, scoliosis, Scoliosis
Research Society.
Level of Evidence: 3
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he minimum clinically important difference (MCID)
T is an essential concept in outcomes research, reflect-
ing the smallest change in a health-related quality of

life instrument that would be deemed valuable to a patient.1

Knowledge of the MCID for an outcomes instrument can
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help assess the clinical benefit of an intervention, as opposed
to a change that achieves statistical significance without
clinical importance. The minimum detectable measurement
difference (MDMD) is the smallest change in HRQOL that
exceeds measurement error within the instrument.2 The
MDMD may be greater or smaller than the MCID depend-
ing on the outcomes instrument used and can determine the
utility of the MCID measurement.2,3 In order for a MCID
value to be of use, it must be greater than the MDMD, which
allows for the instrument to reliably detect that amount of
change.3 If the MCID is less than the MDMD, then clinically
significant change may go undetected due to error inherent
to the outcomes instrument. Furthermore, MCID cannot be
used to compare differences between groups, as it is a
‘‘within-patient’’ change. The use of MCID to compare
two groups, while incorrect, is commonly done and the
MDMD offers a valid measure for comparing groups.4

Methods to determine MCID include distribution-based
and anchor-based methods.1,5 With distribution-based
methods the MCID is calculated from a measure of vari-
ability in the data set. A certain number of patients will
necessarily ‘‘fail’’ due to the distribution of the data, ren-
dering this technique flawed, and the method does not use a
question related to clinical significance. Anchor-based meth-
ods to calculate MCID use an external question to determine
whether the patient feels as if they have improved or not and
receiver-operating characteristic (ROC) calculations are
then used to find the most sensitive and specific value for
detecting a valuable change. In this method, smaller changes
can be considered valuable and larger changes can be dis-
counted, depending on the answer to the ‘‘anchor’’ and can
be ignored. Thus, anchor-based MCID calculations are
imperfect as well. This has led others to challenge the
existence of an MCID6,7 Furthermore, the MCID likely
varies according to the baseline values of the instrument
as smaller changes at the extremes may be meaningful, while
changes within the middle may offer no clinical benefit. The
difficulty of defining a static value for any MCID has been
illustrated in lumbar degenerative disease, where MCID
values ranged by as much as 400% depending on the
method used to calculate the value.8

Adult spinal deformity (ASD) is a heterogenous disease,
affecting all ages with a multitude of causes and symptoms.9

The Scoliosis Research Society-22r (SRS-22r) is a validated,
reliable measure of disease-specific HRQOL for ASD.10 The
MCIDs proposed for the SRS-22r total score and domain
scores are 0.4 points.5 This static value does not take into
account baseline values for the SRS-22r, nor does it allow
for variability of MCID that may exist due to confounding
comorbidities. The purpose of this study was to calculate the
MDMD for the SRS-22r, Short Form-36 (SF-36), and
Oswestry Disability Index (ODI) instruments and to exam-
ine the effect of baseline HRQOL values and comorbidities
on MDMD within this heterogenous population. We
hypothesized that baseline scores, as well as age, gender,
and mental health would affect MDMD. If MDMD varies
within an instrument, it may not be reasonable to assume
 Copyright © 2018 Wolters Kluwer
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a static MCID when evaluating the effectiveness of an
intervention.

MATERIALS AND METHODS
A multicenter database of patients seeking management for
symptomatic ASD between January 2008 and December
2012 was queried for patients. Inclusion criteria for the
database were age �18 years and presence of spinal defor-
mity, as defined by the presence of at least one of the
following: coronal Cobb angle �208, sagittal vertical axis
(SVA)�5 cm, pelvic tilt (PT)�258, and/or thoracic kyphosis
(TK)�608. Exclusion criteria included spinal deformity of a
neuromuscular etiology or presence of active infection or
malignancy. Patients were excluded from this analysis if
complete baseline and 2-year HRQOL scores were not
available. Standard demographic data were collected,
including age, gender, race, and deformity characteristics.
In addition to SRS-22r scores, ODI scores were collected as a
lumbar spine disease-specific instrument and SF-36 scores
were collected as a measure of general health-related quality
of life. Physical component summary (PCS) and mental
component summary (MCS) scores were calculated from
SF-36 scores.

The MDMD for the SRS-22r, ODI, and SF-36 PCS were
calculated using the methodology previously reported by
Spratt for intervertebral disc herniations.3 The standard
error at the group level was calculated as Se-GL¼ Sx �
H(1 – rx), where Sx is the standard deviation of the cohort
measurement and rx is the estimate of stability of the
measurement of the instrument used (SRS-22r, ODI, SF-
36 PCS). The standard error at the score level was calculated
using the Feldt and Qualls modification of the Thorndike
method, as used by Spratt.3,11,12 The conditional standard
error was calculated as Se-con¼H([Si1 – Si2] – [X1 – X2]2),
where Si is the potential sum of the individual parts of the
instrument and X is the means of the two parts. The
standard error at the score level was calculated by regressing
Se-con on Score, Score,2 and Score.3 Finally, to calculate the
MDMD, as the standard error of measurement of the
change in score, the following equation was used: Se-D¼
H(S2eBþ S2eF –2rBF � SeB � SeF), where rBF is the Pearson
correlation of baseline and follow-up scores for the cohort
and the outcome tool assessed.

To evaluate the effects of baseline data on SRS-22r
and ODI MDMD, the cohort was divided into quartiles
according to age, gender, baseline SF-36 PCS, and baseline
SF-36 MCS. For SF-36 MCS scores, the cohort was
divided into three groups, with the lowest group having
scores �36, as this may accurately detect a pathologic
state.13 The effect of the baseline SRS-22r scores were
examined by plotting the score level MDMD values versus
various baseline values.

Effect sizes (ES) and standardized response means (SRM)
were calculated for SF-36 PCS, ODI, and SRS-22r Total,
Activity, Pain, Appearance, and Mental scores. ES and SRM
are measures of responsiveness, where larger scores indicate
the outcome measure is more sensitive to change. Cohen has
 Health, Inc. All rights reserved.
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TABLE 1. Group level Minimum Detectable Measurement Difference, Effect Size, Standardized
Response Means

Group Level
Minimum Detectable

Measurement
Difference Effect Size

Standardized
Response Mean

ROC MCID,
Crawford et al4

SF-36 PCS 5.4 0.4 0.4 NA

Oswestry Disability Index 7.0 0.4 0.5 NA

SRS-22r
Activity 0.3 0.6 0.4 0.6

Pain 0.6 0.6 0.6 0.4

Self-Image 0.5 0.8 0.7 1.23

Mental Health 0.3 0.3 0.3 NA

Subscore 0.4 0.6 0.7 0.43

Total 0.2 0.7 0.7 0.71

PCS indicates physical component summary; SF-36, Short Form-36; SRS-22r, Scoliosis Research Society-22r.
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defined a large effect size as 0.8 or greater, moderate as 0.5,
and small as less than 0.2.14

Research support was provided by Depuy Synthes Spine.

RESULTS
A total of 839 Patients were enrolled in the during the
inclusion period. Of these, 428 (51%) had baseline and
2-year follow-up data available for analysis. Patients treated
both with both operative and nonoperative interventions
were included. Group level MDMD, ES, and SRM are found
in Table 1. With the exception of Mental Health, SRS-22r
subdomains exhibited moderate to large ES/SRM, consis-
tent with responsiveness to change for these ASD disease-
specific measures. ODI and SF-36 MCS, which are not ASD
specific, showed small ES/SRM. Group level MDMD for the
SRS-22r ranged from 0.2 for Total Score to 0.6 for the Pain
domain. Pain and Self-Image group level MDMD were
greater than 0.4.

With the exception of the Self-Image domain, values for
score level MDMD were below 0.4 (Table 2, Appendix,
http://links.lww.com/BRS/B324). Score level MDMD varied
with baseline values for all domains, with the exception of
 Copyright © 2018 Wolters Kluwer

TABLE 2. Minimum Detectable Measurement
Difference at the Score Level for
Scoliosis Research Society-22r
Instrument Domains and Total Score

SRS-22r Mean� SD Range

Total 0.25� 0.03 0.13–0.29

Function 0.28� 0.01 0.23–0.30

Pain 0.32� 0.01 0.27–0.37

Self-Image 0.45� 0.30 0.04–2.54

Mental Health 0.21� 0.01 0.18–0.22

SRS-22r indicates Scoliosis Research Society-22r.

E792 www.spinejournal.com
Self-Image, which showed wide variations around a value of
approximately 0.5. The Function and Mental Health sub-
domains, as well as Total Score, exhibited nearly parabolic
distributions of MDMD. For Total Scores of 3.0 MDMD is
estimated at 0.3, whereas higher and lower scores exhibit an
MDMD of 0.2. The Pain subdomain exhibited an asymp-
totic estimate, with a smaller MDMD at lower Pain scores.

In general, the ability to detect change increased with
higher baseline SF-36 PCS scores for both the ODI and the
SRS-22r, indicating a poor ability to discriminate between
clinically detectable change versus error within the instru-
ment for lower values (greater general disability) (Table 3).
The ODI and SRS-22r tools had higher MDMD for patients
younger than 45 years old, again indicating a relatively poor
discriminatory ability to evaluate clinical change versus
error within the instrument. MDMD for patients above
45 years of age were similar across age groups. MDMD
did not vary with gender. Low baseline MCS scores did not
affect MDMD for ODI nor SRS-22r.

DISCUSSION
In a value-driven healthcare economy, patient reported
HRQOL data are needed to evaluate the effectiveness of
interventions.15,16 Furthermore, understanding what con-
stitutes a meaningful change in health status as opposed to a
statistical change of no clinical relevance is imperative. This
concept is known as the MCID; the smallest change in
HRQOL that would be deemed a benefit by the patient.1

The MCID must be greater than the smallest change detect-
able by the instrument, known as the MDMD.2 Crawford
et al recommended a value of 0.4 for the SRS-22r domain
scores and subscore.5 We sought to evaluate the MDMD of
the SRS-22r and ODI instruments in ASD and compare these
with the proposed MCID value of 0.4.

In this series of ASD patients we have found that the SRS-
22r and ODI instruments have higher MDMD for patients
younger than 45 years old and for those patients with the
 Health, Inc. All rights reserved.
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TABLE 3. Group level Minimum Detectable Measurement Difference by Covariate for Scoliosis
Research Society-22r Domains and Total Score

N
SF-36
PCS

SF-36
MCS ODI

SRS-22r
Activity

SRS-22r
Pain

SRS-22r
Appearance

SRS-22r
Mental

SRS-22r
Total

Age
<45 428 8.2 11 13.7 0.6 0.9 0.8 0.8 0.5

45–56.6 428 6.5 5.5 7 0.3 0.6 0.5 0.3 0.2

56.7–66 428 5.1 7.2 7.9 0.4 0.7 0.5 0.3 0.2

>66 428 5.9 7.2 6.7 0.3 0.6 0.5 0.3 0.2

Gender
Male 428 5.1 6.1 6.3 0.3 0.6 0.4 0.2 0.2

Female 428 5.4 6.3 7.1 0.3 0.6 0.5 0.3 0.2

SF-36
MCS
<36 428 � � 7.0 0.3 0.6 0.5 0.3 0.2

36–48 428 � � 7.7 0.3 0.5 0.5 0.3 0.2

>48 428 � � 6.3 0.3 0.6 0.4 0.2 0.2

PCS
<28.6 428 � � 18.2 0.8 1.1 1.0 0.7 0.7

28.6–37.6 428 � � 7.5 0.4 0.6 0.5 0.3 0.2

37.7–47.2 428 � � 5.0 0.3 0.5 0.4 0.2 0.2

>47.2 428 � � 4.5 0.2 0.5 0.3 0.2 0.1

MCS indicates mental component summary; ODI, Oswestry Disability Index; PCS, physical component summary, SF-36, Short Form-36; SRS-22r, Scoliosis
Research Society-22r.
�Means ‘‘N/A’’ as calculation of this is not possible.

HEALTH SERVICES RESEARCH MDMD for HRQL Measures According Age and Disability in ASD � Kelly et al
most severe physical disability as measured by the SF-36
PCS. In these subgroups, the higher MDMD indicates that
small changes may not be detected by the outcomes instru-
ment. Furthermore, we have found that the SRS-22r Self-
Image domain to have an MDMD of approximately 0.5 and
the SRS-22r Pain domain an MDMD of 0.6, both of which
are greater than the previously proposed MCID values of
0.4.5 The MCID must be greater than the MDMD if it is
to be of use in evaluating outcomes. We found parabolic
distributions for MDMD, based upon baseline values for
three SRS-22r domains: Function, Mental Health, and the
Total score, indicating the ability to detect smaller changes
at the extremes of score values. The pain domain had an
asymptotic distribution, with lower baseline values associ-
ated with lower MDMD. It is important to note that the
ranges for score-level MDMD are small. That MDMD can
vary with baseline values is an important message, empha-
sizing that change in HRQOL is not equal for all and that
baseline values must be considered when interpreting
meaningful change.

An analysis of ASD patients proposed the MCID as 0.4
points for all domains of the SRS-22r instrument, as this
allows for a one point change in two of any five domain
questions.5 A range of MCIDs were proposed depending on
the method used to calculate the value, whether anchor-
based or distribution-based. Appearance ranged from 0.19
to 1.23 and we have estimated the MDMD for the Appear-
ance domain to be 0.5. Pain ranged from 0.24 to 0.57 with
an estimated MDMD of 0.6. Thus, a ‘‘universal’’ MCID for
domain and total scores with the SRS-22r may not be
 Copyright © 2018 Wolters Kluwer
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appropriate. The use of an MCID that is less than MDMD
may lead to the conclusion that clinically insignificant
change is actually important thereby overestimating the
benefit of surgery. The inconsistency of change as assessed
by HRQOL was emphasized by Copay, who examined 460
patients treated with surgery for degenerative disease of
the lumbar spine.17 They found that improvement across
HRQOL scores was inconsistent and that achieving MCID
in any one score may not, in most cases, equate with global
improvement. The implication herein may be that MCID is
not an appropriate target, or minimum target, in outcomes
research.

Spratt has offered a detailed investigation of MCID, with
attention to baseline disability, in a cohort of patients
treated for lumbar herniated nucleus pulposus.3 Patients
at the extremes of baseline values are more likely to experi-
ence clinically significant change for smaller values of
HRQOL change; that is, the MCID is lower at the tails
of the distribution of HRQOL values. This is because, at the
tails, responses are largely negative or positive and small
changes to the number of negatives or positives are likely
true benefits. Conversely, small change for those patients in
the middle of the distribution may be measurement error
and are unlikely to be clinically significant change, as the
responses are mixed with a number of reasonably similar
responses. Dworkin and Ostelo have proposed that the
MCID be equal to 30% of the potential gain, for improve-
ment, or 30% of the potential loss for decrement.18 Thus,
for a patient with an SRS-22r Pain score of 4, the MCID
would be 0.3 (maximum score (5) – 4 � 0.3). For a patient
 Health, Inc. All rights reserved.
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with an SRS-22r Pain score of 1 (maximum score (5) – 1 �
0.3), the MCID would be 1.2. The MDMD values estimated
here would likely accommodate such a ‘‘rule,’’ as the
instrument would be sensitive to change as small as 0.3
at the extremes of the distribution. This concept was chal-
lenged by Gatchel and Mayer; however, who have
shown that 30% changes in ODI and SF-36 PCS scores
did not offer consistent improvements when 1-year work
status and healthcare needs were used as validation data-
sets, further complicating the accuracy and value of MCID
calculations.19

An important consideration in HRQOL assessment is the
concept of clinically important deterioration (CIDET) as
proposed by Gum et al.20 The definition of MCID includes
beneficial changes in HRQOL only and ignores nonbenefi-
cial or harmful changes in HRQOL as a result of manage-
ment. This is short-sighted, particularly in ASD, where
complications are not uncommon and permanent disability
may arise from complications.21 Gum et al note that no
improvement in HRQOL may be deemed failures by the
patient. A refined understanding of the error of the mea-
surement instruments is needed to understand the difference
between no change and detrimental change. Knowledge of
the MDMD of ASD outcomes instruments will allow for
detection of deterioration of HRQOL beyond the error of
the instrument, allowing for more detailed analysis of sur-
gical ‘‘failures.’’22

MCID is an elusive value in outcomes research.6 Given
the risks associated with ASD surgery, it is unreasonable to
assume that the MCID values will be the same as those
calculated for degenerative lumbar disease. Furthermore,
the emphasis of patient-reported outcomes research lies at
the patient level and it is unreasonable to assume that
perceived improvements will be static across patients with
varying levels of activity, disability, and expectation. The
difference in patient expectations for surgical outcomes may
be one of the largest drivers of ultimate satisfaction, partic-
ularly in complicated ASD cases. We have shown here that
the MDMD in the ODI and SRS-22r outcomes instruments
vary with age and baseline HRQOL scores. Younger
patients may have greater expectations for the postsurgical
state, which may be unrealistic. In such a case, a surgery
would be defined a ‘‘failure’’ even if the results could not be
better. Conversely, with an MDMD that is higher than 0.4,
we may claim that surgeries are ‘‘successes’’ if they have
achieved an MCID of 0.4.

Finally, it is important to consider that MCID is a
measure of change within individual patients only. A recent
review of publications from four prominent spine journals
found that errors in the application of the MCID are
common.4 Nearly half of the published studies that used
MCID in their analyses used the value to compare the
differences between groups. The MDMD should be used
to assess whether the statistical difference between groups is
within the error of detectable change or if there is no
difference, offering another benefit of this concept in com-
parative-effectiveness research.
 Copyright © 2018 Wolters Kluwer
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The data presented here support the proposition that
MCID should serve as a concept and not a fixed value
and emphasize the shortcomings of current MCID calcu-
lations. As the error of the instrument changes, the effective
change needed to be clinically relevant is also likely chang-
ing and the MCID may overlap the error of the instrument.
There is hope that the use of computer adaptive testing
(CAT), such as the Patient Reported Outcomes Measure-
ment Information System (PROMIS), may offer better lon-
gitudinal tracking of individual patients.23 PROMIS is based
upon item-response theory and may offer data outputs that
are ‘‘calibrated’’ to patient demographics, including base-
line disability. Validation of PROMIS, with a spinal defor-
mity specific item-response theory question bank, as an
outcome tool for ASD patients is needed and is the next
step toward defining clinical success and failures in ASD
surgeries.
 H
Key Points
ea
The MDMD is a measure of change detectable by
an outcome instrument.

The MDMD should be less than the MCID for the
latter to be of use.

The MDMD for the Scoliosis Research Society-22r
instrument was less than proposed MCID values
(0.4) for Pain and Self-Image.

The MDMD varied with baseline disability and age
for patients treated for adult spinal deformity.

The minimum detectable difference can be used
to compare the significance of average change
between groups, while the MCID cannot.
lth
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