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Abstract BACKGROUND CONTEXT: The minimal clinically important difference (MCID) is the small-
est change in an outcomes instrument deemed relevant to a patient. MCID values proposed in spine
research are limited by poor discriminative abilities to accurately classify patients as “improved”
or “not improved.” Furthermore, the MCID should not compare relative effectiveness between two
groups of patients, though it is frequently used for this. The minimum detectable measurement dif-
ference (MDMD) is an alternative to the MCID in outcomes research. The MDMD must be greater
than the MCID for the latter to be of value and the MDMD can compare change between groups.
PURPOSE: The purpose of this study was to determine the MDMD for the Scoliosis Research
Society-22r (SRS-22r) in adolescent idiopathic scoliosis (AIS) patients treated with surgery.
STUDY DESIGN: Retrospective cohort study from multi-center registry.

PATIENT SAMPLE: Patients treated surgically for AIS.

OUTCOME MEASURES: Self-reported SRS-22r.

METHODS: An observational cohort of surgically treated AIS patients was queried for patients
with complete baseline, 1-year, and 2-year SRS-22r data. The MDMD was calculated for SRS-22r
domain and subscores. Effect size (ES) and standardized response mean were calculated to measure
responsiveness of the SRS-22r to change. MDMD values were compared with MCID values.
Research grants were received from DePuy Synthes Spine, EOS imaging, K2M, Medtronic, NuVa-
sive, and Zimmer Biomet to Setting Scoliosis Straight Foundation.

RESULTS: One thousand two hundred and eighty-one AIS patients (1,034 female, 247 male,
mean age 14.6 years) were analyzed. MDMD values were between 0.23 and 0.31. SRS-Pain
MDMD was 0.3, greater than the MCID of 0.2. SRS-Activity MDMD was 0.24, greater than the
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MCID of 0.08. SRS-self-image MDMD was 0.3, less than the MCID of 0.98. Sixty-four percent of
those with baseline SRS-self-image>4.0 improved MDMD or more, whereas only 14% improved
beyond the MCID. ES and standardized response mean were highest for subscore and self-image.
CONCLUSIONS: The MDMD can compare the relevance of change in SRS-22r scores between
groups of AIS patients. SRS-pain and SRS-activity MDMD values are greater than the MCID and
should serve as the threshold for clinically relevant improvement. MDMD may help evaluate
change in patients with baseline self-image>4.0. © 2019 Elsevier Inc. All rights reserved.
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Introduction

The minimum clinically important difference (MCID) is
the smallest change of clinical relevance in a health-related
quality of life (HRQOL) questionnaire and may be an
essential component of patient-reported outcomes research.
It is a measure of whether a patient feels improved, relative
to the change in outcomes scores. The MCID is often calcu-
lated by distribution-based or anchor-based methods [1].
With distribution-based techniques, the MCID is a multiple
of the standard error of measurement (SEM) or some other
fixed value related to the dataset (eg, standard deviation).
Anchor-based methods rely on an external question (the
anchor) to assess the clinical importance of change, as
assessed by the patient. For example, the patient is asked
“Are you improved? Yes or no?” The response is used to
select a value that maximizes the sensitivity and specificity
of the MCID, thus offering a more accurate estimate of
MCID. Neither method is perfect and each has unique limi-
tations. A common misconception regarding MCID is that
it can be used to evaluate the clinical relevance of differen-
ces between treatment groups [2].

The minimum detectable measurement difference
(MDMD) is a complement to the MCID [3,4]. The MDMD
is the smallest change detectable outside the measurement
error of the outcomes instrument. Therefore, the MCID
must be larger than the MDMD. In some situations, the
MCID may be so large that certain groups cannot improve
to achieve the MCID. For example, the MCID proposed for
the SRS-22 self-image domain is 0.98 [5]. As a result, anal-
yses often exclude patients with baseline self-image scores
equal to or greater than 4.0, making the assumption that
these patients cannot have relevant improvements [6].
Finally, the MDMD offers a threshold for significant differ-
ences between groups, allowing for comparisons of change
between treatment groups (eg, if the difference between
groups is less than the MDMD, then no difference exists).
Comparative effectiveness studies, such as tethering vs
fusion, will benefit from the use of this MDMD concept.

The MDMD for the SRS-22r in AIS is not known. The
SRS-22 is a valid and reliable outcomes instrument in ado-
lescent idiopathic scoliosis (AIS) [7—9]. Carreon et al. used
anchor-based calculations to propose an MCID of 0.2 for
Pain, 0.08 for activity, and 0.98 for self-image in patients

with AIS using the SRS-22 instrument [5]. The purpose of
this study was to calculate the MDMD for the SRS-22r and
to investigate the effect of gender on the MDMD in AIS. A
secondary goal of the study was to assess the responsive-
ness of the SRS-22r to change by calculating the effect size
(ES) and standardized response mean (SRM). These are
two measures of the ability of the SRS-22r to detect change
in response to treatment, with larger values implying a
greater sensitivity. Knowledge of the MDMD, ES, and
SRM will provide for a better understanding of reliability
of SRS-22r scores and allow for evaluation of between
group differences in comparative effectiveness research.

Materials and methods

A multicenter prospective, observational cohort of
patients with surgical AIS patients was queried from years
2002 to 2013. Institutional Review Board approval was
obtained and guardian/parent consent obtained for enroll-
ment. Patients were excluded from this analysis if any
SRS-22r data were missing at baseline, 1 year, and 2 years
after surgery. Only patients with complete outcomes data at
a minimum of 2 years follow-up were included. Demo-
graphic data collected included age at enrollment, gender,
standard radiographic measurements, and baseline, 1-year,
and 2-year SRS-22r scores. The MDMD at the group level
was calculated according to the method described by Spratt
[4]. This calculation is a measure of standard errors of
measurement of change over 1 and 2 years after surgery.
The SEM at the group-level was calculated for the baseline,
1-year, and 2-year values. The MDMD was calculated for
the whole cohort and according to gender.

The ES is a measure of responsiveness to change and is
equal to mean change in scores divided by the standard
deviation of the baseline scores. The SRM is another mea-
sure of responsiveness to change and is equal to the mean
change in scores divided by the standard deviation of the
change in scores. Larger ES and SRM indicate a greater
responsiveness to change. The values are interpreted as
proposed by Cohen, where a large ES is 0.8 or greater,
moderate is 0.5, and small is less than 0.2 [10].

To investigate the effect of using MCID and MDMD as
thresholds for relevant change, the proportion of patients
meeting MCID and MDMD for SRS-22r pain, self-image,
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and activity domains were calculated. For self-image, a
subset of patients with baseline SRS-self-image scores of
4.0 or greater was selected to examine the effect of MCID
(0.98) vs MDMD as a threshold of change.

Continuous data and categorical variables were com-
pared between groups with un-paired ¢ tests and Chi-
squared tests, respectively. All statistical calculations were
performed using SPSS v23.0 (IBM, Chicago, IL, USA)
and Microsoft Excel 2016 (Microsoft, Seattle, WA, USA).
Statistical significance was defined as p<.05.

Sources of support

This study was supported in part by grants to the Setting
Scoliosis Straight Foundation in support of Harms Study
Group research from DePuy Synthes Spine, EOS imaging,
K2M, Medtronic, NuVasive, and Zimmer Biomet.

Results

Two thousand eight hundred and ninety patients were
enrolled and 1,281 (44%) had complete data available for
inclusion. There were 1,034 females and 247 males. The
average age at enrollment was 14.6 and females were slightly
younger (range 10—22, female 14.34+2.1, male 15.9£1.9,
p<.0001). There were significantly more Lenke Type 1
curves in the female group, although Lenke 2 curves were
more common in the male group (x2 (5, N=1,281)=30.56,
p<.0001, Table 1).

The group-level MDMD for each SRS-22r domain
and subscore lay between 0.23 and 0.31 (Table 2). The
MDMD was consistent from at 1 and 2 years postopera-
tively for all scores. The MDMD was relatively consis-
tent for each gender, both between genders and at 1 and
2-year follow-up. The MDMD for SRS-pain was 0.3,
greater than the proposed MCID value of 0.2. The
MDMD for SRS-activity was 0.24, greater than the pro-
posed MCID value of 0.08. The MDMD for SRS-self-
image was 0.3, less than the proposed MCID value of
0.98. Nearly one-quarter of the cohort (302/1,281,
23.6%) had a baseline SRS-self-image score greater
than or equal to 4.0. Only 14% of these patients
improved to 5.0 (to meet MCID), whereas 64%
improved beyond the MDMD (Table 3).

Table 1

Distribution of lenke curve types by gender
Lenke curve Total Female Male
type (N=1,281) (N=1,034) (N=247)
1 552 (43.1%) 462 (44.7%) 90 (36.4%)
2 272 (21.2%) 188 (18.2%) 84 (34.0%)
3 93 (7.3%) 76 (7.4%) 17 (6.9%)
4 46 (3.6%) 38 (3.7%) 8(3.2%)
5 196 (15.3%) 166 (16.1%) 30 (12.1%)
6 120 (9.4%) 102 (9.9%) 18 (7.3%)

%% (5, N=1,281)=30.56, p<.0001.

Table 2
Minimum detectable measurement difference (MDMD), effect size, and
standardized response means at 1-year and 2-years postoperative

Minimum
Standardized clinically
SRS-22r Effect response important
domain MDMD size mean difference™
Pain 0.2
1 Year 0.30 0.54 0.53
Female 0.25 0.53 0.52
Male 0.22 0.63 0.65
2 Year 0.30 0.51 0.49
Female 0.22 0.61 0.46
Male 0.19 0.91 0.64
Self-image 0.98
1 Year 0.30 1.62 1.51
Female 0.25 1.59 1.48
Male 0.22 1.59 1.48
2 Year 0.31 1.60 143
Female 0.22 2.19 1.43
Male 0.21 2.04 1.49
Activity 0.08
1 Year 0.24 0.13 0.11
Female 0.21 0.10 0.09
Male 0.19 0.25 0.24
2 Year 0.24 0.38 0.39
Female 0.19 0.42 0.35
Male 0.15 0.54 0.45
Mental health N/A
1 Year 0.27 0.43 0.45
Female 0.23 0.46 0.49
Male 0.22 0.38 0.38
2 Year 0.30 0.42 0.39
Female 0.24 0.24 0.40
Male 0.22 0.22 0.38
Subscore N/A
1 Year 0.23 1.02 1.09
Female 0.16 1.10 1.16
Male 0.16 1.09 1.12
2 Year 0.24 1.13 1.10
Female 0.16 1.41 1.08
Male 0.13 1.49 1.21

MCID, minimal clinically important difference.
* MCID from Carreon et al. [5].

Table 3
Comparison of patients meeting MCID and MDMD thresholds for pain,
self-image, and activity

Percentage of patients
meeting threshold value

Domain (number of patients)
Pain
MCID (0.2) 59.8% (766)
MDMD (0.3) 50.9% (652)
Self-image
MCID (0.98) 57.8% (741)
MDMD (0.3) 85.5% (1095)
Subset of baseline self-image>4.0
MCID (0.98) 14.2% (43)
MDMD (0.3) 63.6% (192)
Activity
MCID (0.08) 51.4% (658)
MDMD (0.24) 39% (499)
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Effect size and SRM were largest for self-image at
1-year and 2-year follow-up (ES 1.62/1.60, SRM 1.51/1.43)
and subscore (ES 1.02/1.13, SRM 1.09/1.10) indicating that
the SRS-22r is most sensitive to change in self-image and
subscore. Effect size and SRM were smallest, indicating
poor sensitivity to change, for activity and only slightly
higher for pain and mental health (Table 2). Effect size and
SRM were relatively stable over time and across genders.

Discussion

The MCID is a threshold value for clinical benefit when
assessing change in HRQOL scores. In the case of AIS,
quantifying "benefit" may be difficult as surgery is per-
formed to prevent deterioration in HRQOL over the long-
term. Despite this, investigations into the MCID for AIS
using the SRS-22r instrument exist [5]. Subsequent studies
have reported the results of AIS surgery, using MCID as a
measure of success [6]. This threshold for clinical benefit
may be excessive, given the ceiling effects that exist with
the instrument and a poor ability to discriminate change for
these generally healthy patients. In some cases, the MCID
may fall within the error of measurement, which is the
MDMD. For a proposed MCID to be useful, it must be
greater than the MDMD (the error of measurement of
change) [4]. The purpose of this study was to define the
MDMD for the SRS-22r instrument domains in a cohort of
patients treated for AIS and to compare it to reported
MCID values.

We found consistent MDMD values across SRS-22r
domains for AIS patients, with values ranging from 0.24 to
0.31. There was essentially no effect of gender on the calcu-
lated MDMD and use of general MDMD values for SRS-
22r domains is appropriate. The SRS-22r was most sensi-
tive to change in the self-image domain and least sensitive
to activity as seen by the large and small ES/SRM, respec-
tively. These results may not be surprising, given the effect
of surgery on cosmesis. Conversely, many AIS patients are
not disabled before or after surgery. This results in a small
change in the activity domain after surgery. That the
responsiveness to change for activity is poor has implica-
tions for comparisons of fusion and motion-sparing techni-
ques. If the instrument is not able to detect change before
and after fusion, then it is unlikely that it will show any dif-
ference between the two types of surgery. A more compre-
hensive assessment of function and motion after surgery is
needed to detect differences and significant effects of
motion-sparing techniques.

The MDMD for the pain domain was 0.3, which is
greater than the MCID value proposed by Carreon et al.
using anchor-based estimations, 0.2 [5]. Thus, we propose
that the MCID for pain be set at 0.3. With this threshold,
there is confidence that a clinical benefit has occurred and
the change is outside of the error of the instrument. Simi-
larly, the MDMD for the activity domain was approxi-
mately 0.3, whereas the anchor-based value calculated is

0.08 which was less than the minimum detectable change
calculated by the authors. The MCID for the activity
domain, therefore, should be a minimum of 0.3. The self-
image MDMD was also 0.3, which is less than the
anchor-based estimation and the MCID should remain set
at 0.98, as previously proposed. In this cohort, nearly
25% of the patients had baseline SRS-self-image scores
of 4.0 or greater. Evaluation of success in this domain is
difficult in this subset of patients, as improvement to a
perfect score of five may not be a reasonable expectation
[6]. We found that only 14.2% of patients improved to
5.0, although 64% improved some amount greater than
the MDMD. This is consistent with the “30% Change
Rule,” proposed as an alternative to anchor-based and dis-
tribution-based MCID calculations [4]. Spratt has shown
that this concept is useful when baseline HRQOL values
are high and improvement to MCID or greater is unlikely
or impossible. In the case of SRS-self-image scores equal
to 4.0 the “30% Change Rule” would define MCID as 0.3
(5—4=1x0.3). When evaluating change in these patients,
use of the MDMD value of 0.3 may offer some insight
into improvement and the lack thereof. Ceiling effects
exist for both SRS-pain and SRS-activity, as AIS is not
often debilitating, and smaller ESs and SRMs were calcu-
lated. Changes in appearance may be the most noticeable
by the patient after AIS surgery, which is seen in the
larger calculated ES and SRM.

Carreon et al. analyzed 887 patients treated with surgery
for AIS [5]. The MCID was calculated for the SRS-22 pain,
activity, and self-image domains using the anchor-based
method with receiver operating characteristic curves. The
authors present a careful and accurate interpretation of their
results. The area under the curve calculated for each of the
three domains is less than 0.7. This indicates fair to good
accuracy of the proposed MCID when determining a clini-
cally significant change. The importance of improved
cosmesis is reflected in the calculated MCID for self-image,
0.98, and the smaller SEM (0.21) and minimum detectable
change (0.47) [11]. This is reflected by an MCID that is less
than the minimum detectable change and the ceiling effect
present within the instrument [12].

The MDMD provides an alternative to the MCID, which
may be useful in several situations. First, when the esti-
mated MCID is less than calculated minimum detectable
change by the instruments as is the case with the SRS-22r
pain and activity domains. In such a case, the MDMD can
define “real” change, knowing that this change is also clini-
cally relevant. A second situation where the MDMD may
be a useful adjunct to the MCID is when baseline measure-
ments make improvement beyond the MCID impossible,
for example an SRS-22r self-image domain score of 4.2.
This patient cannot improve beyond 5.0, thus the MCID is
an unobtainable goal. The MDMD provides an alternative
measure of success in these patients. Finally, the MDMD
allows for the comparison of change between two groups,
which the MCID does not because the MCID is a “within
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individual” measure and not a measure between groups [2].
A difference of 0.2 between self-image scores in two com-
parison groups lies within the MDMD and no difference
may exist, despite statistical significance. Finally, the
MDMD can serve as a guide for future sample size estima-
tions in comparative effectiveness research.

These data and conclusions have some limitations. We
have investigated AIS only and these conclusions may not
translate to other pediatric spinal diagnoses, such as syn-
dromic scoliosis or neuromuscular scoliosis. There were a
substantial number of patients excluded, caused by miss-
ing data. In a study examining effectiveness of a proce-
dure or intervention, this may be an issue. In this case,
however, we are examining properties of the instrument
and the bias associated with loss is unlikely to affect the
conclusions. Furthermore, the SRS instrument scale is
small, up to five points, and mean values and standard
deviations would be unlikely to change substantially with
the addition of lost patients. We do not have a balanced
proportion of Lenke curve types, though the distribution
of curve types is similar to prior work and it likely reflects
the distribution in clinical practice [13]. Perhaps the most
important limitation is that MDMD does not confer any
information regarding the perception of change by the
patient. It is an improvement on MCID in statistical terms
only; in other words, we can state whether the change is
outside the error of measurement and may be of clinical
relevance. Future work investigating the MDMD with an
anchor question regarding improvement will clarify this
limitation.

Conclusions

MCID is often used, incorrectly, to compare the rele-
vance of between group changes leading to erroneous
conclusions of “no difference.” The MDMD allows for
comparisons of differences between groups and detec-
tion of real differences between groups. Thus the
MDMD offers a threshold to evaluate differences in
future comparative effectiveness studies examining treat-
ment options for AIS, such as fusion and motion-sparing
techniques. Finally, in any case where the MCID is used
as an outcome measure, it should be larger than the

MDMD. If it is not, the MDMD should serve as the
threshold for clinically relevant change.
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