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ABSTRACT

Background: Few studies have examined threshold improve-

ments in health-related quality of life (HRQOL) by measuring

minimal clinically important differences (MCIDs) in treatment of

adult spinal deformity. We hypothesized that patients under-

going operative treatment would be more likely to achieve

MCID threshold improvement compared with those receiving

nonoperative care, although a subset of nonoperative patients

may still reach threshold.

Methods: We analyzed a multicenter, prospective, consecutive
case series of 464 patients: 225 nonoperative and 239
operative. To be included in the study, patients had to have
adult spinal deformity, be older than 18 years, and have both
baseline and 1-year follow-up HRQOL measures (Oswestry
Disability Index [ODI], Short Form-36 [SF-36] health survey,
and Scoliosis Research Society-22 [SRS-22] questionnaire).
We compared the percentages of patients achieving estab-
lished MCID thresholds between operative and nonoperative
groups using risk ratios (RR) with a 95% confidence interval
(CI).

Results: Compared to nonoperative patients, surgical patients
demonstrated significant mean improvement (P<0.01) and
were more likely to achieve threshold MCID improvement
across all HRQOL scores (ODI RR¼ 7.37 [CI 4.45, 12.21], SF-
36 physical component score RR¼ 2.96 [CI 2.11, 4.15], SRS
Activity RR ¼ 3.16 [CI 2.32, 4.31]). Furthermore, operative
patients were more likely to reach threshold MCID improve-
ment in 2 or more HRQOL measures simultaneously and were
less likely to deteriorate.

Conclusion: Patients in both the operative and nonoperative
treatment groups demonstrated improvement in at least one
HRQOL measure at 1 year. However, surgical treatment was
more likely to result in threshold improvement and more likely
to lead to simultaneous improvement across multiple mea-
sures of ODI, SF-36, and SRS-22. Although a subset of
nonoperative patients achieved threshold improvement, non-
operative patients were significantly less likely to improve in
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multiple HRQOL measures and more likely to sustain MCID
deterioration or no change.

INTRODUCTION
As the elderly population continues to increase

worldwide, their associated medical conditions in-
crease as well. Among these disease states is adult
spinal deformity (ASD). Once thought to have an
incidence ranging from 1.4% to 32%,1-3 ASD has an
actual incidence greater than 60% in patients over the
age of 60 as demonstrated in recent literature.4 Most
healthcare providers, regardless of their specialty, are
likely to encounter a patient with ASD. Although the
majority of these patients will be asymptomatic, many
of them may need nonoperative measures to address
their symptoms or even surgical intervention in cases
of severe pain and disability.5 While recent studies
have demonstrated the potential for surgery to
improve pain and disability,6-11 risks are involved
and not all patients may benefit equally from surgical
intervention.12

Clinical improvement after operative or nonoper-
ative treatment for patients with ASD can be claimed
with a statistically significant change in health-related
quality of life (HRQOL) patient-reported clinical out-
come scores. HRQOL instruments, such as the
Oswestry Disability Index (ODI),13,14 Short Form 36
(SF-36),15 and Scoliosis Research Society (SRS)16-18

questionnaires, assist physicians in tracking a pa-
tient’s condition during the course of management
and the patient’s progress after an intervention. The
patient can serve as his or her own baseline or be
compared to age- and sex-matched reference popu-
lations. However, an improved HRQOL score may not
necessarily mean that the patient has experienced a
clinically significant benefit.5,19-23

To optimize the clinical relevance of HRQOL
outcomes in adults with scoliosis, thresholds to
achieve a minimal clinically important difference
(MCID) have been established for the HRQOL
instruments.24,25 The MCID is the smallest amount
of improvement on an outcome score that a patient
appreciates as meaningful.19 The MCID marks the
absolute minimum change that can be considered a
success and serves as a starting point for an analysis
of actual patient improvement.19 However, peer-
reviewed literature on the likelihood of patients with
ASD reaching threshold improvements in HRQOL by
MCID is scarce and even more limited with regard to
the quantification of expected improvement or dete-
rioration after operative and nonoperative interven-
tion.10

Many studies demonstrate increased quality of life
after surgical care for ASD but poor improvement with
nonoperative treatment.5,19–22 Bridwell et al conduct-
ed a prospective analysis of patients with symptom-
atic adult lumbar scoliosis who were treated
nonoperatively or surgically and found that quality of
life, especially with regard to pain, was significantly
better in the operative group at 2-year follow-up.10 In 2
studies of patients with ASD—1 evaluating treatment
outcomes in patients with back pain and 1 evaluating
outcomes in patients with leg pain—Smith et al found
no mean improvement in the nonoperative groups
and significant improvement in the operative
groups.7,8 However, these improvements were re-
ported in HRQOL measures such as lower ODI and
numerical rating scale (a pain scale) scores and
higher SRS scores but were not based on MCID
thresholds. Although nonoperative care may not lead
to mean improvement, perhaps no change in quality
of life or a lack of deterioration after nonoperative care
is a success in patients who are not ready for surgery.

Therefore, the complex nature of ASD warrants
further evaluation of surgical indications and assess-
ment of nonoperative care. The purpose of our study
was to evaluate the extent to which patients achieve
changes large enough to reach the MCID for HRQOL
measures such as ODI, SF-36, and SRS-22 in the
treatment of ASD. Our hypothesis was that operative
treatment would be more likely to achieve MCID
threshold improvement compared with nonoperative
care but that a subset of patients treated nonoper-
atively would also reach MCID thresholds for im-
provement.

METHODS
Study Design and Inclusion/Exclusion Criteria

This study is a retrospective analysis of a
prospective multicenter, consecutive case database
of patients with ASD. Institutional review board
approval was obtained at each center prior to
individual patient data collection and informed con-
sent was obtained from each patient to be included in
the spinal deformity database. To be included in the
International Spine Study Group database, patients
were required to be adults (older than 18 years) with
spinal deformity defined as at least 1 of the following:
coronal Cobb angle ‡20 degrees, sagittal vertical axis
(SVA) ‡5 cm, pelvic tilt ‡25 degrees, or thoracic
kyphosis ‡60 degrees. Both nonoperatively and
operatively treated patients were enrolled and includ-
ed in the database. Inclusion criteria for the current
analysis consisted of any patient with complete data
collection at baseline and 1-year follow-up. The
assignment to operative or nonoperative treatment
was not randomized; instead, assignment involved
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patient input and physician counseling on the
complexities of the decision and the outcomes of
care.

This study population included 464 patients (397
women and 67 men) with an average age of 54.76
years (–15.44 years). As expected, because ASD is
found in a higher proportion of females than males,
the majority of our patient population was female.26 In
the nonoperative group (n¼225), the average age of
the 193 women and 32 men was 53.43 years (–15.82
years). In the operative group (n¼239) the average
age of the 204 women and 35 men was 55.98 years
(–15.00 years).

Data Collection
Patient demographic data collected included age,

sex, race, body mass index (BMI), medical comor-
bidities, prior surgery status, smoking status, and
employment status. Scores for HRQOL measures—
ODI, SRS-22, and SF-36—were recorded preopera-
tively and at 1-year follow-up.

Patient SRS-22 scores for 4 domains—activity,
pain, appearance, and mental—were compared to a
reference population. Baldus et al reported normative
data on the SRS instrument among sex and age
groups based on 1,346 adults without scoliosis,
thereby establishing a reference population for
comparison of patients preoperatively and postoper-
atively.27 We matched patients in our study by age
and sex to this reference population, compared SRS-
22 scores at baseline and at 1-year follow-up, and
reported the difference in our patients’ scores from
the normative data.

The MCID for ODI, SF-36 PCS, and each SRS
domain were calculated in a manner similar to prior
studies.5,19–22 We calculated the change in HRQOL
measures from baseline to 1-year follow-up and used
that data to determine the number of MCIDs gained or
lost. In other words, we divided the change in each
HRQOL measure by the established MCID value to
determine whether patients improved, deteriorated, or
remained unchanged. The MCID values for this
patient population were 12.8 for the ODI, 4.9 for the
SF-36 physical component score, 0.587 for SRS pain,
0.8 for SRS appearance, 0.375 for SRS activity, and
0.42 for SRS mental.20,21,25,28,29

For example, the calculation to determine MCID
for SRS pain is as follows:

ðSRS pain postoperativelyÞ½
�ðSRS pain preoperativelyÞ�=0:587

¼ # of MCIDs gained or lost

An MCID change greater than þ1 was considered
improvement, an MCID change less than �1 was
considered deterioration, and a change between �1

and þ1 was considered no change. Each patient in
the operative and nonoperative groups was assessed
for reaching MCID threshold improvement, deteriora-
tion, or no change.

Treatment groups were also compared utilizing
risk ratio (RR), calculated by contingency tables, with
95% confidence intervals. RR compared the number
of patients in the operative group reaching MCID
threshold improvement or no MCID improvement (no
change and deterioration were grouped together) to
the nonoperative group; essentially, this analysis was
an assessment of the likelihood of reaching MCID and
a determination of which treatment group was more
likely to achieve it.

Statistical Analysis
The data were analyzed using SPSS version 20.0

software (IBM). The operative patients and nonoper-
ative patients were compared for differences in
demographics, HRQOL scores, and likelihood of
reaching MCID threshold for HRQOL measures. For
categorical variables, cross-tabulations were generat-
ed. For comparison to the normative population,
patients were matched by age and sex to the SRS
domain scores, and the mean differences at baseline
and 1-year follow-up were calculated. Normal distri-
butions of SRS domain scores were not seen among
the reference and study populations, so statistical
significance of the median difference from the
normative values was determined utilizing nonpara-
metric related samples testing for nonnormally dis-
tributed data.

Within the operative and nonoperative patient
groups, analyses were performed to compare the
baseline and 1-year HRQOL scores and the likelihood
of reaching threshold MCID. Frequencies for reaching
threshold improvement in 1 or more HRQOL mea-
sures in the operative and nonoperative groups were
calculated. For continuous variables in which data
were collected preoperatively and postoperatively
within a group, paired t tests were used to determine
if a significant change occurred between time points.
A Student t test was used to assess the difference of
continuous measures across operatively and non-
operatively treated patient groups. RR tests were
used for dichotomous data analysis. A P value <0.05
was considered statistically significant.

RESULTS
Demographics

The comparison of demographic data between
patients in the operative (n¼239) and nonoperative
(n¼225) groups revealed no significant differences in
age or sex (Table 1). Patients in the operative group
had a higher rate of prior surgery (43%) compared to
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patients in the nonoperative group (20%) (P<0.01).
Patients in the operative group also had a higher
average BMI at 26.9 kg/m2 compared to the average
in the nonoperative group of 25.4 kg/m2 (P<0.01).

Baseline HRQOL Outcomes
At baseline, the analysis of patient-reported

outcomes revealed that patients in the operative
group had significantly poorer HRQOL scores (all
P<0.01) across all measures compared to patients in
the nonoperative group (Figure 1).

At baseline, values for all SRS domains in the
nonoperative and operative groups were significantly
different compared to the reference population values
(Table 2). All the differences from the normative
values were statistically significant (P<0.05) across

all 4 SRS domains: activity, pain, appearance, and
mental. At baseline, patients in the nonoperative
group tended to have SRS domain scores closer to
the reference population normative value, while
patients in the surgical group had significantly greater
baseline differences from the reference population
normative value for each SRS domain.

One-Year HRQOL Outcomes
At 1-year follow-up, the comparison of patient-

reported outcomes between patients in the operative
and nonoperative group revealed statistically signifi-
cant differences (P<0.01) in only 2 SRS domains:
activity and appearance (Figure 2). Patients in the
operative group demonstrated lower scores in activity
and higher scores in appearance compared to

Table 1. Patient Demographics in the Operative and Nonoperative Groups

Variable n Operative Group n Nonoperative Group P value

Mean age, years 239 55.98 225 53.43 0.07
Sex, female 204 85% 193 86% 0.90
Mean body mass index, kg/m2 239 26.9 225 25.4 <0.01
Prior surgery 103 43% 46 20% <0.01

Figure 1. Baseline health-related quality-of-life (HRQOL) measures for patients in the operative and nonoperative groups.
Operative patients demonstrated a higher baseline disability across all HRQOL measures, with a higher average Oswestry
Disability Index (ODI) score and lower average Scoliosis Research Society (SRS) and Short Form 36 physical component score
(SF-36 PCS) scores compared to nonoperative patients.
*All differences were statistically significant (P<0.01). The range for ODI is 0 to 100, with higher numbers reflecting greater disability.
The range for SF-36 is 0 to 100, with 100 indicating the highest level of health. The range for SRS is 0 to 5, with higher scores reflecting
better health status. The SRS scores were multiplied by 10 for the purposes of the figure.
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patients in the nonoperative group. The differences in
disability, SF-36 physical component score, and other
SRS domains were not significant.

Significant differences also occurred between the
nonoperative and operative groups compared to the
reference population after 1 year. Nonoperative
patients had an SRS activity score closer to the
reference population compared to the operative
group, while patients in the operative group had an
SRS appearance score closer to the reference
population compared to the nonoperative group
(Table 3). Scores for the pain and mental SRS

domains also revealed significant differences from
the reference population in the operative and nonop-
erative groups, but both were about equally distant
from the normative values.

Mean Change in HRQOL Scores from Baseline
to 1-Year Follow-Up

Over the course of 1 year, surgical patients
demonstrated significant improvement (P<0.01) in
ODI, SF-36 physical component score, and all 4 SRS
domain scores (Table 4). Patients in the nonoperative
group had a statistically significant mean improve-
ment in SRS pain only (P<0.01) and no significant
mean improvement or decline in the other SRS
domains, ODI, and SF-36. Overall, the operative
group demonstrated a larger change in HRQOL
measures at 1 year compared to the nonoperative
group. The differences between the HRQOL changes
from baseline to 1 year were statistically significant
between the operative and nonoperative group
(P<0.01).

Table 4 also shows the mean change in number of
MCIDs for each outcome measure. Calculations were
based on established MCID values as described in
the Methods section. The surgical group demonstrat-
ed larger changes in MCID compared to the nonop-
erative group. On average, patients in the operative
arm improved more than 1 MCID, while patients in the

Table 2. Scoliosis Research Society (SRS) Questionnaire
Domain Score Difference from Reference Population at
Baseline for Patients in the Operative and Nonoperative
Groups

SRS Domain
Operative

Groupa n¼239
Nonoperative

Groupa n¼225

Activity 1.20 0.43
Pain 1.77 1.09
Appearance 1.70 0.94
Mental 0.65 0.29

All differences are reported as means.
aAll median differences were statistically significant with P<0.05 by
nonparametric related samples testing.

Figure 2. Health-related quality-of-life (HRQOL) measures for patients in the operative and nonoperative groups at 1-year follow-up.
*Only Scoliosis Research Society (SRS) domains activity and appearance were statistically significant (P<0.01). Oswestry Disability
Index (ODI), Short Form 36 physical component score (SF-36 PCS), and other SRS domain scores were not statistically significant.
SRS scores range from 0 to 5 and were multiplied by 10 for the purposes of the figure. The range for ODI is 0 to 100, with higher
numbers reflecting greater disability. The range for SF-36 is 0 to 100, with 100 indicating the highest level of health.
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nonoperative arm improved less than 0.25 MCID. On

average, the patients who underwent surgery reached

the MCID threshold improvement.

Likelihood of Reaching MCID Threshold
Table 5 shows the analysis of the patients who

reached MCID threshold improvement. Within the

operative arm, patients had the highest rate of

achieving threshold improvement in the SRS appear-

ance domain (74%) and the lowest rate of achieving

threshold improvement in the SRS mental domain

(43%). Within the nonoperative arm, patients had the

highest rate of achieving threshold improvement in

the SRS pain domain (24%) and the lowest rate of
threshold improvement in ODI (7%).

The likelihood of achieving MCID threshold im-
provement was favorable for the operative group for
all measures of HRQOL assessed in the present
study; in particular, the likelihood was highest for the
SRS appearance domain with an RR of 5.55 (95%
confidence interval [CI]: 3.74 to 8.25).

We analyzed both operative and nonoperative
treatment groups for reaching threshold in at least 1
or more HRQOL measures, 2 or more HRQOL
measures, and 4-6 HRQOL measures. More than
50% of patients in each group reached threshold
improvement in at least 1 HRQOL measure; however,
no statistically significant difference in relative risk
occured at 1 HRQOL measure although patients in
the operative group were significantly more likely to
achieve MCID thresholds for improvement in multiple
measures.

We also evaluated the patients who reached the
threshold for MCID deterioration (Table 6). Patients in
the operative group reached MCID threshold deteri-
oration in 15% or fewer cases for each HRQOL
measure. In contrast, patients in the nonoperative
group had higher rates of threshold deterioration (6%
to 25%) for all HRQOL measures compared with
patients in the operative group (P<0.01). Further
analysis with risk ratios revealed that nonoperative
patients demonstrated a higher risk of reaching
threshold deterioration with a 95% confidence interval

Table 4: Mean Change in Health-Related Quality-of-Life Scores at 1 Year Compared to Baseline

Patient-Reported
Outcome Measure

Operative Group n¼239 Nonoperative Group n¼225
Comparison
of Change
P Value

Mean Change
at 1 Year P Value

Mean MCID
Gained/Losta

Mean Change
at 1 Year P Value

Mean MCID
Gained/Losta

ODIb �13.64 <0.01 1.07 �0.74 0.28 0.06 <0.01
SF-36 PCSc 6.90 <0.01 1.41 �0.46 0.28 �0.09 <0.01
SRS Activityd 0.50 <0.01 1.34 �0.03 0.42 �0.07 <0.01
SRS Paine 0.86 <0.01 1.47 0.13 <0.01 0.22 <0.01
SRS Appearancef 1.22 <0.01 1.52 0.04 0.35 0.05 <0.01
SRS Mentalg 0.39 <0.01 1.01 0.03 0.49 0.08 <0.01

MCID, minimal clinically important difference; ODI, Oswestry Disability Index; SF-36 PCS, Short Form 36 physical component score; SRS, Scoliosis
Research Society.
aMean MCID gained/lost ¼ (Postoperative score – preoperative score)/MCID reference value. MCID >1 is considered improvement; MCID <�1 is
considered deterioration; MCID of�1 toþ1 is considered no change.
bMCID reference value for ODI¼ 12.8.
cMCID reference value for SF-36 PCS¼ 4.9.
dMCID reference value for SRS Activity¼ 0.375.
eMCID reference value for SRS Pain¼ 0.587.
fMCID reference value for SRS Appearance¼ 0.8.
gMCID reference value for SRS Mental¼ 0.42.
All mean changes in the operative group were statistically significant (P<0.01); in the nonoperative group, only mean change in SRS Pain (P<0.01) was
statistically significant. Mean changes between the operative and nonoperative groups in all HRQOL scores from baseline to 1 year were statistically
significant (P<0.01).

Table 3. Scoliosis Research Society (SRS) Questionnaire
Domain Score Difference from Reference Population at 1-Year
Follow-Up for Patients in the Operative and Nonoperative Groups

SRS Domain
Operative

Groupa n¼239
Nonoperative

Groupa n¼225

Activity 0.68 0.45
Pain 0.90 0.96
Appearance 0.47 0.91
Mental 0.26 0.26

All differences are reported as means.
aAll median differences were statistically significant with P<0.05 by
nonparametric related samples testing.
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in all HRQOL measures except ODI. The highest
percentage of threshold deterioration in the nonoper-
ative group was for the SRS activity measure (25%).
When comparing the 2 groups for the likelihood of
MCID deterioration, patients in the operative group
were approximately one-half as likely to deteriorate
compared to patients in the nonoperative group,
especially for the SRS domains of activity, pain,
appearance, and mental as well as the SF-36 physical
component score.

Some patients in both the operative and nonop-
erative groups reached neither threshold improve-
ment nor threshold deterioration and were classified
as having not reached MCID change (Table 7). In the
operative group, 23%-48% of patients did not sustain
an MCID change in the HRQOL measures. Among
patients in the nonoperative group, 55%-87% of
patients did not sustain an MCID change. When

comparing the nonoperative to operative group for

not reaching MCID threshold deterioration or im-

provement, the operative group had a lower relative

risk—ranging from 0.31 to 0.73—across all HRQOL

measures and was thus less likely to remain

unchanged. Stated another way, patients in the

nonoperative group were up to 3 times as likely to

show neither MCID improvement nor deterioration

with a 95% CI.

DISCUSSION
In this study, we attempted to analyze and

quantify clinically noticeable change that patients with

ASD experience during their nonsurgical manage-

ment or after their operative care. We used the MCID

to further describe changes in HRQOL scores and

place them in the context of clinical gain or loss. We

Table 5. Patients Reaching Minimal Clinically Important Difference Threshold Improvement

Patient-Reported
Outcome Measure n

Operative
Groupa n¼239 n

Nonoperative
Groupa n¼225 Risk Ratiob

Confidence
Interval

ODI 118 49% 15 7% 7.37 (4.45, 12.21)
SF-36 PCS 107 45% 34 15% 2.96 (2.11, 4.15)
SRS Activity 151 63% 45 20% 3.16 (2.32, 4.31)
SRS Pain 154 64% 54 24% 2.68 (2.01, 3.58)
SRS Appearance 177 74% 30 13% 5.55 (3.74, 8.25)
SRS Mental 103 43% 39 17% 2.49 (1.83, 3.38)
‡1 HRQOL measures 175 73% 117 52% 1.41 (0.95, 2.09)
‡2 HRQOL measures 161 67% 50 22% 3.03 (1.97, 4.68)
4-6 HRQOL measures 103 43% 3 1% 32.32 (10.04, 104.07)

HRQOL, health-related quality of life; ODI, Oswestry Disability Index; SF-36 PCS, Short Form 36 physical component score; SRS, Scoliosis Research
Society.
aAll percentages of patients achieving threshold improvement are statistically significant (P<0.01).
bRisk ratio reflects the difference in reaching threshold minimal clinically important difference improvement between the operative and nonoperative group
(employing a 95% confidence interval). It was significant across all HRQOL scores and 2 or more simultaneous HRQOL measures.

Table 6. Patients Reaching Minimal Clinically Important Difference Threshold Deterioration

Patient-Reported
Outcome Measure n

Operative
Groupa n¼239 n

Nonoperative
Groupa n¼225 Risk Ratiob

Confidence
Interval

ODI 12 5% 14 6% 0.80 (0.48, 1.34)
SF-36 PCS 30 13% 47 21% 0.60 (0.46, 0.78)
SRS Activity 37 15% 56 25% 0.62 (0.49, 0.79)
SRS Pain 14 6% 32 14% 0.41 (0.30, 0.57)
SRS Appearance 9 4% 21 9% 0.40 (0.27, 0.61)
SRS Mental 26 11% 37 16% 0.66 (0.49, 0.89)

ODI, Oswestry Disability Index; SF-36 PCS, Short Form 36 physical component score; SRS, Scoliosis Research Society.
aAll percentages of patients reaching threshold deterioration are statistically significant (P<0.01).
bRisk ratios reflect the difference in reaching threshold minimal clinically important difference deterioration between the operative and nonoperative group
(employing a 95% confidence interval). They were significant for SF-36 PCS and all SRS domains.
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also analyzed MCID distribution within subgroups to
better refine potentially broad conclusions.

In general, patients in the operative group showed
significantly greater improvements in HRQOL mea-
sures and also had a higher likelihood of reaching
MCID threshold improvement compared to patients in
the nonoperative group. Comparatively, patients in
the nonoperative group showed only minor improve-
ments in SRS pain scores, were less likely to reach
MCID threshold improvement, and were more likely to
reach threshold deterioration or have no change in
their scores.

The improvements in HRQOL measures for
operative treatment of ASD that we used in this study
are similar to those in the literature. Prior studies
evaluating operative treatment in ASD most common-
ly use HRQOL measures. Only one study that we
were able to identify, investigated by Blondel et al,
used MCID to analyze clinical outcomes after sur-
gery.28 Blondel and colleagues found that a greater
magnitude of correction in SVA up to 120 mm results
in a significantly greater chance of achieving MCID
with regard to disability only (ODI). However, no prior
reports include a comparison of operative and
nonoperative patients who achieved MCID threshold
changes across multiple HRQOL measures, including
ODI, SF-36, and SRS-22 domains. The findings of our
study are further distinguished from those of the
previous reports by inclusion of the percentage of
nonoperative patients who also demonstrated MCID
threshold improvement.

In a grouped analysis of the HRQOL measures, it
may be easy to generalize the mean data and
conclude that because patients in the operative group
as a whole improved significantly more than patients
in the nonoperative group, surgery trumps nonoper-
ative management with regard to clinical decision
making (Table 4). However, because all patients
contribute to the mean, the distribution of patients

who improve, deteriorate, and remain the same must
also be investigated.

When HRQOL measures are analyzed by subsets
and not as means, the subgroups with improvements
and deterioration are more readily seen. Fifty-two
percent of patients in the nonoperative group reached
MCID threshold improvement in at least 1 HRQOL
measure (Table 5), a percentage much higher than
might be expected given the prior literature on
HRQOL measures. Additional scrutiny reveals that
the percentage of patients reaching MCID threshold
improvements in the nonoperative group was as high
as 24% in the SRS pain measure and as low as 7% in
ODI. A grouped analysis indicates that nonoperative
patients improve minimally, but a closer look indicates
that the mean may actually be masking a subset of
patients who have improved, albeit not as broadly
across the spectrum of HRQOL measures as the
operatively treated patients.

The 3 categories of MCID change are MCID
improvement, MCID no change, and MCID deteriora-
tion. The first category is composed of patients who
reached MCID threshold improvement. Although
more than half of all operative and nonoperative
patients achieved threshold improvement in at least 1
HRQOL measure, the impact of improvement was
more considerable in the operative group. Only 22%
of patients in the nonoperative group improved in 2 or
more measures compared to 67% of patients in the
operative group. In fact, surgical patients were 3 times
more likely to achieve MCID improvement in 2 or
more measures than nonoperative patients (95% CI:
1.97 to 4.68). Furthermore, less than 2% of nonoper-
ative patients reached MCID threshold improvement
for 4-6 of the HRQOL measures compared to 43% of
operative patients, demonstrating that when operative
patients achieve MCID threshold, they tend to achieve
it across multiple quality-of-life domains.

Table 7. Patients Who Did Not Reach Minimal Clinically Important Difference Change (No Improvement, No Deterioration)

Patient-Reported
Outcome Measure n

Operative
Groupa n¼239 n

Nonoperative
Groupa n¼225 Risk Ratiob

Confidence
Interval

ODI 104 44% 195 87% 0.50 (0.44, 0.57)
SF-36 PCS 65 27% 123 55% 0.50 (0.43, 0.58 )
SRS activity 56 23% 124 55% 0.43 (0.37, 0.49)
SRS pain 76 32% 139 62% 0.51 (0.45, 0.59)
SRS appearance 58 24% 174 77% 0.31 (0.28, 0.35)
SRS mental 115 48% 149 66% 0.73 (0.62, 0.84)

ODI, Oswestry Disability Index; SF-36 PCS, Short Form 36 physical component score; SRS, Scoliosis Research Society.
aAll percentages of patients who did not reach threshold change are statistically significant (P<0.01).
bRisk ratios reflect the difference in reaching no minimal clinically important difference change between the operative and nonoperative group (employing
a 95% confidence interval). All health-related quality-of-life scores were statistically significant.
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Regarding specific measures, more than 40% of
all patients in the operative group reached threshold
MCID improvement in ODI, SF-36, and the SRS
domains, compared to less than 25% of all patients
in the nonoperative group (Table 5). Among the
patients in the nonoperative group, the highest
percentage reaching MCID improvement was in the
SRS pain measure, while the lowest percentage was
in ODI. The surgical group reached the highest
percentage of threshold improvement in the SRS
appearance measure (74%) and the lowest in the SRS
mental measure (43%).

Only 43% of surgical patients achieved MCID
improvement in SRS mental—the lowest of all the
HRQOL measures reached within that group. This
could be due to the fact that baseline SRS mental
scores did not start far from the reference values. This
could also, in part, reflect the chronic psychosocial
impact of spinal deformity on a person. One year
might not provide enough time for the mental impact
of spinal deformity to be assuaged, even if surgery
restores anatomy and aesthetics.

Nonetheless, even the surgical group’s lowest
percentage of patients reaching MCID threshold
improvement was still higher than the nonoperative
group’s highest percentage—although the greater
initial difference from the reference population may be
the reason for the MCID improvement in the surgical
group. Statistically significant RRs ranged from 2.49 to
7.37 with 95% CIs for the likelihood of improvement in
the surgical group compared to the nonoperative
group across all HRQOL measures, further support-
ing the impact of surgery with regard to clinically
meaningful changes in quality of life.

MCID deterioration and MCID no change com-
prise the other categories for MCID change. Overall,
38% (n¼86) of all patients in the nonoperative group
demonstrated deterioration or no change, while 10%
(n¼24) of all patients in the operative group deterio-
rated or did not show any clinically meaningful
change. Within each HRQOL measure, 15% or fewer
surgical patients showed any MCID deterioration, with
the highest deterioration occurring in the SRS activity
domain (Table 6).

Patients in the surgical arm were less likely to
exhibit deterioration in the SF-36 physical component
score and SRS activity domain compared to patients
in the nonoperative arm, with RRs of 0.60 (95% CI:
0.46 to 0.78) and 0.62 (95% CI: 0.49 to 0.79),
respectively. The surgical patients were also less
likely to exhibit deterioration in the other SRS
domains. While a lower likelihood of reaching MCID
deterioration in the surgical group is noteworthy, it
needs to be understood in the context of clinical
decisionmaking and patient expectations—deteriora-

tion is a possible outcome of both nonoperative and
operative management.

Only ODI exhibited a lower risk of deterioration
among the surgical group compared to the nonoper-
ative group that was not completely supported by the
confidence interval, with an RR of 0.80 (95% CI: 0.48
to 1.34). The wide CI (crossing 1) suggests a greater
uncertainty in drawing conclusions about this poten-
tial outcome. Although further information may be
needed about ODI, we can confidently conclude
based on our data that patients in the operative group
are about half (0.4 to 0.6) as likely to deteriorate in SF-
36 and SRS domains.

The RRs are exaggerated even more when we look
at patients who did not reach any MCID change (Table
7). Patients in the nonoperative group were more likely
to deteriorate or exhibit neither improvement nor
deterioration compared to surgical patients. Although
this outcome may not be surprising, it is important to
note that no MCID change in the nonoperative arm
may be a positive outcome, while no MCID change in
the operative arm is an unacceptable outcome.
Notably, however, the patients in our study were
sufficiently symptomatic to have warranted referral for
surgical evaluation, suggesting that their baseline
levels of pain and disability were not satisfactory.

The primary limitation of this study is the short-
term follow-up of 1 year. Surgical patients achieve a
high rate of MCID threshold improvement at short-
term follow-up; at longer term follow-up, few addition-
al patients would be expected to reach threshold
improvement given that most changes in HRQOL
measures appear to take place during the first year
after surgery.30 The nonsurgical patients were more
likely to sustain MCID deterioration or no change,
possibly because their HRQOL scores were not as
poor as the operative patients at baseline; at longer
term follow-up, perhaps more patients will deteriorate
or will plateau. Once a patient plateaus, the natural
course of the disease, being progressive, will com-
mence. Moreover, improvements in pain may be short
lived as a result of decreasing opiate efficacy over
time—especially if patients have recently entered the
system for treatment.

Additionally, this study does not delve into the
characteristics of the subset population of patients in
the nonoperative group who demonstrated MCID
improvement. This population requires further study.
Assessing the details of this population could provide
information on how to select patients for nonoperative
management and maximize their potential for improve-
ment. Furthermore, while the data were prospectively
collected, this study is still limited by the retrospective
design and lack of randomization. Patients may
improve based on their choices, causing an inherent
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bias because the scores may reflect the patient’s
interest in pursuing surgery or not pursuing surgery.

The future directions of this study are to evaluate if
certain factors are predictive of which patients are
most likely to achieve MCID threshold improvement
with operative and nonoperative management. The
literature presents factors that are more important in
surgical decision making in adult scoliosis. Glassman
et al31 found that surgical patients had more frequent
leg pain, a higher mean level of daily back pain, and
more moderate to severe back pain over the past 6
months. Pekmezci et al32 found that functional
domain scores, such as walking in the ODI and
vitality in the SRS-30, were significantly worse in the
operative group compared to the nonoperative group.
These 2 studies indicate that some pain or functional
preoperative factors may be predictive of MCID
threshold improvement or deterioration.

CONCLUSION
Previous studies have used HRQOL measures to

assess improvement and compare treatment options
in patients with adult spinal deformity, but perhaps a
more precise way of identifying clinically important
change and confirming trends in HRQOL across time
involves utilizing MCID.

This study demonstrates that patients undergoing
surgery were significantly more likely to achieve MCID
threshold improvement across multiple measures of
HRQOL scores compared to patients who elected
nonoperative management. While patients in the
nonoperative group were more likely to sustain no
change or reach threshold deterioration, more than
50% of them reached MCID improvement in at least
1 HRQOL measure, demonstrating that in some cases
nonoperative management can address some as-
pects of symptoms and disease. All physicians
involved in the care of patients with ASD, regardless
of medical specialty, should be aware of the nonop-
erative options available and expected outcomes so
they can properly educate and guide their patients.

Despite the MCID improvement rate of surgically
treated patients, a subset of patients either show no
change or decline, and these outcomes are unac-
ceptable after such a major intervention. Therefore,
careful consideration of the risks, complications, and
all possible outcomes of surgery must occur when
patients seek to take the next step from nonoperative
to operative care.
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adulte. Ann Med Phys (Lille). 1982; 25(2):251-254.

4. Schwab F, Dubey A, Gamez L, et al. Adult scoliosis: prevalence,
SF-36, and nutritional parameters in an elderly volunteer
population. Spine (Phila Pa 1976). 2005 May 1;30(9):1082-1085.

5. Parker SL, Mendenhall SK, Shau D, et al. Determination of
minimum clinically important difference in pain, disability, and
quality of life after extension of fusion for adjacent-segment
disease. J Neurosurg Spine. 2012 Jan;16(1):61-67. Epub 2011
Sep 30.

6. Smith JS, Fu KM, Urban P, Shaffrey CI. Neurological symptoms
and deficits in adults with scoliosis who present to a surgical
clinic: incidence and association with the choice of operative
versus nonoperative management. J Neurosurg Spine. 2008 Oct;
9(4):326-331.

7. Smith JS, Shaffrey CI, Berven S, et al; Spinal Deformity Study
Group. Operative versus nonoperative treatment of leg pain in
adults with scoliosis: a retrospective review of a prospective
multicenter database with two-year follow-up. Spine (Phila Pa

1976). 2009 Jul 15;34(16):1693-1698.
8. Smith JS, Shaffrey CI, Berven S, et al; Spinal Deformity Study

Group. Improvement of back pain with operative and nonoperative
treatment in adults with scoliosis. Neurosurgery. 2009 Jul;65(1):
86-93; discussion 93-94.

9. Smith JS, Shaffrey CI, Glassman SD, et al; Spinal Deformity Study
Group. Risk-benefit assessment of surgery for adult scoliosis: an
analysis based on patient age. Spine (Phila Pa 1976). 2011 May
1;36(10):817-824.

10. Bridwell KH, Glassman S, Horton W, et al. Does treatment
(nonoperative and operative) improve the two-year quality of life
in patients with adult symptomatic lumbar scoliosis: a
prospective multicenter evidence-based medicine study. Spine

(Phila Pa 1976). 2009 Sep 15;34(20):2171-2178.
11. Terran J, Schwab F, Shaffrey CI, et al; International Spine Study

Group. The SRS-Schwab Adult Spinal Deformity Classification:
Assessment and clinical correlations based on a prospective
operative and nonoperative cohort. Neurosurgery. 2013 Oct;
73(4):559-568.

12. Smith JS, Shaffrey CI, Glassman SD, et al; Spinal Deformity Study
Group. Clinical and radiographic parameters that distinguish
between the best and worst outcomes of scoliosis surgery for
adults. Eur Spine J. 2013 Feb;22(2):402-410.

13. Fairbank JC, Couper J, Davies JB, O’Brien JP. The Oswestry low
back pain disability questionnaire. Physiotherapy. 1980 Aug;
66(8):271-273.

14. Fairbank JC, Pynsent PB. The Oswestry Disability Index. Spine

(Phila Pa 1976). 2000 Nov 15;25(22):2940-2952; discussion
2952.

15. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health
survey (SF-36). I. Conceptual framework and item selection. Med

Care. 1992 Jun;30(6):473-483.
16. Berven S, Deviren V, Demir-Deviren S, Hu SS, Bradford DS.

Studies in the modified Scoliosis Research Society Outcomes
Instrument in adults: validation, reliability, and discriminatory
capacity. Spine (Phila Pa 1976). 2003 Sep 15;28(18):2164-
2169; discussion 2169.

Comparison of Treatments for Adult Spinal Deformity

76 The Ochsner Journal



17. Bridwell KH, Cats-Baril W, Harrast J, et al. The validity of the SRS-
22 instrument in an adult spinal deformity population compared
with the Oswestry and SF-12: a study of response distribution,
concurrent validity, internal consistency, and reliability. Spine

(Phila Pa 1976). 2005 Feb 15;30(4):455-461.
18. Bridwell KH, Berven S, Glassman S, et al. Is the SRS-22

instrument responsive to change in adult scoliosis patients having
primary spinal deformity surgery? Spine (Phila Pa 1976). 2007
Sep 15;32(20):2220-2225.

19. Carragee EJ, Cheng I. Minimum acceptable outcomes after
lumbar spinal fusion. Spine J. 2010 Apr;10(4):313-320.

20. Copay AG, Glassman SD, Subach BR, Berven S, Schuler TC,
Carreon LY. Minimum clinically important difference in lumbar
spine surgery patients: a choice of methods using the Oswestry
Disability Index, Medical Outcomes Study questionnaire Short
Form 36, and pain scales. Spine J. 2008 Nov-Dec;8(6):968-974.
Epub 2008 Jan 16.

21. Copay AG, Subach BR, Glassman SD, Polly DW Jr, Schuler TC.
Understanding the minimum clinically important difference: a
review of concepts and methods. Spine J. 2007 Sep-Oct;7(5):
541-546. Epub 2007 Apr 2.

22. Parker SL, Mendenhall SK, Shau DN, et al. Minimum clinically
important difference in pain, disability, and quality of life after
neural decompression and fusion for same-level recurrent
lumbar stenosis: understanding clinical versus statistical
significance. J Neurosurg Spine. 2012 May;16(5):471-478.
Epub 2012 Feb 10.

23. Rihn JA, Currier BL, Phillips FM, Glassman SD, Albert TJ. Defining
the value of spine care. J Am Acad Orthop Surg. 2013 Jul;21(7):
419-426.

24. Glassman SD, Copay AG, Berven SH, Polly DW, Subach BR,
Carreon LY. Defining substantial clinical benefit following lumbar
spine arthrodesis. J Bone Joint Surg Am. 2008 Sep;90(9):
1839-1847.

25. Berven S, Deviren, Demir-Deviren S, Hu S, Bradford D. Minimal
clinically important difference in adult spinal deformity: How
much change is significant? Presented at: International
Meeting for Advanced Spine Techniques (IMAST); 2005; Banff,
Canada.

26. United States Bone and Joint Initiative. The Burden of

Musculoskeletal Diseases in the United States. 2nd ed.
Rosemont, IL: American Academy of Orthopaedic Surgeons;
2011:57-74.

27. Baldus C, Bridwell K, Harrast J, et al. The Scoliosis Research
Society Health-Related Quality of Life (SRS-30) age-gender
normative data: an analysis of 1346 adult subjects unaffected by
scoliosis. Spine (Phila Pa 1976). 2011 Jun 15;36(14):
1154-1162.

28. Blondel B, Schwab F, Ungar B, et al. Impact of magnitude and
percentage of global sagittal plane correction on health-related
quality of life at 2-years follow-up. Neurosurgery. 2012 Aug;
71(2):341-348; discussion 348.

29. Smith JS, Klineberg E, Schwab F, et al; International Spine Study
Group. Change in classification grade by the SRS-Schwab Adult
Spinal Deformity Classification predicts impact on health-related
quality of life measures: prospective analysis of operative and
nonoperative treatment. Spine (Phila Pa 1976). 2013 Jun 11.
[Epub ahead of print].

30. Glassman SD, Schwab F, Bridwell KH, Shaffrey C, Horton W, Hu
S. Do 1-year outcomes predict 2-year outcomes for adult
deformity surgery? Spine J. 2009 Apr;9(4):317-322. Epub 2008
Sep 6.

31. Glassman SD, Schwab FJ, Bridwell KH, Ondra SL, Berven S,
Lenke LG. The selection of operative versus nonoperative
treatment in patients with adult scoliosis. Spine (Phila Pa 1976).
2007 Jan 1;32(1):93-97.

32. Pekmezci M, Berven SH, Hu SS, Deviren V. The factors that play a
role in the decision-making process of adult deformity patients.
Spine (Phila Pa 1976). 2009 Apr 15;34(8):813-817.

This article meets the Accreditation Council for Graduate Medical Education and the American Board of
Medical Specialties Maintenance of Certification competencies for Patient Care, Medical Knowledge, and
Systems-Based Practice.

Liu, S

Volume 14, Number 1, Spring 2014 77


