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Can a Minimal Clinically Important Difference Be Achieved in Elderly Patients with Adult

Spinal Deformity Who Undergo Minimally Invasive Spinal Surgery?
Paul Park1, David O. Okonkwo2, Stacie Nguyen3, Gregory M. Mundis Jr3., Khoi D. Than4, Vedat Deviren5, Frank La

Marca1, Kai-Ming Fu6, Michael Y. Wang7, Juan S. Uribe8, Neel Anand9, Richard Fessler10, Pierce D. Nunley11,

Dean Chou4, Adam S. Kanter2, Christopher I. Shaffrey12, Behrooz A. Akbarnia3, Peter G. Passias13, Robert K. Eastlack14,

Praveen V. Mummaneni4, on behalf of the International Spine Study Group
-BACKGROUND: Older age has been considered a rela-
tive contraindication to complex spinal procedures. Mini-
mally invasive surgery (MIS) techniques to treat patients
with adult spinal deformity (ASD) have emerged with the
potential benefit of decreased approach-related morbidity.

-OBJECTIVE: To determine whether a minimal clinically
important difference (MCID) could be achieved in patients
ages ‡65 years with ASD who underwent MIS.

-METHODS: Multicenter database of patients who un-
derwent MIS for ASD was queried. Outcome metrics
assessed were Oswestry Disability Index (ODI) and visual
analog scale (VAS) scores for back and leg pain. On the
basis of published reports, MCID was defined as a positive
change of 12.8 ODI, 1.2 VAS back pain, and 1.6 VAS leg pain.

-RESULTS: Forty-two patients were identified. Mean age
was 70.3 years; 31 (73.8%) were women. Preoperatively, mean
coronal curve, pelvic tilt, pelvic incidence to lumbar lordosis
mismatch, and sagittal vertical axis were 35�, 24.6�, 14.2�, and
4.7 cm, respectively. Postoperatively, mean coronal curve,
pelvic tilt, pelvic incidence to lumbar lordosis, and sagittal
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Abbreviations and Acronyms
ASD: Adult spinal deformity
CC: Coronal curve
cMIS: Circumferential minimally invasive surgery
LL: Lumbar lordosis
LLIF: Lateral lumbar interbody fusion
MCID: Minimal clinically important difference
MIS: Minimally invasive surgery
ODI: Oswestry Disability Index
PI: Pelvic incidence
PRO: Patient-reported outcome
PT: Pelvic tilt
SCB: Substantial clinical benefit
SD: Standard deviation
SVA: Sagittal vertical axis
VAS: Visual analog scale
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vertical axis were 18�, 25.4�, 11.9�, and 4.9 cm, respectively. A
mean of 5.0 levels was treated posteriorly, and a mean of 4.0
interbody fusionswas performed.MeanODI improved from47.1
to 25.1. Mean VAS back and leg pain scores improved from 6.8
and 5.9 to 2.7 and 2.7, respectively. Mean follow-up was 32.1
months. ForODI, 64.3%ofpatientsachievedMCID. ForVASback
and leg pain, 82.9% and 72.2%, respectively, reached MCID.

-CONCLUSIONS: MCID represents the threshold at which
patients feel a meaningful clinical improvement has occurred.
Our study results suggest that the majority of elderly patients
with modest ASD can achieve MCID with MIS.
INTRODUCTION
lder age has long been considered a relative contrain-
dication to spinal fusion, given the concern for possible
Oincreased morbidity and poorer outcomes compared

with decompression alone. In recent years, however, studies have
shown that elderly patients older than 65 years of age can derive
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Figure 1. Upper panel: Preoperative anteroposterior and lateral scoliosis
radiographs in a 76-year-old patient with adult spinal deformity. Lower:
Anteroposterior and lateral scoliosis radiographs at 2-year follow-up visit.
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significant benefit from decompression and fusion for degenera-
tive spinal disease without significantly increased morbidity.1-3

These studies have focused primarily on short segment fusions
for degenerative conditions such as stenosis and
spondylolisthesis.
Spinal deformity also can be a cause of significant pain and

disability in the elderly patient that often requires more complex,
multilevel spinal surgery to treat appropriately. Reports regarding
outcomes involving the elderly patients with adult spinal deformity
(ASD) who undergo spinal surgery are scarce, although in 1 study
Daubs et al.4 showed that significant clinical improvement could
be obtained in patients ages 60 years and older. Recently,
minimally invasive surgery (MIS) approaches have been used to
treat patients with ASD, with the potential benefit of decreased
approach-related morbidity.5-8 Similar to the relative paucity of
literature focusing on the elderly and traditional open spinal
surgery, there has been little investigation involving the elderly
with ASD who undergo MIS. The objective of this study was to
determine whether a minimal clinically important difference
(MCID) could be achieved in patients 65 years of age and older
who underwent MIS for ASD.

METHODS

In this study, each participating site received institutional review
board approval before submitting data to create a multicenter
database of patients who underwent MIS for ASD. Inclusion
criteria for this database were a diagnosis of ASD with at least 1 of
the following radiographic parameters: coronal curve (CC) �20�,
sagittal vertical axis (SVA) >5 cm, pelvic tilt (PT) >25�, or thoracic
kyphosis >60�. A total of 190 patients were entered into the
database, which was composed of those who underwent circum-
ferential minimally invasive surgery (cMIS) and those who un-
derwent a hybrid procedure. Patients in the cMIS group
underwent lateral lumbar interbody fusion (LLIF), minimally
invasive transforaminal lumbar interbody fusion, and/or trans-
sacral interbody fusion in conjunction with percutaneous pedicle
screw fixation and/or minimally invasive posterior fusion
(Figure 1). Patients in the hybrid group underwent LLIF in
conjunction with a traditional open posterior approach for
pedicle screw insertion and fusion. The database was queried to
identify patients 65 years of age and older who underwent cMIS
procedures. A total of 42 patients were identified, and all were
included for analysis.

Radiographic Outcome Assessment
All patients had baseline and postoperative 36-inch standing
radiographic films. The CC was measured using the Cobb angle
method. Lumbar lordosis (LL) and pelvic incidence (PI) were
measured so that the mismatch of LL versus PI could be quantified
by calculating the difference between LL and PI (i.e., pelvic inci-
dence to lumbar lordosis). PT and SVA also were measured. All
films were sent to a central site, where independent measure-
ments were made to maintain consistency between sites.

Clinical Outcome Assessment
Outcomes were assessed at baseline and postoperatively by use of
the Oswestry Disability Index (ODI) to measure functional
WORLD NEUROSURGERY 86: 168-172, FEBRUARY 2016
disability and the visual analog scale (VAS) to measure back and
leg pain. All 42 patients had baseline and postoperative ODI data.
Forty-one and 36 patients had complete baseline and postoperative
VAS back and leg pain data, respectively.
Minimal Clinically Important Difference
MCID was based on previously published criteria and defined as a
positive change of 12.8 for ODI, 1.2 for VAS back pain, and 1.6 for
VAS leg pain.9 To evaluate relative change, the percentage of
www.WORLDNEUROSURGERY.org 169



Table 2. Radiographic and Clinical Outcomes in Patients 65
Years and Older with Spinal Deformity Who Underwent
Minimally Invasive Surgery

Parameter
Value

(Standard Deviation) P-Value

Coronal Cobb angle

Preoperative 35� (13.1)

Postoperative 18� (8.9) <0.001

Pelvic tilt

Preoperative 24.6� (8.3)

Postoperative 25.4� (9.7) 0.437

PI-LL mismatch

Preoperative 14.2� (12.3)

Postoperative 11.9� (13.4) 0.218

Sagittal vertical axis

Preoperative 4.7 cm (4.8)

Postoperative 4.9 cm (6.3) 0.866

Oswestry Disability Index scores

Preoperative 47.1 (16.9)

Postoperative 25.1 (19.8) <0.001

VAS back pain scores

Preoperative 6.8 (1.8)

Postoperative 2.7 (2.4) <0.001
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patients achieving sequentially greater improved ODI and VAS
scores also were calculated.

Statistical Analysis
Because of the sample size, which resulted in non-normally
distributed data, the Mann-Whitney U test was used to compare
baseline and postoperative clinical and radiographic outcomes. A
P-value < 0.05 was considered significant.

RESULTS

Mean age was 70.3 (standard deviation [SD], 4.9) years, and 31
(73.8%) of the patients were female. A mean of 4.0 (SD, 1.5)
interbody fusions were performed, and a mean of 5.0 (SD, 2.8)
levels were treated posteriorly. Five of the 42 patients had under-
gone LLIF without posterior instrumentation. Mean estimated
blood loss was 507.7 mL (SD, 537.3), and mean length of stay was
7.5 days (SD, 4.1). Complications occurred in 14 (33.3%) patients.
Eight patients had at least 1 major complication, and 7 patients had
at least 1 minor complication (Table 1). Mean follow-up was 32.1
months. Baseline and postoperative clinical and radiographic out-
comes are shown in Table 2. The mean CC angle improved
significantly from a baseline of 35� to 18�. Spinopelvic parameters
did not significantly improve; however, at baseline, PT, pelvic
incidence to lumbar lordosis mismatch, and SVA were not
markedly abnormal.
Overall, there was a significant improvement in ODI scores and

VAS back and leg pain scores. Twenty-seven (64.3%) patients
achieved MCID based on ODI scores. Thirty-four of 41 (82.9%)
patients with VAS back pain data and 27 of 36 (75.0%) patients with
VAS leg pain data reached MCID. Figure 2 graphically shows the
Table 1. Major and Minor Complications in Patients 65 Years
and Older with Spinal Deformity Who Underwent Minimally
Invasive Surgery

Complications No.

Major

Cardiopulmonary 1

Implant fail 1

Infection 1

Visceral 1

Wound dehiscence 2

Pseudoarthrosis 1

Proximal junctional failure 1

Other requiring reoperation 2

Minor

Infection 2

Implant 1

Radiculopathy 4

Gastrointestinal 1

Operative 1

VAS leg pain scores

Preoperative 5.9 (2.7)

Postoperative 2.7 (2.3) <0.001

Bold values indicate statistically significant.
PI-LL, pelvic incidence to lumbar lordosis; VAS, visual analog scale.
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percentage of patients achieving sequentially greater levels of
improvement in ODI and VAS scores. For ODI, 78.6% of patients
had at least 10% improvement, whereas only 7.1% achieved 100%
improvement. For VAS back and leg pain, 92.2% and 80.6%
obtained at least 10% decrease whereas 24.4% and 27.8% of
patients reached 100% decrease in pain from baseline, respectively.
DISCUSSION

In the current study, the large majority of elderly patients under-
going MIS for ASD achieved the MCID in key patient-reported
outcome (PRO) measures. PROs are now used commonly to
determine the impact of spinal surgery. The ODI is a validated
instrument for assessing functional outcome, whereas the VAS
instrument is used widely to assess pain. Although the ODI and
VAS provide an objective means of recording a change in patient
status after spinal surgery, the numerical values have no direct
correlation with clinical significance. Simply put, a statistically
significant change in VAS pain may not be a meaningful
improvement to the patient. Consequently, there has been an
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.09.072



Figure 2. Bar graphs showing percentage of patients with improvement in
(A) Oswestry Disability Index (ODI) scores (decrease in value from
baseline, meaning that 100% improvement is an ODI of 0), (B) visual
analog scale (VAS) back pain scores (decrease in value from baseline,
meaning that 100% improvement is a VAS score of 0), and (C) VAS leg
pain scores (decrease in value from baseline).
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emphasis on using the MCID to assess treatment effectiveness.10,11

By definition, the MCID is the threshold at which a change has
occurred that is important to the patient.
Although the concept of a MCID is straightforward, deter-

mining MCID for the treatment of various spinal conditions has
been complicated by a lack of definitive methodology. As outlined
by Copay et al.,10 2 different approaches—anchor-based and
distribution-based—for MCID determination generally are used.
An anchor-based approach compares a PRO change to another
measure of change such as a global assessment scale, which
represents the “anchor.” A distribution-based approach analyzes a
PRO change to another measure of variability (ie, SD or standard
error of measurement). Unfortunately, each method typically
calculates a different value for MCID. Although there is no
consensus as to the most accurate method, in one comprehensive
WORLD NEUROSURGERY 86: 168-172, FEBRUARY 2016
review, the use of multiple methods was advocated, with more
weight given to anchor-based estimates and experience from
clinical trials.12

In this study, the MCID for ODI was defined as 12.8, whereas
for VAS back and leg pain the MCID was defined as 1.2 and 1.6,
respectively. These values were proposed in a large study of 454
patients who underwent lumbar surgery for a variety of degener-
ative conditions.9 An anchor-based methodology was used to
define these threshold values using prospectively acquired data
from 3 separate institutions. These threshold values for MCID
were used in a follow-up study by Crawford et al.13 of elderly
patients who underwent 1- or 2-level open decompression and
posterolateral lumbar fusion. Of the 35 patients who were evalu-
ated in the Crawford study, the mean age was 78.3 years, and the
most common diagnoses were stenosis (57.1%) followed by
spondylolisthesis (34.3%). Sixty percent of their patients achieved
MCID for ODI and VAS leg pain, and 83% reached MCID for VAS
back pain. In our study, 64.3% achieved MCID for ODI in our
cohort of elderly patients with ASD who underwent MIS. Even
larger numbers in our study—82.9% and 72.2%—obtained MCIDs
for VAS back and leg pain, respectively. Also noteworthy is that the
elderly patients in our cohort had more spinal levels treated with
an average of 4 interbody fusions, and the majority had circum-
ferential surgery. As such, the MIS approach in elderly patients
with ASD seems effective, although a comparative study is needed
to determine its relative effectiveness compared to the traditional
open spinal surgery approach.
Beyond MCID, another metric that has been proposed is the

substantial clinical benefit (SCB).14 SCB may be a more important
measure of treatment effectiveness than MCID in that it signifies
the threshold at which the patient perceives “substantial” or
marked clinical improvement after treatment. In a large study by
Glassman et al.14 of 357 patients who underwent lumbar spinal
surgery for various degenerative spinal pathologies, SCB was
defined as an 18.8-point change in ODI score and a 2.5-point
change for both VAS back and leg pain scores. On the basis of
these values, 52.4% of our elderly patients achieved SCB with
respect to ODI scores, whereas 73.2% and 61.1% reached SCB for
VAS back and leg pain scores, respectively. In addition to absolute
threshold values for SCB, the study by Glassman et al. also
calculated a threshold percentage change required to obtain SCB.
For ODI, a value of 36.8% was determined, and for VAS back and
leg pain, values of 41.4% and 38.8%, respectively, were defined.
The advantage of a percentage change threshold compared with
an absolute threshold value is that the baseline PRO values are
given added weight. In our cohort, 62% of elderly patients ach-
ieved SCB with at least 40% improvement in ODI scores
(Figure 2A). For VAS back and leg pain scores, 71% and 64% of
patients achieved SCB with at least 40% improvement,
respectively (Figure 2BeC). Even using the more stringent SCB
criteria to determine meaningful clinical improvement, we found
that the MIS approach appeared to remain effective in the
majority of elderly patients in our cohort.

Limitations
Given that there are no established MCID values for patients with
ASD, the MCID values used in this study were based on patients
www.WORLDNEUROSURGERY.org 171
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who primarily underwent surgery for degenerative conditions such
as stenosis or spondylolisthesis. Consequently, the MCID values
may not be reflective of patients with ASD. It is possible that
MCID threshold values for ASD patients are greater, although it is
also possible the values could be lower. Consequently, this study
also reports graphically in Figure 2 the percentage of patients who
achieved sequentially greater-percentage improvement for each
PRO so that alternate thresholds can be assessed. In addition, the
elderly patients in this study had more significant coronal defor-
mity rather than a sagittal plane imbalance. Therefore the results
of this study may not apply to those elderly patients with more
significant sagittal plane deformities.
172 www.SCIENCEDIRECT.com WORLD NEU
CONCLUSIONS

The MCID represents the threshold at which patients perceive that
a meaningful clinical improvement has occurred after treatment.
The results of this study suggest that the majority of elderly pa-
tients with ASD, who primarily have CCs, can achieve MCID with
MIS. Further studies determining MCID for ASD patients are
needed, as are investigations of MCID involving elderly patients
with more significant sagittal plane deformities.
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