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In an era of shifting emphasis toward quantifiable mea-
sures of quality of care as determinants of physician- 
and hospital-level performance, patient-reported out-

comes (PROs) have become an increasingly popular tool 
to assess subjective outcomes after surgery.4,26 PROs are 

especially utilized in spinal surgery, as many spinal defor-
mities have significant implications for patients’ percep-
tions of health and appearance.1,16 Correction of complex 
spinal deformities involving multiple (≥ 5) levels has been 
shown to produce significant improvements in PROs com-
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OBJECTIVE Patient-reported outcomes (PROs) are often measured up to 2 years after surgery; however, prospective 
collection of longitudinal outcomes for 5 years postoperatively can be challenging due to lack of patient follow-up. The 
aim of this study was to determine whether PROs collected at 2-year follow-up accurately predict long-term PROs 5 
years after complex spinal fusion (≥ 5 levels).
METHODS This was an ambispective study of 118 adult patients (≥ 18 years old) undergoing ≥ 5-level spinal arthrod-
esis to the sacrum with iliac fixation from January 2002 to December 2011. Patient demographics and radiographic 
parameters as well as intraoperative variables were collected. PRO instruments (Scoliosis Research Society [SRS]-22r 
function, self-image, mental health, pain, and Oswestry Disability Index [ODI]) were completed before surgery then at 2 
and 5 years after surgery. Primary outcome investigated in this study was the correlation between SRS-22r domains and 
ODI collected at 2- and 5-year follow-up.
RESULTS Of the 118 patients, 111 patients had baseline PROs, 105 patients had 2-year follow-up data, and 91 patients 
had 5-year follow-up PRO data with 72% undergoing revision surgery. The average pre- and postoperative major coro-
nal curve Cobb angles for the cohort were 32.1° ± 23.7° and 19.8° ± 19.3°, respectively. There was a strong correlation 
between 2- and 5-year ODI (r2 = 0.80, p < 0.001) and between 2- and 5-year SRS-22r domains, including function (r2 = 
0.79, p < 0.001), self-image (r2 = 0.82, p < 0.001), mental health (r2 = 0.77, p < 0.001), and pain (r2 = 0.79, p < 0.001). Of 
the PROs, ODI showed the greatest absolute change from baseline to 2- and 5-year follow-up (2-year D 17.6 ± 15.9; 
5-year D 16.5 ± 19.9) followed by SRS-22r self-image (2-year D 1.4 ± 0.96; 5-year D 1.3 ± 1.0), pain (2-year D 0.94 ± 
0.97; 5-year D 0.80 ± 1.0), function (2-year D 0.60 ± 0.62; 5-year D 0.49 ± 0.79), and mental health (2-year D 0.49 ± 
0.77; 5-year D 0.38 ± 0.84).
CONCLUSIONS Patient-reported outcomes collected at 2-year follow-up may accurately predict long-term PROs (5-
year follow-up).
https://thejns.org/doi/abs/10.3171/2018.2.SPINE171142
KEYWORDS deformity correction; patient-reported outcomes; SRS domains; surgical technique

J Neurosurg Spine Volume 29 • October 2018422 ©AANS 2018, except where prohibited by US copyright law

Unauthenticated | Downloaded 05/23/23 11:10 PM UTC



J Neurosurg Spine Volume 29 • October 2018 423

Adogwa et al.

pared to baseline.11,16 Combinations of questionnaires, such 
as the Scoliosis Research Society (SRS)-22r and Oswestry 
Disability Index (ODI), are among the most popular as-
sessment tools used to measure PROs in spinal deformity 
patients.13 Both the SRS-22r and the ODI have demonstrat-
ed effectiveness in accurately reflecting different aspects 
of patients’ perceptions of health, as well as the extent of 
their perceived improvement after surgery.8,9,17 The SRS-
22r questionnaire measures 5 domains—pain, activity, ap-
pearance, mental health, and satisfaction24—whereas the 
ODI questionnaire evaluates disability in the context of 
low-back pain.17

Although collecting PROs years after surgery provides 
valuable insight into long-term subjective outcomes, ex-
tended follow-up can be challenging due to lack of con-
sistency, missed appointments, and changes in contact 
information.7,30,32 Due to the challenges inherent to the 
attainment of long-term PROs, previous studies have ex-
amined whether the SRS-22r and ODI administered at 
postoperative follow-up appointments can predict long-
term PROs up to 1 year,3,29 2 years,2,22 and 3 years20 after 
spinal surgery. However, while PROs collected for even 
more extended time periods after spine surgery remain 
valuable for predicting long-term outcomes and assessing 
the effectiveness of surgery, there is a paucity of data on 
whether 2-year PROs can predict long-term PROs up to 5 
years after surgery for deformity correction.

The aim of this study was to determine whether PROs 
collected at 2-year follow-up accurately predict long-term 
PROs 5 years after complex spinal fusion (≥ 5 levels).

Methods
This is an ambispective study (prospectively collected 

data and retrospectively analyzed) of 118 adult patients (≥ 
18 years old) who underwent ≥ 5 levels of spinal fusion 
to the sacrum with iliac fixation between January 2002 
and December 2011 at a major academic institution. Insti-
tutional review board approval was obtained prior to the 
initiation of the study. All patients included in the study 
had 1) available demographic and treatment data and 2) 
prospectively collected outcomes measures. Of the 118 
patients, 111 patients had baseline PROs, 105 patients had 
2-year follow-up data, and 91 patients had 5-year follow-
up PRO data. All surgeries were performed by one of 2 
fellowship-trained spine surgeons.

Demographic variables evaluated in this study included 
patient age and Charlson Comorbidity Index (CCI). Intra-
operative and postoperative variables include operative 
time, estimated blood loss (EBL), length of stay (LOS), 
and median number of complications (with interquartile 
range [IQR]). Cobb angles, pelvic incidence, pelvic tilt, 
sagittal balance, and coronal balance were evaluated both 
preoperatively and postoperatively.

PRO instruments included the SRS-22r self-image, 
pain, mental health, and disability domains and the ODI. 
Administered questionnaires were identical and were self-
administered before surgery and then at 2 and 5 years af-
ter surgery. The ODI is a self-administered questionnaire 
assessing back-specific function, with higher scores repre-
senting increasing disability or higher pain levels. Values 

range from 0 to 100 (0–20 = minimal disability; 21–40 
= moderate disability; 41–60 = severe disability; 61–80 = 
crippled; 81–100 = bedbound). The SRS-22r is a self-ad-
ministered questionnaire containing 22 items distributed 
within 5 domains: self-image, pain, mental health, func-
tion, and satisfaction. The score for each domain ranges 
from 1 to 5, with higher scores indicating better outcomes. 
The minimum clinically important difference (MCID) 
thresholds used were a change of score ≥ 10 for the ODI 
and a change of score ≥ 0.4 for the SRS domains. The pri-
mary outcome assessed was the correlation between SRS-
22r and ODI PROs collected at baseline and at 2-year and 
5-year follow-up.

Parametric data were expressed as means ± standard 
deviation (SD) and compared using the Student t-test. 
Nominal data were compared using the chi-square test. 
Both sample populations met the statistical assumptions 
that enable the Student t-test and chi-square test to be used. 
All tests were 2-sided and were statistically significant if 
the p value was < 0.05. Statistical analysis was performed 
using JMP, version 12 (SAS Institute Inc.).

Results
One hundred eighteen adult patients who underwent 

complex spinal fusion involving ≥ 5 levels were included 
in this study, with 91 patients having PRO data available 
from baseline, 2-year, and 5-year assessments. The mean 
age for patients included was 57.8 ± 13.0 years (Table 1). 
Of the 118 patients included in the study, 72.1% were un-
dergoing revision surgeries (Table 1). The median Charl-
son Comorbidity Index (CCI) was 1 (IQR 0–3) (Table 1). 
Before the fusion operation, the average ODI for the co-
hort was 46.8 ± 17.3 and the average scores on SRS-22r 

TABLE 1. Baseline demographic and preoperative variables for 
the 118 patients included in this study

Variable Value

Age, mean (years) 57.8 ± 13.0
CCI
 Median 1
 IQR 0–3
Primary (%) 27.1
Revision (%) 72.9
3-column osteotomy (%) 55.1
Major coronal curve Cobb, mean (°) 32.1 ± 23.7
Pelvic incidence, mean (°) 50.4 ± 18.0
Pelvic tilt, mean (°) 34.6 ± 9.4
Sagittal balance, mean (mm) 117.1 ± 61.7
Coronal balance, mean (mm) 29.7 ± 23.9
Preop SRS-22r & ODI scores, mean
 SRS-22r function 2.4 ± 0.86
 SRS-22r self-image 1.9 ± 0.74
 SRS-22r mental health 3.1 ± 1.0
 SRS-22r pain 2.3 ± 0.87
 ODI 46.8 ± 17.3
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domains were as follows: 2.4 ± 0.86 for function, 1.9 ± 
0.74 for self-image, 3.1 ± 1.0 for mental health, and 2.3 ± 
0.87 for pain (Table 1).

The mean operative time for the cohort was 8.6 ± 2.9 
hours, average EBL was 1058.6 ± 1332.2 ml, average 
length of stay (LOS) was 7.4 ± 5.5 days, and the median 
number of complications was 1 (IQR 0–3.6) (Table 2).

Preoperatively, the average major coronal curve Cobb 
angle for the cohort was 32.1° ± 23.7°, the average pelvic 
incidence was 50.4° ± 18.0°, the average pelvic tilt was 
34.6° ± 9.4°, the average sagittal balance was 117.1 ± 61.7 
mm, and the average coronal balance was 29.7 ± 23.9 mm 
(Table 1). After thoracolumbar arthrodesis, the average 
major coronal curve Cobb angle for the cohort was 19.8° 
± 19.3°, the average pelvic incidence was 58.2° ± 13.0°, the 
average pelvic tilt was 40.1° ± 21.1°, the average sagittal 
balance was 52.4 ± 42.8 mm, and the average coronal bal-
ance was 20.2 ± 17.8 mm (Table 2).

At follow-up, there was a strong correlation between 
2- and 5-year ODI scores (2-year ODI 28.1 ± 17.5; 5-year 
ODI 29.2 ± 22.1; r2 = 0.80, p < 0.001) (Table 3). There was 
also a strong correlation between 2-year and 5-year aver-
age SRS-22r scores, including function (2-year 3.1 ± 1.0; 
5-year 3.0 ± 1.1; r2 = 0.79, p < 0.001), self-image (2-year 3.4 
± 1.1; 5-year 3.2 ± 1.2; r2 = 0.0.82, p < 0.001), mental health 
(2-year 3.7 ± 1.1; 5-year 3.5 ± 1.1; r2 = 0.77, p < 0.001), and 
pain (2-year 3.3 ± 1.2; 5-year 3.1 ± 1.2; r2 = 0.79, p < 0.001) 
(Table 3).

At 2-year and 5-year follow-up, ODI was decreased 
and measures of all SRS-22r domains were increased 
from baseline (Fig. 1). Of the PRO metrics assessed, ODI 
showed the greatest absolute change from baseline to 2- 
and 5-year follow-up (2-year D 17.6 ± 15.9; 5-year D 16.5 ± 
19.9) followed by SRS-22r self-image (2-year D 1.4 ± 0.96; 
5-year D 1.3 ± 1.0), pain (2-year D 0.94 ± 0.97; 5-year D 
0.80 ± 1.0), function (2-year D 0.60 ± 0.62; 5-year D 0.49 
± 0.79), and mental health (2-year D 0.49 ± 0.77; 5-year D 
0.38 ± 0.84) (Table 3).

On average, the largest improvement in patient-report-
ed status occurred within the first 2 years of surgery (Fig. 
1, Table 4). There was a small deterioration in patient-
reported status between baseline and the 5-year postop-

erative time point, but this change was not significantly 
different from the change observed at the 2-year postop-
erative time point (Tables 4 and 5). The improvement in 
patient-reported status observed at 2 years appeared to be 
durable through the 5-year follow-up (Fig. 1, Table 4).

The proportions of patients achieving MCID for each 
of the PROs at 2 years and at 5 years after surgery are 
shown in Table 6. Comparison of the proportion values for 
each time point showed no statistically significant differ-
ence for any of the PROs.

Discussion
In this study, we demonstrate a significant correlation 

between ODI and SRS-22r PROs collected at 2-year and 
5-year follow-up after complex lumbar fusion.

Despite the high complication rates and complexity 
of surgery inherent to lumbar fusions involving multiple 
levels, operative correction of complex adult spinal defor-
mity has been shown to lead to significant improvements 
in PROs, including overall health and disability.8,24,25,31 As 
a result, PRO questionnaires have become commonplace 
tools to administer in both the preoperative and postop-
erative settings to measure subjective outcomes of spinal 
surgery. The ODI and SRS-22r have emerged as some of 
the most popular tools to assess improvement in patients’ 
perceptions of health and deformity after surgery for de-
formity correction.6,9

Our current study demonstrates the significant im-
provement in PROs after correction of complex deformity, 
as the majority of our cohort reported a sustained and sta-
tistically significant reduction from baseline in ODI, as 
well as improvement in all self-assessment domains of the 
SRS-22r up to 5 years after surgery. More than half of our 
cohort had very complex revision pathology, with major 
sagittal imbalance. The surgical effectiveness of spinal 
surgery in leading to significant and sustained improve-
ments in patient-reported disability and overall outcomes 
has been previously reported.2,8,9,16,18 In our study, we ob-
served the greatest magnitude of change in baseline to 
follow-up ODI; on the level of the individual SRS-22r do-
mains, our cohort showed the greatest improvement from 
baseline in the self-image domain, with function, pain, and 
mental health showing less but still substantial and sig-

TABLE 2. Intraoperative and postoperative variables

Variable Value

Operative time (hours) 8.6 ± 2.9
Estimated blood loss (ml) 1058.6 ± 1332.2
Length of stay (days) 7.4 ± 5.5
No. of complications
 Median 1
 IQR 0–3.6
Major coronal curve Cobb (°) 19.8 ± 19.3
Pelvic incidence (°) 58.2 ± 13.0
Pelvic tilt (°) 40.1 ± 21.1
Sagittal balance (mm) 52.4 ± 42.8
Coronal balance (mm) 20.2 ± 17.8

Data are presented as mean ± SD unless otherwise indicated.

TABLE 3. Correlation between 2- and 5-year follow-up PROs

Variable 2-Year 5-Year r2 95% CI p Value

SRS-22r func-
tion

3.1 ± 1.0 3.0 ± 1.1 0.79 0.70–0.86 <0.001

SRS-22r self-
image

3.4 ± 1.1 3.2 ± 1.2 0.82 0.73–0.88 <0.001

SRS-22r men-
tal health

3.7 ± 1.1 3.5 ± 1.1 0.77 0.66–0.84 <0.001

SRS-22r pain 3.3 ± 1.2 3.1 ± 1.2 0.79 0.70–0.86 <0.001
SRS-ss 3.4 ± 1.0 3.2 ± 1.1 0.82 0.74–0.88 <0.001
ODI 28.1 ± 17.5 29.2 ± 22.1 0.80 0.71–0.87 <0.001

SRS-ss = SRS sum score.
Data are presented as mean ± SD.
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nificant improvement from baseline. The finding that self-
image may be subject to the greatest benefit of all SRS-22r 
domains after correction of complex deformities has been 
previously reported. Asher et al. demonstrated the great-
est sustained improvement in self-image compared to the 
other SRS-22r domains in a prospective evaluation of 58 
scoliosis patients.5 Similarly, in a multicenter, prospective 

study of adult scoliosis patients conducted by Bridwell et 
al., SRS-22r self-image showed the greatest improvement 
at 1- and 2-year follow-up after surgery.8 Other studies 
have reported substantial improvements in patient percep-
tions of disability as evidenced by significant reductions 
in ODI after spinal fusion.10,12,15,18,21 Due to this potential 
for significant improvement in both perceptions of dis-
ability and self-image, longitudinal assessment of PROs in 
spinal deformity patients, especially in those undergoing 
complex fusions, is important in the evaluation of overall 
surgical outcomes.

Collecting PROs at multiple follow-ups after spinal 
surgery is important, as patients continue to experience 
significant changes in healthcare quality-of-life measures 
owing to their deformity correction up to a year after 
surgery. Previous studies have reported significant differ-
ences in 12-month PROs compared to data collected im-
mediately after spinal surgery.2,19 While 12 months has 
been suggested to be the minimum time period necessary 
to assess improvement after surgery,2 studies have also 
reported further improvements in PROs, including visual 

FIG. 1. SRS-22r and ODI scores from baseline to 2 and 5 years after complex spinal fusion operations.

TABLE 4. Absolute changes in PROs with time

Variable
Δ 2-Year − 
Baseline

Δ 5-Year − 
Baseline p Value

SRS-22r function 0.60 ± 0.62 0.49 ± 0.79 0.270
SRS-22r self-image 1.4 ± 0.96 1.3 ± 1.0 0.758
SRS-22r mental health 0.49 ± 0.77 0.38 ± 0.84 0.353
SRS-22r pain 0.94 ± 0.97 0.80 ± 1.0 0.295
SRS-ss 0.85 ± 0.65 0.74 ± 0.74 0.211
ODI 17.6 ± 15.9 16.5 ± 19.9 0.665

Data are presented as mean ± SD.

Unauthenticated | Downloaded 05/23/23 11:10 PM UTC



Adogwa et al.

J Neurosurg Spine Volume 29 • October 2018426

analog scale (VAS) and ODI scores, up to 24 months after 
spinal fusions.18 In a study of 43 patients undergoing pos-
terior fusion with decompression with prospectively col-
lected PROs, Farrokhi et al. found that ODI scores, which 
averaged 72.18 preoperatively, decreased to an average of 
47.81 at 12 months after surgery and decreased further to 
an average of 15.53 at 24 months’ follow-up.18 Similarly, 
in another study of SRS-22 and ODI scores in 170 adult 
spinal deformity patients, Yoshida et al. reported contin-
ued improvement in PRO measures between 1 year and 2 
years postoperatively.33 Therefore, measuring PROs up to 
2 years after surgery may be beneficial in predicting long-
term outcomes of deformity correction.

Despite the importance of assessing long-term subjec-
tive patient outcomes, loss to follow-up commonly limits 
surgeons’ abilities to collect longitudinal PRO data.7 In 
fact, rates of loss to follow-up after deformity correction 
have been reported to range from 15% to 20%.30,32 Younger 
age and preoperative employment have been linked to lack 
of follow-up after spine surgery.30 Solberg et al. examined 
PROs in patients who were followed up regularly at clinic 
visits compared to those who were lost to follow-up 2 years 
after deformity correction. While PROs collected in both 
groups were reported to be similar, the study suggested 
that assessment of overall clinical outcomes from PROs 
at follow-up might be confounded by exclusion of patients 
who do not return for follow-up visits.32 Specifically, pa-
tients who elect to return to the clinic may report better 
outcomes than the patients who elect to not return. The im-
portance of minimizing loss to follow-up for the validity 
of longitudinal prospective studies has been emphasized 
across the literature.14,23,28 Using effective approaches to 
disseminate reliable assessments and identifying optimal 
follow-up time frames to increase retention should reduce 
patient loss to follow-up.

While some studies have pursued alternative methods 
to ensure long-term PRO collection, other studies have 
examined the ability of PROs collected shortly after sur-
gery to predict long-term subjective outcomes. In spinal 
surgery, the utility of early postoperative PROs to predict 
long-term SRS-22r and ODI scores has been previously 
described.2,3,20,22,29 In a study of 84 adult spinal defor-
mity patients with ODI and SRS-22r scores collected in 
the preoperative setting and at 6-week, 1-year, and 3-year 
follow-up, Jain et al. found that improvements during the 
1st postoperative year could be used to accurately predict 
3-year PROs.20 In a follow-up study of 969 spinal deformi-

ty patients, Adogwa et al. reported a significant correlation 
between 1- and 2-year ODI, 36-Item Short-Form Health 
Survey (SF-36) Physical Component Summary score, and 
VAS back pain and leg pain.2 In this study, patients who 
achieved MCID at 12-month follow-up were more likely 
to report improvement at 24-month follow-up, suggesting 
that 1-year follow-up was a sufficient time period to pre-
dict outcomes after deformity correction.2 Analogously, 
our study demonstrated that 2-year SRS-22r domains and 
ODI reliably correlate with PROs measured at 5-year fol-
low-up after deformity correction.

Interestingly, questionnaires completed in the first few 
months after spinal surgery have demonstrated little cor-
relation with long-term PROs. Both Asher et al. and Parker 
et al. examined the correlation of 3-month with 12-month 
PROs after spinal surgery and found that the 3-month 
ODI,3,29 numeric rating scale (NRS), 12-Item Short-Form 
Health Survey (SF-12), EQ-5D, or Zung Self-Rating De-
pression Scale29 did not reliably predict 12-month mea-
sures at the individual patient level. This lack of predictive 
power likely stems from patients seeing continued im-
provement throughout the 1st year after surgery. In a ret-
rospective review of 1803 consecutive patients undergoing 
spine surgery, McGirt et al. reported the greatest improve-
ment in all measured PROs (ODI, EQ-5D, and VAS back 
and leg pain) in the 1st postoperative year.27 Moreover, in 
an evaluation of PROs collected up to 3 years postopera-
tively, Jain et al. reported the most clinically significant 
improvement from 6-week to 1-year follow-up after sur-
gery.20 Clearly, owing to continued improvement in the 
immediate postoperative setting up to 1 year after surgery, 
collection of PROs must occur for a minimum amount of 
time to accurately predict long-term subjective outcomes. 
Based on these studies’ findings, as well as our own, we 
suggest prospective collection of PROs up to 2 years after 
surgery to optimize prediction of long-term (5-year or lon-
ger) subjective outcomes.

There are limitations to this study, with implications 
for its interpretation. First, although pre- and periopera-
tive variables were prospectively recorded into the study 
registry at the time of surgery, these variables were ret-
rospectively analyzed for the purposes of this study and, 
accordingly, are subject to the drawbacks associated with 
all retrospective reviews. Second, our study group repre-
sented a mixed patient population, consisting of patients 
who were undergoing primary and revision operations, as 
well as operations with and without osteotomies, which 
may have implications on our overall results. Third, our 
study did not measure or account for patients who were 
lost to follow-up, and lack of inclusion of these patients’ 

TABLE 5. Absolute changes in PROs from 2 to 5 years after 
surgery and percent deterioration at 5 years

Variables Δ 5-Year − 2-Year* % Deterioration

SRS-22r function 0.09 ± 0.69 −9.3
SRS-22r self-image 0.05 ± 0.72 −5.2
SRS-22r mental health 0.09 ± 0.81 −6.4
SRS-22r pain 0.13 ± 0.80 −18.3
SRS-ss 0.09 ± 0.64 −1.1
ODI 0.44 ± 12.8 −5.6

* Mean ± SD.

TABLE 6. Proportion of patients attaining MCID in PROs at 2 and 
5 years after surgery

Variable 2-Year (%) 5-Year (%) p Value

SRS-22r function 71.7 69.1 0.693
SRS-22r self-image 89.6 84.0 0.242
SRS-22r mental health 60.6 65.6 0.467
SRS-22r pain 74.5 70.2 0.495
ODI 70.5 71.1 0.923
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outcomes could have affected our conclusions. Further-
more, data on specific complications, such as symptom-
atic proximal junctional kyphosis and pseudoarthrosis, 
were not prospectively collected and may have implica-
tions for our results. Nonetheless, our loss to follow-up 
at 2 and 5 years after surgery was quite small, similar to 
that in other reported series. Finally, our results showing 
overall improvement in PRO measures are based only on 
data collected at 2 years and 5 years after surgery and are 
not reflective of PROs in the immediate postoperative set-
ting. Despite these limitations, we demonstrate the utility 
of 2-year SRS-22r and ODI scores to predict 5-year PROs 
after complex spinal fusion.

Conclusions
Patient-reported outcomes collected at 2-year follow-

up may accurately predict long-term PROs (5-year fol-
low-up).
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