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CLINICAL RESULTS AND REOPERATION RATES AFTER LONG
ADULT DEFORMITY FUSIONS FROM THE SACRUM TO THE
THORACOLUMBAR SPINE
Abdul Fettah BUYUK,

Amir MEHBOD

ABSTRACT

Twin Cities Spine Center, Minneapolis, USA

Objective: To evaluate patient-reported outcome measures and reoperation rates after primary fusion surgery from the thoracolumbar spine to
the sacrum for adult spinal deformity (ASD).
Materials and Methods: In this study, 63 patients with ASD who underwent primary fusion surgery from the sacrum to thoracolumbar area at a
single specialty spine centre were reviewed. All patients were followed-up for a minimum of 2 years with a mean follow-up period of 44 months.
The preoperative and final follow-up Oswestry disability index (ODI) scores and radiographs were reviewed. Patients who reached a minimal
clinically important difference (MCID) were determined. Moreover, reoperations for any reason during follow-up were noted.
Results: The median ODI scores improved significantly from 40 preoperatively to 28 at the final follow-up (p≤0.01). A majority of patients
achieved MCID (52%), and reoperation was performed in 33% of the patients. The reasons for reoperation were proximal junctional failure (n=7),
implant irritation (n=5), pseudarthrosis repair (n=4), infection (n=4) and recurrent stenosis (n=1).
Conclusion: Primary instrumented fusion from the thoracolumbar spine to the sacrum for ASD is associated with high re-operation rates. A
significant improvement in ODI was seen at the final follow-up in patients who did not receive a re-operation. Whereas, among the re-operated
patients, only 19% achieved a MCID in ODI score.
Keywords: Adult spinal deformity, reoperation, MCID, ODI, clinical outcomes

INTRODUCTION
Adult spinal deformity (ASD) can be a relatively painless
condition or cause intractable pain. While the minimally
symptomatic patients can be treated non-operatively with
medication and physical therapy, patients with severe symptoms
may require surgical intervention(1,2). Although surgery for
ASD has been shown to improve function and alleviate
pain, it is unfortunately associated with high complication
and re-operation rates(3-5). Moreover, surgical options can
vary between minimally invasive decompressions to long
construct fusions(4). Many studies have evaluated the results
of ASD surgery with different inclusion criteria, fusion levels
and outcome assessments. Surgical procedures are typically
multilevel and can often include the sacrum distally. Ending a
construct at L5 instead of the sacrum has its own advantages
and limitations. The advantages include it being less invasive,
preserving lumbosacral motion and avoiding pseudarthrosis
at that level, while the limitations are generally degeneration
and loss of lordosis at L5-S1 leading to additional surgery

due to axial pain, radiculopathy or sagittal imbalance(6). In
addition, the known complications when including the sacrum
are pseudarthrosis, proximal junctional kyphosis and proximal
junctional failure (PJF)(7,8). This retrospective study evaluated
patient-reported outcome measures and reoperation rates
after primary instrumented fusion from the thoracolumbar
area to the sacrum. Understanding the outcomes and possible
complications leading to re-operation will help surgeons and
their patients make informed treatment decisions and manage
both the pre- and postoperative expectations.

MATERIALS AND METHODS
Ethics committee approval was obtained from Allina Health
Institutional Review Board (no: 1403801). Institutional Review
Board waived for this type of study.
This study has been approved by the institutional review
board prior to the retrospective chart review and radiographic
assessment. The study included consecutive patients with
ASD who underwent surgery at a single specialty spine centre
between 2008 and 2016. ASD was defined as a Cobb angle
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of 30º or greater or/and a sagittal vertical axis (SVA) of 5 cm
or greater or/and pelvic tilt (PT) >25º. All included patients
had at least five-level primary instrumented fusions from the
sacrum-pelvis to the upper lumbar or thoracic spine (T9-L1).
However, patients with prior lumbar fusion surgery, severe
osteoporosis, neuromuscular disorders, infection or trauma
and those who refused to be included were excluded from the
study. Additionally, patients who had surgery within two years
prior to the initiation of the study were also deemed ineligible
to be included.
Statistical Analysis
Moreover, data were extracted from the patients’ clinical and
operative notes in the electronic health records of our local
hospital system. Functional outcome analysis was based on
the Oswestry disability index (ODI) before surgery and at the
final follow-up. For further clinical outcome evaluation, the
minimal clinically important difference (MCID) was calculated;
and the threshold for MCID was 12.8(9). In addition, the number
of instrumented levels, the surgical approach and whether iliac
fixation or osteotomy (Smith-Petersen) was performed were
assessed. Additionally, re-operation during follow-up for any
reason was recorded. Radiographic measurements were done
on digitally archived posterior-anterior and lateral radiographs
from two time points-preoperative and at final follow-up or
pre-revision. Statistical tests included chi-square or Fisher’s
exact tests for categorical variables, Student’s t-tests and
paired t-tests for normally distributed continuous variables
and Kruskal-Wallis tests for non-normally distributed data. The
threshold for statistical significance was p=0.05.

RESULTS
In total, 449 fusion cases were reported between 2008 and
2016. Of these, 210 were excluded due to a history of previous
spine fusion. Among the 239 primary cases, 167 patients had
instrumented fusion proximal to S1. Moreover, 72 patients
received instrumented posterior fusion from the lower
thoracolumbar spine (T9-L1) to the sacrum with or without
pelvic extension. Nine patients were excluded due to a history
of osteomyelitis (n=1), no consent to research (n=2), and failure
to follow-up (n=6)(6). Finally, 63 patients were eligible for the
study (Table 1). These were nine males and 54 females. Their
mean age was 63 years. While the median follow-up was 34
months, the median number of levels fused was seven. For
80% of the patients, the uppermost instrumented level was
T10 or T11. Most patients (91%) received an interbody fusion
implant in addition to posterior screws and rods. Fixation to the
pelvis was employed in two-thirds of the subjects. All patients
received either interbody fusion or pelvic fixation, or both, at
L5-S1, depending on surgeon’s preference. Additionally, SmithPetersen osteotomies were performed in 29% of the patients.
Table 2 summarises the radiographic data and compares the
variables between patients receiving a re-operation due to PJF
and the other study subjects. A significant improvement was
observed in their lumbar lordosis in both groups; however,
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patients who were re-operated due to PJF had smaller changes
in their lumbar lordosis and SVA. In addition, patients reoperated for PJF had a larger preoperative and postoperative PT.
While the PT improvement was significant in non-PJF patients,
it was insignificant in patients who had PJF.
Interestingly, a 30% improvement (Table 3) in the patientreported outcomes (mean ODI scores) was observed among all
patients (i.e. from 40 preoperatively to 28 at the final followup), which was significant (p<0.01). Among the patients who
were re-operated, the change in ODI was −4 points. The final
outcome for these patients (46 points) was statistically different
from the patients who did not receive a reoperation, whose final
outcome was 20 points (p=0.01). Of the total study population,
52% of the patients achieved MCID in ODI (Table 4). While the
patients who were re-operated achieved only 19% MCID, those
who were not, achieved a 69% MCID. The difference between
the two groups was therefore significant (p<0.01).
Further, re-operations during the follow-up period were
performed on 21 of the 63 included patients (33%) (Table 5). The
reasons for re-operation included PJF (n=7), implant irritation
(n=6), pseudarthrosis repair (n=4), surgical site infection (n=4)
and recurrent stenosis (n=1). One subject, however, presented
with both infection and pseudarthrosis.

DISCUSSION
In a prospective observational study comparing non-operative
and operative treatments for symptomatic ASD, patients
showed significant improvement with surgical treatment(10).
Table 1. Demographics and surgical factors
Factor, measure (statistic)

All patients
(n=63)

Age, years (mean ± SD)

62.9±9.8

Gender (M:F)

9:54

BMI (mean ± SD)

28.6±5.9

Follow up, months (median, range)

34 (24-103)

Number of fused levels (median, range)

7 (5-9)

Upper instrumented level, n
T9

4 (6%)

T10

25 (40%)

T11

25 (40%)

T12

8 (13%)

L1

1 (2%)

Interbody procedure, n
ALIF

39 (62%)

XLIF and/or TLIF

18 (29%)

No interbody

6 (10%)

Iliac fixation, n (%)

40/63 (63%)

Osteotomy, n (%)

18/63 (29%)

SD: Standard deviation, n: Number, M: Male, F: Female, BMI: Body mass
index, ALIF: Anterior lumbar interbody fusion XLIF: Extreme lateral
interbody fusion, TLIF: Transforaminal lumbar interbody fusion
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Among the operative subjects, the mean pre- to postoperative
improvement in ODI was 14, however, there was no significant
change in patients treated non-operatively. In other study

comparing changes in back and leg back pain after operative
or non-operative treatment, a significant improvement with
surgical intervention was observed. Of the surgically treated

Table 2. Radiographic parameters for patients with and without proximal junctional failure
All patients
(n=63)

PJF
(n=7)

No PJF
(n=56)

Preoperative

36±17

35±16

36±17

Final follow-up

52±12

48±14

53±12

p value (preoperative vs final)

<0.01

<0.01

<0.01

Delta (preoperative-final)

-

-12±10

-17±14

Pelvic incidence, degrees (mean ± SD)

57±10

58±10

56±10

Preoperative

24±7

27±9

24±7

Final follow-up

22±8

25±6

21±8

p value (preoperative vs final)

<0.01

0.28

<0.01

Delta (preoperative-final)

-

1±6

3±7

Preoperative

50±50

30±50

52±50

Final follow-up

29±37

25±47

30±37

p value (preoperative vs final)

<0.01

0.37

<0.01

Delta (preoperative-final)

-

5±23

23±45

Preoperative

42±13

41±10

43±14

Final follow-up

19±9

16±10

19±9

p value (preoperative vs final)

<0.01

<0.01

<0.01

Delta (preoperative-final)

-

25±6

24±10

Preoperative

26±26

15±13

29±27

Final follow-up

15±13

10±11

15±13

p value (preoperative vs final)

<0.01

0.02

<0.01

Delta (preoperative-final)

-

5±7

13±23

Factor

p value

Lumbar lordosis, degrees (mean ± SD)

0.30

0.63

Pelvic tilt, degrees (mean ± SD)

0.57

SVA, mm (mean ± SD)

0.10

Coronal cobb angle degrees (mean ± SD)

0.71

Coronal plane decompensation, mm (mean ± SD)

0.08

PJF: Proximal junctional failure, n: Number, SD: Standard deviation, SVA: Sagittal vertical axis

Table 3. Patient reported outcomes (median, range)
Patient reported outcome

All patients (n=63)

Re-operation (n=21)

No re-operation (n=42)

p value

Preoperative ODI

40 (8-80)

42 (8-67)

39 (16-80)

0.98

Postoperative ODI

28 (0-82)

46 (0-82)

20 (0-80)

0.01

p value

<0.01

0.97

<0.01

-

ODI: Oswestry disability index, n: Number

Table 4. Patients achieving a minimal clinically important difference on Oswestry disability index
MCID

All patients (n=63)

Re-operation (n=21)

No re-operation (n=42)

Yes (percent)

33 (52%)

4 (19%)

29 (69%)

No (percent)

30 (48%)

17 (81%)

13 (31%)

p value
<0.01

MCID: Minimal clinically important difference, n: Number
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Table 5. Reasons for re-operation
Reason for re-operation

Number

Study
population
(n=63), %

Re-operated
patients
(n=21), %

Months to occurrence
median
(range)

Surgical site infection

4

6%

19%

1 (0-40)

Proximal junctional failure

7

11%

33%

12 (6-50)

Pseudoarthrosis

4

6%

19%

14 (12-29)

Painful instrumentation

6

10%

29%

16 (8-35)

Recurrent symptoms

1

2%

5%

30

n: Number

patients, 49% achieved MCID, while <10% of the non-operative
patients achieved MCID(11). Our study also showed an overall
significant improvement in ODI with surgical treatment (40
preoperatively to 28 at the final follow-up). Additionally, 52% of
our subjects achieved MCID.
Typically, re-operation after primary fusion surgery for ASD is
reportedly high. Transfeldt et al.(12) reported 37% re-operation
rate among patients with long fusions for degenerative
scoliosis with radiculopathy. Likewise, Mok et al.(13) reported
a 26% reoperation rate including infection, adjacent segment
problems, implant failure, painful implant or pseudarthrosis.
They included patients with long fusion (least five levels).
Instrumented levels varied both proximally and distally. We were
more homogeneous in terms of always including the sacrum
and ending at the upper lumbar/lower thoracic spine, but we
still observed a high re-operation rate (33%). Our reasons for
re-operation were similar to other findings: PJF, painful implant,
pseudarthrosis, infection and recurrent stenosis. Apparently,
one-third of ASD patients receiving multilevel surgery are at
risk for reoperation.
PJF is one of the main reason for re-operation after adult spine
deformity. Its incidence in the literature has been reported
between 1% and 35%(7). The aetiology of PJF is most likely
multifactorial and several risk factors have been defined for
PJF, including fusion to the sacrum-pelvis, anterior-posterior
combined fusion and upper-instrumented vertebra level at the
thoracolumbar junction(7,14). Yagi et al.(15), in their study, reported
a 1.4% incidence of PJF in surgically treated ASD patients with
a minimum of two-year follow-up. Park et al.(14) reported an
18% PJF in patients who underwent a long instrumented fusion
to the sacrum for ASD. In this study, PJF was the main reason for
re-operation. Its overall incidence was 11%, and it accounted
for one-third of the re-operated patients. The high incidence of
PJF in this study may be related to our surgical inclusion criteria
where all patients had fusion to sacrum-pelvis and their upperinstrumented vertebra level were at thoracolumbar junction. In
addition, most of our patients had anterior-posterior-combined
surgeries and only pedicle screws were utilised for posterior
instrumentation. Our radiographic results showed that patients
had significant improvement in their lumbar lordosis and mild
changes in their SVA. However, patients who had PJF had higher
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pre- and postoperative PT. Additionally, improvement in PT was
significant in patients who did not develop PJF and insignificant
for patients who did. Higher preoperative PT was reported as a
risk factor for PJF, and patients who continue to have high PT
postoperatively can be evaluated as having under correction of
their sagittal alignment(16).
Pseudarthrosis after primary fusion surgery for ASD can be
painful and may require re-operation. In a meta-analysis of
pseudarthrosis in adult and paediatric spinal deformity surgery,
a 6.3% incidence of pseudarthrosis has been reported(17).
Including the sacrum is a risk factor for pseudarthrosis(6,18).
Kim et al.(18) reported a 24% incidence of pseudarthrosis after
long instrumentation to the sacrum in ASD patients. Further,
after a combination of sacral screws and iliac screws, Tsuchiya
et al.(19) reported a 7.5% non-union in their study. Our results
showed 6% pseudarthrosis requiring revision surgery. While
all of our patients had fusion to sacrum, the vast majority also
had supplemental pelvic fixation. Our relatively lower rate of
pseudarthrosis might be related to this utilisation of pelvic
fixation. In addition, the large majority of our patients (92%)
had interbody fusion at the L5/S1 level. Schroder reported that
a high fusion rate can be expected with the usage of interbody
fusion (anterior lumbar interbody fusion or transforaminal
lumbar interbody fusion) at the treatment of L5/S1 degenerative
pathologies(20).
Despite their efficacy, iliac screws can themselves be a source
of pain or irritation that requires implant removal. In one study,
6.1% of ASD patients who had fusion to the sacrum required
removal of iliac screws(21). In our study, removal of painful iliac
instrumentation was required in six of 63 patients (10%); 40
patients had iliac screws for pelvic fixation, which means 25%
incidence of painful implants in this subgroup. All patients
reported relief without sequelae after iliac screw removal.
The surgical site infection after primary fusion surgery for ASD
is a frequent complication with a reported incidence of 1.210.9%(22-24). Within the deformity population in our study that
underwent surgery, 6% had surgical site infections requiring reoperation, which is consistent with the literature. The median
time to presentation was one month. One patient was treated
with irrigation and debridement and others with vacuumassisted wound closure. All patients were infection free at their
final follow-up.
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Symptomatic recurrent or remnant stenosis after spine surgery
has been described and re-operation was considered as an
appropriate treatment option for patients having predominant
leg or mixed leg/back pain(25). In this study, recurrent leg pain
and foraminal stenosis was confirmed in one patient through
diagnostic imaging studies. Diagnosis was also supported
with selective nerve root block. This subject underwent
decompression surgery during follow-up with significant
improvement.
We found that reoperation and patient-reported outcomes were
related. Patients who received a re-operation expressed lower
patient-reported outcome measures at the final follow-up
compared to those who did not. A number of investigators have
established relationships between reoperation and clinical
symptoms(13,26-28), however, the link between patient-reported
outcomes and reoperation rates is novel.
Study Limitations
Our study has several limitations, which create bias. First, being
a retrospective study, we cannot adjust for statistical power nor
can we establish causation between pre- and postoperative
factors. Second, patients who were lost to follow-up or who did
not consent to participate were excluded from the study. Results
could have been different if all patients were included. Third,
there were a considerable number of patients with a history of
previous fusion who were excluded from this study; therefore,
our results are applicable to patients receiving primary fusion
surgery and cannot be generalised to the whole population of
adults with deformity and those who are candidates for fusion
surgery. Fourth, the follow-up periods varied between subjects.
Patient-reported outcomes are subject to change over time,
especially with the onset of new symptoms. Last, results could
have been different if fusions had been extended to the pelvis
for all patients.

CONCLUSION
A significant improvement was seen in patient-reported
outcome measures in the patients who underwent primary
fusion from the thoracolumbar spine to the sacrum for ASD.
MCID was achieved in the majority of patients. The rate for reoperation was high; one-third of the patients had revision (33%)
at long-term follow-up. Moreover, knowing potential expected
clinical outcomes and possible reasons for re-operation in ASD
surgery is important for counselling patients and managing
their expectations.
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