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Investigation of Causes of Re-Surgery in Patients with Previous Lumbar Spine Surgery

Abstract

Introduction: Spine disorders are one of the common causes of referral to orthopedic clinics and reasons for
orthopedic surgeries. Lumbar spinal surgery helps reduce pain and improve function in patients with certain
degenerative conditions. In this paper we investigated the causes of revision spine surgery.

Materials & Methods: In a retrospective cohort study the patients who had undergone revision spinal surgery
within one year in a teaching hospital were evaluated -in accordance with diagnosis and clinical criteria. The
patients were randomly selected and screened, and demographic information (including age, gender, underlying
disease, and body mass index (BMI)) was collected through a data collection form using patients’ records. The
clinical features including diagnosis of spine disease, type of previous surgery, number of fusions, history of spine
surgery, Roussouly classification, and T-score, and also radiographic parameters such as sagittal vertical angle
(SVA), pelvic incidence (PI), lumbar lordosis (LL), PI-LL mismatch, sacral slope (SS) and pelvic tilt (PT) were
collected and included in the checklist.

Results & Discussion: The most common cause of original spine surgery was spinal canal stenosis, which was
present in 37 patients (92.5%). The most common surgery was discectomy followed by spinal fusion _ performed
in 30 (75%) and 27 patients (67.5%) respectively. 25 patients (62.5%) had a history of only one surgery. According
to the Roussouly classification, 30 patients (75%) had SS <35 °, and 10 patients (25%) had SS> 35 °. The mean
BMI was 28.28. 2.60 kg / m2. The mean T-score in bone densitometry was -1.86 + 1.06. The mean size of SVA
was 7.12 £ 2.19 cm; the mean Pl angle was 52.12 + 10.80 °; the mean LL angle was 23.42 + 15.56 °; the mean size
of the difference between Pl and LL angles was 29.25 + 15.30 °, the mean SS angle was 27.85 + 10.69 °, and the
mean PT angle was 23.62 + 7.62 °. SVA size was abnormal in 35 patients (87.5%), Pl in 14 patients (35%), the
difference between Pl and LL in 35 patients (87.5%), SS in 34 patients (85%), and PT in 29 patients (72.5%) was
abnormal. There was a significant difference in SVA, PI, PI-LL mismatch, SS, and PT between normal and abnormal
groups (P-value <0.001).

The patient factors such as old age, previous medical conditions, high BMI, osteopenia, and intraoperative
factors, including failure to correct lumbar lordosis, sagittal balance, and correction of angles in primary surgery,
showed increased risk for revision spine surgery.

Conclusion: Osteopenia and osteoporosis, failure in reconstituting lumbar lordosis and proper sagittal balance
are common reasons leading to revision spine surgery.
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Spinal disorders are among the most common causes of referrals to orthopedic
clinics and represent a major indication for orthopedic surgeries. These
procedures, particularly in patients with a history of previous operations, are
often more technically demanding due to postoperative adhesions and the
progression of degenerative changes over time, necessitating longer and more
precise surgical interventions. The most frequent indication for spinal surgery
is neural element compression, with lumbar disc herniation and spinal stenosis
being the two leading etiologies'?.

Radicular pain is one of the primary reasons for patients to seek medical
attention in clinics and physicians’ offices, often resulting in substantial
disability™™. This condition can occur even at a young age, with approximately
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Epidemiological data indicate that the one-month
prevalence of low back pain in the general population
is approximately 32%. On average, it accounts for 5.5
days of bed rest and leads to work absenteeism in
about 19% of individuals®.

Laminectomy is among the most frequently
performed surgical procedures for patients with
lumbar radiculopathy'®. Although these operations
generally demonstrate favorable efficacy, they can
occasionally result in complications and adverse
outcomes®. Moreover, between 10% and 20% of
surgically treated patients experience recurrent
symptoms for various reasons and require further
medical evaluation®®.

Epidemiological studies have demonstrated that both
personal and occupational factors, as well as lifestyle-
related variables, are associated with lumbar spine
disorders. Non-occupational risk factors include age,
sex, physical fitness, cigarette smoking, and
congenital structural abnormalities such as
spondylolisthesis. Occupational factors such as lifting
and pushing heavy loads, repetitive lumbar flexion
and extension, and poor posture or non-ergonomic
working conditions have also been identified as
significant contributors to low back pain®).
Compared with patients who respond well to surgery,
those with recurrent symptoms often experience
multiple physical and psychological problems, along
with a reduced quality of life. Consequently, early
identification of these patients is of critical
importance, particularly in the context of
preoperative planning, as it may help prevent
recurrence in subsequent surgical procedures®®.
Spinal surgery has proven effective with pain
reduction and functional improvement in specific
degenerative spine disease. “Failed back surgery,”
“flatback syndrome,” and “post-laminectomy
syndrome” are different terms for describing the
patents who had one spinal surgery but still continue
to present with symptoms. Over the past two
decades, there has been a marked increase in the
overall rate of spinal surgeries. Consequently, the
number of revision procedures, as well as patient
referrals to spine surgeons and general practitioners,
is expected to rise accordingly?.

Loosing of normal lordosis of lumbar spine after
spinal fusion is typically referred as “flatback
syndrome”, which results in change the sagittal
balance. The patients usually have complain of pain
and inability to hold their upright standing posture.
Common etiologies for this syndrome are
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hypolordotic lumbar fusion in degenerative
spondylosis, kyphosis at the thoracolumbar junction
and pseudarthrosis leads to progressive deformity.
Another cause is extending the distraction
instrumentation into the lumbo-sacral spine. On
physical examination, decompensated sagittal
imbalance can be observed. Additional clinical
compensatory mechanisms that may coexist in
uncorrected sagittal malalignment include thoracic
hypokyphosis, cervical hyperlordosis, knee flexion to
offset the loss of lumbar lordosis and pelvic
retroversion.

Full length standing spinal radiographs are essential
for assessing the amount of imbalance and
spinopelvic radiographic parameters and their
relationships. In symptomatic cases, corrective
surgery to restore normal lumbar lordosis may be
needed. In mobile discs, lumbar curvature can be
restore by multiple posterior osteotomies (e.g.,
Ponte osteotomy) and in cases of rigid, fused
deformities, by a three-column pedicle subtraction
osteotomy?.

Given the scarcity of studies in this field in Iran, the
present study aimed to investigate the causes of
revision surgery in patients with a history of prior
lumbar spine operations.

Materials & Metho

This observational study was conducted as a
retrospective cohort. Overall 40 patients who
presented to Bagiyatallah Hospital, with a previous
history spinal surgery and who, at the time of
admission, fulfilled the clinical and diagnostic criteria
for revision surgery, were evaluated. Patients with
orthopedic diseases of the hip or lower extremities,
or incomplete clinical records, were excluded from
the study.

Inclusion criteria

Patients presenting to Bagiyatallah Hospital with a
history of spinal surgery who required revision
surgery based on clinical and diagnostic criteria at the
time of admission.

Exclusion criteria

1. Presence of orthopedic diseases of the hip or
lower extremities.

2. Incomplete patient data.
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Sampling method and sample size

calculation

Convenience sampling was used in this study. Based
on the formula for sample size calculation,
considering a (type | error) = 0.05, d (precision) = 0.1,
and P = 0.1 (according to reference 6, which reported
approximately 10% revision surgery rate), the
required sample size was estimated at 36 patients.
Ultimately, 40 patients who met the inclusion criteria
and required revision spinal surgery were included.
Demographic data (age, sex, comorbidities, and BMI)
were collected using a structured data collection
form derived from medical records. In addition,
clinical characteristics including spinal diagnosis, type
of previous surgery, number of fusion levels, number
of prior spine surgeries, Roussouly classification, T-
score, as well as radiographic parameters (SVA, PI, LL,
PI-LL, SS, and PT) were recorded in a checklist.

Roussouly classification

The original Roussouly classification describes the
geometric relationship between sacral slope (SS) and
the lower arc of lumbar lordosis (from the S1
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endplate to a horizontal line through the apex of LL)
(Panel 1, part A). Four subtypes are defined: type 1
and 2 for SS < 35°, type 3 for 35° <SS < 45°, and type
4 for SS > 45°. In this study, patients were divided into
two groups: SS < 35° and SS > 35° (Figure 1).

Sagittal vertical axis (SVA)

SVA is defined as the plumb line dropped from the
center of the C7 vertebral body on the whole spine
lateral standing radiograph (Panel B).

Normally, the plumb line passes through or slightly
behind the sacrum. Physiological values of SVA in
adults range between +48 mm and —-48 mm, and
negative values indicating a position behind the
sacral promontory. In this study, SVA < 50 mm was
considered normal.

Pelvic incidence (PI)

PI is termed as the angle between a line

perpendicular to the midpoint of the sacral endplate
and a line drawn from this point to the axis of the
bicoxofemoral joints (Panel C). The mean Pl in adults
is 52° + 10°.

H. Pelvic tilt

Figure 1: Radiographic parameter values:
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Lumbar lordosis (LL)

LL was measured from the superior endplate of L1 to
the inferior endplate of S1 (Panel C).

PI-LL mismatch

The normal difference between Pl and LL is <10°. In
this study, PI-LL <9° was considered normal.

Sacral slope (SS)

SSis termed as the angle between the sacral endplate
and a horizontal reference line (Panel E). Normal
values were considered between 35° and 45°.

Pelvic tilt (PT)

PT is termed as the angle between a vertical
reference line and the line connecting the midpoint
of the sacral endplate to the axis of the femoral heads
(Panel F). PT < 20° was considered normal.

Ethical Considerations

Written informed consent was obtained from all
participants and this study was approve by obtained
the institutional ethics committee. All collected data
were kept confidential and anonymized. The study
was conducted in accordance with the principles of
the Declaration of Helsinki. No additional financial
burden was imposed on the patients.

Data Analysis

Data were analyzed using SPSS version 26.
Quantitative variables were expressed as mean %
standard deviation (Mean + SD), while categorical
variables were reported as frequencies and
percentages. Comparisons of quantitative variables
were performed using the independent samples t-
test or, in cases of non-normal distribution, the
Mann-Whitney U test. Comparisons of categorical
variables were conducted using the Chi-square test or
Fisher’s exact test, as appropriate. A p-value of less
than 0.05 was considered statistically significant.

In this study, 40 patients requiring revision spinal
surgery were evaluated. The mean age was 62.92 +
7.07 years (52—77 years). Of these, 24 patients (60%)
were female. The most common comorbidities were
hypertension in 14 (35%) and diabetes mellitus in 13
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patients (32.5%). Other comorbid conditions included
chronic kidney disease (CKD) in 5 (12.5%), heart
failure (HF) in 4 (10%), cerebrovascular accident
(CVA) in 2 (5%), Parkinson’s disease in 1 (2.5%),
rheumatoid arthritis (RA) in 1 (2.5%), and other
conditions in 3 patients (7.5%) (Table 1).

The most common reason for spine surgery was canal
stenosis, observed in 37 patients (92.5%). Additional
indications included spondylolisthesis in 26 patients
(65%), device failure in 13 patients (32.5%), and disc
herniation in eight patients (20%) (Table 1).

With respect to the type of surgery, discectomy was
the most common procedure, performed in 30 cases
(75%), and spinal fusion in 27 cases (67.5%). Other
surgical procedures were performed in nine patients
(22.5%) (Table 1).

Regarding the number of fusion levels, no fusion was
performed in 10 patients (25%), four-level fusion in
eight patients (20%), three-level fusion in seven
patients (17.5%), seven-level fusion in six patients
(15%), nine-level fusion in three patients (7.5%), five-
level fusion in three patients (7.5%), two-level fusion
in two patients (5%), and six-level fusion in one
patient (2.5%) (Table 1).

In terms of the number of previous spinal surgeries,
25 patients (62.5%) had undergone one prior surgery,
seven patients (17.5%) had two surgeries, four
patients (10%) had four surgeries, two patients (5%)
had three surgeries, and two patients (5%) had five
previous spinal surgeries (Table 1).

According to the Roussouly classification, 30 patients
(75%) had SS < 35°, while 10 patients (25%) had SS >
35° (Table 1).

The mean body mass index (BMI) of patients was
28.28 + 2.6 kg/m? (minimum: 23.10; maximum: 35)
(Table 2). According to the BMI classification, 22
patients (55%) were overweight, 14 patients (35%)
had moderate obesity, one patient (2.5%) was
morbidly obese, and the remaining three patients
(7.5%) were within the normal range (Table 3).

The mean T-score in bone densitometry was -1.86 +
1.06 (range: -3 to 2.40) (Table 2). Based on T-score
classification, 20 patients (50%) had osteopenia, 14
patients (35%) had osteoporosis, and the remaining
six patients (15%) were within the normal range
(Table 3). The mean sagittal vertical axis (SVA) was
7.12 £2.19 cm (range: 1-12 cm).

The mean values of sacral slope (SS), lumbar lordosis
(LL), pelvic incidence (Pl1), PI-LL mismatch, and pelvic
tilt (PT), along with their minimum and maximum
values, are presented in Table 2.
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Table 1: Distribution of demographic and clinical variables in patients requiring revision spinal surgery (n =

Variable
Sex
Female 24 60.0
Male 16 40.0
Comorbidities
Hypertension (Yes) 14 35.0
Hypertension (No) 26 65.0
Diabetes (Yes) 13 32.5
Diabetes (No) 27 67.5
Chronic kidney disease (Yes) 5 12.5
Chronic kidney disease (No) 35 87.5
Heart failure (Yes) 4 10.0
Heart failure (No) 36 90.0
Cerebrovascular accident (Yes) 2 5.0
Cerebrovascular accident (No) 38 95.0
Parkinson’s disease (Yes) 1 2.5
Parkinson’s disease (No) 39 97.5
Rheumatoid arthritis (Yes) 1 2.5
Rheumatoid arthritis (No) 39 97.5
Other comorbidities (Yes) 3 7.5
Other comorbidities (No) 37 92.5
Spinal disease diagnosis
Spinal canal stenosis (Yes) 37 92.5
Spinal canal stenosis (No) 3 7.5
Spondylolisthesis (Yes) 26 65.0
Spondylolisthesis (No) 14 35.0
Device failure (Yes) 13 32.5
Device failure (No) 27 67.5
Disc herniation (Yes) 8 20.0
Disc herniation (No) 32 80.0
Previous surgery type
Discectomy (Yes) 30 75.0
Discectomy (No) 10 25.0
Fusion (Yes) 27 67.5
Fusion (No) 13 32.5
Laminectomy (Yes) 17 42.5
Laminectomy (No) 23 57.5
Other surgeries (Yes) 9 22.5
Other surgeries (No) 31 77.5
Number of fusion levels
None 10 25.0
Two 2 5.0
Three 7 17.5
Four 8 20.0
Five 3 7.5
Six 1 2.5
Seven 6 15.0
Nine 3 7.5
Number of previous spinal surgeries
One 25 62.5
Two 7 17.5
Three 2 5.0
Four 4 10.0
Five 2 5.0
Roussouly classification
Type 1 (SS<35°) 30 75.0
Type 2 (SS>35°) 10 25.0
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Table 2: Age, BMI, T-score, and radiographic findings in patients requiring revision spinal surgery

MeantSD Min Max
Age (years) 62.92 +7.07 52 77
BMI (kg/m?) 26.00 + 8.00 23.10 35
T-score 1.06+1.86 -3 2.4
SVA (cm) 7.12+2.19 1 12
Pl (degree) 52.12 +10.80 28 75
LL (degree) 23.42 +15.56 6 65
PI-LL (degree) 29.25 +15.30 1 58
SS (degree) 27.85+10.69 5 48
PT (degree) 23.82+7.62 9 40

Table 3: Frequency distribution of BMI subgroups, T-score, and radiographic findings in patients requiring

revision spinal surgery

Variable n (%) P-value
BMI
Morbid obesity (35 < BMI < 40) 1(2.5%)
Obese (30 < BMI < 35) 14 (35%)
Overweight (25 < BMI < 29.9) 22 (55%)
Normal (18.5 < BMI < 24.9) 3(7.5%)
T-score
Osteoporosis (T-score < -2.5) 14 (35%)
Osteopenia (-2.5 < T-score < -1) 20 (50%)
Normal (T-score > -1) 6 (15%)
SVA <0.001
Abnormal 35 (87.5%)
Normal (SVA <5 cm) 5(12.5%)
Pl
Abnormal 14 (35%)
Normal (42° < PI < 62°) 26 (65%)

PI-LL mismatch <0.001
Abnormal 35 (87.5%)
Normal (Difference < 9°) 5(12.5%)
SS <0.001
Abnormal 34 (85%)
Normal (35° < SS < 45°) 6 (15%)
PT <0.001
Abnormal 29 (72.5%)

Normal (PT < 20°)

11 (27.5%)

Specifically, the mean Pl was 52.12 + 10.80° (range:
28-75°), the mean LL was 23.42 = 15.56° (range: 6—
65°), the mean PI-LL mismatch was 29.25 + 15.30°
(range: 1-58°), the mean SS was 27.85 + 10.69°
(range: 2-48°), and the mean PT was 23.82 + 7.62°
(range: 9-40°) (Table 2).

Patients were classified into normal and abnormal
groups based on the reference values for SVA, PI, PI-
LL mismatch, SS, and PT. SVA was abnormal in 35
patients (87.5%), Pl in 14 patients (35%), PI-LL
mismatch in 35 patients (87.5%), SS in 34 patients
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(85%), and PT in 29 patients (72.5%) (Table 3; Figure
6-2). Significant differences were observed between
the normal and abnormal groups for SVA, PI, PI-LL
mismatch, SS, and PT (P < 0.001) (Table 3).

If the end result of lumbar spine surgery could not
reach the expectations of the patient or surgeon
before surgery, it may result in surgical failure and the
need for revision spine surgery or other forms of
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follow-up®). While around 50% of first spine

surgeries are successful, over 30%, 15%, and 5% of
patients do not achieve favorable outcomes after the
second, third, and fourth surgeries, respectively!*27),
Therefore, identifying the factors contributing to
surgical failure and mitigating them is of critical
importance.

In this study, 40 patients requiring revision spinal
surgery were evaluated, with a mean age of 62.92 +
7.07 years. According to Seyed Mahdi et al., age over
40 is a risk factor for recurrence of symptoms after
surgery®. However, Wang et al. reported that age is
not a decisive factor for surgical success'®'”). These
discrepancies may be attributed to geographic,
genetic, and lifestyle differences among populations.
In our cohort, 22 patients (55%) were overweight and
14 patients (35%) had moderate obesity. Previous
studies also indicate that obesity and overweight are
risk factors for surgical failure. For instance, Marquez
et al. demonstrated that BMI serves as a predictor for
postoperative complications as well as overall
surgical outcomes?®),

The most common comorbidities in our study were
hypertension and diabetes (35% and 32.5%,
respectively). According to Talbot et al., patients with
comorbidities are at higher risk of surgical failure**.
Consequently, encouraging patients to reduce weight
preoperatively, controlling comorbidities, and
promoting healthy lifestyle changes may reduce the
risk of surgical failure. Additionally, our study
indicated that older age is a predictor of surgical
failure. Implementing early screening, regular
examinations, and patient education on timely
reporting of symptoms can help manage disease at an
earlier stage, improving treatment efficacy and
reducing the physical, psychological, and financial
burden associated with recurrent pain and revision
surgery.

The mean T-score in bone densitometry was -1.86 *
1.06, with 50% of patients classified as osteopenic.
Watanabe et al. also reported a high prevalence of
osteopenia in patients who experienced vertebral
fractures following lumbar surgery?-?), In our study,
35% of patients had osteoporosis. Prior studies
indicate that osteoporosis increases the risk of
postoperative complications, surgical failure, and the
need for revision surgery!3°.

The mean SVA was 7.12 + 2.19 cm (range: 1-12 cm),
with 35 patients (87.5%) classified as abnormal (SVA
> 5 c¢cm). The mean PI-LL mismatch was 29.25 +
15.30°, abnormal in 35 patients (87.5%). The mean PT
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was 23.82 £ 7.62°, abnormal in 29 patients (72.5%; PT
> 20°). According to Schwab et al., SVA > 47 mm, PT >
22°, and PI-LL mismatch > 11° are predictors of
severe disability, and patients with these risk factors
are more likely to require revision surgery®®,
Similarly, Kim et al. reported that patients with higher
postoperative SVA and LL had a significantly
increased risk of complications such as proximal
junctional kyphosis (PJK), often necessitating revision
surger®?, These findings underscore the importance
of correcting lumbar lordosis and sagittal alignment
during the initial surgery, which was not fully
achieved in our cohort.

Overall, patient-related factors—such as advanced
age, comorbidities, high BMI, osteopenia, and
osteoporosis—along with intraoperative factors like
inadequate correction of lumbar lordosis, sagittal
balance, and spinal alignment during the primary
surgery, contribute to increased risk of surgical failure
and the need for revision procedures®?. Patients
experiencing these outcomes face greater physical
and psychological challenges and reduced quality of
life compared to those with successful surgeries,
highlighting the importance of identifying risk factors.
Nevertheless, some researchers suggest that
symptom recurrence or surgical failure is an
inevitable and gradual process associated with
aging®?.

However, patient education regarding disease
management, including obesity and diabetes, and
specialized surgeon training can reduce the risk of
surgical failure.

Conclusion

In summary, patient-related factors such as advanced
age, comorbidities, high BMI, osteopenia, and
osteoporosis, along with intraoperative factors
including insufficient correction of lumbar lordosis,
sagittal balance, and spinal alignment during the
primary surgery, can significantly increase the risk of
surgical failure and the need for revision spine
surgery.

References

1  Hart LG, Deyo RA, Cherkin DC. Physician office visits for low
back pain. Frequency, clinical evaluation, and treatment
patterns from a U.S. national survey. Spine (Phila Pa 1976).
1995;20(1):11-19. doi:  10.1097/00007632-199501000-
00003

'



10

11

12

13

14

15

Mohammad Kazem Emami Meybodi et al.

Cakmak A, Yicel B, Ozyalgn SN, et al. The frequency and
associated factors of low back pain among a younger
population in  Turkey. Spine (Phila Pa 1976).
2004;29(14):1567-1572. doi:
10.1097/01.brs.0000131432.72531.96

Stranjalis G, Tsamandouraki K, Sakas DE, Alamanos Y. Low
back pain in a representative sample of Greek population:
analysis according to personal and socioeconomic
characteristics. Spine (Phila Pa 1976). 2004;29(12):1355-
1361. doi: 10.1097/01.brs.0000127181.59012.1c

Thomé C, Zevgaridis D, Leheta O, Bazner H, Pockler-
Schoniger C, Wohrle J, Schmiedek P. Outcome after less-
invasive decompression of lumbar spinal stenosis: a
randomized comparison of unilateral laminotomy, bilateral
laminotomy, and laminectomy. J Neurosurg Spine.
2005;3(2):129-141. doi: 10.3171/spi.2005.3.2.0129

Zanoli G. Outcome assessment in lumbar spine surgery. Acta
Orthop Suppl. 2005;76(318):5-47.
https://doi.org/10.1080/17453674078540522

Kuntz KM, Snider RK, Weinstein JN, Pope MH, Katz JN. Cost-
effectiveness of fusion with and without instrumentation for
patients with degenerative spondylolisthesis and spinal
stenosis. Spine (Phila Pa 1976). 2000;25(9):1132-1139. doi:
10.1097/00007632-200005010-00015

Rosenstock L, Cullen M, Brodkin C, Redlich C. Clinical
occupational and environmental medicine text book of.
2ndedElsevier New York; 2005. P 527.

Palmer K T.Spinal disorders.Palmer KT,Cox RAF,Brown
|.Fitness for work.4th edt.Oxford:university
press;2014.P:244
https://doi.org/10.1136/0em.2007.035857

Saito S, Hoshi S, Sakai K, Chiba Y, Saito H, Hatori M, Endoh
M, Arai Y. Post-laminectomy long-term survival of a patient
with spinal cord compression secondary to metastatic
prostate cancer. Int J Clin Oncol. 2004;9(6):520-522.
https://doi.org/10.1007/s10147-004-0431-3

Bederman SS, Le VH, Pahlavan S. An approach to lumbar
revision spine surgery in adults. Journal of the American
Academy of Orthopaedic Surgeons. 2016;24(7):433-442.
doi: 10.5435/JAAOS-D-14-00181

Matsumoto T, Okuda S, Maeno T, Yamashita T, Yamasaki R,
Sugiura T, lwasaki M. Spinopelvic sagittal imbalance as a risk
factor for adjacent-segment disease after single-segment
posterior lumbar interbody fusion. Journal of Neurosurgery:

Spine. 2017;26(4):435-440. doi:
10.3171/2016.9.SPINE16232
Kim HJ, Bridwell KH, Lenke LG, Park MS, Song KS,

Piyaskulkaew C, Chuntarapas T. Patients with proximal
junctional kyphosis requiring revision surgery have higher
postoperative lumbar lordosis and larger sagittal balance
corrections. Spine. 2014;39(9):E576-80. doi:
10.1097/BRS.0000000000000246

Walker BF. Failed back surgery syndrome. COMSIG Rev.
1992;1(1):3-6. PMCID: PMC2050006. PMID: 17989739
Talbot L. Failed back surgery syndrome. BMJ.
2003;327(7421):985-986. doi: 10.1136/bm;j.327.7421.985
Devulder J, Deene P, De Laat M, Van Bastelaere M,
Brusselmans G, Rolly G. Nerve root sleeve injections in
patients with failed back surgery syndrome: a comparison of
three solutions. Clin J Pain. 1999;15(2):132-135. doi:
10.1097/00002508-199906000-00010

Iranian Journal of Orthopaedic Surgery

Vol. 22, No. 4 (Serial No. 87), Autumn 2024, p. 173-181

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

[180}

Dewing CB,Provencher MT,Riffenburgh RH,Kerr S,Manos
RE.The outcomes of Iumbar microdiscectomy in
young,active population:correlation by herniation type and
level.Spine (Phila Pa 1976) 2008. doi:
10.1097/BRS.0b013e31815e3a42

Wang K,Hong X,Zhou by,et al.Evaluation of transforminal
endoscopic lumbar discectomy in the treatment of lumbar
herniation.Medical school of Southeast university,int
Orthop.2015;39: 1599-1604. doi: 10.1007/s00264-015-
2747-1

Kamizono J,Matsunaga S,Hayashi K,et al.Occupational
recovery after open- door type laminoplasty for paitient
with ossification of the posterior longitudinal ligament.Spine
(phila  Pa  1976). 2003; 28(16):1889-1892. doi:
10.1097/01.BRS.0000083206.24176.C8

Seyedmehdi M, Attarchi M, Ghaffari M.Prognostic factors
for return to work in patient with sciatica. Asia Pac J Public
Health. 2015.

Oosterhuis T, Costa LO, Maher CG,et al.Rehabilitation after
lumbar disc surgery. Cochrane Database Syst Rev. 2014;3.
doi: 10.1002/14651858.CD003007.pub3

Parker SL, Godil SS, Zuckerman SL,et al.Extent of
preoperative depression is associated with return to work
after  lumbar  fusion for  spondylolisthesis.World
Neurosurg.2015;83(4): 608-613. doi:
10.1016/j.wneu.2014.12.018.

Ozkara Go,0zgen M,Ozkara E,et al.Effectivness of physical
therapy and rehabilitation programs starting immediately
after lumbar disc surgery.Turk Neurosurg, 2015; 25(3):372-
379. doi: 10.5137/1019-5149.JTN.8440-13.0

Anderson JT,Haas AR,Percy R,et al. Clinical depression is a
strong predictor of poor lumbar fusion outcomes among
workers' compensation.Spine (phila Pa 1976)2015; 40(10):
748-756. doi: 10.1097/BRS.0000000000000863
Seyedmehdi M,Attarchi M,Ghafari M,et al. Prognostic
factors for return to work after low-back disc herniation
surgery. Asia Pac J Public Health.2013;27(2). doi:
10.1177/1010539512471072

Waguespack A, Schofferman J, Slosar P, Reynolds J. Etiology
of long-term failures of lumbar spine surgery. Pain
Med.2002;3:18-22. doi: 10.1046/j.1526-4637.2002.02007.x
Thomson S. Failed back surgery syndrome: definition,
epidemiology and demographics. Br J Pain. 2013;7:56-59.
doi: 10.1177/2049463713479096

Carragee EJ, Alamin TF, Miller JL, Carragee JM. Discographic,
MRI and psychosocial determinants of low back pain
disability and remission: a prospective study in subjects with
benign persistent back pain. Spine J. 2005;5:24-35. doi:
10.1016/j.spinee.2004.05.250

Marquez-Lara A, Nandyala SV, Sankaranarayanan S,
Noureldin M, Singh K. Body mass index as a predictor of
complications and mortality after lumbar spine surgery.
Spine (Phila Pa 1976) 2014;39:798-804. doi:
10.1097/BRS.0000000000000232

Watanabe K, Lenke LG, Bridwell KH, Kim YJ, Koester L,
Hensley M. Proximal junctional vertebral fracture in adults
after spinal deformity surgery using pedicle screw
constructs: analysis of morphological features. Spine (Phila
Pa 1976). 2010;35(2):138-145. doi:
10.1097/BRS.0b013e3181c8f35d.

Kim HJ, lyer S. Proximal Junctional Kyphosis. J Am Acad
Orthop Surg. 2016;24(5):318-326. doi: 10.5435/JAAQS-D-
14-00393.




Iranian Journal of Orthopaedic Surgery
Vol. 22, No. 4 (Serial No. 87), Autumn 2024, p. 173-181

31

32

Schwab FJ, Blondel B, Bess S, Hostin R, Shaffrey CI, Smith JS,
Boachie-Adjei O, Burton DC, Akbarnia BA, Mundis GM, Ames
CP, Kebaish K, Hart RA, Farcy JP, Lafage V; International
Spine Study Group (ISSG). Radiographical spinopelvic
parameters and disability in the setting of adult spinal
deformity: a prospective multicenter analysis. Spine (Phila
Pa 1976). 2013;38(13): 803-812. doi:
10.1097/BRS.0b013e318292b7b9. PMID: 23722572.
Assaker R, Zairi F. Failed back surgery syndrome: to re-
operate or not to re-operate? A retrospective review of
patient selection and failures. Neurochirurgie. 2015 Mar;61
Suppl 1:577-82. doi: 10.1016/j.neuchi.2014.10.108. Epub
2015;61(1): S77-S82.
https://doi.org/10.1016/j.neuchi.2014.10.108

——

181

33

Investigation of Causes of Re-Surgery ...

Radcliff KE, Kepler CK, Jakoi A, Sidhu GS, Rihn J, Vaccaro AR,
Albert TJ, Hilibrand AS. Adjacent segment disease in the
lumbar spine following different treatment interventions.
Spine J. 2013;13(10):1339-1349. doi:
10.1016/j.spinee.2013.03.020. Epub 2013.

——



