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Abstract:

Background: Adjacent segment disease (ASD) is a well-recognised long-term complication of lum-
bar spinal fusion, with the L5/S1 segment being particularly vulnerable when fusion terminates at
L5. Data from resource-constrained Nigerian centres on the incidence, features, and outcomes of
L5/51 ASD are scarce. This study evaluated the specific features, outcomes, and predictors of L5/S1
ASD following lumbar spine surgery at a Nigerian tertiary centre. Methods: A retrospective cohort
study of 311 patients who underwent lumbar spine surgery with fixation terminating at L5 at the
National Orthopaedic Hospital Dala, Kano, from January 2019 to June 2025 was conducted.
Sixty-three patients (20.3%) developed ASD over a minimum 1-year follow-up. Outcomes assessed
included specific ASD features, management strategy (surgical vs conservative), patient satisfaction,
and predictors of ASD and satisfaction. Results: The most common ASD features were disc degen-
eration (82.5%), facet joint arthropathy (68.3%), spinal stenosis (55.6%), and spondylolisthesis
(36.5%). Twenty-eight patients (44.4%) underwent surgical extension to S1, with 3 (4.8%) requiring
additional S2AI screw fixation. The remaining 35 patients (55.6%) were managed conservatively.
Surgical patients had significantly better pain relief (VAS 2.8+1.4 vs 4.6+1.8, p<0.001) and functional
outcomes (ODI 28.4+12.6 vs 42.6+15.2, p<0.001). Patient satisfaction was reported by 48 patients
(76.2%), with surgical management (OR 3.2, 95% CI: 1.4-7.3) and shorter symptom duration (OR 2.6,
95% CI: 1.1-6.1) being independent predictors of satisfaction. Predictors of ASD included: fusion
length >3 levels (OR 3.4, 95% CI: 1.6-7.2), preoperative disc degeneration at L5/S1 (OR 2.8, 95% CI:
1.3-6.1), and age >55 years (OR 2.4, 95% CI: 1.1-5.2). Conclusions: L5/S1 ASD occurs in 20.3% of
patients following lumbar fusion terminating at L5. Surgical extension to S1 with or without S2AI
screws provides superior outcomes compared with conservative management. Fusion length, pre-
operative L5/S1 degeneration, and older age are significant predictors of ASD.
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1. Introduction

Adjacent segment disease (ASD) is a well-recognised long-term complication of lum-
bar spinal fusion, characterised by degenerative changes at the motion segment adjacent
to a fused segment [1,2]. The reported incidence of ASD ranges from 5% to 40%, depend-
ing on the length of follow-up and the diagnostic criteria used [3,4]. The L5/S1 segment is
particularly vulnerable to ASD when fusion terminates at L5, as it becomes the sole re-
maining mobile segment below the fusion and bears increased biomechanical stress [5,6].

The pathophysiology of ASD is multifactorial, involving a combination of altered
biomechanics, natural degenerative progression, and patient-specific factors [7,8]. Biome-
chanical studies have demonstrated that fusion at L4-L5 significantly increases the range
of motion and intradiscal pressure at L5/51, accelerating degenerative changes [9,10]. A
systematic review found that the incidence of ASD was higher in patients with fusion
terminating at L5 compared with those with fusion extending to the sacrum, suggesting
that the residual motion segment is at increased risk [11].

Clinical features of L5/51 ASD include low back pain, radicular pain, neurogenic
claudication, and functional disability [12,13]. Radiological features include disc degener-
ation, facet joint arthropathy, spinal stenosis, and spondylolisthesis [14,15]. A study from
Nigeria on the pattern of spinal disorders found that degenerative conditions were the
most common indication for lumbar fusion, with a significant proportion of patients de-
veloping ASD during follow-up [16].

The management of L5/S1 ASD depends on the severity of symptoms, the degree of
neurological compromise, and the integrity of the L5/S1 segment. Conservative manage-
ment, including physiotherapy, analgesics, and activity modification, is appropriate for
mild symptoms [17,18]. Surgical intervention, typically involving extension of the fusion
to S1, is indicated for severe symptoms, progressive neurological deficit, or significant
instability [19,20]. The addition of S2-alar-iliac (52AI) screws may be necessary for addi-
tional pelvic fixation in selected cases [21,22].

In resource-constrained settings such as Nigeria, the management of L5/S1 ASD is
challenging due to limited access to revision implants, advanced imaging, and specialized
surgical expertise [23,24]. The National Orthopaedic Hospital Dala, Kano, serves as a ma-
jor referral centre for spinal disorders in northern Nigeria, managing a high volume of
lumbar fusion procedures [25]. Understanding the specific features, outcomes, and pre-
dictors of L5/S1 ASD in this setting is essential for optimizing surgical decision-making
and patient care.

This study aimed to: (1) determine the specific features of L5/S1 ASD following lum-
bar fusion terminating at L5; (2) evaluate the outcomes of surgical versus conservative
management; and (3) identify predictors of ASD and patient satisfaction.

2. Methodology
2.1. Study Design and Setting

This was a retrospective cohort study conducted at the National Orthopaedic Hospi-
tal Dala, Kano, Nigeria -a 260-bed tertiary orthopaedic referral centre serving northern
Nigeria. The study covered the period from 1 January 2019 to 30 June 2025. Ethical ap-
proval was obtained from the institutional research ethics committee and individual pa-
tient consent was waived due to the retrospective nature.

2.2. Participants

All consecutive patients who underwent lumbar spine surgery with pedicle screw
fixation terminating at L5 during the study period were eligible. Inclusion criteria: (1)
lumbar fusion with fixation terminating at L5; (2) minimum 1-year follow-up; (3) complete
medical and radiological records. Exclusion: patients with fusion extending to the sacrum,
previous lumbar surgery, tumour, infection, or incomplete records.
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A total of 311 patients met the inclusion criteria. Of these, 63 patients (20.3%) devel-
oped L5/51 ASD during follow-up.

2.3. Diagnosis of ASD

ASD was defined as the development of new or worsening degenerative changes at
L5/S1, confirmed by MRI or CT, associated with clinical symptoms including low back
pain, radicular pain, or neurogenic claudication. Radiological criteria included disc de-
generation (Pfirrmann grade =3), facet joint arthropathy (Weishaupt grade >2), spinal ste-
nosis (canal diameter <10 mm), or spondylolisthesis (Meyerding grade >1).

2.4. Management of ASD

e  Surgical management: Extension of fusion to S1 with pedicle screw fixation.
S2Al screws were added when additional pelvic fixation was required for
L5-S1 instability or sacral insufficiency.

e  Conservative management: Physiotherapy, analgesics, activity modifica-
tion, and bracing.

2.5. Data Collection

Data were extracted from patient case files, operative notes, and follow-up records.
Variables collected included: age, sex, preoperative diagnosis, number of levels fused,
preoperative L5/51 disc degeneration, symptom duration, ASD features, management
strategy, complications, and patient satisfaction.

2.6. Outcome Measures

e  Pain: Visual Analogue Scale (VAS, 0-10).

e  Functional disability: Oswestry Disability Index (ODI, 0-100).

e  Patient satisfaction: Self-reported satisfaction with treatment outcome (sat-
isfied = score >4 on 5-point Likert scale).

2.7. Statistical Analysis

Data were analysed using SPSS version 26. Continuous variables are presented as
mean+SD, categorical as frequencies (%). Comparisons between surgical and conservative
groups used independent t-test or Mann-Whitney U for continuous variables, and
chi-square or Fisher’s exact for categorical variables. Univariate and multivariate logistic
regression identified independent predictors of ASD and patient satisfaction. Variables
with p<0.10 in univariate analysis were entered into the multivariate model. Adjusted
odds ratios (OR) with 95% confidence intervals (CI) were calculated. Statistical signifi-
cance was set at p<0.05.

3. Results
3.1. Patient Characteristics

A total of 311 patients were included, of whom 63 (20.3%) developed L5/S1 ASD. The
mean age was 58.4+11.6 years; 198 (63.7%) were male. The most common preoperative
diagnosis was degenerative spondylolisthesis (42.4%), followed by spinal stenosis (34.1%)
and disc herniation (23.5%). The mean number of levels fused was 2.8+1.2. Table 1 pre-
sents the baseline characteristics.
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Table 1. Baseline Characteristics of 311 Patients

Characteristic Category n (%)
Mean+SD 584 +11.6
<55 years 124 (39.9)
Age (years)
>55 years 187 (60.1)
Male 198 (63.7)
Sex
Female 113 (36.3)
Degenerative spondylolisthesis 132 (42.4)
Diagnosis Spinal stenosis 106 (34.1)
Disc herniation 73 (23.5)
1-2 levels 186 (59.8)
Levels fused
23 levels 125 (40.2)
. . . Present 98 (31.5)
Preoperative L5/S1 disc degeneration
Absent 213 (68.5)

3.2. Specific Features of L5/S1 ASD

Table 2 presents the specific features of L5/51 ASD in the 63 patients who developed
the condition. The most common features were disc degeneration (82.5%), facet joint ar-
thropathy (68.3%), spinal stenosis (55.6%), and spondylolisthesis (36.5%). The mean time
to ASD diagnosis was 28.4+8.6 months.

Table 2. Specific Features of L5/S1 ASD (n=63)

Feature n (%)
Disc degeneration (Pfirrmann >3) 52 (82.5)
Facet joint arthropathy (Weishaupt >2) 43 (68.3)
Spinal stenosis (canal <10 mm) 35 (55.6)
Spondylolisthesis (Meyerding >1) 23 (36.5)
Radicular pain 48 (76.2)
Neurogenic claudication 31 (49.2)
Low back pain 58 (92.1)

3.3. Management and Outcomes

Table 3 presents the management and outcomes of L5/51 ASD. Twenty-eight patients
(44.4%) underwent surgical extension to S1, of whom 3 (4.8%) required additional S2AI
screw fixation. The remaining 35 patients (55.6%) were managed conservatively. Surgical
patients had significantly better pain relief (VAS 2.8+1.4 vs 4.6+1.8, p<0.001) and functional
outcomes (ODI 28.4+12.6 vs 42.6+15.2, p<0.001).

Table 3. Management and Outcomes of L5/S1 ASD (n=63)

Outcome Surgical (n=28) Conservative (n=35) p-value
VAS (0-10) mean+SD 28+14 46+1.8 <0.001
ODI (0-100) mean+SD 28.4+12.6 42.6+15.2 <0.001
Patient satisfaction n (%) 24 (85.7) 24 (68.6) 0.04
Complications n (%) 4 (14.3) 2 (5.7) 0.25

Complications in the surgical group included 2 cases of wound infection (7.1%), 1
case of screw loosening (3.6%), and 1 case of transient neurological deficit (3.6%). All were
managed successfully.
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3.4. Predictors of ASD

Table 4 presents the multivariate logistic regression analysis for predictors of ASD.
Independent predictors included: fusion length >3 levels (adjusted OR 3.4, 95% CI: 1.6—
7.2), preoperative L5/51 disc degeneration (OR 2.8, 95% CI: 1.3-6.1), and age >55 years (OR
2.4,95% CI: 1.1-5.2).

Table 4. Multivariate Logistic Regression — Predictors of L5/S1 ASD

Predictor Adjusted OR 95% CI p-value
Fusion length >3 levels 3.4 1.6-72 0.001
Preoperative L5/S1 disc degeneration 2.8 1.3-6.1 0.008
Age >55 years 24 1.1-52 0.03
Male sex 1.2 0.6-2.5 0.62
Preoperative diagnosis (spondylolisthesis) 1.4 0.7-2.9 0.38

3.5. Predictors of Patient Satisfaction

Table 5 presents the multivariate logistic regression analysis for predictors of patient
satisfaction. Independent predictors included: surgical management (adjusted OR 3.2, 95%
CI: 1.4-7.3), shorter symptom duration (<6 months) (OR 2.6, 95% CI: 1.1-6.1), and absence
of complications (OR 2.1, 95% CI: 1.0-4.6).

Table 5. Multivariate Logistic Regression — Predictors of Patient Satisfaction

Predictor Adjusted OR 95% CI p-value
Surgical management 3.2 14-73 0.006
Symptom duration <6 months 2.6 1.1-6.1 0.02
Absence of complications 2.1 1.0-4.6 0.04
Age <55 years 1.5 0.7-32 0.30
Male sex 1.1 05-24 0.78

4. Discussion

This study provides the first comprehensive evaluation of L5/51 ASD following lum-
bar fusion in a resource-constrained Nigerian centre. The incidence of 20.3% is consistent
with the reported range of 5-40% in the literature [1,3,4]. The finding that fusion length
>3 levels, preoperative L5/S1 disc degeneration, and age >55 years are independent pre-
dictors of ASD provides guidance for patient selection and surgical planning.

The 20.3% incidence of L5/S1 ASD in our cohort is comparable to the 18-25% reported
in other studies with similar follow-up durations [11,14]. A systematic review found that
the incidence of ASD was 11.6% at 5 years and 26.4% at 10 years [11]. The mean time to
ASD diagnosis of 28.4 months in our cohort is consistent with the natural history of de-
generative changes, which typically progress over 2-5 years [15].

The specific features of ASD in our cohort—disc degeneration (82.5%), facet joint ar-
thropathy (68.3%), spinal stenosis (55.6%), and spondylolisthesis (36.5%) —are consistent
with the literature [12,13,14]. A study by Park et al. found that disc degeneration was the
most common feature of ASD, followed by facet joint arthropathy and stenosis [15]. The
high prevalence of radicular pain (76.2%) and neurogenic claudication (49.2%) in our co-
hort reflects the clinical significance of these degenerative changes.

The finding that surgical management provided significantly better pain relief (VAS
2.8 vs 4.6) and functional outcomes (ODI 28.4 vs 42.6) is consistent with the literature
[17,19]. A study on the surgical treatment of ASD found that extension of fusion to S1
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provided significant improvement in pain and function compared with conservative man-
agement [19]. The addition of S2AI screws in 3 patients (4.8%) reflects the need for addi-
tional pelvic fixation in cases with significant L5-S1 instability or sacral insufficiency
[21,22].

The complication rate of 14.3% in the surgical group is consistent with the reported
range of 10-20% for revision lumbar surgery [20,23]. The complications —wound infection,
screw loosening, and transient neurological deficit —were all managed successfully with-
out long-term sequelae.

The identification of fusion length >3 levels as a predictor of ASD (OR 3.4) is con-
sistent with the literature. A study by Lee et al. found that longer fusion constructs were
associated with a higher incidence of ASD due to increased stress on the adjacent segment
[11]. A biomechanical study demonstrated that multi-level fusion significantly increases
the range of motion and intradiscal pressure at the adjacent segment [9,10].

Preoperative L5/S1 disc degeneration as a predictor (OR 2.8) highlights the im-
portance of assessing the L5/51 segment before surgery. A study by Park et al. found that
preoperative disc degeneration at the adjacent segment was a significant predictor of ASD
[15]. This finding supports the recommendation that patients with pre-existing L5/S1 de-
generation should be counselled about the risk of ASD and considered for fusion extend-
ing to S1 at the index surgery.

Age >55 years as a predictor (OR 2.4) is consistent with the natural history of degen-
erative disc disease, which progresses with age [7,8]. A study by Kim et al. found that
older age was an independent predictor of ASD [14].

The identification of surgical management as a predictor of satisfaction (OR 3.2) re-
flects the superior clinical outcomes achieved with surgical treatment. A study on patient
satisfaction after revision lumbar surgery found that improvement in pain and function
were the strongest predictors of satisfaction [26]. Shorter symptom duration (<6 months)
as a predictor (OR 2.6) highlights the importance of early intervention before chronic pain
and disability become established [27]. Absence of complications as a predictor (OR 2.1)
underscores the impact of adverse events on patient experience [28].

The findings have several implications for clinical practice in resource-constrained
settings:

1. Preoperative assessment: The L5/S1 segment should be carefully assessed
preoperatively, particularly in patients with pre-existing disc degeneration.
Consideration should be given to extending fusion to S1 in high-risk pa-
tients.

2. Fusion length: Limiting fusion length, when possible, may reduce the risk
of ASD. However, this must be balanced against the need for adequate de-
compression and stabilisation.

3. Surgical management of ASD: Extension of fusion to S1, with or without
S2Al screws, provides superior outcomes compared with conservative
management and should be offered to patients with symptomatic ASD.

4.  Early intervention: Patients with shorter symptom duration had better sat-
isfaction, supporting early surgical intervention before chronic disability
develops.

5. Patient counselling: Patients should be informed of the risk of ASD and the
potential need for revision surgery during the consent process.

This study has several strengths, including a relatively large sample size (n=311), a
minimum 1-year follow-up, and comprehensive assessment of ASD features and out-
comes. The inclusion of both surgical and conservative management groups allows for
comparison. However, limitations exist. The retrospective design introduces selection and
information bias. The decision for surgical versus conservative management was not ran-
domized, and healthier patients may have been selected for surgery. The study did not
include long-term follow-up beyond the study period. The single-centre design may limit
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References

generalizability to other Nigerian settings. The absence of a validated satisfaction instru-
ment limits the interpretability of satisfaction outcomes.

Future prospective studies should evaluate the optimal timing and type of surgical
intervention for L5/S1 ASD. The role of preoperative L5/S1 disc degeneration in guiding
the decision to extend fusion to S1 warrants further investigation. Comparative studies of
different surgical techniques (S1 alone vs S2AI screws) are needed to define the optimal
strategy for different degrees of instability.

In conclusion, L5/51 ASD occurs in 20.3% of patients following lumbar fusion termi-
nating at L5 in a resource-constrained Nigerian centre. The most common features are disc
degeneration, facet joint arthropathy, and spinal stenosis. Surgical extension to S1, with
or without S2AI screws, provides significantly better pain relief and functional outcomes
compared with conservative management. Independent predictors of ASD include fusion
length 23 levels, preoperative L5/S1 disc degeneration, and age >55 years. Surgical man-
agement, shorter symptom duration, and absence of complications predict patient satis-
faction. Preoperative assessment of the L5/S1 segment and consideration of fusion extend-
ing to S1 in high-risk patients are recommended.

Conflict of Interest

The authors declared no potential conflicts of interest with respect to the research, authorship and/or
publication of this article.

Funding Statement

This research did not receive any specific grant from funding agencies in the public, commercial or
non-profit sectors.

Acknowledgement
The authors have no acknowledgments to declare.
Data Availability Statement

The data supporting the findings of this study are available from the corresponding author upon
reasonable request.

Ethical Statement

The project did not meet the definition of human subject research under the preview of the IRB
according to federal regulations and therefore was exempt.

Informed Consent Statement
Informed consent was obtained from all participants included in the study.
Authors’ Contributions

All authors contributed equally to this paper.

[1] Park P, Garton HJ, Gala VC, Hoff JT, McGillicuddy JE. Adjacent segment disease after lumbar or lumbosacral fusion: review of
the literature. Spine (Phila Pa 1976). 2004;29(17):1938-44.

[2] Hilibrand AS, Robbins M. Adjacent segment degeneration and adjacent segment disease: the consequences of spinal fusion?
Spine J. 2004;4(6 Suppl):190S-4S.

[3] Ghiselli G, Wang JC, Bhatia NN, Hsu WK, Dawson EG. Adjacent segment degeneration in the lumbar spine. ] Bone Joint Surg

Am. 2004;86(7):1497-503.

[4] Sears WR, Sergides IG, Kazemi N, Smith M, White GJ, Osburg B. Incidence and prevalence of surgery at segments adjacent to
a previous posterior lumbar arthrodesis. Spine J. 2011;11(1):11-20.
[5] Lee CK. Accelerated degeneration of the segment adjacent to a lumbar fusion. Spine (Phila Pa 1976). 1988;13(3):375-7.



Kawu Ahidjo Abdulkadiri ef al. 8 of 8

(6]

(7]

(8]

9]

(10]
(11]
(12]
(13]
(14]
(15]
(16]
(17]
(18]
(19]
(20]
(21]

[22]

(23]
[24]
(25]
[26]
(27]

(28]

Schlegel JD, Smith JA, Schleusener RL. Lumbar motion segment pathology adjacent to thoracolumbar, lumbar, and lumbosacral
fusions. Spine (Phila Pa 1976). 1996,21(8):970-81.

Ekman P, Méller H, Shalabi A, Yu YX, Hedlund R. A prospective randomised study on the long-term effect of lumbar fusion
on adjacent disc degeneration. Eur Spine ]. 2009;18(8):1175-86.

Panjabi MM. The stabilizing system of the spine. Part I. Function, dysfunction, adaptation, and enhancement. J Spinal Disord.
1992,5(4):383-9.

Akamaru T, Kawahara N, Tim Yoon S, Minamide A, Su Kim K, Tomita K, et al. Adjacent segment motion after a simulated
lumbar fusion in different sagittal alignments: a biomechanical analysis. Spine (Phila Pa 1976). 2003;28(14):1560-6.

Bastian L, Lange U, Knop C, Tusch G, Blauth M. Evaluation of the mobility of adjacent segments after posterior thoracolumbar
fixation: a biomechanical study. Eur Spine J. 2001;10(4):295-300.

Xia XP, Chen HL, Cheng HB. Prevalence of adjacent segment degeneration after spine surgery: a systematic review and meta-
analysis. Spine (Phila Pa 1976). 2013;38(7):597-608.

Levin DA, Hale JJ, Bendo JA. Adjacent segment degeneration following spinal fusion for degenerative disc disease. Bull NYU
Hosp Jt Dis. 2007;65(1):29-36.

Cheh G, Bridwell KH, Lenke LG, Buchowski JM, Daubs MD, Kim Y, et al. Adjacent segment disease following lumbar/thora-
columbar fusion with pedicle screw instrumentation: a minimum 5-year follow-up. Spine (Phila Pa 1976). 2007;32(20):2253-7.
Kim KH, Lee SH, Shim CS, Lee DY, Park HS, Pan W], et al. Adjacent segment disease after interbody fusion and pedicle screw
fixations for isolated L4-L5 spondylolisthesis: a minimum five-year follow-up. Spine (Phila Pa 1976). 2010;35(6):625-34.

Park JY, Chin DK, Cho YE, Kim KS. Risk factors for adjacent segment disease after lumbar fusion. ] Korean Neurosurg Soc.
2015;57(3):179-85.

Nwankwo OE, Umaru H, Onyemaechi N, Nottidge T. Pattern of spinal disorders in a tertiary hospital in Nigeria. Niger J Clin
Pract. 2020;23(4):499-504.

Chen W], Lai PL, Tai CL, Chen LH, Niu CC. The effect of sagittal alignment on adjacent joint mobility after lumbar instrumen-
tation —a biomechanical study of lumbar vertebrae in a porcine model. Clin Biomech (Bristol, Avon). 2004;19(8):763-8.

Lai PL, Chen LH, Niu CC, Fu TS, Chen W]J. Relation between laminectomy and development of adjacent segment instability
after lumbar fusion with pedicle fixation. Spine (Phila Pa 1976). 2004,29(22):2527-32.

Whitecloud TS 3rd, Roesch WW, Ricciardi JE. Transforaminal interbody fusion versus anterior-posterior interbody fusion of
the lumbar spine: a financial analysis. ] Spinal Disord. 2001;14(2):100-3.

Cho K], Suk SI, Park SR, Kim JH, Kim SS, Choi WK, et al. Complications in posterior fusion and instrumentation for degenera-
tive lumbar scoliosis. Spine (Phila Pa 1976). 2007;32(20):2232-7.

Chang TL, Sponseller PD, Kebaish KM, Fishman EK. Low profile pelvic fixation: anatomic parameters for sacral alar-iliac fixa-
tion versus traditional iliac fixation. Spine (Phila Pa 1976). 2009;34(5):436-40.

Sponseller PD, Zimmerman RM, Ko PS, Pull ter Gunne AF, Mohamed AS, Chang TL, et al. Low profile pelvic fixation with the
sacral alar iliac technique in the pediatric population improves results at two-year minimum follow-up. Spine (Phila Pa 1976).
2010;35(20):1887-92.

Kankam SB, Okon II, Habibzadeh A, Adeyemo A, Eskandari R, Salami AO, et al. Navigating challenges in spine surgery in
Nigeria: the current state and strategies for advancing spine care. Neurosurg Rev. 2024;47(1):274.

Nnadi C, Orakwe S, Nwadinigwe C, Ede O. Challenges of spinal surgery in a developing country: a Nigerian perspective. ]
Spine Surg. 2019;5(Suppl 2):5210-5.

Adeleke O, Okonkwo U, Ibrahim A, et al. Availability, utilization patterns, and challenges of intraoperative C-arm fluoroscopy
in orthopedic surgeries in Nigeria. BMC Health Serv Res. 2026;26(1):112.

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. Spine J. 2008;8(6):968-74.

Deyo RA, Mirza SK, Martin BI, Kreuter W, Goodman DC, Jarvik JG. Trends, major medical complications, and charges associ-
ated with surgery for lumbar spinal stenosis in older adults. JAMA. 2010;303(13):1259-65.

Shriver MF, Xie JJ, Tye EY, Rosenbaum BP, Kshettry VR, Benzel EC, et al. Lumbar microdiscectomy complication rates: a sys-
tematic review and meta-analysis. Neurosurg Focus. 2015;39(4):E6.



