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Abstract

Aim: The aim of our study is to demonstrate the effectiveness of total laminectomy, a less invasive technique compared to fusion
procedures. Additionally, we aim to evaluate preoperative and postoperative functional mobility using the treadmill exercise test.
Material and Method: This clinical study includes 16 patients who underwent their first surgery for pure spinal stenosis at the Bakirkdy
Mental and Neurological Diseases Hospital, Neurosurgery Clinic lll. All patients underwent an exercise tolerance test using a treadmill
device preoperatively and at the third postoperative month. Prior to these tests, electrocardiography and chest radiography were
performed.

Results: Preoperative exercise tolerance test results indicated that initial symptoms appeared at an average of 1.42 minutes, while
severe symptoms preventing test continuation emerged at an average of 6.09 minutes. At the 3-month postoperative follow-up, the
exercise tolerance test results demonstrated significant improvement. The average time to the onset of initial symptoms increased to
5.39 minutes, and the onset of severe symptoms was delayed to 11.08 minutes.

Conclusion: This study demonstrates that fusionless decompression techniques remain an effective treatment option. Additionally,
preoperative and postoperative treadmill exercise tests can be utilized to assess disease status and severity. Moreover, these tests
serve as an objective tool for evaluating the effectiveness of surgical treatment.
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INTRODUCTION

Degenerative lumbar stenosis refers to the pathological

pronounced flexion and extension movements than the lower
segments, highlighting the spine’s unique biomechanics (5).

narrowing of thelumbar canal, lateral recess, and intervertebral
foramina, resulting in a reduction in their area and volume
beyond a critical threshold (1). Progressive degenerative
changes in the spine, including the lumbar intervertebral
discs, facet joints, ligamentum flavum, and other connective
tissues, are thought to play a key role in the development of
lumbar stenosis over time (2-4).

The human lumbar spine segment, composed of an
intervertebral disc and two facet joints, serves as a distinct
and structurally complex example (5). The lower lumbar
spine segments exhibit greater torsional and lateral bending
movements compared to the upper lumbar segments,
whereas the upper lumbar segments demonstrate more
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Degenerative lumbar stenosis is a progressive condition that
impacts allmotion segments of the spine while simultaneously
limiting mobility (6). Clinical symptoms include worsening
leg pain during walking, increased discomfort with prolonged
standing, fatigue, lower extremity discomfort, and sensory
loss (4,7). Degeneration of the intervertebral discs, collapse or
reduction in disc height, facet joint hypertrophy, ligamentum
flavum thickening and degeneration, and calcification within
the lumbar canal contribute to spinal stenosis, ultimately
leading to the compression of structures such as blood
vessels and nerves (2,7,8). Stenosis impairs both vascular
and neural structures, hindering their ability to perform
physiological functions (2,4,7).
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Studies have shown that surgical treatments are more
effective than non-surgical approaches for lumbar spinal
stenosis (9). Lumbar spinal stenosis becomes more
prevalent with age and is more commonly observed in
women, with scientific studies reporting a prevalence ranging
from 7% to 38% (2,10-13). Diagnostic evaluation involves
imaging modalities and tests such as radiography, magnetic
resonance imaging (MRI), computed tomography (CT), and
electromyography (EMG) (2).

Non-surgical treatment options for lumbar spinal stenosis
include bed rest, nonsteroidal anti-inflammatory drugs
(NSAIDs), corticosteroids, epidural steroid injections, and
physical therapy (2). Severe gait disturbances affecting
daily life, neurogenic claudication limiting walking to 5-10
meters, muscle weakness, rapidly progressing neurological
deficits, and loss of bladder and bowel control are generally
considered indications for surgical intervention.
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In lumbar spinal stenosis (Figure 1), both fusion and
non-fusion surgical approaches are available (14, 15).
Traditional minimally invasive techniques, open surgical
approaches, single-port and dual-port endoscopic
techniques, fluoroscopy- and navigation-guided minimally
invasive screw placement, as well as microsurgical
laminectomy, microdiscectomy, and open discectomy, are
employed in the surgical management of lumbar spinal
stenosis (14-17).

In lumbar stenosis, clinical and physical examinations,
along with walking tests and fall-related assessments,
are used to evaluate both the current condition and
postoperative functional status (2,18,19). Our study aims
to assess the effectiveness of total laminectomy, a less
invasive alternative to fusion procedures. Additionally, we
aim to evaluate preoperative and postoperative functional
mobility using the treadmill exercise test.
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Figure 1. lllustration of lumbar decompression techniques; (A) Normal spine, (B) Spinal stenosis, (C) Unilateral laminotomy, (D) Bilateral laminotomy,
(E) Split laminectomy, (F) Spinous process osteotomy, (G) Total laminectomy, (H, I, J) Fusion surgeries

MATERIAL AND METHOD

This clinical study includes 16 patients who underwent
their first surgery for pure spinal stenosis at the Bakirkoy
Mental and Neurological Diseases Hospital, Neurosurgery
Clinic Ill, between 1996 and 1997. The surgical procedure
performed was decompressive laminectomy. All patients
presented with neurogenic intermittent claudication, and
radiological examinations confirmed the diagnosis of spinal
stenosis. This study is a single-center, non-randomized,
prospective, and observational study. Ethical approval for the
present study was obtained in 1997 from the Department of
Neurosurgery at Bakirkdy Mental and Neurological Diseases
Hospital, under the authority of Head of Department, Op. Dr.
Halil Toplamaoglu.

Preoperative and postoperative MRI examinations were
conducted on all patients at the third month using a 1.5
Tesla ACSNT Philips Gyroscan MRI device. Standard imaging
sequences included sagittal T1, sagittal T2, axial T2, and
axial views. During these examinations, the anteroposterior

and transverse diameters of the entire lumbar canal were
measured. All patients underwent the same surgical
procedure, consisting of decompressive laminectomy and
bilateral foraminotomy at the stenotic level.

Only patients who underwent Iumbar laminectomy
were included in the study. Patients who underwent
instrumentation and fusion were excluded. Additionally,
patients who underwent decompression for lumbar vertebral
fractures were not included. Patients with severe comorbid
conditions, including heart failure, were also excluded from
the study.

Treadmill Test Protocol

All patients underwent an exercise tolerance test using a
treadmill device preoperatively and at the third postoperative
month. Prior to these tests, electrocardiography and
chest radiography were performed. Additionally, internal
medicine consultations were conducted to assess
any contraindications for the exercise tests. These
contraindications are summarized in Table 1.
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Table 1. Summarize of contraindications for exercise tests

Recent-onset unstable angina accompanied by
chest pain
Untreated cardiac arrhythmias
Decompensated congestive heart failure
Advanced atrioventricular block
Acute myocarditis or pericarditis
Critical aortic stenosis
Severe hypertrophic obstructive cardiomyopathy

Uncontrolled hypertension
Acute systemic illnesses

-
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The exercise tolerance test was conducted using a
Morishima Exercise Equipment Motorized Treadmill at a
speed of 2.8 km/h with zeroincline. The test was terminated
upon the emergence of severe symptoms. If the patient's
symptoms were milder, the test continued for a maximum
duration of 15 minutes. The speed of 2.8 km/h was
selected based on previous studies, which indicated that
higher speeds could induce cardiopulmonary symptoms
before the onset of neurological symptoms (20).

The onset time of initial symptoms was recorded as the
moment the patient first reported discomfort after starting
the exercise (e.g., low back pain, leg pain, mild numbness,
etc.). The onset time of severe symptoms was defined as
the point at which the patient developed symptoms severe
enough to prevent the continuation of the exercise test
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(e.g., severe low back and leg pain, weakness, dragging of
the legs, significant numbness, etc.).

Patients were instructed to maintain an upright posture
on the treadmill. During the treadmill exercise test, the
following data were recorded:

+  Time of initial symptom onset,

+  Time of severe symptom onset, preventing continuation
of the test,

+  Type of symptoms (e.g., low back pain, hip pain, leg
pain, numbness, etc.).

For statistical analysis, the Wilcoxon signed-rank test was
used to compare preoperative and postoperative results.
A p-value of <0.05 was considered statistically significant.

RESULTS

The demographic and clinical characteristics of the 16
patients included in the study are summarized in Table 2.
The cohort consisted of six males and ten females, with a
mean age of 51.7 years (range: 32-64 years). The average
symptom onset occurred 7.8 before surgery. During
the preoperative period, all patients received medical
treatment, including nonsteroidal anti-inflammatory drugs
and muscle relaxants, along with bed rest. Additionally, six
patients underwent physical therapy before surgery. While
these interventions provided temporary symptom relief, all
patients later reported recurrence.

Table 2. The treadmill test results are being monitored

Canal diameter Preoperative treadmill test

Patient

(mm) durations (minutes)
1 57 Initial symptom: 1.30
Severe symptom: 12
2 58 Initial symptom: 1.40
Severe symptom: 4.50
3 60 Initial symptom: 0.30
Severe symptom: 5.10
Initial symptom: 2.40
4 53 Severe symptom: 13
5 78 Initial symptom: 1:30
Severe symptom: 10:15
6 63 Initial symptom: 0:25
Severe symptom: 1:30
7 47 Initial symptom: 0:30
Severe symptom: 8:45
8 88 Initial symptom: 0:50
Severe symptom: 6:15
9 48 Initial symptom: 6:25
Severe symptom: 9:30
Initial symptom: 0:45
10 53 Severe syympptom: 3:50
1 88 Initial symptom: 3:20
Severe symptom: 8:20
Initial symptom: 1:15
12 o4 Severe syymptom: 2:40
Initial symptom: 0:50
13 38 Severe gympptom: 2:10
Initial symptom: 2:20
14 47 Severe syympptom: 9:00
Initial symptom: 0:30
15 e Severe syymptom: 0:30
16 58 Initial symptom: 2:10

Severe symptom: 6:25

Postoperative treadmill test
durations (minutes)
Initial symptom: 2.30

Severe symptom: None
Initial symptom: 4.10
Severe symptom: 11
Initial symptom: 3.20

Severe symptom: 11.30
Initial symptom: 5.20

Severe symptom: None

Initial symptom: 7
Severe symptom: 13
Initial symptom: 2:20

Severe symptom: 3:50
Initial symptom: 4:40

Severe symptom: None
Initial symptom: 3:40

Severe symptom: 8:00

Initial symptom: 10:00

Severe symptom: None
Initial symptom: None

Severe symptom: None
Initial symptom: 6:30

Severe symptom: 8:10
Initial symptom: 3:15

Severe symptom: 9:00
Initial symptom: 1:10

Severe symptom: 11:20
Initial symptom: 3:30

Severe symptom: 8:10
Initial symptom: 7:30

Severe symptom: None
Initial symptom: 6:20

Severe symptom: None

Type of surgery
L4-L5 total laminectomy
L3-L4 total laminectomy
L4-L5 total laminectomy

L2-L3-L4 total laminectomy
L3-L4-L5 total laminectomy
L3-L4 total laminectomy
L5 total laminectomy
L4-L5 total laminectomy
L3-L4-L5 total laminectomy
L3-L4-L5 total laminectomy
L4 total laminectomy
L3-L4 total laminectomy
L2-L3-L4-L5 total laminectomy
L5 total laminectomy
L3 total laminectomy

L4-L5 total laminectomy
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Preoperative exercise tolerance test results indicated that
initial symptoms appeared at an average of 1.42 minutes,
while severe symptoms preventing test continuation
emerged at an average of 6.09 minutes. At the 3-month
postoperative follow-up, exercise tolerance test results
demonstrated significant improvement. The average time
to the onset of initial symptoms increased to 5.39 minutes,
and the onset of severe symptoms was delayed to 11.08
minutes. Notably, while no patients were able to complete
the maximum test duration of 15 minutes preoperatively,
seven patients successfully completed the full test

Med Records 2025;7(3):584-90

postoperatively without experiencing severe symptoms.

Four patients underwent decompressive laminectomy and
bilateral foraminotomy at a single level, seven at two levels,
four at three levels, and one at four levels.

Patients were categorized by age, and their preoperative
and postoperative exercise tolerance test results were
analyzed (Table 3). The younger group (<49 years)
demonstrated significantly better exercise tolerance both
preoperatively and postoperatively compared to the older
group (=49 years) (p<0.05).

Table 3. Comparison by age groups

Age groups Age Preopera.tive tre?dmill Type of surgery Postoper?tive tre.admill
test durations (minutes) test durations (minutes)
30-39 Age 38 ésé %L:_)% L3-L4-L5 total laminectomy ésé T&Z
Ll 32 ésé 3;322% L4 total laminectomy ésé %i%
45 I’: S1 1320 L4-L5 total laminectomy S!g I%lfr?e
40-49 Age 42 ;‘,Ss (2-,51?5 L4-L5 total laminectomy éSS 3;3%%
E— 44 &I;SS %33% L3 total laminectomy Sl: Zl.osr?e
41 éSs 261205 L4-L5 total laminectomy slg lf\)lgr?e
58 éSS 14‘;% L3-L4 total laminectomy SISS 141180
54 éss %23% L3-L4-L5 total laminectomy S.Iézs;ﬂ1oone
g?o'uspg Age g AN L3-L4 total laminectomy 33
56 9% L2-L3-L4-L5 total laminectomy e
52 Igszgo L5 total laminectomy éz %i%
60 ésé %?;% L4-L5 total laminectomy slg 13 123?0
63 ISSSZ14?? L2-L3-L4 laminectomy slg Elfr?e
g?o_u? LS 64 SI"SS; 11 03:) 5 L3-L4-L5 total laminectomy SISS 17 3080
61 ésé 08?4’105 L5 total laminectomy slg ﬁ.:r?e
63 éséq%% L3-L4 total laminectomy ésé %25%

I.S: time of onset of initial symptoms, S.S: time of onset of severe symptoms preventing continuation of the test

Among the eight patients with a preoperative canal
diameter of <59 mm, six successfully completed the full
15-minute test postoperatively. In contrast, those with a
relatively wider preoperative canal diameter (>70 mm) had
less favorable exercise tolerance outcomes (Table 2).

DISCUSSION

Our study demonstrated that total laminectomy enhanced
exercise tolerance test outcomesin 16 patients with lumbar
spinal stenosis (Table 2, Table 3). Previous studies from
the 1990s reported good to excellent surgical outcomes in
60% to 64% of patients with lumbar stenosis (21,22). Our
findings align with previous research (Table 2, Table 3). Ina

study by Herno et al., long-term follow-up at 7 and 13 years
showed predominantly positive outcomes in patients with
lumbar spinal stenosis, with unfavorable results reported
in only 9.3% of cases (23). Deen et al. assessed bladder
function in patients with symptomatic spinal stenosis
(24). They reported improvements in bladder function
tests, including increased maximum urinary flow rate and
reduced post-void residual urine volume (24).

Surgery is currently recommended for patients with lumbar
spinal stenosis who do not respond to conservative
treatment and experience reduced quality of life,
paresthesia, muscle weakness, or gait disturbances (2).
The primary goal is to decompress neural and vascular
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structures (25). Various techniques are employed to
achieve decompression, including endoscopic procedures,
minimally invasive approaches, open decompression, and
microscopic decompression (3, 26-28). Katz et al. reported
that recovery rates were comparable between patients
who underwent lumbar laminectomy alone and those who
underwent lumbar decompression with fusion (3). Forst et
al. similarly reported that at 2- and 5-year follow-ups, clinical
outcomes were comparable between the decompression-
only group and the decompression-plus-fusion group (27).
Our study, which demonstrated improvements in exercise
tolerance test outcomes among patients who underwent
laminectomy without fusion, aligns with previous literature
(Table 2, Table 3). Furthermore, the decompression-plus-
fusion group had higher complication rates, including
increased blood loss, infection, longer hospital stays,
and greater costs. (3, 27). Hermansen et al. compared
minimally invasive techniques, including unilateral
laminotomy with crossover, bilateral laminotomy, and
spinous process osteotomy (28). The recovery outcomes
of these three minimally invasive surgical techniques were
found to be comparable based on the Oswestry Disability
Index (28). In our patient series, traditional non-fusion
total laminectomy, a less invasive approach than fusion
surgeries, led to improvements in treadmill test results,
a key indicator of neurogenic claudication (Tables 2 and
3). Similarly, a multicenter prospective study conducted in
Switzerland found that clinical outcomes were comparable
between decompression surgery with and without fusion
(29). More importantly, the need for revision surgery
was similar between the two groups and did not reach
statistical significance (29). In surgeries for degenerative
lumbar stenosis, decompression alone (Table 2, Table 3)
appears to be a sufficient treatment option (27-29). Our
findings, consistent with the literature (Table 2, Table 3),
demonstrate improved treadmill exercise tolerance in
patients who underwent laminectomy alone.

Forsth et al. also assessed surgical outcomes in both
groups using a walking test (27). The 6-minute walking
test results for the fusion and non-fusion decompression
groups were similar; however, they did not provide
preoperative walking test results (27). In our study, the
exercise test duration was 15 minutes. We compared
preoperative and postoperative exercise test results and
reported the improvement rates (Table 2, Table 3).

Deen et al. evaluated the surgical outcomes of patients
with lumbar spinal stenosis using a treadmill test (30).
They found that the average time to the onset of initial
symptoms was 2.68 minutes, while the average time to the
onset of severe symptoms was 5.47 minutes (30). In our
study, preoperative exercise tolerance test results showed
that the average time to the onset of initial symptoms was
1.42 minutes, while the average time to the onset of severe
symptoms preventing test continuation was 6.09 minutes
(Table 2, Table 3). These findings are consistent with those
reported by Deen et al (30). Deen et al. reported that, after
surgery, the average time to the onset of initial symptoms
increased to 11.12 minutes, while the average time to the
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onset of severe symptoms reached 11.81 minutes (30). In
our study, postoperative (3rd month) exercise tolerance test
results showed that the average time to the onset of initial
symptoms was 5.39 minutes, while the average time to the
onset of severe symptoms preventing test continuation
was 11.08 minutes (Table 2, Table 3). When comparing
our postoperative findings with those of Deen et al. (Table
2, Table 3), the time to the onset of severe symptoms
after surgery appears to be comparable (30). However, a
discrepancy exists between the two studies regarding the
time to the onset of initial symptoms. Deen et al. reported
an average of 11.12 minutes, whereas our study found a
shorter duration of 5.39 minutes (Table 2, Table 3) (30). This
discrepancy may be attributed to several factors, including
differences in the timing of the postoperative test (Deen et
al.: 2nd month; our study: 3rd month), test speed settings
(Deen et al.: 1.93 km/h; our study: 2.8 km/h), surgical
techniques, and patient-related factors. The treadmill test
is a safe and practical tool for assessing initial functional
status and objectively evaluating surgical outcomes (30,
31). Our study findings align with the literature (Table 2,
Table 3). Moreover, the treadmill test demonstrates high
reliability for both initial and repeat assessments (32).
Mcllroy et al. compared the preoperative and postoperative
walking ability of patients who underwent lumbar
laminectomy at up to two levels (33). They reported that
patients' walking capacity continued to improve up to the
12th month following fusionless decompression surgery
(33). They also stated that advanced preoperative age (>70
years), high body mass index (>35), severe leg pain, greater
disability levels, and lower quality of life were associated
with poorer walking ability and capacity at the 12-month
follow-up (33). They also identified preoperative long
walking capacity and higher education level as predictive
factors for better walking capacity and walking distance at
the 12-month postoperative follow-up (33). In our patient
groups undergoing treadmill testing, we also observed
better preoperative and postoperative outcomes in the
younger group (Table 3). Our findings regarding age are
consistent with those of Mcllroy.

Additionally, a study conducted in Japan (which included
patients who underwent fusion surgery) demonstrated that
active elderly individuals who underwent spinal stenosis
surgery were more capable of performing activities
such as stretching and low-intensity exercises, walking,
muscle-strengthening exercises, and home and garden
maintenance tasks. (34). The GLFS-25 (25-Question
Geriatric Locomotive Function Scale) is a tool used to
assess physical pain and limitations in activities of daily
living (ADL) in patients (35). The GLFS-25 test, which
measures locomotive dysfunction, is a valuable tool for
preoperative decision-making, assessing disease severity,
and evaluating functional surgical outcomes in patients
with lumbar spinal stenosis (35). An association has been
identified between improvements in GLFS-25 scores and
pain reduction (35). In our study, we also demonstrated
an increase in exercise tolerance following surgery (Table
2, Table 3). The treadmill test used in our study can serve

588



DOI: 10.37990/medr.1647600

as a valuable tool for preoperative decision-making and
assessment, as well as for evaluating the therapeutic
effects of surgery postoperatively (Table 2, Table 3). Our
findings are consistent with the existing literature.

Recent studies have shown that patients who engage
in appropriate postoperative exercise experience better
spinal recovery compared to those who remain inactive
(36). Appropriate postoperative exercises have been
reported to improve pain levels, disability status, analgesic
use, and psychological factors such as depression, anger,
and mood disorders (37).

Endoscopic lumbar decompression is a safe and effective
surgical technique for transforaminal and interlaminar
procedures (38). In elderly patients for whom general
anesthesia poses a risk, it is an ideal approach due to its
minimal tissue damage, shorter hospital stay, and lower
costs (39). The most common complication associated
with endoscopic decompression is durotomy (40). This
technique is not suitable for cases of pure low back pain
without neurogenic symptoms, instability or deformities
requiring stabilization, transforaminal decompression in
the presence of central stenosis, or complex foraminal
stenosis (38).

Our study has several limitations. It is based on a relatively
outdated dataset, and patients' magnetic resonance
imaging (MRI) scans were not recorded in the electronic
database. Additionally, the sample size is small, and
preoperative and postoperative quality of life or disability
scores were not assessed. Due to technical limitations,
certain aspects of the statistical analysis remain unclear
in the preoperative and postoperative comparisons.

CONCLUSION

Our study primarily demonstrates that fusionless
decompression techniques remain an effective treatment
option. Additionally, preoperative and postoperative
treadmill exercise tests can be utilized to assess disease
status and severity before surgery. Moreover, these tests
serve as an objective tool for evaluating the effectiveness
of surgical treatment postoperatively.

Financial disclosures: The authors declared that this study
has received no financial support.

Confilict of interest: The authors have no conflicts of interest
to declare.

Ethical approval: In our country, the first regulation on non-
drug clinical research was published in the Official Gazette
on March 11, 2010 (Issue No. 27518). Permission for this
study was granted in 1997 by the Head of the Neurosurgery
Department, Op. Dr. Halil Toplamaodlu, at Bakirkéy Mental
and Neurological Diseases Hospital.

REFERENCES

1. Friedmann E. Narrowing of the spinal canal due to thickened
lamina a cause of low-back pain and sciatica. Clin Orthop
Relat Res. 1961;21:190-7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

589

Med Records 2025;7(3):584-90

Kwon J-w, Moon S-H, Park S-Y, et al. Lumbar spinal stenosis:
review update 2022. Asian Spine J. 2022;16:789-98.

Katz JN, Zimmerman ZE, Mass H, Makhni MC. Diagnosis
and management of lumbar spinal stenosis: a review. JAMA.
2022;327:1688-99.

Lee BH, Moon S-H, Suk K-S, et al. Lumbar spinal stenosis:
pathophysiology and treatment principle: a narrative review.
Asian Spine J. 2020;14:682-93.

Kozanek M, Wang S, Passias PG, et al. Range of motion
and orientation of the lumbar facet joints in vivo. Spine.
2009;34:E689-96.

Le CK, Rauschning, W Gleen W. Lateral lumbar spinal canal
stenosis: classification, pathologic anatomy and surgical
decompression. Spine (Phila Pa 1976). 1988;13:313-20.

Jensen RK, Harhangi BS, Huygen F, Koes B. Lumbar spinal
stenosis. BMJ. 2021;373:n1581.

Genevay S, Courvoisier DS, Konstantinou K, et al. Clinical
classification criteria for neurogenic claudication caused
by lumbar spinal stenosis. The N-CLASS criteria. Spine J.
2018;18:941-7.

Weinstein JN, Tosteson TD, Lurie JD, et al. Surgical versus
nonoperative treatment for lumbar spinal stenosis four-year
results of the Spine Patient Outcomes Research Trial. Spine
(Phila Pa 1976). 2010;35:1329-38.

Kjaer P, Leboeuf-Yde C, Korsholm L, et al. Magnetic resonance
imaging and low back pain in adults: a diagnostic imaging
study of 40-year-old men and women. Spine (Phila Pa 1976).
2005;30:1173-80.

Lee SY, Kim T-H, Oh JK, et al. Lumbar stenosis: a recent
update by review of literature. Asian Spine J. 2015;9:818-28.

Kim HJ, Yang JH, Chang D-G, et al. Impact of preoperative
total knee arthroplasty on radiological and clinical
outcomes of spinal fusion for concurrent knee osteoarthritis
and degenerative lumbar spinal diseases. J Clin Med.
2021;10:4475.

McNamara MJ, Barrett KG, Christie MJ, Spengler DM.
Lumbar spinal stenosis and lower extremity arthroplasty. J
Arthroplasty. 1993;8:273-7.

Park J, Ham D-W, Kwon B-T, et al. Minimally invasive spine
surgery: techniques, technologies, and indications. Asian
Spine J. 2020;14:694-701.

Park S-M, Park J, Jang HS, et al. Biportal endoscopic versus
microscopic lumbar decompressive laminectomy in patients
with spinal stenosis: a randomized controlled trial. Spine J.
2020;20:156-65.

Yaldiz C, Ozkal B, Guvenc Y, et al. Comparison of the rigid rod
system with modular plate with the finite element analysis
in short-segment posterior stabilization in the lower lumbar
region. Turk Neurosurg. 2017;27:610-6..

Yilmaz A, Senturk S, Sasani M, et al. Disc rehydration after
dynamic stabilization: a report of 59 cases. Asian Spine J.
2017;11:348-55.

Kwon J-W, Lee BH, Lee S-B, et al. Hand grip strength
can predict clinical outcomes and risk of falls after
decompression and instrumented posterolateral fusion for
lumbar spinal stenosis. Spine J. 2020;20:1960-7.



DOI: 10.37990/medr.1647600

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Lee BH, Kim T-H, Park M-S, et al. Comparison of effects of
nonoperative treatment and decompression surgery on risk
of patients with lumbar spinal stenosis falling: evaluation
with functional mobility tests. J Bone Joint Surg Am.
2014;96:e110.

Tokuhashi Y, Matsuzaki H, Sano S. Evaluation of clinical
lumbar instability using the treadmill. Spine (Phila Pa 1976).
1993;18:2321-4.

Johnsson K-E, Uden A, Rosén |. The effect of decompression
on the natural course of spinal stenosis: a comparison of
surgically treated and untreated patients. Spine (Phila Pa
1976). 1991;16:615-9.

Turner JA, Ersek M, Herron L, Deyo R. Surgery for lumbar
spinal stenosis: attempted meta-analysis of the literature.
Spine (Phila Pa 1976). 1992;17:1-8.

Herno A, Airaksinen O, Saari T. Long-term results of surgical
treatment of lumbar spinal stenosis. Spine (Phila Pa 1976).
1993;18:1471-4.

Deen HG, Zimmerman RS, Swanson SK, Larson TR.
Assessment of bladder function after lumbar decompressive
laminectomy for spinal stenosis: a prospective study. J
Neurosurg. 1994,80:971-4.

Tram J, Srinivas S, Wali AR, et al. Decompression surgery
versus interspinous devices for lumbar spinal stenosis:
a systematic review of the literature. Asian Spine J.
2020;14:526-42.

Zhang J, Liu T-F, Shan H, et al. Decompression using minimally
invasive surgery for lumbar spinal stenosis associated
with degenerative spondylolisthesis: a review. Pain Ther.
2021;10:941-59.

Forsth P Olafsson G, Carlsson T, et al. A randomized,
controlled trial of fusion surgery for lumbar spinal stenosis.
N Engl J Med. 2016;374:1413-23.

Hermansen E, Austevoll IM, Hellum C, et al. Comparison of 3
different minimally invasive surgical techniques for lumbar
spinal stenosis: a randomized clinical trial. JAMA Netw
Open. 2022;5:224291.

Ulrich NH, Burgstaller JM, Valeri F, et al. Incidence of revision
surgery after decompression with vs without fusion among
patients with degenerative lumbar spinal stenosis. JAMA
Netw Open. 2022;5:€2223803.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

590

Med Records 2025;7(3):584-90

Deen HG, Zimmerman RS, Lyons MK, et al. Measurement
of exercise tolerance on the treadmill in patients with
symptomatic lumbar spinal stenosis: a useful indicator
of functional status and surgical outcome. J Neurosurg.
1995;83:27-30.

Deen HG, Zimmerman RS, Lyons MK, et al. Use of the exercise
treadmill to measure baseline functional status and surgical
outcome in patients with severe lumbar spinal stenosis.
Spine (Phila Pa 1976). 1998;23:244-8.

Deen HG, Zimmerman RS, Lyons MK, et al. Test-retest
reproducibility of the exercise treadmill examination in
lumbar spinal stenosis. Mayo Clin Proc. 2000;75:1002-7.

Mcllroy S, Jadhakhan F, Bell D, Rushton A. Prediction of
walking ability following posterior decompression for lumbar
spinal stenosis. Eur Spine J. 2021;30:3307-18.

Higuchi D, Kondo Y, Miki T. Patterns of physical activity and
exercise after lumbar surgery among Japanese patients with
lumbar spinal stenosis. J Phys Ther Sci. 2021;33:146-52.

Nakae |, Hashida R, Otsubo R, et al. Impact of spinal surgery
on locomotive syndrome in patients with lumbar spinal
stenosis in clinical decision limit stage 3: a retrospective
study. BMC Musculoskelet Disord. 2023;24:851.

Schwartz CE, Stark RB, Balasuberamaniam P, et al. Moving
toward better health: exercise practice is associated with
improved outcomes after spine surgery in people with
degenerative lumbar conditions. Can J Surg. 2021;64:E419-27.

Slater J, Kolber MJ, Schellhase KC, et al. The influence of
exercise on perceived pain and disability in patients with
lumbar spinal stenosis: a systematic review of randomized
controlled trials. Am J Lifestyle Med. 2016;10:136-47.

Ju C-l, Kim P Ha S-W, et al. Contraindications and
complications of full endoscopic lumbar decompression
for lumbar spinal stenosis: a systematic review. World
Neurosurg. 2022;168:398-410.

Cheung PWH, Wong CKH, Lau ST, Cheung JPY. Cost
analysis comparison between conventional microsurgical
decompression and full-endoscopic interlaminar
decompression for lumbar spinal stenosis surgery. J Spin
Surg. 2020;6:721-8.

Kim HS, Raorane HD, Wu PH, et al. Incidental durotomy during
endoscopic stenosis lumbar decompression: incidence,
classification, and proposed management strategies. World
Neurosurg. 2020;139:e13-22.



