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Abstract
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Lumbar spinal stenosis (LSS) is the most common indication for spinal surgery. The aging
global population is increasing the demand for strategies that promote physical activity among
the elderly. As the prevalence of LSS rises, the condition gains constantly demographic and
socioeconomic attention. Until recently, there has been no clear consensus regarding LSS
treatment. Further, using electrodiagnostic examinations (EDX) as predictive tools to identify
surgical candidates, could lead to a more tailored medical approach. Methodological issues in
previous studies have left some questions unanswered. The necessity of extensive surgery for
LSS remains a topic of debate among spinal surgeons, which this work addressed by analyzing
data from 723 patients.

Parts of the work aimed to compare surgery and structured non-surgical treatment for LSS
(Paper L, 11, III). Furthermore, it aimed to investigate, by means of EDX, whether the degree of
neurological affection correlates to the surgical outcome of LSS (Paper I, II). Additionally, this
work evaluated the radiological outcome for surgical vs non-surgical treatment for LSS in
terms of sagittal balance parameters (Paper III, V). Finally, parts of this thesis aimed to
confirm findings from previous studies regarding DA and DF for LSS with DS (Paper IV, V).

The current thesis is based on two randomized controlled trials and a cohort study: the Uppsala
Spinal Stenosis Trial, the Swedish Spinal Stenosis Study, and the Cohort Study on LSS with
DS. Patient reported outcome measures from the Swedish National Quality Registry for Spine
Surgery (Swespine) were used to collect follow-up data.

We concluded that at six months, surgery with decompression leads to superior clinical
outcome, compared to structured physical therapy. The improvement is not affected by delay
of surgery (Paper II). EDX does not add predictive value when assessing the patients for
eligibility before surgery (Paper II). DA improves the spinal sagittal balance, regardless of
preoperative DS (Paper III) and provides good two-year clinical outcome in LSS with DS with
low rate of complications, and low need for subsequent surgery (Paper IV). New radiological
stenosis was less common two years after DA than after DF, in LSS with or without
preoperative DS (Paper V).
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Abbreviations

6MWT 6-Minute Walking Test

CI Confidence Interval

CO Cross-Over

DA Decompression Alone

DF Decompression with Fusion
DS Degenerative Spondylolisthesis
EDX Electrodiagnosis

EMG Electromyography

EQ-5D EuroQoL Five-Dimensional Questionnaire
FL Flavum Ligament

FU Follow-Up

GA Global Assessment

LL Lumbar Lordosis

LSS Lumbar Spinal Stenosis

MRI Magnetic Resonance Imaging
MUNIX Motor Unit Number Index
NRS Numeric Rate Scale

ODI Oswestry Disability Index
PROM Patient Reported Outcome Measure
RCT Randomized Controlled Trial
SSSS Swedish Spinal Stenosis Study
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Introduction

The term spinal stenosis is derived from the Greek word “orévwoig” (sténosis),
which means narrowing. Evidence of stenosis has been dating back to Ancient
Egypt. In modern times, the condition was first described by Antoine Portal
in 1803'. However, it was Verbiest who associated first in 1954 the condition
with its clinical symptomatology**.

Later, in the 1970’s, Kirkaldy-Willis proposed the degenerative cascade
model. According to it, the process starts with a dysfunction of a spinal seg-
ment (for instance a minor trauma), causing an unstable situation. The spine
tries then by thickening the flavum ligaments and producing joint osteophytes,
to re-stabilize the segment. These changes, together with the bulging interver-
tebral discs, lead gradually to narrowing of the canal*”.

Lumbar spinal stenosis (LSS) is mainly characterized by neurogenic claudi-
cation: nonradicular leg and low back pain, gait and balance disturbances, and
numbness of the lower limbs'®!". The condition is unusual before the age of
50 and it mainly affects populations aged >65 years. In many countries LSS
is the most common indication for spine surgery >'*!'*"15. The prevalence of
acquired stenosis had been calculated to be more than 7%'*'®. The goal of the
surgical treatment is to decompress the neural structures in the stenotic seg-
ments'”.

Diagnosis

In typical LSS cases, the combination of clinical and radiological examination
is often enough to set the diagnosis. The golden standard imaging method is
the magnetic resonance imaging (MRI). When the latter cannot be used, for
instance in patients carrying older pacemaker models, other alternatives can
be used. These include computed tomography (CT) and contrast myelography.
Previously, the calculation of the cross-section area on the CT or MRI played
a significant role in the diagnosis of LSS. A canal area of 75Smm? or less was
considered as the cut-off point for stenosis'®. Recently, new research has
shown that the absence of cerebrospinal fluid among the spinal roots and their
subsequent sedimentation are more representative of spinal stenosis than the
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cross-section area itself'>?!. This evaluation of the spinal canal is made on the
T2 sequence of axial MRI. Nowadays, the morphological Schizas classifica-
tion is widely used.

Figure 1. Spinal stenosis grade C, on T2-weighted axial MRI.

In cases with co-existing neuropathies where the MRI and the clinical exami-
nation are insufficient for the differential diagnosis, electrodiagnosis (EDX)
plays a very useful role’>**. These EDX modalities include nerve conduction
studies and electromyography (EMG). Recent research has shown that EDX
could have a predictive value for the treatment of LSS*. EDX is reported to
differentiate symptomatic from asymptomatic LSS patients, whereas MRI
does not*. The EMG is also helpful in following the progression of the dis-
ease. The so-called motor unit number index method (MUNIX)?, a non-inva-
sive and fast surface recording EMG method, has shown good reproducibility
in follow-up investigations for cervical spinal stenosis and lumbosacral
radiculopathy®®*’.

Treatment modalities

The evidence based surgical treatment of LSS is a posterior direct decompres-
sion of the stenotic segment. The non-surgical treatment includes a combina-
tion of different modalities such as physical therapy (PT), bracing, epidural
steroid injections, and other medication®* . After surgery, 60-70% of patients
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report satisfaction with the results and a minor proportion of them experience
even no improvement at all*’. Thus far, there is no consensus regarding the
most optimal treatment of LSS. Previous trials have indicated favorable results
for surgery whereas others have found good results with non-surgical modal-
ities’'*"°. Moreover, some studies have concluded that surgery's favorable
results diminish with time*'*2. Apart from that, surgery itself has a positive
placebo effect that can improve symptoms in some diseases **. Thus, further
research by means of trials with structured non-surgical treatment is needed"’.

Figure 2. T2-weighted axial MRI showing L.3-L.4 segment after decompression.

The extension of the lumbar spine decreases the area of the canal. In LSS, this
area is already compromised and putting more pressure on the bulging inter-
vertebral discs and the hypertrophic flavum ligament, leads to an increase of
the epidural pressure and often to exaggeration of the symptoms. Thus, LSS
patients, compensate by leaning forward and decreasing their lumbar lordosis
(LL) to relieve the symptoms**. As the degeneration of the lumbar spine
progresses, the sagittal vertebral axis (SVA) is impaired. The experience
gained from previous randomized controlled trials is that the patients’ back
pain is reduced by decompression alone*.

Until recently, it was strongly believed that decompressing a stenotic segment
with degenerative spondylolisthesis (DS), would lead to instability and thus a
concomitant fusion was necessary. The studies by Herkowitz and Bridwell
from the early 90’s have been the base for this approach, despite that both
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studies included few patients and were not truly randomized*’*®. Recent stud-
ies have shown that adding fusion for stabilization of a decompressed segment
does not provide superior results compared with DA*****_ These have been
criticized for not evaluating instability by means of flexion/extension radiog-
raphies even though this modality has no strong scientific evidence as proper
and realistic biomechanical studies are difficult to perform. The use of dy-
namic plain radiographies does not add value to the evaluation of instability
as this method has low accuracy and repeatability and there is lack of consen-
sus on how the examination should be performed *'*2. In the same direction,
Austevoll et al, found no superiority in adding fusion to decompression in LSS
with DS. They have even performed dynamic radiographies where 20% of the
patients have been found with a dynamic instability, however without any af-
fection to the outcome™.

The global population is undergoing a rapid aging process, leading to an in-
creasing demand for physical activity solutions among the elderly. The prev-
alence of LSS also rises with age and has been documented to affect up to
20% of individuals aged 60 to 69'%. This has led to a growing interest in LSS
from both demographic and socioeconomic perspectives. Additionally, if it
were possible to utilize an EDX examination as a predictive tool for identify-
ing patients who could benefit from surgery, it might enable other patients to
avoid surgical interventions and their associated risks. This approach could
contribute to a more individualized medical strategy for addressing LSS. Fur-
thermore, previous RCTs have left certain questions unanswered due to meth-
odological concerns such as a high rate of cross-over (CO) and a lack of treat-
ment consistency in non-surgical groups®>*’. Finally, the question of whether
extensive correction and fusion, in combination with decompression, is nec-
essary has been a debated topic among spinal surgeons. This thesis aimed to
address the existing gaps in research and provide solutions to unresolved in-
quiries by analyzing data from two RCTs and a cohort study.
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Alms

The general research questions that this thesis addresses are:

1. Does decompression for LSS lead to superior clinical outcome compared to
structured physical therapy?

2. Is there a correlation between the grade of the clinical symptoms and the
degree of neurological affection, as measured by EDX?

3. Does decompression for LSS improve the spinal sagittal balance?

4. What are the rates of complications and subsequent surgery after DA for
LSS and how frequent is a new stenosis after this procedure?

The specific aims of the individual papers are presented below:

Paper I: to describe the structure of the Uppsala Spinal Stenosis Trial
(UppSten).

Paper II: to compare surgical and non-surgical treatment for LSS, and to ex-
amine whether the grade of the clinical symptoms correlated with the EDX
degree of neurological affection.

Paper III: to compare the radiological outcome for surgical vs non-surgical
treatment for LSS, in terms of sagittal balance.

Paper IV: to evaluate the clinical outcome, complications, and subsequent
surgery after decompression alone for lumbar spinal stenosis with degenera-
tive spondylolisthesis.

Paper V: to compare the proportion of radiological new stenosis after DA and

decompression with fusion (DF), two years post LSS surgery. Further, to eval-
uate the change in DS two years after DA and DF.
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Materials and Methods

The Swedish National Quality Registry for Spine
Surgery

Patient reported outcome measures (PROMs) from the Swedish National
Quality Registry for Spine Surgery (Swespine) were used'*****. The Registry
was established back in 1992 with just a few reporting departments in the be-
ginning. Since 1998, Swespine has been in widespread use and today, 25 years
later, almost all spine surgery clinics in Sweden refer to the Registry that has
achieved a coverage of over 95% with a national follow-up rate of approxi-
mately 75%.

The preoperative baseline data are PROM based that the patients enter by
themselves and include age, sex, smoking habits, duration of back and/or leg
pain before surgery, consumption of analgesics, the Oswestry Disability Index
(ODI)>, the EuroQoL Five-Dimensional Descriptive system Questionnaire
(EQ-5D)*®, the Numeric Rate Scale (NRS)’ for leg and back pain and the
subjective walking ability*®. Recently, Swespine has been digitalized making
its use easier and more comfortable. After the patient is discharged from the
hospital, the surgeon registers the peroperative and hospitalization data. This
is the only registration that is made by the surgeon. The data include the diag-
nosis, type of procedure and implants, hospitalization time, antibiotic prophy-
laxis and complications. Swespine follows-up (FU) the patients at one, two,
five and years after surgery. At these points, the patients register the same
baseline PROMs accompanied by the global assessment (GA)*®*° and the pa-
tient satisfaction (PS)". GA represents a useful pain evaluation tool based on
a single question: “how is your back/leg pain now compared to before sur-
gery?” The possible answers are: 0-did not have any leg/pain before, 1-com-
pletely relieved, 2-much better, 3-somewhat better, 4-not changed and 5-
worse.

This thesis is based on the Uppsala Spinal Stenosis Trial (Paper I-III), the

Cohort Study for lumbar spinal stenosis with degenerative spondylolisthesis
(Paper 1V), and the Swedish Spinal Stenosis Study (SSSS, Paper V). Totally,
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723 patients with symptomatic lumbar spinal stenosis with and without de-
generative spondylolisthesis were included and studied. The detailed patient
populations for each Paper are presented further on.

The Uppsala Spinal Stenosis Trial

UppSten is a single-center randomized controlled trial (RCT) with clinical,
radiological, neurophysiological, and immunohistochemical follow-up
(NCT03495661). All the patients were treated at the Uppsala University Hos-
pital and the inclusion took place from April 2018 to December 2021. The
study aimed to compare surgery with decompression and structured physical
therapy, for the treatment of LSS. Totally 155 patients were randomized into
the two treatments arms: 79 in the surgical and 76 in the PT group. The trial
protocol, clinical and neurophysiological outcome, and the radiological results
are described in Papers I-111.

The Cohort Study on Lumbar Spinal Stenosis with DS

This work is an observational study based on data from a single high produc-
tive spine surgical center. The study included 346 patients with LSS and DS
who were treated with DA, without evaluation of any potential instability.
Paper IV addresses and presents the clinical outcome, complications, and sub-
sequent surgery of this cohort.

The Swedish Spinal Stenosis Study

The Swedish Spinal Stenosis Study (NCT01994512) was a multicenter, open-
label RCT including patients with lumbar spinal stenosis with or without de-
generative slip®®. The participants were randomized into the two treatment
arms: decompression alone and decompression with fusion. The research sites
were the Uppsala University Hospital, four regional public health hospitals
and two private centers for spine surgery in Sweden. All sites participated in
the clinical follow-up; one private center did not participate in the radiological
FU, which included 222 patients. In Paper V, the two-year radiological results
of the study are assessed.
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Ethics

The Uppsala Spinal Stenosis Trial was approved by the Regional Ethics Com-
mittee (2017-506), the Hospital’s Clinical Trials Committee (2018-0001) and
the National Biobank Council and Uppsala Biobank (827-2018-025). The Co-
hort Study was approved by the Regional Ethics Committee (2019-02160).
The Swedish Spinal Stenosis Study was approved by the Regional Ethics
Committee (2006/196). All the studies were conducted in full compliance with
the Helsinki declaration®.

Paper 1.

Trial design

The Uppsala Spinal Stenosis Trial is an RCT with two treatment arms: surgery
with decompression and structural physical therapy®'. The power calculation
determined a sample size of 150 patients and was based on ODI which was
the primary outcome. An interim analysis was planned when 100 patients
would have passed the six-month follow-up to evaluate if an extended inclu-
sion would be necessary to compensate for loss to follow-up. Patients with
symptomatic LSS aged 50-85 years were included. A permuted block random-
ization with variable block sizes was planned through the internet-based ran-
domization software, WebCRF (AKF, Faculty of Medicine and Health Sci-
ences, PO Box 8905 MTFS, NO-7491 Trondheim, Norway).
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Table 1. Inclusion and exclusion criteria of the trial.

Inclusion criteria

1. Age 50-85 years

2. Clinical symptoms of LSS indicating and motivating surgery. NRS in lower limbs >3

3. MRI with LSS at 1-3 lumbar levels. Dural sac area <75 mm? or degree of stenosis C or D
according to Schizas classification?®

4. The surgical treatment to be provided is decompression alone
5. The patient has given oral and written informed consent to participate
Exclusion criteria

1. Degenerative deformity with Cobb angle >20°
2. Spondylolysis
3. Symptomatic osteoarthritis of the lower limbs that affects and limits the patient’s function

4. Arterial insufficiency (intermittent claudication)
5. Former lumbar surgery other than disc herniation

6. Conditions that affect the spine, such as ankylosing spondylitis, diffuse idiopathic skeletal
hyperostosis, spondylodiscitis/infections, malignancy, and neurological diseases

7. Heart and lung diseases presenting a significant risk for surgery or making it impossible
for the patient to take part in a physical training program (ASA score >3)

8. Polyneuropathies

9. Psychological factors rendering the patient incapable of inclusion in the trial (e.g. drug
addiction, dementia)

Treatment arms

Group A: Surgery with conventional open, facet joint preserving, partial lam-
inectomy under magnification according to the surgeon’s own preference
(loupes or microscope). Postoperatively the patients were allowed to be mo-
bilized without restrictions, with regular PT instructions and follow-up by a
spine physiotherapist.

Group B: Structured PT program on a static bicycle according to a modifica-
tion of the “Ostersund model”, which was used in a Swedish observational
study on LSS patients (30 min, 3 times/week for 4 months)®>. The patients in
the PT group could at any time cross over to surgery and then receive FU as
in group A.
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Follow-up

Regular clinical follow-ups at six months, one, two, and five years. Radiolog-
ical and neurophysiological evaluation at baseline and six months after the
allocated treatment was initiated.

Outcome measures

The primary outcome was the ODI which was obtained from Swespine. The
secondary outcomes included PROMs from Swespine in terms of the EQ-5D,
the NRS for back and leg pain, the subjective walking ability, the global as-
sessment, and the patient satisfaction. Moreover, from EDX, the motor nerve
amplitude and the degree of denervation activity were included. The tertiary
outcomes were the 6-minute walking test (6MWT)®, the sensory nerve am-
plitude, F-response latency® and H-reflex®®, MUNIX, the degree of reinner-
vation, and finally the LL and SVA. Flavum ligament, which is routinely re-
moved during the decompression, would be collected in the surgical group,
and examined with immunohistochemical methods and proteomics analysis
regarding inflammation markers and nociceptors. The laboratory part of the
UppSten is not included in the current thesis.

Paper II.

The methods used for the clinical part of the project were extensively de-
scribed above (Paper I).

Electrophysiological methods and examinations

MUNIX, needle EMG and neurography were performed. MUNIX represents
an index reflecting the innervation and number of active motor units with good
reproducibility®®®’. Recording was performed from the anterior tibial (AT)
muscle and abductor hallucis (AH) muscle which receive innervation primar-
ily from the L5 and S1 levels. Needle EMG allows to differentiate neurogenic
from myogenic disorders in addition to assessing the degree of abnormality.
It was performed in muscles innervated mainly from the L4-S1 myotomes to
investigate the degree of neurogenic involvement and signs of present dener-
vation. The results from lateral vastus (LV), anterior tibial (AT), and medial
gastrocnemius (MG) muscles were shown. The degree of neurogenic involve-
ment was summarized as an “EMG score”, which was calculated for the com-
prehensive EMG findings of the investigated muscle®®. In addition to the EMG
score, the mean motor unit action potential (MUP) amplitude was measured.
The EMG MUP amplitude Z-score (EMG Z-score) was reported to make it
possible to pool the results from the three muscles. Signs of ongoing denerva-
tion and reinnervation were reported according to Stilberg®. Polyneuropathy
was diagnosed by means of standard nerve conduction studies and these pa-
tients were excluded from the neurophysiological FU".
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Statistics - Clinical outcome

The primary outcome, ODI, was analyzed at six months using a linear regres-
sion model including its baseline value and the randomized treatment arm.
The point estimate of the difference in mean ODI with 95% confidence inter-
vals (CI) and p-value for surgical vs. non-surgical treatment was presented.
Continuous outcomes or outcomes that can be assumed as continuous were
analyzed according to the primary efficacy analyses. Ordinal outcomes were
analyzed using proportional odds regression models including the treatment
variable and, if applicable, the baseline value. Odds ratios with 95% CI and p-
values were presented for the surgical vs. non-surgical treatment. Exploratory
(post hoc) analysis of the Hospital Anxiety and Depression Scale’' (HADS-
A, HADS-D) was performed. SAS version 9.4 (SAS Institute, Cary, USA) and
R version 4.2.2 (R Foundation, www.r-project.org) were used in the analyses
of the clinical outcome.

Statistics — EDX

The Mann-Whitney U-test was used to compare two groups when a non-nor-
mal distribution was assumed in unpaired observations. The Wilcoxon signed-
rank test was performed for paired observations. The correlation analysis was
performed by means of the Pearson correlation (R) for parametric and the
Spearman correlation (Rho) for bivariate non-parametric data. A p-value
<0.05 was considered significant. EDX statistical analyses were performed
with SPSS Statistics version 28 (IBM Corporation, New York, USA).

Paper I11.

All the participants had radiological exams after inclusion and six months after
the initiation of the assigned treatment. In cases of cross-over, another radio-
logical evaluation was performed six months after the cross-over surgery. We
used full-length standing whole spine radiographs (posteroanterior and lat-
eral), and we calculated the lumbar lordosis, the sagittal vertebral axis and the
degenerative spondylolisthesis. The Cobb angle between L1 and S1was used
for the lordosis evaluation and for the SVA, we drew a plumb line from C7
centroid and calculated the distance between that and the posterior superior
corner of S172,
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Figure 3. Lumbar lordosis between L1-S1.

Figure 4. Sagittal vertebral axis.



We included only coronal balanced patients (coronal Cobb angle <20°). In
accordance with the current evidence, SVA < 50 mm was considered as the
threshold for sagittal balanced spine’>’. We created a DS subgroup to exam-
ine the possible effect of preoperative DS on the radiological outcome. DS
was defined as a > 3mm slip of the cranial vertebra related to the caudal one.
The evaluation was performed according to Stokes and Frymoyer, without dy-
namic radiographs”.

Figure 5. Calculation of degenerative spondylolisthesis L4-L5.

Statistics

The t-test was used for comparison between groups and the paired t-test for
the changes from baseline. A p-value of <0.05 was considered as significant
and the 95% CI were also calculated. A separate analysis of the CO patients
was made. The patients with preoperative DS, were analyzed as a subgroup.
The statistical analyses were performed with the use of SPSS Statistics version
28 (IBM Corporation, New York, USA).

Paper IV.

In this project, we studied prospectively collected data from Capio Spine Cen-
ter Stockholm, which is a high productive spine surgery center. We formed
thus a large cohort of patients with a meticulous FU. All the patients had un-
dergone DA without evaluation of any potential instability. PROMs from
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Swespine at baseline and two years after surgery were collected and analyzed.
Intraoperative and postoperative complications within 30 days of surgery were
registered through the local clinic register. All subsequent surgeries in the
lumbar spine were registered through Swespine and the local register. The
outcome measures used were the ODI, the NRS for low back and leg pain, the
EQ-5D and GA.

Statistics
The paired samples t-test was used. P-value of <0.05 considered as significant
and the 95% CI were calculated as well.

Paper V.

This project is a follow-up of the multicenter RCT on lumbar spinal stenosis
with degenerative spondylolisthesis that was published in 2016 in New Eng-
land Journal of Medicine*®. Six centers participated in the two-year MRI fol-
low-up. Stratification for the presence of preoperative degenerative spondylo-
listhesis on conventional radiographs was performed. The primary outcome
was new stenosis at the operated level(s) and/or proximal adjacent level. The
secondary outcomes included the stenosis grade according to Schizas (C-D)
and absolute dural sac area (mm?). Disc degeneration at the proximal adjacent
level was evaluated according to Pfirrmann’®. The radiological data were as-
sessed by an experienced spine surgeon. The two-year MRI was re-examined
for new stenosis by an experienced neuroradiologist. The radiological evalu-
ation was performed on Carestream VuePACS (Carestream Health, USA).

Statistics

The differences between the treatment groups were analyzed by means of the
independent samples t-test for continuous variables (Welch’s two-sample t-
test, independent-samples t-test) and by dichotomized standard summary
measures, for ordinal variables (Fisher’s exact test, Pearson’s chi-squared test
with Yates’ continuity correction). Analyses were performed both with and
without stratification for preoperative degenerative spondylolisthesis. Interob-
server reliability between spine surgeon and radiologist was evaluated by us-
ing the paired t-test and confidence intervals. Pfirrmann disc degeneration was
analyzed as a quantitative variable. The analyses were performed using SAS
v.9.4. (SAS Institute, Cary, USA) and R v.3.1 (R Foundation, www.r-pro-
ject.org).

24



Table 2. The inclusion and exclusion criteria of the Swedish Spinal Stenosis Study.

Inclusion criteria

Age 50-80 years
Neurogenic claudication, score >30 on visual-analogue scale range from 0-100

1 or 2 adjacent stenotic segments (cross-section area of the dural sac <75 mm?) between
L2-S1 on MRI

Duration of symptoms > 6 months

Written informed consent

Exclusion criteria

Spondylolysis

Degenerative lumbar scoliosis (Cobb angle >20 degrees)

History of lumbar spinal surgery for spinal stenosis or instability

Stenosis not caused by degenerative changes

Stenosis caused by a herniated disc

Other specific spinal conditions (ankylosing spondylitis, cancer or neurologic disorders)
History of vertebral compression fractures in affected segments

Conditions making participation inappropriate (dementia or drug abuse)
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Results

Paper I-11.

Clinical outcome

The screening process identified 409 patients eligible for inclusion. Of those,
63 did not meet all inclusion criteria, and 191 declined participation. Totally,
we included and randomized 155 patients; 79 to surgery and 76 to the PT
group. During the FU period, ten patients were lost-to-follow-up due to dif-
ferent reasons. At six-month FU, 30 PT patients chose to cross over to the
surgical group and received surgery. There were no COs before six months.

Figure 6. The flow chart of the Uppsala Spinal Stenosis Trial.
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Six months after the allocated treatment, there was a clear superiority for the
surgical group in all outcomes but for the HADS Anxiety. The mean ODI
improvement (decrease) in the surgical group was 12.4 units greater than in
the PT group. The difference in EQ-5D improvement was 0.16. For the surgi-
cal arm compared to the non-surgical one, the odds of improvement in back
pain (NRS) were 3.4 times greater, for leg pain (NRS) 8.8 times greater, and
2.9 times greater for the subjective walking ability. In the same direction, sur-
gery had 3.5- and 5.1 times higher odds to improve back and leg pain respec-
tively in terms of GA. The patients who underwent surgery had almost 3.7
times higher odds to be satisfied with the results. The mean improvement in
6MWT was 42 meters greater for the surgical group. Surgery improved
HADS-D as well.

Cross-over

Six months after CO surgery, ODI improved compared to its preoperative
value (before CO surgery). No improvement was found six months after PT
compared to baseline; mean difference -18.7 (95% CI; -25.4; -12.0). The pa-
tients who chose CO had worse ODI six months after PT than those who did
not choose CO.
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Figure 7. Improvement in ODI at six months.
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Figure 8. Improvement in leg pain (NRS) at six months.
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Figure 9. ODI improvement after CO surgery.

EDX outcome

The neurophysiological analysis included 134 patients, 67 from the surgical;
and another 67 from the PT group. The degree of neurogenic involvement
measured by EDX was modest, and the large spread of data made overall in-
terpretations difficult. We found that the degree of peripheral motor neuron
involvement and the presence of active denervation at baseline related to short
walking distance (6MWT). Nevertheless, there were no correlations after the
interventions. Tables 5 and 6 present the EDX results in detail.
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Table 5. Correlations between the baseline clinical parameters, active denervation,
and the baseline EDX parameters for all the participants before interventions.

Correlations
Baseline

ODI
ODI
ODI

ODI
ODI

Pain, back
Pain, leg
Pain, back
Pain, leg
Pain, back
Pain, back

Pain, back
Pain, leg
Pain, leg
Pain, leg

6MWT
6MWT
6MWT

6MWT
6MWT

EMG active denervation
EMG active denervation
EMG active denervation

EMG active denervation

34

Baseline

MUNIX (relative)
CMAP (relative)
EMG score

EMG MUP ampl Z score

EMG active denervation

MUNIX (relative)
MUNIX (relative)
CMAP (relative)

CMAP (relative)

EMG score

EMG MUP ampl Z score

EMG active denervation
EMG score
EMG MUP ampl Z score

EMG active denervation

MUNIX (relative)
CMAP (relative)
EMG score

EMG MUP ampl Z score

EMG active denervation

MUNIX (relative)
CMAP (relative)

EMG score

EMG MUP ampl Z score

Correlation
coefficient

0.014 (R)
-0.02 (R)
-0.004 (Rho)
-0.068 (R)

0.027(Rho)

0.062 (Rho)
-0.02 (Rho)
0.03 (Rho)

-0.037 (Rho)

-0.052 (Rho)

-0.056 (Rho)

-0.031 (Rho)
-0.14 (Rho)
-0.17 (Rho)

-0.003 (Rho)

0.15 (R)
0.18 (R)
-0.11 (Rho)
0.006 (R)

-0.13 (Rho)

-0.29 (Rho)
-0.26 (Rho)
0.47 (Rho)
0.28 (Rho)

P-value

0.78
0.69
0.90

0.069
0.46

0.22
0.69
0.56
0.47
0.16
0.13

0.40
<0.001
<0.001

0.94

0.003
<0.001
0.003

0.86
<0.001

<0.001
<0.001
<0.001
<0.001



Table 6. Mean values for the EDX parameters before and after interventions.

Before After P-value Before After P-value
surgery surgery PT PT
MUNIX 7.5 12 p=0.033 10 14 p=0.24
(% abnormal)
MUNIX 0.83 0.82 p=0,41 0.80 0.75 p=0.20
(relative, mean)
CMAP 9.0 12 p=0.13 14 18 0.072
(% abnormal)
CMAP 0.94 0.90 p=0.015 0.91 0.86 p=0.004
(relative, mean)
EMG 0.45 0.52 p=0.018 0.52 0.60 p=0.052
(score, mean)
EMG 31 35 p=0.055 36 40 p=0.13
(% abnormal)
EMG MUP Z 1.5 1.6 p=0.29 1.6 1.8 p=0.031
(score, mean)
Active 7.7 7.5 p=0.84 11 11 p=0.85

denervation (%)

Complications, reoperations, and Serious Adverse Events (SAEs)

In the surgical group, one patient had an epidural bleeding that led to pro-
longed hospitalization, and six patients had an accidental durotomy (AD). Of
those six patients, one had also a postoperative haematoma that needed surgi-
cal treatment, however without residual symptoms. Two more patients had
revision surgery due to haematoma, in one case complicated by residual drop
foot. In the same group, within one week postoperatively, four patients had a
superficial surgical site infection. In one case, this led to a deep infection (later
than one week postoperatively) which was treated by surgical debridement.
Other complications included two patients with severe pain, one with pro-
longed hospitalization/rehabilitation, one urinary retention, two urinary tract
infections (UTI) and one medicine related complication. There were no throm-
boembolic or cardiac complications. Four SAEs were identified; osteosynthe-
sis for hand fracture, surgery for metastatic cancer (non-spinal), hip surgery
and stroke.

In the CO subgroup, there were two ADs, whereas two other patients had a
postoperative haematoma but without need for surgical evacuation and with-
out residual symptoms. There were no thromboembolic or cardiac complica-
tions and no reoperations in this subgroup. One SAE in terms of UTI that
needed hospitalization was registered.
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There were no physical therapy related complications. The SAEs in the PT
group included surgery for kidney stone, stroke, revision surgery for hip im-
plant failure and surgery for upper extremity fracture. In one patient pneumo-
nia led to sepsis and death.

Paper III.

Six months after the allocated treatment, the surgical group had higher mean
LL (49.4° vs 43.0°;, 95% CI, 2.4 to 10.5) and a tendency towards better mean
SVA, than the PT group (39.4 vs 51.2 mm; 95% CI, -24.6 to 1.1). In the sur-
gical group there was an improvement from baseline for LL (mean difference
3.2°;95% CI 1.5 to 4.9) and a tendency towards improvement in SVA (mean
difference -6.5 mm; 95% CI, -13.9 to 1.0). In the PT group, there was no dif-
ference regarding LL (mean difference -0.9°; 95% CI, -2.7 to 1.0) and SVA
(mean difference 5.7 mm; 95% CI, -2.5 to 13.9).

DS subgroup

Sixty patients with preoperative DS were identified: 33 in the surgical and 27
in the PT arm. We found an improvement for LL in the surgical group and an
increase of the DS in the PT group. There were only two patients without pre-
operative DS, one from each group, who were found to have DS after inter-
vention.
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Cross-Over

Thirty patients from the non-surgical arm chose to cross-over to surgery, six-
month after their treatment, 63% male and 37% female. The mean age of the
subgroup was 68 years old (SD £9), whereas 63% had one-level, 27% two-
level and 10% had three-level LSS. The preoperative data of the CO subgroup
are presented in Table 9. Six months after surgery, the CO subgroup had less
LL, compared to the patients who were randomized to surgery (42.4° vs 49.4°;
95% CI, 1.1 to 12.7). There was no difference regarding SVA (46.7 vs 39.4;
95% CI, -23.3 to 7.6). We found a tendency towards worsening of both LL
(mean difference -1.4°; 95% CI, -3.5 to 0.8) and SVA (mean difference 7.6;
95% CI, -1.3 to 16.4) compared to the inclusion baseline. Moreover, CO sur-
gery did not improve the LL and SVA that these patients had before CO (LL
mean difference 0.6°; 95% CI, -2.4 to 3.7 and SVA mean difference -6.2 mm,
95% CI, -17.4 t0 4.9).

Table 9. The upper part of the table presents the six-month results of the CO subgroup,
compared to the six-month results of the patients who were originally randomized to
surgery. The lower part compares the six-month results of the CO subgroup to their
inclusion and to their values before CO surgery.

Cross-Over
Randomized to Decompression Cross-Over to Decompression P-value
(n=73) (n=30)
LL 494+ 13 424+13 0.02
©
SVA 39.4+38 46.7 £ 32 0.4
(mm)
Difference from Inclusion Baseline Difference before/after cross-over surgery
P-value P-value
LL -14+6 0.2 0.6+8 0.7
©
SVA 7.6 +23 0.09 -6.2+29 0.3
(mm)
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Paper IV.

Two years after surgery, there was an improvement in all PROMs (ODI, NRS
for back and leg pain and EQ-5D). The GA success rate for back and leg pain
was 68.3% and 67.6% respectively. Success rate was defined as the proportion
of patients who reported complete recovery or much improved™.

Forty-one patients had at least one intra- or postoperative complication within
30 days from surgery (11.9%). These included 17 superficial wound infections
(4.9%), 12 accidental dural tears (3.5%), eight urinary tract infections (2.3%)
and four cardiovascular events (1.2%). Two patients had a deep wound infec-
tion (0.6%) whereas pneumonia and sepsis were found in one patient respec-
tively (0.3%). Four out of the 41 patients had two complications.

Nine patients (2.6%) underwent subsequent surgery within two years of the
primary surgery. During the whole period of data collection, i.e., as of June
2020, 28 patients had undergone subsequent surgery (8.1%) whereas eight of
them had had two surgeries. Table 11 describes the subsequent surgery in de-
tail.

Table 10. Clinical outcome.

Baseline 2-year FU Mean difference = 95% CI of the p-value
mean mean Difference

Lower Upper

ODI 3615 20+ 18 1617 14 18 <0.05
NRS back  5.5+2.7 2.8+2.7 2.7+3.1 2.3 3 <0.05
NRS leg 6.4+2.6 27+£29 3.7+£35 33 4 <0.05
EQ-5D 0.46 +0.30 0.70+0.29 -0.24 +0.34 -0.28 -0.20 <0.05
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Table 11. Subsequent surgery.

Localization of

subsequent surgery

Same level(s)
Same level(s) + new

Purely new level(s)

Mean time to surgery -

days (range)

Male
Female

Total

Diagnosis for subsequent

surgery

Lumbar Disc Herniation

Degenerative Disc Disease

New Level Stenosis

Residual Stenosis

Recidivate Stenosis

Postoperative Haematoma

Subsequent Surgery among 346 patients

Subsequent Surgery

within 2 years

369
(105-644)

4
5
9 (2.6%)

Subsequent Surgery

within 2 years

Subsequent Surgery
1 total

937
(105-2513)

8
20
28 (8.1%)

Subsequent Surgery
1 total

A O

w

Subsequent Surgery
2 total

2

4

2

1778

(1010-2831)

3
5
8 (2.3%)

Subsequent Surgery
2 total

NSO N
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Paper V.

A total of 222 patients were enrolled. The inclusion took place between Sep-
tember 2006 and February 2012. Of those, 211 patients received the assigned
treatment; 103 underwent DF and 108 had DA. Two years after surgery, LSS
at the operated and/or proximal adjacent level was more common after de-
compression with fusion (47%) than after decompression alone (29%;
p=0.02). The difference remained significant in the DS subgroup, (48% vs
24%; p=0.02), but not in absence of DS (45% vs 35%; p=0.49). Proximal ad-
Jacent level stenosis was also more common after DF compared to DA (44%
vs 17%; p=<.001). Restenosis at the operated level was less common after
fusion (9%), than decompression alone (4% vs 14%; p=0.04). The slip in-
crease after DA was found to be 1.1 mm, regardless of the presence of pre-
operative DS.

42



Table 12. Baseline Characteristics of the Patients.

Without spondylolisthesis With spondylolisthesis
Fusion Decompression Fusion Decompression
(N=44) (N=48) (N=59) (N=60)

Age — years 65+9 65+8 67+7 67+7

Female sex —n (%) 26 (59) 25(52) 44 (75) 50 (83)

Smoker —n (%) 7(16) 8(17) 9(16) 8(14)

ASA score —n (%)
lor2 36 (82) 40 (87) 48 (83) 45 (76)
3 8 (18) 6(13) 10 (17) 14 (24)

ODI 43+ 16 40+15 41+13 41+13

EQ-5D 0.39+£0.32 0.37+0.31 0.37+0.31 0.36 £0.29

VAS back pain 60 +25 59+25 64 +21 64 +23

VAS for leg pain 65+ 19 60 + 24 64 +22 65+23

Vertebral slip - mm 1.7+£23 0.6+1.4 74+28 74+3.1

Levels of surgery
1 22 (50) 27 (56) 41 (69) 39 (65)
2 22 (50) 21 (44) 18 (31) 21 (35)

Stenosis grade operated level(s) (N=58)

Area <75 -n (%) 40 91) 46(96) 56 (97) 57 (95)
Schizas C-D, n (%) 38 (88) N=43 41 (85) 51(88) 51(85)
Mean dural sac area - mm?* 43+18 41+18 38+ 15 41+17

Disc degeneration adjacent level N=58
Type I—n (%) 0(0) 1(2) 0(0) 0(0)
Type 11 —n (%) 3(7) 4(8) 2(3) 6(10)
Type Il —n (%) 20 (45) 18 (38) 23 (40) 24 (40)
Type IV —n (%) 19 (43) 20 (42) 29 (50) 30 (50)
Type V—n (%) 2(5) 5(10) 4(7) 0(0)

Method for surgery
Bilateral laminotomies 10 (21) 12 (20)
Central decompression 38(79) 48 (80)
Uninstrumented posterolateral 2(5) 4(7)

fusion (PLF)

Instrumented PLF 41 (93) 51 (86)
Posterior Lateral Interbody 1(2) 4(7)

Fusion (PLIF)

Stenosis grade adjacent level (N=40) (N=44) (N=51) (N=51)
Area < 75mm’ —n (%) 3(8) 49 2(4) 3(6)
Schizas C-D, n (%) 1 (3) N=39 3(7) 0(0) 2(4)
Mean dural sac area-mm? 126 =38 123 £37 130+ 34 138 £46
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Figure 10. Enrolment, randomization, and treatment at two-year follow-up.
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Table 13. Radiological outcomes at two years.

MRI

Restenosis or/and adjacent
level stenosis

Dural Sac Area <75 —n (%)
Dural Sac Morphology

(Schizas) C-D —n (%)

Proximal Adjacent level steno-
sis

Dural Sac Area <75 —n (%)
Dural Sac Morphology

(Schizas) C-D —n (%)

Restenosis at operated level
Dural Sac Area < 75 mm>— n
(%)

Dural Sac Morphology
(Schizas) C-D —n (%)

Mean Dural Sac Area — mm*
Operated level

Proximal adjacent level
Operated level(s) and proximal

adjacent level

Increase in adjacent level disc
degeneration
PLAIN RADIOGRAPHS

Vertebral slip — mm

All patients

DF

(N=90)

42 (47)

36 (40)

40 (44)

36 (40)

44

1(1)

196

94

92

0.067

(N=98)

44+37 55+44

(N=86)

25(29)

20 (23)

16 (17)

13 (15)

12 (14)

7(8)

128

123

99

-0.058

(N=94)

P-Value

0.02

0.02

<0.001

<0.001

0.04

0.03

<0.001

<0.001

0.24

0.20

Without spondylolisthesis

DF

(N=38)

17 (45)

16 (42)

17 (45)

16 (42)

0(0)

0(0)

199

91

90

0.079

(N=41)

D

(N=40)

14 (35)

12 (30)

6(15)

7(18)

9(22)

6 (15)

121

123

94

-0.15

(N=43)

1.9+26 20x26

P-Value

0.49

0.35

0.009

0.03

0.004

0.03

<0.001

0.002

0.62

0.01

0.86

With spondylolisthesis

DF

(N=52)

25 (48)

20 (38)

23 (44)

20 (38)

4(8)

12)

193

96

94

0.058

(N=57)

6.2+3.2

D

(N=46)

11 (24)

7(15)

10 (22)

6(13)

134

124

104

0.022

(N=51)

83+35

P-Value

0.02

0.01

0.03

0.009

>0.99

0.60

<0.001

0.006

0.23

078

0.002
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General discussion

This thesis addressed the diagnosis and treatment of lumbar spinal stenosis
with or without degenerative spondylolisthesis. It is based on two randomized
trials (UppSten and SSSS) and one cohort study (LSS with DS). In those, a
total of 723 patients were included and studied.

Our results showed that at six months, surgery with decompression led to su-
perior clinical outcome, compared to structured physical therapy and the im-
provement was not affected by delay of surgery (Paper II). EDX did not add
predictive value in selecting the appropriate treatment (Paper II). Regarding
the radiological outcomes, DA improved the spinal sagittal balance, regardless
of preoperative DS (Paper I1I). Decompression provided good two-year clin-
ical outcome in LSS with DS with low complication rate, and low subsequent
surgery (Paper IV). New radiological stenosis was more common two years
after DF than after DA in LSS with or without preoperative DS (Paper V).

The surgical treatment of LSS is reported to have up to 24% of side effects,
whereas non-surgical regimes have none'’. In the recent past several studies
have tried to compare surgical and non-surgical treatment for LSS, without
establishing consensus'®. Lumbar stenosis is characterized by a great variation
in treatment modalities, making nowadays the need of an agreement on
stepped and stratified care more than essential®>. Thus, it is important to an-
swer the question of which treatment for LSS is most effective and even more
to predict which patients could benefit from surgery and who would not.

Malmivaara and Slitis concluded in their RCT that surgery leads to results
favorable for surgery and that this advantage remains over time. The positive
effect of decompression seemed however to diminish over time*'**. In the
same line, Weinstein et al, in their intention-to-treat analysis, found results
favoring surgery in terms of the bodily pain component of the Short-Form
General Health Survey (SF-36)"". No difference was found in the physical
function component of SF-36 and ODI. The as-treated analysis has revealed a
superiority for surgery at three months in all their outcomes and this difference
remained at two years. On the other hand, Delitto et al have found similar
results between decompression and physical training for LSS and Rodrigues
et al have found no significant pain improvement for the surgical treatment in
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short and medium terms follow-up’®. Nevertheless, these studies were charac-
terized by significant cross-over rates up to 50% and non-homogeneity of the
treatments in the non-surgical group.

Cross-over

In our study there were no COs before six months. The 30 patients who chose
to cross over from PT to surgery, performed that after six months. The analysis
of the CO subgroup found that six months after the CO surgery there was an
ODI improvement similar to those who were initially allocated to surgery. On
the contrary, there was no improvement six months after physical therapy. The
above findings support that when the patients present undecisive or in cases
with severe comorbidity, delay in surgery would not affect the potential posi-
tive outcome of a future decompression.

The patients in the CO subgroup, had worse LL six months after CO surgery,
compared to those who were randomized to DA. Moreover, there was no im-
provement neither in LL or SVA after CO surgery compared to the baseline
data at inclusion and to their values before CO surgery. Here, one could argue
that performing early surgery could be beneficial, but on the other hand, the
power of the CO subgroup is too low to derive safe conclusions.

Neurophysiology

EDX before the interventions

We found no correlation between the baseline ODI and EDX. The components
include activities and abilities without clear relation to the motor status. Thus,
the absence of correlation may be an effect of the inclusion of other factors in
the ODI that do not reflect the motor system function. Therefore, despite being
a useful clinical tool, ODI does not necessarily relate to the neurogenic in-
volvement of spinal stenosis.

The lack of correlation between initially perceived back pain and EDX param-
eters and the relation between worse leg pain and more favorable EMG find-
ings indicates that the pain measured with the NRS has no relation to initial
motor nerve abnormality in this patient group.

There was a significant correlation between 6MWT and EDX parameters at
baseline. Shorter 6 MWT was related to a greater EDX abnormality. This could
be considered expected as walking directly depends on motor nerve status;
spinal stenosis patients suffer from weakness and muscle fatigue”. These find-
ings indicate that the 6MWT could be used as an approximative measure of
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the motor nerve status; however, since the parameters had great spread, the
individual nerve status is better measured with EDX methods.

EDX after the interventions

On an individual level, there was no relation between the difference in ODI
and EDX results after surgery. Therefore, changes in ODI after surgery cannot
be related to a change in neurogenic involvement measured with the present
methods. However, in the PT group, there was a relation between the differ-
ence in ODI and the difference in EMG score; worsening of ODI had a relation
with the worsening of EMG and vice versa. The parameters showed great
spread making it difficult to draw practical conclusions.

The perceived leg and back pain were reduced after surgery on a group level
but not on the individual level as measured by EDX. In the PT group, back
pain was not improved on a group level; however, there was a borderline re-
lation of difference in back pain and EMG score after PT. Worsening back
pain may relate to worsening the EMG score. This may implicate that the mo-
tor nerve involvement, which is increased due to PT, could relate to pain prop-
agation from local structures of the back.

There were signs of discrete loss of motor neurons for both groups, whereas
on an individual level, we noticed that the less initial abnormal parameters had
worsened after intervention and vice versa. This finding indicates that there is
no pronounced loss of motor neurons during surgery or PT. The relation of
active denervation to the degree of neurogenic involvement did not change
after the interventions. This could implicate that intervention does not stop the
denervation/reinnervation, but the small percentage of present active denerva-
tion (9%) makes this conclusion uncertain, as a result of the low power for this
analysis.

Sagittal Balance

Our radiological results in Paper III were in line with previous studies, con-
cluding that surgery for LSS improves the spinal sagittal balace****3, In most
LSS cases, spine extension exacerbates the symptoms whereas flexion tempo-
rarily lessens them. A typical LSS patient presents usually with severe diffi-
culty in walking balanced and prefers to lean forward to relieve the symp-
toms**™3. On the other hand, as cycling promotes a flexed spine position, ste-
nosis patients can cycle, often without difficulties. Lumbar spinal stenosis is
often associated with decreased lordosis, increased SVA and sagittal imbal-
ance®®. As decompression provides the spinal roots with the required space,
the patients would not need the forward flexed posture to remove the pressure
from the nerves.
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The spine sagittal balance and its relations are expressed through several pa-
rameters and examinations. Besides lumbar lordosis and sagittal vertebral
axis, other parameters include the pelvic incidence, the pelvic tilt and the sa-
cral slope. The measurement of the first two needs clear visualization of the
femoral heads, and this can sometimes make the repeatability of the measure-
ments difficult if the quality of the radiographies is not satisfactory. For this
reason, we chose to use LL and SV A for the evaluation of the sagittal balance,
as in studies of the past ***%,

The role of degenerative spondylolisthesis

Up to some years ago, degenerative spondylolisthesis was considered as an
unstable situation, and that fusion was regarded necessary when decompress-
ing this patient group. The rationale was that decompression, especially with-
out preservation of the midline structures, would increase instability and a fu-
sion could prevent further slip and re-stenosis*’**%”. This belief is mainly
based on older studies with questionable validity*’*****°, The above hypothe-
sis has no scientific evidence as proper and realistic biomechanical studies are
difficult to perform. The use of dynamic plain radiographies does not add ev-
idence-based value to the assessment of instability as it is associated with a
wide range of measurement errors’**'. Several recent studies and reviews
have found no clear superiority in adding fusion to decompression for standard
DS cases and minimally invasive surgical techniques have shown comparable
results to open decompression ***-33927102 /A gcoring system was recently pub-
lished to guide decision-making when choosing decompression with fusion or
minimally invasive decompression for degenerative spondylolisthesis'®.
Gradually, the non-inferiority of DA compared to DF is becoming more obvi-
ous worldwide.

Our results in Paper IV showed that the presence of preoperative DS did not
affect the radiological outcome, which was in favor of decompression surgery.
This is in line with recent evidence that support the concept that instability in
LSS with DS is often overestimated and that adding fusion to decompression
for LSS does not lead to superior clinical or radiological outcome compared
to DA6:50:33.95.98.100.104-107 © Ay nteresting observation in our study was that in
the DS subgroup, there was an increase of DS after PT. Besides the possibility
of measurement error, a possible explanation could be the decrease of LL and

increase of SVA in this group'®.

A negative consequence of fusion the acceleration of the degenerative process
in the proximal segments, the so-called Adjacent Segment Disease
(ASD)'!% Risk factors for ASD after fusion have been shown to be LSS as
the indication for fusion and high age'''. Therefore, it is common for patients
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who have previously undergone fusion for LSS with DS, to present with new
degeneration and stenosis of the proximal adjacent level ">,

Figure 11. Degeneration of L2-L3 (proximal adjacent segment) two years after de-
compression and fusion of L3-L5.

In Paper V, we showed that fusion increases the risk of a new stenosis at the
adjacent level more than it prevents restenosis and increased slippage at the
operated level and that preoperative DS is not a predictor of need for fusion.
Thus, even older patients with comorbidity could benefit from a simple de-
compression instead of getting a fusion or being denied surgery due to high
risk for complications. Other disadvantages of adding fusion include longer
operating times, increased perioperative bleeding, extended hospitalization,
higher risk for severe complications and elevated costs' 469497116117,

Nevertheless, even if DA provides similar clinical outcome to DF, there are
LSS cases where fusion is both appropriate and desirable. In cases of stenosis
with involvement of the neuroforamen where the patient has an associated
rhizopathy pain from the affected nerve root, a facetectomy needs to be per-
formed to achieve a proper decompression. Biomechanical studies have
showed that the facet joints complex accounts for 40% of the segment stability
118 Obviously, its removal would lead to instability and thus a fusion is nec-
essary’®. Another indication for stabilization when decompressing LSS is the
presence of severe deformity such as coronal imbalance or isthmic spondylo-
listhesis. In such cases adding a fusion could prevent the progress of the de-
formity 1120,
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In summary, our results support that the value of DS has been overestimated
in the last decades. The finding of degenerative spondylolisthesis itself should
probably not affect the choice of treatment method. Hence, standard cases of
stenosis with DS could be treated like all other LSS.
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Conclusions

The major findings of the thesis are:
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L.

Surgery with decompression leads to superior clinical outcome
compared to structured physical therapy, at six months follow-up.
Delay in surgery (cross-over) did not affect this improvement.

Electrodiagnosis does not add predictive value in patient selection
in LSS.

Decompression improves the spinal sagittal balance in LSS, regard-
less of the presence of preoperative DS.

Decompression provides good two-year clinical outcome in LSS
with DS. The rate of intra- and postoperative complications, and
subsequent surgery is low.

New stenosis on two-year MRI is less common after decompression
alone than after decompression with fusion in LSS with or without
preoperative degenerative spondylolisthesis.



Limitations & Strengths

This thesis is based on two randomized trials (UppSten and SSSS) and one
cohort study (LSS with DS). In those, a total of 723 patients were included
and studied. Another major strength is the use of a national quality registry
(Swespine) which provided meticulous follow-up and well-validated PROMs.
The randomization process was efficient, producing groups similar at their
baseline. As for all clinical studies, loss to follow-up is always an inevitable
issue. Moreover, the study populations were selected by strict inclusion and
exclusion criteria, and this may limited the external validity. However, in our
trials, the criteria were chosen to represent the most typical LSS patient who
is eligible for surgery.

The Uppsala Spinal Stenosis Trial

The trial was partially conducted during the covid-19 pandemic'?'. This fact
caused some unavoidable increase in the waiting times, both for surgery and
follow-ups. The latter may have affected, in some degree, the outcome evalu-
ation. Another possible limitation is the short FU period that is included in the
current work (Paper I1, III). Nevertheless, at six months, there were no cross-
overs which adds an important strength to the study. The large proportion of
CO has been a methodological issue in previous spinal stenosis trials, thus
making analysis and conclusions difficult™*°. UppSten is, to the best of our
knowledge, the first RCT comparing surgical and non-surgical treatment for
LSS with evaluation of different dimensions based on clinical, radiological,
neurophysiological and laboratory outcome. The large number of the included
patients add another strength to this trial. Moreover, the treatment in the PT
group was homogenous and all patients received the same structured treatment
regime. The option to cross-over allowed us to study the CO subgroup further.
Finally, the evaluation of the DS was made on standing lateral whole spine
plain radiographs and not on supine MRI.

Cohort Study

The observational character of the study could lead to limitations such as miss-
ing outcome measures at follow-up and heterogeneity in surgical techniques
and postoperative strategies. However, previous research has found no corre-
lation between non-responders and worse outcome'??. On the other hand, the
study included a large number of patients with a good follow-up rate.
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The Swedish Spinal Stenosis Study

A potential weakness is that dynamic radiographs were not used, which means
that we may have underestimated the spondylolisthesis and included patients
with so called intervertebral instability who would have been excluded from
other studies®>**??, Nevertheless, the concept of degenerative spinal instability
has been difficult to define, and the usefulness of dynamic radiographs has
been questioned, as the relationship between instability and symptoms is far
from clear-cut'®. Another possible limitation is that the cut-offs for radiolog-
ical stenosis, dural sac area < 75 mm?, and dural sac morphology Schizas
grades C-D are validated for preoperative MRI but not for two-year MRI. In-
dex level restenosis may in some cases has been caused by inadequate primary
decompression rather than actual recurrent stenosis. If this is the case, we have
no reason to believe this to be more common in the decompression with fusion
group, therefore it should not have affected our results and conclusions. Be-
sides DS, there are other factors which could indicate need for fusion and that
have not been analyzed. This may lead to the identification of subgroups that
could benefit from fusion, such as developmental stenosis which is caused by
pre-existing short pedicles and a narrow bony spinal canal and that was not
assessed on MRI'?**!2° Nevertheless, the study included a large number of pa-
tients with a high follow-up rate. To our knowledge, there are no other trials
with two-year MRI follow-up after LSS surgery.
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Clinical implications and future studies

Until recently there has been an absence of consensus regarding the treatment
of LSS'. By showing a clear advantage in favor of surgery, this thesis added
useful knowledge to the therapy arsenal of spinal stenosis.

The aging of the global population, and the need for guidelines in LSS treat-
ment, add more value to the current study. Moreover, as surgery with decom-
pression alone leads to similar clinical and superior radiological outcome, long
and high-risk fusions could be avoided.

Previous trials on connective tissue and blood samples have shown that spe-
cific molecules are upregulated in inflammatory conditions'**'?*, Changes in
the connective tissue that cause LSS are mainly inflammatory'?’. The Uppsala
Spinal Stenosis Trial includes a laboratory outcome, where blood samples and
the flavum ligament will be examined. This could lead to a more unifying
picture of the LSS pathomechanism and to the development of new treatments
to be used instead of or in combination with surgery. The laboratory outcome
will be presented in the near future and is not included in this thesis.
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Sammanfattning pd svenska (summary in
Swedish)

Introduktion

Lumbal spinal stenos (LSS), tringsel i landryggradskanalen, karakteriseras av
smirta i rygg och ben, gangsvérigheter och ofta domningar i ben och fotter
samt ostadighet i kombination med forsdmrad balans. Tillstdndet orsakas av
aldersfordndringar i landryggen i form av buktande diskar, palagringar kring
lederna och fortjockade ledband. Allt detta tillsammans ger tringsel i nervka-
nalen med paverkan pa nerverna. LSS drabbar dldre och &r ovanligt hos per-
soner som dr yngre dn 50 ar. Diagnosen far alltmer intresse med en aldrande
befolkning och hogre krav pa fortsatt aktivitet. LSS &r den vanligaste indikat-
ionen for ryggkirurgi. Den kirurgiska behandlingen innebédr avlastning av
nervstrukturerna i det tranga omradet. Operationen sker i narkos genom ett
litet snitt pa baksidan av landryggen. Dérefter avldgsnas fortjockade ledband
och delar av leder, palagringar och kotbagar, sa kallad dekompression. Tidi-
gare studier har visat att kirurgi ger ett béttre resultat dn icke-kirurgiska be-
handling. Metodologiska problem gor dock att det fortfarande finns oklarheter
i om kirurgi generellt sett &r att foredra.

Efter kirurgi 60—70% av patienterna rapporterar sig vara ndjda med resultatet
och en mindre andel upplever ingen forbéttring av kirurgin. Icke-kirurgisk be-
handling har, i vissa studier, visat pa ett gott resultat medan andra studier har
visat pa att fordelen med kirurgisk behandling avtar med tiden. Fysisk aktivitet
pa motionscykel kan minska behovet av kirurgi. Dessutom har kirurgi i sig en
positiv placeboeffekt som kan forbittra symptom i vissa sjukdomar.

Det har spekulerats i om trangseln for nerverna hos vissa patienter ger en per-
manent nervskada. Resultat fran nervundersdkningar har visat sig ha ett moj-
ligt prediktivt varde for naturalforloppet vid LSS.

Det debatteras bland ryggkirurger kring behovet av att som tillagg till dekom-

pressionen gora omfattande korrektion och steloperation for att terskapa den
balansen som succesivt forsdmras pa grund av aldersrelaterade forédndringar i
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landryggen. Dessutom, vid LSS med kotglidning (spondylolistes), att kom-
plettera dekompressionen med steloperation har inte visat sig ge ett béttre re-
sultat 4n enbart dekompression.

Denna avhandling inkluderar analys av totalt 723 patienter. Syftet var forst
och frimst att utvirdera om kirurgi med dekompression ger ett bittre resultat
an icke kirurgisk behandling med strukturerad traning. Den viktigaste sekun-
déra fragestillningen var att undersdka om graden av paverkan pa nervstruk-
turerna métt med nervundersokningar paverkar resultatet av kirurgi. Skulle
man med nervundersokningar kunna forutsdga vilka patienter som har forut-
sittningar att gagnas av kirurgi skulle manga patienter kunna avradas fran op-
eration och de risker ett ingrepp innebér. Avhandlingen undersokte om de-
kompression ger béttre balans i ryggen. Till slut, malet vara att kartldgga fre-
kvensen av komplikationer samt behov av ytterligare kirurgi vid LSS med
kotglidning och att utvirdera hur vanligt det &r med ny stenos efter kirurgi.

Avhandlingen baseras pé tvé stora randomiserade studier — Uppsala Spinal
Stenos Studie och Svenska Spinal Stenos Studie, samt pa Kohortstudien om
spinal stenos med degenerativ glidning.

Studie [

Detta delarbete beskriver UppStens protokoll, upplaggning samt planerade
analyser. UppSten &r en klinisk randomiserad studie med initialt planerade
150 patienter. Deltagare skulle lottas till tvd behandlingsarmar. I den forsta,
opereras patienterna med dekompression (grupp A) och i andra armen &r be-
handlingen strukturerad trining pa motionscykel enligt ’Ostersundsmodellen”
(grupp B). Uppfoljning gors efter sex manader, ett ar, tva ar och fem ar. De
patienter fran grupp B som inte var ndjda med resultatet kunde flytta till grupp
A och bli opererade (s.k. cross-over, CO).

Studie 11

I detta delarbete, analyseras och presenteras de sex-méanaders kliniska och
neurofysiologiska resultat av studien UppSten. Studien inkluderade patienter
mellan 2018-2021. For att kompensera oundvikligt bortfall, randomiserades
totalt 155 patienter, 79 till kirurgi och 76 till fysioterapi gruppen. Vid sex ma-
nader, visades det att kirurgi jamfort med fysioterapi ledde till battre resultat i
alla kliniska matt férutom &ngestskalan. Patienter i CO-subgruppen forbattra-
des ocksa efter CO-operation i samma utstrdckning som for de patienter som
lottades till operation fran borjan. Den neurofysiologiska analysen kunde inte
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stodja att sddana undersokningar skulle kunna anvéndas som urvalsverktyg
for vilka patienter skulle ha nytta av kirurgi vid spinal stenos i ldndryggen.

Studie II1

Patienter med lumbal spinal stenos har en tendens att gd framéatlutade. Detta
gors for att vidga den redan trdnga spinalkanalen och avlasta under en kort
stund deras besvir. Den hér positionen orsakar dock en paverkan pé ryggens
balans. Det tredje delarbetet, som analyserar patienter fran studien UppSten,
undersoker om kirurgi ar effektivare dn fysioterapi géllande balansen. Sex ma-
nader efter behandlingarna visade resultaten att operation med dekompression
gav en forbéttrad spinal balans vilket inte var fallet efter strukturerad fysiote-

rapi. Resultaten paverkades inte av eventuell glidning innan kirurgin.

Studie IV

Projektet avser en observationsstudie med 346 patienter med spinal stenos och
degenerativ glidning som opererades med dekompression utan steloperation.
Samtliga patienter opererades mellan 2012-2017 pa Capio Spine Center
Stockholm, en stor ryggkirurgisk enhet med hogt patientflode. Resultatet vi-
sade att kirurgi med dekompression ger en signifikant klinisk forbattring efter
tvé ar samt att komplikationsfrekvens och frekvensen av ytterligare kirurgi ar
lag. Studiens konklusion ar att dekompression ér effektiv och séker for spinal
stenos med glidning.

Studie V

Det sista delarbetet presenterar de radiologiska tva-arsresultat av den Svenska
Spinal Stenos Studien. Studien var en randomiserad klinisk studie som inklu-
derade 222 patienter med spinal stenos med eller utan glidning. Patienterna
lottades mellan kirurgi med dekompression eller kirurgi med dekompression
och fusion (steloperation). Studien var aktiv mellan 2012-2016 och dgde rum
pa fyra offentliga och tvé privata sjukhus i Sverige. Resultatet visade att fus-
ionen Okar risken for en ny spinal stenos pa magnetkameraundersokning tva
ar efter kirurgi. Detta stddjer evidensen att vid spinal stenos, med eller utan
glidning, &r kirurgi med dekompression att foredra.
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Slutsatser

1.

Kirurgi med dekompression ger vid sex méanader, ett battre kliniskt
resultat jamfort med strukturerad fysioterapi. Fordrdjning av operat-
ion (cross-over) paverkade inte denna forbéttring.

Det finns inte tillrickligt med stod att neurofysiologi kan anvindas
vid urvalet av patienter till kirurgi.

Dekompression leder till en bittre héllning s att stenos patienter kan
gd rakare efter operation utan att behdva boja sig fram.

Vid spinal stenos med kotglidning, ger dekompression bra kliniska
resultat med 1&g komplikationsfrekvens och lag frekvens av ytterli-

gare kirurgi.

Dekompression med samtidigt fusion dkar risken for en ny radiolo-
gisk stenos tva ar efter operation.
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[TepiAnyn ota EAAnvika (summary in Greek)

Ewcaymyn

H otévoon g ocpuikig poipag g omovoviikng otning (OXX) yapaktnpi-
Cetor amd mwévo ot payn Ko Kupimg vevpoyevn dlodeimovca yoAdGTNTO pe
V0o, KPAUTEG Kol LOVIIAGHOTO OTA KATM AKPW, SVGKOAIN 6TO BAdiopa Kot
ouyva dotapayés g woppomiag kot actdfela. H mabnon tpoxadeitor amd
EKQPUMOTIKEG AALOIDOELS GTNV 0CQVIKY HOipa UE TN HOPPT] SOYKOUEVOV pE-
606TOVOVAM®Y diGKWMV, 06TEOPVTOV YOP® 0mo TIC apblpdoelg Kut vaepmiacio
TV GLVOEGU®V. O GVVIVAGUOG OV TOC TPOKAAEL GTOSIOKA GTEVMGT GTO GIOV-
dVAMKO cAMva pe TPoodevTikn ieon ota vevpa. H OXXE mapovoidletar ov-
vbog oe acBeveic peyardtepng niikiog Kot omavilel oe dropa KaT® TV 50
etov. Kabbg o mAnBucudg ynpdoket kot TonTtoYpova amokTd OA0 Kol VYNAS-
TEPEG OTOLTNOELS Y10 EVAV O OpAGTNPLO TPOTO M1, 1| GTOVOLAIKT GTEVMOT
kepOilel 0A0EVA TO EVOLAPEPOV TNG TOYKOGLLOG LOTPIKNG KOVOTNTOG.

H OXX amotelkei tn cvvn0éotepn xepovpyikn| EVOEIEN 0T GTOVOVAIKT GTAA.
H enépPoaon yivetar avorytd, ehdyloto enepPatikd 1 Kot EVOOCKOTIKE. KO-
oG elval 1 aQOiPEST] TV SOUMY TOL AICKOVV Ttieon oTig vevpikés pileg (amo-
ovumieon). Ilponyodueveg peréteg éxovv dei&el OTL 1| YELPOVPYIKT AVTILETD-
IO TNG OTEVOONG TAEOVEKTEL EVOVTL TNG UN XEPOLPYIKNG Bepaneiag. [Tapdra
avTd AOY® peBoSOAOYIK®V TPOPANUATOV KOl SUGKOAIDV, TO. ATOTEAEGHLOTA
Nrav apeifoia.

Metd v enépfoon, 1o 70% TV achevav avapipel 0Tt givol IKOVOTOMUEVO
LE TO OMOTEAEGLLOTO, EVD £Va LKPOTEPO TOGOGTO O€ TTapovatalel Perticwon.
H pn xepovpywn| Bepaneia oe opiopéveg pekéteg €xel TOPOLGLAGEL BETIKA
amoteléopata eved GALEG Epevveg Exouv Ogi&el OTL TO OQENOG TG EMEUPOONG
HEIDVETAL e TV TAPOS0 TOL Ypovov. H copatikn pactnpldtnta 6€ 6ToTiKO
TOONANTO YOUVOAGTIKNG UTOPEL O KATOIEG TEPITTOCELG VO, LELDMGEL TV AVAYKT)
YL YELPOLPYIKY avtipetdnion. Emmiéov, n idwo n eméuPoon €xel Oetikn emi-
dpaon ekovikov eapudiov (placebo) mov umopei vo PEATIOOEL TOL GLUTTD-
LOTO O OPIGHEVEC 0oOEVELEC.

H ovpunieon vebpwv oe opiopévoug acbevelg Oewpeital 6tTL mpoxaiel poviun
BAGPN. Amoteléopata and vevpopuoioroykés (ND) peréteg £xovv deiletl on-
LOVTIKO pOAO TNG VELPOPLGIOAOYING GTNV TPOYVMGT TNG GTOVOLAIKY CTEV®-
ong.
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[Iponyovpeveg KAVIKEG LEAETEG £YOVV GUUTEPAVEL OTL PHETA amd EMEPPaon a-
TOGVUTIEDTG, GLYVA PeATidveTOn Kot 0 TOVOG 6N péom (oopuoadyia). [ToArol
acOeveic avapépovy emimAéov PeATiopévn otdon copatog (ofeitaia il6oppo-
miay) petd omd amoocvumieon. H npocOnkn otabepomoinong (cmovoviodeaia)
o1 EWPOVPYIKN amocvumieon £xel ou{nOel Kot peletndeil ToAD 610 TOPEN-
00ov. I[Ipocpateg £peuveg £xouv delEEL OTL OE TLTIKEG TEPMTMOELS GTEVOONG, M
amocvuTieon Kot uovo opkel, KOO Kol €AV VITAPYEL TAVTOYPOVY EKPULAL-
OTIKT 6ToVOVAOAicON o).

H mapovca dwtpin e&étace kot avéluce cuvolikd 723 acbeveig. Xkomog 1-
TAV TPMOTO, KO KOPLoL v, a&loAOYNGEL AV 1] YEPOLPYIKT EXEUPACT] LLE ATOGD-
umieon oivel kKahbtepo amoteAéopato amd T Un YEPovpyikn Bepamneia, e
evotofepaneio 010 otaTIKO TOdMANTO. ETmAéov, va diepevvnoet €dv o fad-
HOG EMIOPAONC TG OTEVAOONC OTIC VEVPIKES OOUES, OTC vToAoYileTan e NO
pebodovg, etnpedlel To AMOTEAEGLA TNG YEPOLPYIKNG eMépPaong. Eav n NO
e&étaon pmopovace va ypnoonondel wote va TpofAéyel Toloi and Tovg a-
obeveig £yovv TIg TPoUTOBESELS VO EMMPEANOODV OO TN YEPOVPYIKN EME-
Baomn, toAlol acheveic 0o uTopovGOV ATOPVYOVV TO XEPOVPYELD KoL TOVS KIv-
dVVOLE TOL ALTO GLVETAYETAL.

H Swrtppn avtq Poociletar oe d0o peydrec TLYOOTOMUEVES LEAETEG
(randomized controlled trials— RCTs) xon pio perétn oepdg (cohort):  Me-
Aétn Zmovovhikng Xtévaong g Ovydiag (Uppsala Spinal Stenosis Trial —
UppSten), T Zoundikn Merétn Znovdvikng Xtévoong (Swedish Spinal Ste-
nosis Study — SSSS), kot T MeAétn Zrovdviikng Xtévaong pe Expuiotikng
YmovovhoricOnon.

Meré 1

[eprypdpet To TPOTOKOALO, TN SIATOEN KO TIG TPOYPAUUATIGUEVEG OVAAVGELG
g UppSten. H UppSten givat pio KAVIKE TOYXOIOTOINUEVT] LEAETN UE aPYIKA
150 acBeveic. Ot cuppeTéyovieg KotavEépovtal Tuaio oe 600 opadec Oepa-
nelag. X mpdn o1 acBeveic yeypovpyodvar pe amosvumieon (opdda A), Kot
o1 dgvtepn 1 Bepameio meprAapfavel dounuévn puolofepaneio oe TOdAATO
Goknong copeova pe to “povtédo Ostersund” (opdda B). H mopokoiovdnon
yiveton petd amd €51 unveg, éva, dvo kai mévte €. Ocotl acbeveig amd v
ounddo B dev givar icavomompévol pe 10 amoTtéAeSa, UITOPOVY VoL LETOTNON-
covv 6TV opada A kot va vroPAnBodv oe yepovpyikn exépupaocn (cross-over,
CO).
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Merém 11

e dnpocigvon avtn, avalvovTol Kot Topouctdloviol Ta KAVIKE Kol VELPO-
euololoyikd aroteréoparto g UppSten, otovug €61 puveg. H pedétn mepihdp-
Bave acBeveic petaly 2018-2021. I'a va avTioTabpiotel avoamOPevKTn Omm-
Aewn, cvpmepAneOnkav cvvoAkd 155 acbeveig, 79 katavepndnkov tuyaio
OTN XEPOLPYIKT Opdda, Kot 76 oTnv opdda euotobepaneiog. Xtovg €61 UNVEG,
amodeiyOnke 6TL M yEPOLPYIK EMEUPaOT o€ GHYKPION UE TN PLGIKOOEpaTEiQ,
00NYNOE GE GUPAOG KAADTEPL OTOTEAECUATA GE OAEC TIG KAIVIKEG UETPNOELG
exTog amod v KApaka dyyovs. Ot acbeveic mov eméle&av cross-over BeEATIO-
Onkav emiong petd and v enépPaocn CO otov id10 Pabud 6mwg Kot ot ache-
veig mov Katavepn Koy amd Ty apyn otnv xeypovpyikn opdada. Ta amotedé-
opato g NO avarvong katéAn&av 6t dev vmhpyovv apketés evositelc dote
N N® e&étaon va propovce va ypnoipomroindeil og epyodreio entAoyng yio to
motot o1 acBeveic Oa emopeinBovv amd ™ xepovpyikn enéuPaon yio OZX.

Mehémn 11

Ot aoBeveic pe omovovikn otévoon teivouv va fadilovv pe Tpodchio Kapym
10V oOUATOG. ETo1, d180phveTol Tpoowpiva 0 6TEVMTIKOG GTOVOVAKOG GMAN-
Vag T0 0010 00NYEL G TPOCSWPIVY OVAKODPION TOV CUUTTOUATOV. Q6TOGO,
avt 1 B€om €xel apyNTIKO OVTIKTUTO GTNV 1GOPPOTIO TNG GTOVOVAIKNG GTN-
ANG KO TOV GOUATOC.

H tpitn perémn avorvel acbeveig and v UppSten ko e€etdlet edv n yet-
POLPYIKT ETEUPOACT EIVOL O ATOTEAEGLOTIKT A0 TN PLolofepaneio ot Pel-
tiwon g ofelaiag wooppomiag. 'EEL unveg petd tig Oepomeieg, n amocvumi-
eon PeAtiooe pe onUavTIK d1aPopd TNV 1IG0PPOTIL TG GTOVOVAIKNG GTAANG
o€ obykplomn pe ) puoikobeponeio. Ta amotelécpata dev EnnpedoTnKaY OTO
EVOEYOUEVT TIPOEYYELPTTIKT OTTOVOLAOAIGHN o).

Mehém IV

H dnpooievon agopd o perémn topotipnong pe 346 acbevelg Le GTOVOLMK
OTEVOGT] KO TADTOYPOVH EKPUAIGTIKT] GTOVOVAOAIGHNON TTOV OVTIUET®OTIGTN-
KOV [E amocuumieon yopic orovovAodeaio. Olot ot acbeveig yeypovpyndnkav
peta&o 2012-2017 oto Capio Spine Center Stockholm, pio peyddn kivikn
OTOVOLAIKNG GTAANG Le VYNAR por| acBevav. Ta dieth amoteAéopata £d1&av
0Tl M amoovumieon odnyel o peydAn KAvikn Beitioon Kot 0Tl T0 TOGOGTH
EMTAOKMV KOl 1] GLYVOTNTA TEPAULTEPD YEPOVPYIKMV ENMEPPACEDV Eivor Y-
unAd. To cvumépacpo g perétng eivor 6TL 1 amocvumieon gival omoTeEAE-
OUOTIKN Kot ao@oAng pEB0dOG Yo T 6TovOLAIKY| 6TEVEMON Le OAicOn o).
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Merétm V

Edd moapovoidlovtal to. aKTIVOAOYIKG O1ETH AMOTEAEGLOTA TG XOVNOIKNG
Mehétng Znovdviikng Xtévoong. H pehétn ftav pio tuyotomotmpuévn KAk
épevva mov meplEhafe 222 acbevelg pe omovOLAKN oTEVION e 77 XpiG OAl-
oOnon. Hrav evepyn petago 2006-2012 ko d1e&nydn o téocepa dnuodcia Kot
Vo 11wTIKG vosokopeio otn Zovndia. Ot acbeveic TuyalonomOnkay petas&nd
QTOCLUTIEOTG KOl amoGVuTTieons pe omovovioodeaio. Ta anoteréopuato £0et-
Eav 6TL M omovovAodeaia avEdvel Tov Kivouvo piag vEag 6TEVOGNC dVo ypdvia
petd v eméuPaon.

YoumepdopoTo

L.

H yepovpywkn enépPaon pe amocvumieon odnyei oe KaAdTepa KAL-
VIKG, OTOTEAEGUATO, GE GUYKPIoN UE TN dounuévn euctobepameio. H
PBeAtimon dev emmpedotnke omd evoeyduevn kabvotépnon (cross-
over).

Agv vrdpyovv emapkeic evoeigelg OTL 1 VELPOPLGLOAOYIKY e&ETaoN
umopel va ypnoipomom el yio TNV eTAOYN AcHEVOV Y10 YEPOVPYIKN
eméuPoon.

H amocvuurieon odnyel og kaddtepn 6TAGT TOV COUATOG Kot AcOeVeic
umopovv va Padilovv ywpig va ypeialetor va okdOfovv Tpog To &-
UITpAG.

211 onovOLAIKTY OTéEVMOT pe oAloOnom, N amocvumieon divel KaAd
KAWVIKG 0TOTEAECUATO. PLE YAUNAD TOGOGTO EMTAOK®Y KOl [KPT G-

KvVOTNTO TPOGHETOV YEPOLPYIKDV ETEUPAGEWDV.

H anocvurieon pe tavtdypovn orovovAiodesio avédvel Tov Kivouvo
UG VEAG OKTIVOAOYIKNG 0TéEV@aong 000 ypovia Letd Ty emépupaon.
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