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surgical long-term results, rnaking a distinction between
results from patients with short-term unsatisfactory and
satisfactory outcomes. After an average follow-up time
of 8 years the proportion of unsatisfactory resulls was
33%, but this decreased to 20o/o when only rhe parienrs
who had satisfactory short-term results *.i..oniidered,
None of the patients with an unsatisfactory short-term
result improved with time. Literature dealing with resuhs
after nonsurgical treatment are scanty.

In a srudy comparing surgically and conservatively
treated parients, Johnsson et aIzs found thar 60% of rhe
patients treared surgically improved and zs% deterio-
rated, whereas of the conservatively treated patients,
30% improved and 60o/o were unchanged. Mean obser-
vation time was 53 and 31 months, respectively. fn an-
other sEudy Johnsson et aIza studied the natural course of
spinal stenosis and found after a mean observation pe-
riod of 49 months rhat rhe symproms were unchanged in
70%, improved in 1,5%, and worsened in 1,s% of the
patients. No proof of deterioration was found after 4
years' and it was concluded that expectant observation
could be an alternative to surgical treatment,

Controlled clinical studies cornparing conservative
and surgical treatment are rare, and few studies deal with
long-term results.23''tl [n an effort to shed light on this
important problem, the current study was iniriated in
1'983 under the auspices of Dr. Henrik Weber and in
close collaboration with the departmenrs of neuroradi-
ology and neurosurgery ar Ullevil Hospital, oslo, Nor-
way. It has been influenced heavily by the experience Dr.'sTeber 

attained wirh patients who have lumbar disc her-
niation, ?s presented in his docroral rhesis in 1 978.'55,.56

The first task was ro define a study popularion and to
charac terize the clinical fearures and radiologic aspecrs
of patients with symptomatic lunrbar spinal stenosis. For
this purpose, 100 patients were recruited over a 3-year
period from December 1,984 ro Seprember 1997, The
patients fulfilled certain criteria that reflecred the prevail-
ing definition of lumbar spinal stenosis. The resuks from
this initial part of rhe research project are presented in a
previous article.a

The core of the problem, addressed in rhis reporr, is ro
find guidelines applicable for the individual padenr on
how to choose between conservative and r,rtgi.rl treat-
ment. The working hypothesis of the authors was rhat
conservative treatment is a realistic alternative to sur-
Eery, at least under certain circumstances. They defined
the following aspecrs of rhe problem:

Conservative treatment seems to be the narural choice
when symptoms are rnild. Lirtle is known about the
short- and long-term prognosis of this approach. How
often does conservative treatment give-an acceptable
result? \7ill rhe clinical condirion dereriorare as the
patient ages ? This rnighr be anticip ated if a sirnple
causal relation exists between symproms and degin-
erative changes of the spine.

\7hen symptoms are severe, it is tempting to suggest
surgery. Decompression seems logical and has the po-
tential to give the patienr immediare relief. How effec-
tive is surgical treatmenr? !7har is the price for a ben-
eficial long-term effect of surgery? \ri l l  spinal
"instabiliry" after surgery take its toll over the years in
the form of an acceleration of increasirg symptoms ?
\7hich symptoms benefit most from surgery?

An important problem pertains to the timing of sur-
gery. Is an early operation important to secure a good
result, or should all parients inirially be oftered con-
servative treatment, with surgery reserved for the fail-
ures of such treatment?

Is it possible to find clinical or radiologic predictors
that can be used as guidelines in the decision between
conservative and surgical treatment?

Materials and Methods

Participants. From December 1 g84 to September 1,g87 (34
months), 100 patients with symptomatic lumbar spinal stenosis
were recruited consecutively to the study from the Departrnent
of Neurology at Ullevil Hospital, oslo, Norway. The long
recruitment period resulted from the strict exclusion criteria.
The Department of Neurology is a referral center for the
500,000 inhabitants of oslo. During the same period, 1900
patients with low back pain and sciatica were admitted to the
department, from which candidates for the current study were
selected by two of the authors (T.A. and H.\(/.).

Inclusion criteria required that participants have sciatic pain
in the leg(s), with or without pain in the back, together with
radiologic signs of stenosis and compression of the clinically
afflicted nerve root(s). Patients were excluded from the srudy if
they had a bulging or herniated disc, spondylolysis, coxartho-
sis, gonarthosis, arterial insufficiency in the legs, polyneurop-
athy, concomitant serious disease, or previous surgery on the
back.

The participants in this study included 54 rnen and 46
women whose median age was 59 years (range, 1.6-77 years).
The median age of the womenwas L.5 years less than that of
the men. The clinical characteristics and radiologic features of
the patients are described in detail in a previous report.4 The
study procedures were as follows:

From these patients, a group S (n : 19) (Figure 1) was
selected for surgical treatment because of the severity of
their symptoms. Most important was the intensiry of their
pain. The physical findings were usually mild. The severiry
of the radiologic findings was not decisive. Six patients had
mild clinical signs of cauda equina (perianal numbness).
None had serious rnotor disturbances of the leg(s) or anal
sphincter or reduced bladder function. Candidates for sur-
gery were chosen by rwo of the authors (T.A., H.V/.). After
a conference betrveen a neurosurgeon (B.M.), a neurologist
(T.A. or H.\V.), and the patient, the latter gave final consent
for surgery.

Another cohort of patients, group C (n : 50), with milder
pain considered too moderate to iustify surgery, was se-
lected for conservative treatment. None had serious neuro-
logic deficits.
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Figure 1. Flow chart of the treat-
ment given to 100 patients with
symptomatic lumbar spinal ste-
nosis. Depending on the severity
of symptoms, patients were se-
lected for  surg ical  t reatment
(group S, n : 1gl, for conserva-
tive treatment (group C, n : b0l,
or for randomizat ion between
surgical treatment or conserva-
tive treatment (group R, n : 3l).
0f the 31 pat ients befbcted for
randomiza t ion ,  1g  were  ran-
domized to surgery (group RSI
and 18 to conservat ive treat-
ment  (group RCl .

The remaining patients, $oup R (n : 31), whose severiry of
pain left the physician in doubt concerning which treatment
to recommend, were randomized for surgical treatment
(group RS [n : 13]) or conservative treatment (group RC
ln : 181).

In this way, four treatment groups were defined: fwo surgical
treatment groups (S and RS) and two conservative treatment
groups (C and RC). The patients were given the option to
withdraw from the shrdy at any time without giving 

-any 
rea-

son, The age and gender distribution are shown in Tatle 1.
There were more men random ized to surgery, and more
women to conservative treatment. The difference was not sta-
tistically significant. The intensity of pain is shown in Tabl e z,

"o+the 
degree of narrowness in relation to intensity of pain in

Table 3. The procedures for defining the intensiry of pain and
the degree of narrowness are described in 

" 
pt.rrious article.a

The patients were randomi zedby block randomization2 us-
ing tables of random numbers. They gave informed consent to
participation in the study and to randomization.

For some patients, the pain was so severe during the fol-
low-up period that they were reconsidered for ,,rr[.ry. The
same procedure was followed for the d.elayed consideration of
surgery as for the initial deliberation when the patients w€re
recruited to the study. This led to surgery for zl patients up to
the 4-year assessment (10 fromgroup C (20"/e,{0fromgtbop
RC (55 %) and L from group S), increasing to zS patients (4
more from group C) up to the end of the L0-year period.

The patients crossing over from conservative to surgical
treatrnent were recorded as treatment failures in their original

Tahle 1. Age and Gender Distribution of All patients in
the Groups Shown in Figure 1

BS RC

Age, yr

FLOW CHART-

treatment groups on the "intention-to-treat" analysis during
the fust 4 years. AII crossover patients up to April1,g88 (n :
20) were followed in the same way as "new" patients until the
final evaluation of all the patients in 1995. The median time lag
for crossover was 3.5 months (range, 3-27 months). There
were 10 crossover pati0nts from group C, who formed a nerv
group designated as group C*, and the 10 crossover patients
from group RC designated as group RC+. The remaining pa-
tients in groups C and RC were designated as groups "C" and
"RCr" respectively. Three patients from group C* and three
patients from group RC+ later had a second operation. These
patients were all recorded as treatment failures, irrespective of
the result after the second operation.

Table 2. Numher of Patients and Degree of Pain in the
Various Treatment Groups Shown at the Start, and After
the Follow-Up Evaluations (see also Figures I and sl

Selected Treatment Groups RS ,,RC' RC + C+

At the start
L ight  pain
Moderate pain
Severe pain
Total  (100)

After 3 mo
No or  l igh t  pa in
Moderate pain
Severe pain
Total  ( tOO1

After 4 yr
No or  l igh t  pa in
Modera te  pa in
Severe  pa in
Total (94)

After 10 yr
No or  l igh t  pa in
Modera te  pa in
Severe  pa in
Total  (751

Because of reoperation or death 6 patients were not counted after 4 years and
25 atter 10 years.
S : selected for surgery, R : randomized to surgical (RS) or conservative
("Rc" + RC+) treatment, c = selected for conservative treatment, "RC" :
randomized to conservative treatment except for the cross:oVer patients to
surgery (RC+), 'C" : selected for conservative treatment except for the
cross-over patients to surgery (C+),
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<20
21-40
41 -60
61-70
>71
Total

0 0 1 0
0 2 1 2
4 5 10 i l
2 4 i l 5
1 0 4 5
7  t l  27  23

0 0
1 1
4 3
4 0
0 0
9 4

0 0
r l
5 3
5 2
0 2

l t  I

S : selected for surgical treatment, RS : randomized to surgical treatment,
RC : randomized to conservative treatment, C : selected f6, .onrurvative

Lumbar
Spinal stenosis

n  =  100

R
n = 3 1

Randornizatlon
s

n  =  1 9
Surgical

t reatment

RS
n  =  1 3

Surgical
t reatment

RC
n  =  1 8

Conservative
treatment

t reatment,  M :  men, W - women.
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Table 3. Distribution of Patients with Different Degrees
of Stenosis (Light Moderate, or Severel in the Variius
Treatment Groups at the Start of the Study

Group S RS , ,RC, RC+ , ,C, 'C+ S R Rs Rc c

All | 00 patients
Lisht pain {2)

Severe stenosis
Moderate pain (401

Light stenosis
Moderate stenosis
Severe stenosis

Severe pain (581
Light stenosis
Moderate stenosis
Severe stenosis

The " de facto treatment" groups are shown in the left (A) and the ,,intention
to treat" groups in the right (B) set of columns. S : selected for surgery, R :
randomized to surgical or conservative treatment, C : selected for ionterva-
tive treatment, RS : randomized to surgery, "Rc" : randomized to conser-
vative treatment except for the later cross-ove!. patients to surgery (RC+), "C,'
: selected for conservative treatment except for the later crois over-patients
to surgery (C+1.

Treatment Procedures. After admission to the hospital, all
patients remained in the Department of Neurology for a period
of 2 weeks, undergoing clinical evaluation and diagnostic pro-
cedures (described in a previous articlea and experiencing 1
week of bed rest. The obtained information formed the basis
for the selection of treatment group, 4s previously described.

The patients offered surgical treatment were transferred to
the surgical department for operation. The surgical procedure
was standardized for the purpose of nerve decompression by
partial or total laminectomn medial facetectomy, discectomy,
and/or removal of osteophytes from the vertebral margins or
facet joints. Hypertropic ligarnent a flavawere removed if nec-
essary. No fusions were performed. The eight surgeons who
performed the operations all were instructed to adhere strictly
to the game procedure.

The selection of operative level(s) was made by considering
primarily the clinically defined level(s), not the severiry of the
radiologic findings. The operation was performed at one to
four levels, unilaterally or bilaterally, depending on the d.egree
of stenosis. Most were multilevel operations: only B% (4lsz)
were one-level operations, whereas 52% (ZTlSZl were fwo-
level, 29% (15/52.) three-level, and 1,1,% (6lsz) four-level op-
erations. The mean was 2.4levels. Most operations were at the
lower levels: 1,0% at L2-L3, 40To at L3-L4, g0% at L4-L5,
and 90% at L5-S1.

The patients were mobilized within 1 to z days and fitted
with a 3-point brace (a hyperextension thoracolumbar orthosis
with pelvic support/Camp). The orthosis was believed to stabi-
lize the spine and facilitate wound healing after surgery. After 1
week, the patients were transferred to the rehabilitation depart-
ment for a period of 1, month. sitting was not allowed during
this period, and no specific physiotherapy was given except foi
instruction and "back school.t:'s$t ffte patients were encour-
aged to walk around and move as normally as possible.

The patients selected for conservative treatment also were
fitted with the same rype of orthosis and transferred to the
rehabilitation department for 1 month. The orthosis was worn

during the day for all activities, and these patients were encour-
aged to walk and move around as normally as possible. No
regular physiotherapy was given, except for instruction and
"back school.n58 flt. patients who were uncomfortable with
the bracing (because of the extended position bf the back) were
encouraged to bend slightly forward in the orthosis. The phys-
iotherapist and physician (T.A.) collaborated in adjusting of
the orthosis.

During the stay in the rehabilitation department, the pa-
tients were observed daily by the physiotherapists and three
times a week by a physician (T.A.). AII the patients, both in the
surgical and conservative treatment groups, were discharged
from the hospital after 1 month. Further treatment was iden-
tical for all groups. The patients continued to wear the or-
thosis for two more rnonths, whereupon it was removed
gradually over a period of 1 month. Thereafter, physiother-
apy was started, which consisted of general physical training
in the forrn of ambulation and stabilizing exercises. No at-
tempt was made to improve mobility of the spine, and the
patients were instructed to try holding the back in a slightly
kyphotic position.

Evaluation During the 10-Year Follow-Up Period. The
patients were seen at regular intervals for 10 years by the same
physician (T.A.). The follow-up assessments were made at 6
months r T2 months, 4 years, and 10 years. Several additional
consultations were necessary for many of the patients. The final
assessment, intended to be after 10 years, was carried out in
7996. The observation time was 9 years for the final patients
who entered the study (patients in groups C* and RC+ ), but a
minimum of 10 to 13 years for the others. Additionally, all
patients completed questionnaires at,3 months , 2 years, and 3
years.

Most patients entering the srudy were elderly, and some
died during the observation period. During the first 4 years, 3
patients died, and an additional 11 died during the last 5 years
of the study. All the deaths resulted from natural causes (e,g.,
cardio- or cerebrovascular diseases, cancer) seemingly unre-
lated to the patients' back problems. None of the patients died
under circumstances suspicious for suicide. The deaths were
distributed rather evenly among the various treatrnent groups.' 
Otherwise, no dropouts occutt.d because patient contact was
lost.

Because the number of surviving patients in the treatment
groups dropped during the long follow-up period, the results
were recorded as a fraction. The numerator is the number of
patients with a certain treatment result in a given group, and
the denominator is the number of survirrittg patients in that
group. This implies that an apparent change of treatment result
with time may be the result of deaths in that group.

At the regular follow-up assessments, certain data were re-
corded. Particular emphasis was laid on the presence of pain
and the level of daily activities. The patients told about their
different symptoms, stating the intensiry of their pain verbally
and indicating it on a visual analog scale.a A.y change from the
previous assessment was noted. The patients reported their
claudication distance, and the effect of bending forward or
backward was recorded. Note was made on whether the pa-
tients were working, sick listed, unemployed, disabilifF pen-
sioned, or retired. Activities of daily living, at home and away
from work, also were recorded. The consumption of analgesics
was noted, but because the authors believed this information to

t 9  t 3 1 0 40 t0  19  3 l  t3  18  50

2 2

0  2  0  2  4  |  0  4 2 2  5
3 3 t 0 t 0 2 3 4 3 1 1 2
2  t  I  I  6  |  2  3 1 2 7

2 2  2  2  2 1 2  6  2  4  3
9  4  2  2  I  4 I  8  4  4 1 3
3 1 2 3 7 1 3 6 1 5 8
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be urueliable, it was not subjected to further analysis. Final Iy, ̂
neurologic examination was performed and any charrge i'
physical findings recorded.

The patients were asked to evaluate their own situation and
to state whether it was better, worser or unchanged as com-
pared with their condition on entering the study. This, together
with the opinion of the examining physician (T.A.i aft-erue-
cording the aforementioned data, constituted the basis for the
statement of overall treatment result. Pain, working abilit6
walking abiliry, level of physical aciviry *i l.ir,rre, and any
change in physical findings were considered. Vhen a disagree-
ment appeared, it was discussed by the treatment team (physi-
cian and physiotherapist). "Excellint" meant full or alrnost f"U
restitution considering pain and physical function. "Fair" was
reserved for partial restitution, with lesser problems and clear
improvement over the condition at entry to ih. study. Excellent
or fair was considered to be a good result. "unchanged,' or
"worse" were used w-lren no change or a worsening in the
clinical situation from the start of the study could be seen.
Unchanged or worse was designated a bad iesult (treatment
failure).

Statistical Methods. In this longitudinal follow-up srudy, the
association of various clinical and radiologic pararneters at the
start of the study with later treatment outcome was assessed by
using parametric and nonparametric tests: one-wa y analysis of
variance (ANOVA) and the Kruskall-Vallis test in the case of
non-Gaussian distribution of the outcome variable and
when no hornogeneity of variances existed in the different
groups. fn comparing two independent groups, the student's
f test and the Mann-'VThitney test were used. The correlation
between two continuous variables was investigated by the
Pearson correlation coefficient and its 95 Yo confidence lim-
its. The association between polythomous variables was as-
sessed by using contingency y2 tables. Concordance befween
fwo methods was tested by the kappa test for polythomous
variables.2''?3

Because the siruation was observational, the existence of
hidden confounders and selection bias made it mandatory for
the authors to be descriptive and noninferential. For ,Catabase
and staristics, D-BASE 3 PLUS (Ashton-Tate corp., Berkeley,

9el and EPI INFO, version i (\X/HO/GPA/RESISFT/92.2, At.-
lanta, GA) were used.

ffesulrs

Conseruative and Surgical Treatments:
The Frrsf 4 Yearc
There were no dropours in rhis study except for rhree

deaths after 4 years. A survey of the results (the ',inten-

tion-to treat-results") as stated by the observer (T.A.) is
shown in Figurc 2 at 6 nronths, 1 year) and 4 years. The
treatment results also were recorded at the other fol-
low-up evaluations, bur the deviarion from the presented
data were small, so for rhe sake of simplicity, rhey are
omitted in this article.
In Table 4,, the concordance berween patient and ob-
server regarding treatment result is shown after 6
nronths. Kappa was 0.592 (i.e,, moderate agreement).2
Similarly, kappa was 0.5s after ̂ J,yearr0.4'1, 

^it t 4years,

lilvwse
E unclnrUed
llfdr
leDedl€int

6 months

Figure 2. Treatment results after o months, 1 year, and 4 years for
100 patients with symptomatic lumbar spinal stenosis. The result
Lot r patient was graded as "excellent,t '  "tair,n "unchanged," or
"worse" as compared with the start of the study. The height of the
vertical columns indicates the number of patients who experi-
enced results in the various categories. Three patients had 

'died

gfter 4 years. The treatment groups correspond io those shown in
figure 1: group s (selected for'surgical treatmentl, group RS
(randomized to surgical treatment), group RC (randomized to con-
servative treatmentl, group C (selected for conservative treat-
mentl.

and 0,45 after 10 years. The degree of pain is shown for
the different trearmenr groups in Tab le 2 (afrer 3 months,
4 years, and 10 years).

Gonservative Treatment. A good result was reported by
35 (70%) of the 50 parienrs in group C after 6 monrhs.
This dropped to 32 of50 parienrs (64"/") after 1 yearrand
further to 28 (57%) of 49 patients (one had died) after 4
years. A poor outcome was not associated with discom-
fort in using the orthosis.

surgery. A good resulr was reporred by 1s ( 79 %) of rhe
1'9 patients in group S at the first clinical assessmenr after
6 monrhs, by 17 (89%) of '1,9 parients after r yearrand by
16 (84%) of 1,9 paaenrs after 4 years. only 2 parienrs
reported being wors e after 6 months, none after l, year,
and 1 patient afre r 4 years. OnIy 1 of these patients un-
derwent reoperation,

Table 4. Goncordance Between Treatment Results After
6 Months as Stated by Examiner and Patient in a Group
of 100 Patients With Symptomatic Lumbar
Spinal Stenosis

Resul ts (Examiner) Results (Patient)

After 6 mo Worse Unchanged Excel lent

]ffruffi1
N

a

f ;m
CL

o

8zo
E
q.

i0

S R S R G C  S R S R C C

1'year 4 years

Fair

Worse
Unchanged
Fair
Excel lent

3
2
1
0

0
4
4
0

0 0
4 0

3 7 4
10  3 t

Kappa _ 0.59, SE (Kappa) : 0.073, Z _ Kappa/SE (Kappa) : 9.09,
0.0000001. The Kappa indicates good agreement.

D _
t -
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The patients who described their trearment result as
"worse" were, in the opinion of the observer (T.A.), not
poorer than the "worse patients" in the conservative
treatment groups. No serious complications (e,g,, deep
venous thrombosis or cardiac problems) were encoun-
tered.

Patients Randomized to Gonseruative Treatment, Of the 18
patients in group RC, the results were good for only T
(39%) patienrs after 6 monrhs. As many as 10 parienrs
(56To) were worse afrer 6 monrhs. The resuhs were good
for 6 (33%) of 18 parienrs afrer lyearrand for g tizyr)
9f 17 patients (one had died) after 4 years, In this group,
discomfort from the use of the orthosis was not associ-
ated with a poor outcome.

Patients Randomized to surgery. fn group RS, a good re-
sult was reporred for 12 (92%) of 13 patienm afrer 6
months, 9 (69%) of 13 patients after I year) and 1l
(92%) of 1.2 patienrs (one had died) afrer 4 years. None
got worse and none underwent reoperation,

Comparison of the Treatment Results For the First and Last 50
Patients Recruited to the study. Selection bias during the
recruitment period was anricipared, and did indeed oc-
cur. Early in the grudy, a more favorcble outcome than
expected was noted in the conservatively treated pa-
tients. This observation led to an increase in the tt.ttttbet
of padents selected for conservative treatment in the last
half of the patienrs recruired ro the study (increase in
threshold for selection ro surgery or randornizaton)
(Table 5). The rrearmenr resulrs for rhe fusr and last 50
patients are shown in Figure 3. The ratio of bad ro good
results (surgical and nonsurgical treatments counted to-
gether), respectivel5 after 6 monrhs was 15 to 35 for the
fir9t 50 patients and 1,6 to 34 for the last 50 patienrs.
After 1, yearo the corresponding ratio, respectively, was'1,7 

to 33 and 19 to 31, and after 4years 13 to 3 s andz'|.
to 128, Therefore, the best treatment result was achieved
by the selecrion mode used for rhe firsr 50 patienrs. The
results in the individual treatm.ent groirps are shown in
Table 6.

floes a Delay of surgery Entail a Faarer prognosis?

Results for the Grossover Patients From Gonseruative to Sur-
gical Treatment. For the 10 patients in group C*, the re-
sults were good for 9 patients (9 0%) after 6 monrhs, for

Table 5. Number of Patients in the Different Treatment
Groups for the First 50 (luos. l-s0) and last s0 (Nos. sl-
1001 Patients Becruited to the Study

Group
Nos .
1-50

Nos.
5 t -100

12
t 0
l l
1 7

S :  selected for surgical  t reatment,  RS :  randomized to surgical  t reatment,
RC :  randomized to conservat ive t reatment,  C -  selected for conservat ive

Table 6. Number of Good Results (Numerator) for the
Patients still Alive (Denominatorl After 6 Months and I
and 4 Years for the First 50 (Nos. 1-501 and Last E0 (Nos.
51-100) Patients in All Treatment Groups (See Figure l)
of 100 Patients With Symptomatic Lumbar
Spinal Stenosis

Treatment Groups

RS RC

1-50 5t-100 1-50 5l-100 1-50 5l-100 t-50 51-100

6 mo 10112
I yr 12112
4 yr gl12

sn e/t 0 313
517 7110 U3
7l7 8/g 313

6/1 1
5lt1
7110

t0lt7
sl17

ultT

t17
tl7
tl7

25133
23133
t7132

S : selected for surgicaf treatment, RS : randomized to surgical treatment,
RC : randomized to conseryative treatment. C : selected for conservative
treatment.

all 10 patients (1,00%) after 1, year, and for 7 parienrs
(70%) after 4 years. None had undergone reoperation
(Figure 4),

of the 10 patienrs in group RC+ rhe resulrs were
good for 9 patients (90 %) after 6 monrhs, for 8 parienrs
(80%) after 1, year, and for 4 (44%) of 9 surviving pa-
tients after 4 years. One had undergone reoperation.

The results at the 4-year assessment for the 68 patients
who received conservative rrearment initially (50 in
group C and 18 in group RC) also were evaluared, Up ro
that time, the development of pain had been so unfavor-
able for 20 of the patients (i. €., dpproximately one rhird
of the group) that they had to be given surgical trear-
nent. However, because of the favorable result also of

{luorse
Duchanged
llTair
f Ecdlert

Patienls 1-50 Patients 51-100

Figure 3. Treatment results after 4 years compared with the start
of the study as stated by the observer for the first 50 patients
{numbers 1-50} and the last 50 pat ients (numbers bl-100}. Three
patients died. The treatment groups correspond to those shown in
Figure 1: group S (selected for surgical treatmentl ,  group R (se-
lected for randomization between surgical or conservative treat-
ment),  group RS (randomized to surgical treatment),  gr0up RC
(randomized to conservative treatment), group C {selected for
c0nservative treatmentl. T (totall indicates the result in all patients
from 1 to 50 or from 51 to 100.

50 l

I [-Hj',*j F'ffi
E I l;i;:;iili
f*j fifi
: l  f f ii"f..'f*tffiffiI 

flffir*I#tr,JflIi
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C
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Figure 4. Treatment results for crossover patients from conserva-
tive to surgical treatment compared with the start of the studrT.
group EC+ (n: 101 includes crossover pat ients from patienis
randomized to conservative treatment (group Rc; see Figure 1).
9nr patient had died at the 4-year controt assessment. group C+
(n : 101 includes crossover patients from patients seiected for
conservative treatment (group G; see Figure 11.

delayed surgery, the final result of initial conservarive
treatment followed by surgery was not greatly inferior ro
that of initial surgical treatment. Therefore, rhe outcome
after 4 years for the 50 patients selected to group C was
rhat 21 patients reported an excellent res'ult, 14 a fair
result, 10 an unchanged result, and 4 a worse result,
meaning that 35 (71%) of 49 patienrs gor a good resulr.
one had died dead. Similarly, of rhe 18 parienrs in group
RC, 4 reported an excellent result, 8 a fak result, 4 ai
unchanged result, and 1 a worse result at the 4-year as-
sessmert, giving a good result for 12 (71%) of rhe 17
patients. One had died.

Besalts After lA Years

Except lor death, there were no dropouts. After 10 years, 14
patients had died: 2 in group s, 9 in group c, z ingroup
RS, and 1. in group RC. rn addition groups c and RC
were reduced by the crossover patients to delayed sur-
gery. The number of patients after "!,0 years was j,7 in
gloup S, 31 in group i'C," II in group RS, 8 in group
"RC," 9 in group RC*, and 10 in group C+.
The treatmenr results were relatively srable during rhe
final 6 years of the observarion period (Figure 5). Gioup
S showed a modest decrease in good results, from 16
(84%) of 19 ro 12 (71,%) of 17 parienrs, bur this is ex-
plained partly by rhe death of rwo parienrs who had good
treatment results up to their death. In the other groups,
good results were experienced by 10 (91,%) of 1 1 pa-
tients in group RS, 8 00a%) of 8 parienrs in group
"RC,' 4 (44%) of 9 patients in group RC + ,23 (74%) of
31' patients in group "C," and 7 Va%) of 10 parients in
group C+.

In the original conservarive treatment groups, the
good "de facto resuks" were experienced by i z iro/o) of
1'7 patients in group RC ("RC" and RC* combined) and
30 (73%) of 41 parienrs in group c ("c" and c+ com-
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Figure 5. Treatment results after 10 years compared with the start
of the study. Fou rteen patients died. The treatment groups S
(selected for surgeryl and RS (trndomized to surgery) colrespond
to those shown in Figu re 4. The remaining patients in groups RC
and C are  des ignated  groups 'RC'and "C" .

bined). There were two more reoperations in group
RC+, and three in group c+, but in rhe rables men-
tioned in this article, they have been counted as treat-
ment failures, independently of the final treatmenr result.

The good "de facto results" in the original selected
treatrnenq groups aftet 4 and "1,0 years, respectively, were
84"/o and 77% for group S, 77% and 79% for group R
(randomized group), and 7l% and 73% for group C.

Changes in Ctinical Paramefens haring the Foltrow-Ilp
Periad

Pain, According to the completed questionnaires, the
pain was greatly relieved akeady after 3 monrhs. For
most of the patienrs, rhe relief of pain occurred earlier
than 3 months, whereas for others it took a year. The
reduction of pain for rhe patients in rhe differenr treat-
ment groups during the follow-up period is shown in
Table 2.

No pain was experienced by 76 of all 100 parienrs
after 3 months, by 22 of 97 surviving parienrs after 4
years, and by 35 of 86 surviving parienrs after 10 years.
These changes were distributed evenly in the surgical and
conservative treatment groups (not shown in Tab\e 2).
After 3 rnonths, 1,9 patients felt pain in the back, 

^1,9 
in

the leg(s), and 46 in both areas. Simil arly, alter 4 years
the nurnbers, respectively, were 

'l,4r4rand 
56rand finally

after 10 years 15, 5, aird 3 L. At the follow-up assess-
ments up to 4 years, the surgically treated patients re-
ported more pain from the back than rhe conservarively
treated patients, However, aftet 

'/-,0 
years there was no

difference.
Many patients felt supporr by wearing the orrhosis

and continued to wear it periodically. These parienrs
were evenly distributed in the surgical and conservative
treatment groups. Some preferred the hyperextension or-
thosis, others a simple elastic support. The use of an
orthosis declined during the follow-up period. Ar the
final '!,}-year 

assessment, 52 pa.rients, mostly men, still
used an orthosis periodically.

Elvror.se
B unchanged
t;lfair
I excellent



Management of Lumbar Spinal Stenosis o Amundsen er al 7437

Glaudication, At the start of the treatment period, clau-
dication was reporred by g0% of rhe parienrs. For 60 of
these patienrs, the symproms were relieved by bending
slightly forward in rhe back (thereby reducing the lum-
bar lordosis). After treatment, claudication was much
reduced, both in occurrence and intensity, During the
first 4 years, one rhird of rhe patienrs reported some
degree of claudication, bur from 4 to 10 years, rhis pro-
portion was reduced ro one fifth (14 parients). Eleven of
these patients felr relief of the pain by bending forward.
There was no difference ber'ween surgically and conser-
vatively treated patients. At the rtrrt of the shrdy, the
median walking disrance was 300 m in the surgically
treated groups and 500 rn in the conservatively treated
groups, but with large variations. Afrer 3 months, the
median walkittg disrance was 1000 m and remained sta-
ble thereafter.

Level of Daily Activity. 
'V?'hen 

the patients entered the
shrdy, 19 were at, work: 1,2 inthe conservative treatment
groups and 7 in the surgical treatment groups. This was
unchanged after 3 monrhs (13 and 6, respecively). After
6 months, 37 patients were at work (20 in the conserva-
tive treatment groups and :1,7 in the surgical treatment
groups). The parientr rr work aftei l yeaiwere 34 (1,T in
each group) , after 4 Trears 21, (9 and 1 2, respectively), and
after 10 years 13 (6 and 7, respectivety), These figures
represent the " de facto figures," which means that the
patients wirh delayed surgery are included in rhe surgical
treatment group. After 1,0 years, 40 patients had retired
from work because of advanced age, as cornpared with
15 patients ar rhe srart of rhe snrdy.

Neurologic Deficits. Neurologic ,deficits were modest at
the start of this srudy.a The changes during rhe 10 years
were minimal. Six patients had mild signs of cauda
equina (perianal numbness), and these patients all under-
went surgery. The numbness disappeared in five of these
patients after surgerS but persisted, in one patient (also
aftet a second operation 5 years later). Before treatment,
a positive Lasdgue's sign was found in 24 parienrs (9
from the'conservative treatment groups and 15 from the
surgical treatment groups), after 4 years in 5 patients (1
and 4, respectively) and after 10 years in 4 patients (1
and 3, respectively).

Intercelation Between Treatment Fesrlfs and Elinical
er Badiologic Features af the start of the study

Treatment Results and Glinical Features. The t}e, gender,
social  status (marr ied/not marr ied), rype of work/
physical loading, satisfacrion at home and ar work, du-
ration of pain, length of sick listing, level of physical
activity, srnoking habits, physical findings, Lasdgue's
sign, and level of spinal protein were compared wirh the
treatment results, No convincing associations were ob-
served. Multilevel surgery did nor entail a poorer out-
come than single-level operarions (Table 7).

Table 7. Lack of Association Between Treatment Besutt
and Number of Surgically Treated levels for 50 Early-
and Delayed-Surgery Patients With Symptomatic Lumbar
Spinal Stenosis 4 Years After Treatment

Number of Surgically Treated Levels

Resul t Total

Worse
Unchanged
Fair
Excellent
Total

The number of patients
grouping.

was too small for statistical f tests even after

Treatment Results and Radiologic Features. An attempt was
made to discover an association berween results of treat-
rnent and different radiologic paramerers. The following
were exar.nined and compared with the treatrnent results:
degenerative changes (spondylosis, osteochondrosis)' at
different parts of the vertebral segmenr (disc, facet, ioinr,
ver tebra l  cana l ,  la te ra l  recesses) ,  occur rence o f
pseudospondylolisthesis (slip), occurrence of rransition
vertebraer rlzpe of stenosis (central or lateral, congenital,
developmental, acquired), occurrence of redundant
nerye roots, degree of narrowness, root affliction (degree,
number of afflicted roots, uni- or bilateral disorder), and
measures of different dimensions in the spinal canal (sag-
ittal diameter, interpedicular disrance, pedicle length).
No convincing associations were found. The lack of as-
sociation between the results afqer 4 years and the degree
of narrowness in the spinal canal of the surgically treated
patients is shown in Table 8. , 

.

Discussion
The protocol outlined for the iurrent srudy was intended
to ensure that each patient was.given the treatment best
for him or her at all times during rhe long follow-up
period. The authors believed rhar ir was unethical r;
operate on patients with mild symptoms, or to deny sur-
geryfor patients with severe symptoms. Randomization
befween conservative treatment and surgery was accept-
able only for patients about whom serious doubt existed
concerning which treatment should be recommended,

Table 8. Lack of Association Between Results and
Degree of Narrowness for 50 Early- and Delayed-Surgery
Patients With Symptomatic Lumbar Spinal Stenosis 4
Years After Treatment

Degree of  Narrowness

Result M oderate Severe

4
8

t 3
25
50

0 3 0 1
1 3 4 0
2 4 6 1
r 1 6 5 3
4 26 t5 5

Lisht Total

B a d
Good
Total

t2
38
50

2
t 0
12

6
20
26

4
I

t 2

i2 :0.94,  2 degrees of  f reedom, F' :  0.625.


