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Objectives. The main objective was to compare estimated walggrgmeter (WP) and actual
WP during a free walking test (the 6 minute wakt {MWT)) in patients with lumbar spinal
stenosis (LSS). The second objective was to descthié correlation between measured gait
parameters and functional parameters.

Materials and methods. Single-center prospective stud38 patients with symptomatic LSS
(23 men, 15 women), mean age: 69.3+7.9 years.vernaon: 6MWT. Main Outcome
Measure:Patients were first asked to verbally estimatertié®. Then, WP was evaluated
using a 6MWT at self-selected speed. In the absehceed to stop, and if a distance of
500m was not reached, the test was extended todistiance. Specific functional scores
(Oswestry, Quebec) were recorded and a qualityeofjlestionnaire was completed.

Results: WP was estimated to be lower than 500m in 21/38mst but only 7 patients
actually stopped walking before reaching 500m. eslian estimate error in these patients
was 200m (IQR:65-250). The shorter the estimatsthdce was, the greater the estimation
error (r=-0.63, p=0.002). The average walking sp&eb slow. Functional parameters
(Oswestry, Quebec) were weakly and inversely caredl with real WP (r=-0.44 to -0.31
respectively), and moderately inversely correlatéth measured walking speed (r=-0.51,
p<0.001 for both).

Conclusion: Direct measurement of free walking speed shouldcbesidered as valid
functional assessment in current practice for p&tisvith LSS instead of estimated WP. To
assist therapeutic decision-making, the most reletygpe of walking test (duration, distance,

velocity) need to be determined.
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I ntroduction

Lumbar spinal stenosis (LSS) is a common disondech is diagnosed in 13 to 14%
of patients who consult a specialist for low baekp(1). Its prevalence increases with aging
(2): LSS is the leading reason for lumbar spingetyr in people over 65 years old (3). Its
most frequent semiology is defined by the North Aoen Spine Society as a variable
clinical syndrome with back and / or leg pain assed with radicular or multi-radicular
claudication after a variable period of walking aqdick relief with anteflexion (4,5).
Paresthesia of the lower limbs and muscle weakreasgalso occur (6,7).

The functional impact of LSS can deteriorate thality of life and autonomy of an
elderly patient, especially when combined with otlhequent comorbidities, and can lead to
social and professional isolation in its most sevferms. Surgical management is considered
when conservative treatments are not adequatehangbtient experiences persistent pain and
disability (5). The therapeutic decision is basaedaccombination of criteria: disease history,
standard clinical examination, specific scores ssag pain and functional impact, and
diagnostic imaging (7). However, the clinical aadiological diagnostic criteria of LSS vary
considerably (8), and it is therefore recommendesat functional outcome measures be
validated in routine clinical practice as a compieinto the aforementioned diagnostic
criteria (9).

In terms of functional status, impaired walkinget@ince is the disability most often
reported in patients with chronic low back pain)(1Consequently, assessing walking
perimeter (WP) limited by neurogenic or spinal di@ation is essential for the diagnosis of
LSS and decisions regarding treatment (11). Howepeeviously noted discrepancies
between patient-reported WP and the actual covdistdnce (measured on a treadmill) is a
significant limit to this practice, and can leaduoder or over estimation of WP (12). WP
should be assessed in chronic low back pain patiesih physiologically appropriate
walking testsifiore so than on a treadmill) (13), but the modalities of these tests are not
clearly established in terms of procedure (fixestatice or fixed duration) and recommended
speed (self-selected or brisk) to evaluate funafiompairment (14-16).

The main objective of this study was to comparereged WP (perceived distance
declared by the patient) and real WP measuredtiema with LSS with the 6 minute walk
test (6MWT) at a free velocity. Secondly, we triem describe the correlation between
measured gait parameters for assessing level albilty among those most easily accessible

in the walk test(i.e. WP and walking speed) anatfiomal features.
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Material and methods

Participants

This study uses the preoperative data of patierdsided in the SPEED study (Quantitative
evaluation of motor function before and after suygéor degenerative lumbar spinal
stenosis). Patients with LSS referred to the neuwgesy department of a University Hospital
(Dijon, France) for consultation between Septemd@t6 and June 2018 were recruited.
Diagnosis of LSS was confirmed on lumbar MRI witmenimum of Schizas grade C (17)
The inclusion criteria were: age > 18 years, batkes, acquired degenerative LSS, pain > 3
months, resistance to conventional medical treatpaility to walk> 10 meters without
help. We excluded patients with previous spine eyrgother locomotor disorders (osteo-
articular, peripheral circulatory or neurologicaisatders for example) which could
significantly alter gait, individuals under stewsingp or legal guardianship as well as
pregnant or breastfeeding women. All patients mrediinformed consent. This study was
undertaken in accordance with Good Clinical Practiaidelines and was approved by the
local hospital ethics committee. There was no changcare management for patients who
participated in this study after inclusion. It wacorded, beforehand, on the clinical trial
registry (NCT03194607).

Collected Data

For each patient, the following data were collectsX, age, professional status (in activity or
pensioner), body mass index, main stenosis lepglakcanal size, Schiza grading, and visual
analogue scale assessment for back and radicular $pecific chronic low back pain
functional scores to were completed: the Oswesisghility index (ODI) (18), and the
Quebec score (19). These 2 scores range from 00totle highest value expressing the most
severe impairment. Quality of life was assesseti Wie 12-ltem Short-Form Health Survey
functional score (SF12) (20).

WP measures

Locomotion was evaluated independently with twdedént procedures:

1) Estimated WP: WP was estimated in meters byp#teent and collected during routine
neurosurgical consultation. The surgeon clearlyddke patient in the usual manner: “How
far can you walk at your usual pace on flat grownithout stopping because of your typical

back pain or pain radiating to your lower limbs?tHe patient reported a WP greater than
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500m, the declared walking distance was truncaiesDOm. Indeed, WP beyond 500 meters
does not seem to be reliably related to LSS, amddiagnosis of neurogenic or spinal
claudication may be not pertinent in such casey @irthermore, in a 6-point score used to
classify the degree of severity of patients withSL@&nalyzed before surgery, 500m
corresponded to the lowest level of neurogenicditaiion (22).

2) The measured WP applying the 6MWT at self-setbspeed: This test was conducted on a
flat 50-meter-long indoor walking track previousgcognized by the patient. Following a 15-
minute rest phase, patients were instructed to \ahlkheir freely-chosen walking speed.
Simple and standardized instructions were usedinamize the influence of extrinsic factors.
No encouragement was given during the test, bugmatwere told the elapsed time every 2
minutes by the same trained operator who was fatiguapproximately one meter behind. No
analgesic treatment was allowed during the teste frteasured WP was defined as the
distance traveled until the usual radicular or baekn caused the patient to stop and
occurring before the end of the 6MWT (23,24) (pasewere informed that they could stop
walking if pain was not sustainable). If radicutarback pain did not stop the patient from
walking, the test was stopped at 6 minutes if thgept had reached at least 500 meters. Any
patient who did not reach 500 meters after 6 metas asked to continue walking until 500
meters (time to completion was recorded). The tesult was expressed in meters and
walking speed was calculated (m/s) both during 6MY@MWT walking speed) and 500
meters test (free walking velocity). The parameterenitored during the tests were
continuous assessment of breath-by-breath gas mgehasing a portable device (K4b2,
Cosmed, Rome, Italy) and continuous heart rate toong (T31 coded TM-Polar. Kempele,
Finland). VO2 uptake and heart rate were direatijnputed and extracted from the devices
with the incorporated software (K4b2 v10, Cosmeaini, Italy).

Satistical analysis

The patients were classified into 2 groups: ond \pitentially limited WP due to LSS (WP
lower than 500m (W#3)), the other without significantly limited WP (Wigher than 500m
(WPsgo4)). The difference between the WP estimated bypidwgent and the WP measured
during the walk test was calculated for each pat@nthe WRyo. group. The difference
between the two distances is the estimation efioe. maximum walking distance measured
by the walk test was 500 meters and the maximurkimgldistance declared by the patients
was then truncated to 500 meters for the analyi$es correlation between the functional test

results (i.e. ODI, Quebec) and estimated WP, estidh@rror, and functional scores was
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estimated with a Spearman correlation coefficiactuding the 95% confidence interval. A
T-test was used to compare the 3pfrand WRoo+groups and to compare the estimation error
of WPsgp-against O (unilateral test). Quantitative variablese presented as mean +.standard
deviation (SD) or as median [Inter Quartile RanggR)] as appropriate. Statistical analyses
were done with SAS software, version 9.4 (SAS tasti Inc.). An alpha value of 5% was

chosen to determine the significance of the pararset

Results

Thirty eight patients were included in this stu@® fnen and 15 women), mean age 69.3 £ 7.9
years. Seven patients were still working and 3lewestired. The flow diagram of the
participants can be found in Figure 1 and Tableesgnts patient characteristics. L3-L4 and
L4-L5 were the most affected parts of the spiné patients had a minimum Schizas grade of
C. The patients maintained their usual antalgic ioa&ihns (specified in Table 1), without
modification for at least 3 months.

6MWT was feasible, without cardiorespiratory lintibea, for all the patients. The average
heart rate at the end of the walk test was 107xB fheart rate at rest = 80+15 bpm). The
mean VQ at the end of the walk test was 14.6£2.7 ml/min(kg, at rest = 4.4+0.8
ml/min/kg).

Twenty one of 38 patients estimated their WP tddveer than 500m, but only 7 patients
stopped before reaching 500m during the walk tdstsle 2 shows the estimated WP with the
corresponding estimation error, the measured fralkimg speed and the distance for all
patients and the two subgroups (3Pand WRg.). The 21 patients of the W. group
significantly underestimated their WP (median eation error = 300[IQR:200-335];
p<0.001). Free walking velocity was also signifitarower (p=0.003) in the Wig,- group
compared to W&o+ group. As shown in Figure 2, the shorter the estidth distance was, the
greater the error.

Demographics (sex, age, professional status),celincharacteristics (BMI, lumbar and
radicular pain) and SF-12 questionnaire sub-sc@yeality of physical and mental health)
were not associated with the estimated WP or theesared WP, nor with the error estimation.
Functional scores were weakly correlated with estad WP (ODI questionnaires: r = -0.27
[95%CI:-0.54;+0.05], p = 0.10, Quebec scores: 629 [95%CI:-0.56;+0.03], p = 0.07) and
with measured WP (ODI questionnaires: r = -0.444@3:-0.67;-0.14], p = 0.005) ; Quebec
score: r =-0.31 [95%CI:-0.57;+0.01], p = 0.06).
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The 7 patients who stopped the walk test beforehiag 500m walked from 115m to 400 m

with a median distance of 350m [IQR:300-400] whereee declared walking distance ranged
from 50 to 400 with a median distance of 100m [IRIR300], which means that 50% of

patients made an estimation error of 200m or miar¢éhese 7 patients, ODI ranged from 40
to 56 with a median of 46[IQR:42-52] and Quebecrscof 33 to 64 with a median at

55[IQR=41-59];

Moderate significant relationships were found bemvehe functional scores (ODI: -0.51
[95%CI:-0.71;-0.22], p=0.001 and Quebec score -Q%P6CI:-0.71;-0.23], p=0.0008) and

the measured free-walking speed in all the patigfitgire 3).

Discussion

This study confirms the significant discrepanciween perceived and actual walking
limitations in patients with LSS. When the estinde®P is short, the risk of estimation error
is more important. Therefore, estimated WP and oredsWP seem to capture different
dimensions of disease impact: the first may reamaémotional state and provide insight to
the patient’'s representation of disease; the seguodides information about the actual
functional capability of the patient (partially aéd to motivation). Furthermore, the use of a
standardized test (the 6MWT) shows that stoppiniimg due to pain is actually uncommon
and does not seem to be correlated with other ifumeatt characteristics. Direct assessment of
free-walking speed is more relevant than WP becdusecorrelated to functional status and
is easier to implement in practice.

By analogy with arterial limitations of walkinguoresults corroborate a study which
compared estimated and actual vascular claudicatiopatients with peripheral arterial
disease (25): the patients’ estimated WP was appeigly 66% of the actual distance
covered. Conversely, 67% of 31 patients with loctondimitations of various origins
overestimated their WP in another study (26). Simdverestimation was found in patients
assessed in a spinal outpatient setting, who esdn245m when the actual distance was
111m (the reasons for stopping were unspecified). (A study specifically assessing
neurogenic claudication in 63 patients with LSSeaded wide variations in estimated and
measured WP: one third of the group were able tonatee WP within 50m, and the
remaining two thirds were shared between over anderestimation (28). Unlike our
protocol, WP was assessed on a treadmill, whidbsis realistic and tends to underestimate

WP in patients with LSS when compared to a selepgawalk test (29). The difference
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between a conventional walk test and the treadiedt has already been shown in heart
patients (30). In this regard, the conditions fesessing locomotion seem of particular
importance, especially concerning walking speedctwishould be as close to the usual
velocity as possible. The self-paced walking spisedf particular interest for this purpose

because it is the most efficient type of walkingd amaintains a steady state of aerobic
metabolism (31). Walking speed correlates with agel sex (32), is associated with

functional capacities and global health status,(88Y is a predictive factor of mortality (34).

In people with chronic low back pain, the decreasdree walking speed has long been
known (35). It is mainly related to decreased dtmth in patients with LSS (36) and

analyzed as a protective strategy against pain (@7re the person tries to avoid the rise in
epidural pressure observed during neurogenic datidn (38). With a moderate aerobic

effort demonstrated by heart rate and,VOur patients were slower in comparison with
healthy subjects of the same age (39).

Among current fixed-duration walk tests, the 6MWTthe most commonly used to
assess the functional impact of various disead®s [fis often the main means of assessing
the impact of various therapeutic interventionslinical practice. For LSS, 6MWT has been
used to evaluate patients at 2 years after surgieatment, where is showed no significant
difference in covered distance for decompressiongesy plus fusion surgery and
decompression surgery alone (41). However, thesanse ambiguity in the instructions for
required walking speed in the 6MWT (42). For thasans previously reported, we chose to
recommend a free speed, similar to the initial rindtons of the 6MWT, which was
developed for chronic heart failure patients (48)ossible limitation of the 6MWT applied
to LSS is that it misses late claudication whichyraecur after 6 minutes of walking. For this
reason, our protocol planned to extend the 6MWHAeifessary, until 500 meters was attained.
The exact cut-off point for WP values to differedéi between severe and moderate forms of
LSS have not yet been specified. The distance gasdeon a treadmill) is hypothetically
around 400 to 500 meters (21,22), but it has nenldermally established by large scale
studies. A very different fixed-duration walk t€30 minutes) at free velocity, the self-paced
walking test, was applied to assess WP on a leaektin patients with LSS, showing an
adequate reproducibility and a significant diffesenwith a treadmill test which
underestimated the WP (29). In other studies, thedbtained with the self-paced walk test
was correlated with estimated distance (44) and Wié results of the treadmill test (45) for
patients with an average WP around 1000m. In antestidy of patients 6 months after

surgery for LSS, the self-paced walk test showedngmrovement of physical capabilities
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(46). However, because of the extended durationr{Bites), this test may expose to issues
not directly related to LSS (for example fatigugsphea, or gait disorders of other origins).
The psychometric qualities of other walking testpecially those with “fixed distance” (i.e.

400 or 500m walk test), should be studied in futureorder to assess both WP and free

walking speed in patients with possible neurogenioack claudication.

Study limitations

The main limitations of this study are the smalinple size and the fact that we were
not able to evaluate the reproducibility of the kirad) test and its responsiveness to change
(though not included in our objectives for thisdstu In addition, we imposed the walking
distance of 500m, but reliable data defining thecige severity of neurogenic or back
claudication in patients with LSS is lacking, thiéstance is not necessarily the most
appropriate. In our protocol, we did not evaluatéénpat the end of the walk test. Such an
assessment needs to be done in further studieslén  better understand the precise reason
the patient stops walking. Finally, only the frgeeed test was used, so the sensitivity of brisk

walking should also be prospectively evaluated.

Conclusion

Direct measurement of WP, especially walking speleding a standardized walking
test is a simple and inexpensive tool for assedsiadunctional impact of LSS in addition to
conventional clinical criteria and imaging. Addital studies are needed to pinpoint the
respective contributions of self reported walkingtahce, free and brisk walking speed as
well as the most relevant type of walking testf(sgported, fixed-duration, fixed-distance,) in
order to optimize reliability and responsivenesstiange, and, in the future, to be able to use

walking speed to assist therapeutic decision-making
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Figures captions:

Figure 1: CONSORT Flow diagram.

Figure 2. Relationship between estimated walkinginpeters recorded during medical
consultation and the error value with the measwaliting test. Only patients who estimated
their walking perimeter as lower than 500m duringsultation are shown (n=21). Spearman

correlation coefficient and related p-value arevamo

Figure 3. A. Relationship between the Oswestry Wilisig index (higher value indicates
higher functional impairment) and the free walkisgeed of all patients (n=38). B.
Relationship between the Quebec back pain disglstible (higher value indicates higher
functional impairment) and the free walking speed all patients (n=38). Spearman

correlation coefficients and related p-value am@sh

HIGHLIGHTS:

- Estimated walking perimeter should not be considas valid functional assessment
in current practice for patients with lumbar spistaEnosis.

- Direct measurement of WP during a standardizetkim@ test is a simple and
inexpensive tool for assessing the severity of LSS

- Direct measurement of free walking speed shoelctcdnsidered as valid functional

assessment in current practice.
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== CONSORT

N4 TRANSPARENT REPORTING of TRIALS

CONSORT 2010 Flow Diagram

Enroliment ] Assessed for eligibility (n= 258)

Excluded (n=219)

+ Not meeting inclusion criteria (n= 88)
— » | + Declined to participate (n= 68)

+ Organisational reasons (n=63)

Allocation ] v

Allocated to intervention (n= 39)

+ Received allocated intervention (n= 38)

+ Did not receive allocated intervention (n=1)
(withdrew consent)

Analysis ]

Analysed (n=38)
+ Excluded from analysis (n=0)
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Table 1. Characteristics of patients.

Mean + SD N(%)
Demographic data
Mean age (years) 69.3£7.9
Sex
Woman 15(39.5%)
Man 23(60.5%)
Professional status
Active 7(18.4%)
Retired 31(81.6%)
Clinical features
BMI (kg/m?) 28.1+3.3
Lumbar VAS 49.0+26.4
Radicular VAS 53.5+27.2
Pain treatments* 25 (65.8%)
Muscle relaxant 1(2.6%)
Grade 1/2 analgesic 21 (55.3%)
Opioids 2 (5.3%)
Corticosteroids 1 (2.6%)
Antiepileptic drug 1 (2.6%)
NSAID 6 (15.8%)
Lumbar level* *
L1-L2 25(65.8%)
L2-L3 28(73. 7%)
L3-L4 31(81.6%)
L4-L5 31(81.6%)
L5-S1 28(73. 7%)
Schizas grade (n=32)
C 13(40.6%)
D 19(59.4%)
SF-12 Scores
Quality of physical health 35.7+4.2
Quality of mental health 54.445.0
Functional scores
ODiI 33.4£14.9
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Quebec 40.9+£15.6

* One patient could take several medications

**Total > 100%, several levels might have been heac

VAS: Visual analogue scale

NSAID: Nonsteroidal anti-inflammatory drug
ODI: Oswestry disability index

SF12: 12-ltem Short Form Survey

SD: Standard Deviation

BMI: Body Mass Index
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Table 2. Distribution of free walking velocity, estimatedalking perimeter and error of

estimation. Mean, standard deviation (SD), mediad #ter-Quartile Range (IQR) are

provided.
Measured
_ Freewalking Estimated walking Estimation
Estimated _ L _ _
) velocity (m.s”) Walking perimeter error (m)
Walking n _ _
. Mean (SD) perimeter (m) (m) Median
perimeter . .
Median [IQR] Median [IQR]
[IQR]
All 38 1.02 +0.21 300[100-500] ©00[500-500] g2 5[0-300]
Under 500m 21 0.94 +0.23 200[50-300] ©00[400-500] 300[200-335]
Over 500m 17 1.13+0.14 >500 500 0






