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a b s t r a c t 

Background: The effect of lumbar decompression on physical activity (PA) measures (measured as number of 
steps/day and as moderate to vigorous PA (MVPA)) is poorly understood. The aim of the current study was to 
compare PA in patients before and after lumbar decompression and to determine the association between change 
in steps/day and MVPA with change in disability, health-related quality of life (HRQOL) and pain. 
Methods: Patients undergoing lumbar decompression surgery were recruited. Steps/day and MVPA MVPA were 
recorded with an accelerometer. Oswestry Disability Index (ODI), HRQOL (Short Form 36 questionnaire (SF- 
36)) and pain levels (visual analogue scale (VAS)) were collected prior to surgery and six and twelve weeks 
postoperatively. Steps/day were compared to the lower bound of steps/day in healthy persons (7,000 steps per 
day), and the relationship between changes in steps/day, MVPA, ODI, SF-36, and VAS were calculated. 
Results: Twenty-six patients aged 37 to 75 years met inclusion criteria and were included in the study. Lum- 
bar decompressions were performed for stenosis and/or disc herniation. Preoperatively, patients took an aver- 
age 5,073 ± 2,621 (mean ± standard deviation) steps/day. At 6 weeks postoperatively, patients took 6,131 ± 2,343 
steps/day. At 12 weeks postoperatively, patients took 5,683 ± 2,128 steps/day. Postoperative MVPA minutes per 
week increased compared to preoperative MVPA (preoperative: 94.6 ± 122.9; 6 weeks: 173.9 ± 181.9; 12 weeks: 
145.7 ± 132.8). From preoperative to 12 weeks postoperative, change in steps correlated with MVPA (R = 0.775; 
P < 0.001), but not with ODI (R = 0.069; P = 0.739), SF-36 (R = 0.138; P = 0.371), VAS in the back (R = 0.230; P = 0.259) 
or VAS in the leg (R = -0.123; P = 0.550). 
Conclusions: During the first 12 postoperative weeks, daily steps did not reach the lower bound of normal step 
activity of 7,000 steps/day, however postoperative steps/day were higher than before surgery. Steps/day and 
MVPA appear to be independent of ODI and SF-36 and represent additional outcome parameters in patients 
undergoing lumbar decompression surgery and should be considered e.g., by physiotherapists especially from 6 
to 12 weeks postoperatively. 
Level of evidence: 2, prospective cohort study 
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Steps/day and moderate physical activity remain low 12 weeks post-
peratively but are valuable additional outcomes in patients after lum-
ar decompression surgery. 

Study registration: NCT03452449 (clinicaltrials.gov) 

ntroduction 

Physical activity (PA) is important for all body systems and general
ealth as PA reduces the risk of obesity, osteoarthritis and the devel-
pment of chronic pain [1–7] . Surrogate measures for PA include the
umber of steps per day (steps/day) and the amount of moderate to
igorous physical activity (MVPA). MVPA is defined as activity that is
qual or greater than 100 steps/minute and should be taken in bouts
i.e. periods of activity) of at least 10 minutes [8] . 

In a meta-analysis, Bohannon et al. [9] reported an average
teps/day count of 9,448 (95%CI [8,899; 9,996]) in healthy adults,
hich closely matches the recommendation of the World Health Organ-

sation of 10,000 steps/day and at least 150 minutes of MVPA weekly
10] . Another review reported that U.S. adults achieve 6,500 steps/day
nd Swiss adults achieve 8,900–10,400 steps/day, and recommended
,000–8,000 steps/day as a direct estimate of minimal amounts of MVPA
8] . 

Nerve root compression due to specific degenerative processes such
s disc prolapse or spinal stenosis is known to lead to lumbar radiculopa-
hy, radicular pain syndrome or neurogenic claudication [11] . Patients
ith radicular pain syndrome not only experience low back pain but
lso leg symptoms in the affected peripheral nerve area, such as gain or
oss of sensation and/or motor function, pain or paraesthesia [12] . 

Lumbar decompression surgery can prevent long-lasting pain, dis-
bility and eventually damage of the nerve root [13] . In 2018, over
0,000 back surgeries were performed in Switzerland requiring postop-
rative rehabilitation [14] . Surgical outcome is usually assessed as post-
perative changes in disability, health related quality of life (HRQOL)
nd pain levels [ 15 , 16 ]. 

Previous studies have shown that MVPA is low in patients with lum-
ar spinal stenosis with 75% of patients being inactive (less than 1
inute/week in MVPA) [17] but also that walking time remains low
uring the first week after lumbar decompression surgery [18] . 

Physiotherapy (PT) is a key feature of patient rehabilitation after
umbar decompression surgery including patient training, information
bout postoperative behaviour and pain management and has been
hown to lead to postoperative improvement [ 19 , 20 ]. Aerobic exercise
ositively affects health [21] , and PT has the potential to change PA
evels [ 22 , 23 ]. Thus, achieving an adequate amount of PA in postop-
rative interventions might positively affect surgical outcomes. Under-
tanding pre- and postoperative PA levels in patients undergoing lum-
ar decompression surgery is critical for defining therapeutic interven-
ions and providing high-quality advice for postoperative behaviour and
reatment options [ 24 , 25 ]. However, the current literature provides in-
onsistent findings and limited guidance for PT practice focusing on
aily physical activity [26] . While previous studies have shown that
teps/day counts increase but that PA levels remain low after lumbar
iscectomy, decompression or fusion surgery [ 17 , 27–30 ], to date com-
arison to norm data of healthy subjects is lacking. 

The goal of the current study was to compare PA measured as
teps/day count and MVPA minutes of patients undergoing lumbar de-
ompression before and 6 and 12 weeks after surgery to the lower
oundary of the normal free-living steps/day ( = 7,000) in healthy per-
ons [8] and to determine the association among changes in steps/day,
VPA, disability and HRQOL after surgery. We hypothesized that PA
ill steadily increase after surgery but stay below norm values because

urrent postoperative rehabilitation programs mainly focus on strength
nd mobility training. 
s  

2 
aterials and methods 

tudy design 

This prospective observational study design with preoperative base-
ine and postoperative follow-up measurements at 6 and 12 weeks was
pproved by the regional ethics board and carried out in accordance
ith the Declaration of Helsinki [31] . All participants provided written

nformed consent prior to participation. 

atient recruitment 

Patients scheduled for lumbar decompression surgery were screened
hrough a shared decision process with the treating surgeon consec-
tively from June to December 2017. Inclusion criteria were: diag-
osed lumbar spinal stenosis and radicular pain, and/or disc herniation;
lanned single or multi-level decompressive surgery at any segment be-
ween L2 and S1 (such as discectomy, decompression, laminotomy or
oraminotomy), ability to go home after surgery (no need for further,
ntensive in-house rehabilitation); ability to complete questionnaires in
erman; and age between 18 and 75 years. 

Exclusion criteria were: previous lumbar surgery, fusion surgery or
urgery of segments above L2; surgery secondary to scoliosis, fracture,
nfection, or tumour; and any surgeries or circumstances limiting gait
bility in the past 6 months (e.g. rheumatoid arthritis, multiple sclerosis,
erebrovascular insult, dementia, uncontrolled cardiovascular diseases).

ata collection 

All data were collected at the PT department of a regional hospi-
al. Baseline assessments were carried out 4 to 21 days preoperatively
nd included patient specific information, PA assessment in daily live,
elf-reported disability, HRQOL measurement. The participants were in-
tructed on the use of the ActiGraph and on how to complete the wear-
ime diary. Follow-up measurements were conducted 6 ± 1 weeks and
2 ± 1 weeks postoperative by face-to-face contact to ensure data com-
leteness and accelerometer adherence and included patient specific in-
ormation, PA, self-reported disability and HRQOL measurement. Study
ata were managed and stored using REDCap (Research Electronic Data
apture) [32] . 

ssessments 

Physical activity. Three-dimensional accelerometers (GT3X + , Acti-
raph LLC, Pensacola, FL, USA) were used to measure PA parameters in-
luding steps/day count, percentages of sedentary, light, moderate and
igorous PA and thus the length of time spent in moderate to vigorous
A (MVPA in minutes). The ActiGraph is a well-accepted, reliable, valid
nd responsive activity monitor [ [33–37] ]. Compared to commercial
ctivity trackers such as Fitbit or Apple Watch, the ActiGraph ensures
atient blinding during the measurement and allows users to process
ata using independently developed and validated algorithms. The Acti-
raph device uses a piezoelectric acceleration sensor. The software con-
erts the signals produced from the sensor into translated output (counts
er a given epoch). Finally, time spent in various physical activity in-
ensity levels according to established movement intensity cut-points is
omputed [36] . 

For this study, cut points were divided into metabolic-equivalent-
ased PA classes using < 100 counts/min for sedentary time, 100–1,951
ounts/min for light, 1,952–5,724 counts/min for moderate, and 5,725–
,498 counts/min for vigorous, and > 9,498 counts/min for very vigor-
us activity [37] . The participants wore the ActiGraph on the right side
f their waist during waking hours. The ActiGraph recorded data at a
requency of 60 Hz that was downloaded in 60 second epochs of all
hree axes using ActiLife software version 6.13.3 (ActiGraph LLC, Pen-
acola, FL, USA). The wear position and observation period of 3 to 7
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Fig. 1. Study flow chart revision. 
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ays including weekend days were chosen according to the literature
 [33] , [35] , [38–41] ] and in dependence of the surgical scheduling. PA
as not recorded continuously for the entire study duration but for 3 to
 consecutive days at each assessment. The ActiGraph does not have a
ight or button for participants to interfere or bias the measurement and
as adjusted to the participants’ baseline characteristics (body height,
ody mass, sex, date of birth). Raw data of each measurement period
ere used for further analysis when meeting a wear cut-off of at least
0 hours daily wear-time. 

Disability, health-related quality of life and pain. Disability and
RQOL were assessed using the Oswestry Disability Index (ODI) and

he 36-Item Short Form Health Survey (SF-36), respectively. Both out-
omes are Likert-scaled, reliable and valid questionnaires [42–44] and
heir total results are expressed as scores between 0 and 100. The
igher the score, the higher is disability according to the ODI and
he better is HRQOL according to the SF-36. Back and leg pain were
ssessed using a 10-cm visual analogue scale. According to Copay et al.
45] the minimal detectable change and minimal clinically important
hanges are 12.8% for the ODI, 4.9% for the physical component of the
F-36, 1.2 points for back pain and 1.6 points for leg pain in patients
eceiving lumbar decompression and/or fusion surgery. 

Patient specific information. The study sample characteristics age,
ex, occupation, height, body mass, body mass index, type of surgery,
ominant symptoms (sensorimotor signs, pain and needles), previous
T (numbers of treatments, and the length of the time period in which
hese treatments were carried out) and current pain medication (name,
ose per day) were documented at baseline. For postoperative analysis,
dditional self-reported information was collected in a questionnaire at
oth follow-ups: number of hospitalisation days, pain medication, need
f and the type of aids as well as outpatient PT (starting date, amount
f therapy per week, total amount of therapy sessions up to study com-
letion, active / passive / educative postoperative PT treatment forms,
ne to three treatment contents which were valued most by the partici-
ants). 

tatistical analysis 

The sample size calculation was based on the PA data published by
obbs et al. [28] . To detect mean differences with an effect size of 0.6
ith a one sample t-test at 80% power, significance level of 0.05 and
ssuming 20% drop-out rate, 29 patients were required. 

Statistical analysis was performed using SPSS version 22.0 (SPSS
nc., Chicago, IL, USA). For the ordinal-scaled functional outcomes,
riedman tests with post-hoc Bonferroni correction were used to de-
ect differences between time points. The PA parameters were checked
or normal distribution using Shapiro-Wilk tests. Analysis of variance
ANOVA) was used to detect differences in outcomes between time
oints with paired t-test post-hoc analysis. Wilcoxon-tests were used to
etect differences in steps/day between patients and the lower bound of
he normal steps/day count of 7,000 at each time point. In this study,
e used the steps/day classifications by Tudor-Locke et al. [8] who re-
orted normative data of healthy adults of 4000 to 18,000 steps/day
nd suggested that 30 minutes of daily MVPA accumulated in addition
o habitual daily activities in healthy adults (20-65 years as well as 65 +
ears) is equivalent to taking approximately 7,000 to 10,000 steps/day.
ased on these considerations, we considered 7000 steps/day as reason-
ble target in our population. 

Nonparametric Kendall’s Tau correlation coefficients were used to
etect correlations between the change in PA with the change in disabil-
ty, the change in HRQOL and the change in pain. Based on the literature
28] , a clinically relevant correlation cut-off value was set at R = -0.4 for
DI and R =+ 0.4 for SF-36. Missing data were tested by using the Little’s
issing Completely at Random test and assessed as an arbitrary pattern.
ultiple imputation was applied because of the smaller risk of bias and

ence representing the best approach for replacing missing values [46] .
he significance level for all statistical tests was set a priori to 0.05. 
3 
esults 

Overall, 130 patients were screened consecutively, and 29 partici-
ants (18 women, 11 men, aged 56.6 ± 11.7 years) were included and
ssessed before surgery. Table 1 presents all the baseline characteristics
f the study sample. Twenty-eight participants underwent surgery as
lanned while one surgery was cancelled because of lacking coverage.
ata of two participants were excluded from statistical analysis as the

urgeon had to deviate to a stabilisation surgery ( Figure 1 ). In 65% of
he cases the lumbar surgeries were unisegmental while 35% were on
wo or three segments. The 6- and 12-week follow-ups were performed
n 26 patients (17 women, 9 men), however missing data occurred due
o unwillingness to participate at the 6-week measurement (n = 1, male)
r to wear the ActiGraph for the 12-week measurement (n = 1, female).
ll measurements with the ActiGraph fulfilled the criteria of minimum
 days of 10 hours wear-time. None of the participants needed second
urgery during the 12-week follow-up period. 

hysical activity measures 

Compared to baseline, patients completed on the average 1,058 more
teps/day ( + 20%) at the 6-week follow-up and 610 more steps/day
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Table 1 

Demographics of the patient population (n = 29). 

Parameter at baseline Mean ± SD 

Age (years) 56.5 ± 11.7 
Body height (m) 1.69 ± 0.10 
Body mass (kg) 76.9 ± 21.7 
Body mass index (kg/m 

2 ) 26.5 ± 5.5 
Onset of out-patient physiotherapy before surgery (week) 34.2 ± 32.9 
Number of conducted therapies before surgery (N) 24.2 ± 32.6 
Number of participants without out-patient physiotherapy before surgery (N) 6 
Participants’ occupation classification: office job / physical job / retired (N) 12 / 6 / 11 
Number of the participants’ living area (N) rural / urban 12 / 17 

Legend: SD —standard deviation 
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 + 12%) at the 12-week follow-up, but differences were not statistically
ignificant ( Table 2 ). Compared to the lower limit of normal steps/day
7,000 steps/day), steps/day counts were significantly lower at all time
oints (preoperatively: -1,926 steps/day, P = 0.001; 6 weeks postop-
ratively: -868 steps/day, P = 0.020; 12 weeks postoperatively: -1,316
teps/day, P = 0.004). Nonparametric correlations of steps/day count
ith age were very weak at baseline (R = -0.158; P = 0.260), 6 weeks

R = 0.000; P = 1.000) and 12 weeks after surgery (R = -0.071; P = 0.623).
ix, 8 and 7 participants surpassed the 7,000 steps/day count before, 6
eeks and 12 weeks after surgery, respectively. Seven, 11 and 12 par-

icipants surpassed the threshold value of 150 minutes MVPA per week
efore, 6 weeks and 12 weeks after surgery, respectively. 

isability, health related quality of life (HRQOL) and pain 

Functional limitations (ODI, SF-36 and pain) improved significantly
rom baseline to 6 and especially to 12 weeks postoperatively ( Table 2 ).

ssociation between changes in steps/day and MVPA and changes in 

isability, HRQOL or pain 

From preoperative to 6-weeks postoperative, change in steps/day
ount correlated with the change in MVPA (R = 0.808; P < 0.001), the
hange in ODI (R = -0.495; P = 0.010), the change in SF-36 (R = 0.444;
 = 0.023) but not with the change in VAS in the back (R = 0.051;
 = 0.805) or the change in VAS in the leg (R = -0.311; P = 0.122). The
hange in MVPA did not correlate with the change in ODI (R = -0.221;
 = 0.277), the change in SF-36 (R = -0.206; P = 0.312), the change in
AS in the back (R = 0.231; P = 0.256) or the change in VAS in the leg
R = -0.185; P = 0.365). The change in ODI correlated with the change in
RQOL (R = -0.586; P = 0.002). 

From 6 to 12 weeks postoperative, the change in steps/day correlated
ith the change in MVPA (R = 0.837; P < 0.001) but not with the change

n ODI (R = 0.069; P = 0.739), the change in SF-36 (R = -0.138; P = 0.371),
he change in VAS in the back (R = 0.168; P = 0.413) or the change in
AS in the leg (R = -0.171; P = 0.404). Change in MVPA did not correlate
ith the change in ODI (R = 0.063; P = 0.761), the change in SF-36 (R = -
.018; P = 0.930), the change in VAS in the back (R = 0.034; P = 0.870) or
he change in VAS in the leg (R = -0.240; P = 0.238). The change in ODI
orrelated with the change in SF-36 (R = -0.705; P < 0.001). 

From preoperative to 12-weeks postoperative, the change in
teps/day correlated with the change in MVPA (R = 0.775; P < 0.001)
ut not with the change in ODI (R = 0.069; P = 0.739), the change in
F-36 (R = 0.138; P = 0.371), the change in VAS in the back (R = 0.230;
 = 0.259) or the change in VAS in the leg (R = -0.123; P = 0.550). Change
n MVPA did not correlate with the change in ODI (R = -0.053; P = 0.795),
he change in SF-36 (R = 0.178; P = 0.384), the change in VAS in the
ack (R = 0.116; P = 0.571) or the change in VAS in the leg (R = -0.080;
 = 0.696). Change in ODI correlated with the change in SF-36 (R = -
.758; P < 0.001). 
4 
spects of physiotherapeutic treatments 

Participants started postoperative PT sessions according to their sur-
eon’s advice concerning start and frequency. The first PT out-patient
ession was 20.2 ± 8.3 days postoperative (range 7–37 days), and 14.3
 7.0 PT sessions were conducted from hospital discharge to the 12-
eek assessment. Further information about active, passive and educa-

ive therapy content during the first and the second 6 weeks of reha-
ilitation are provided in Table 3 . The number of therapy sessions did
ot correlate with the change in steps/day from preoperative to 6-week
ostoperative (R = 0.363; P = 0.074) but from the 6-week to the 12-week
ollow-up (R = -0.402; P = 0.042). The three most valued PT treatment
ypes reported by the participants were: strength and endurance train-
ng (n = 15), pain relief (n = 11), learning exercises (n = 11), and education
 information (n = 8). 

iscussion 

This study compared PA of patients undergoing lumbar decompres-
ion surgery preoperatively and 6 and 12 weeks postoperatively to
he lower bound of the normal free-living PA. Although the averaged
teps/day count increased postoperatively, mean steps/day counts re-
ained below 7,000 steps/day at all three measurements confirming our
ain hypothesis. Seven, 11 and 12 participants surpassed the threshold

alue of 150 minutes MVPA per week before, 6 weeks and 12 weeks
fter surgery, relatively. The change in steps/day and MVPA correlated
ith the change in ODI and the change in SF-36 at 6 weeks, but not at
2 weeks postoperatively. The change of steps/day correlated with the
hange of MVPA at every measurement. The postoperative out-patient
T treatment consisted of predominantly active interventions through-
ut the entire study period. Behavioural aspects were addressed less
ften between the 6- and 12-week assessment. Participants valued the
trengthening and endurance training most. Overall, changes in PA ap-
ear to be independent of changes in disability or in HRQOL during the
rst 3 months after surgery. 

hysical activity measures 

The finding of the highest mean steps/day count at 6 weeks af-
er surgery was surprising as we expected a steady improvement in
teps/day after surgery especially because participants were allowed
y the surgeons to live free of restrictions from approximate 6 weeks
ostoperatively. Nonetheless, several factors may limit the steps/day
ount. Steps/day distribution of our study population was asymmet-
ic due to outliers to the top and many participants stayed below the
ean steps/day count. Generally, people aged above 65 years have

ower mean steps/day counts [9] , but only 20% of our study popula-
ion was older than 65 years old. Hence, age might only partly explain
hy only few patients reached the lower limit of normative values of
,000 steps/day. 

The participants had a long disease history before surgery, were
reated conservatively for more than 6 months on average and possi-
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Table 2 

Pre- and postoperative functional limitations and physical activity 

Descriptive analysis p-value Post-hoc tests 

Preoperative (n = 26) 6-week postop. (n = 26) 12-week postop. (n = 26) Difference 6-week to preop. Difference 12-week to 6-week Difference 12-week to preop. 

Functional outcomes median, range median, range median, range Friedman p-value min; max p-value min; max p-value min; max 

ODI (%) 43.0, 16.0 - 78.0 22.0, 0.0 - 56.0 15.0, 0.0 - 54.0 < 0.001 < 0.001 -51, 14 0.003 -36, 32 < 0.001 -64, 12 

SF-36 (%) 44.0, 9.0 - 75.0 63.5, 42.1 - 89.9 75.8, 35.1 - 93.1 < 0.001 < 0.001 -18.6, 49.7 0.001 -23.6, 47.6 < 0.001 -22.6, 60.7 

Maximal back pain 6.5, 0.0 - 8.9 2.0, 0.0 - 8.3 2.3, 0.0 - 9.1 < 0.001 0.002 -8.1, 3.1 0.695 -4.5, 6.8 < 0.003 -8.0, 2.2 

Maximal leg pain 7.4, 0.0 - 10.0 0.0, 0.0 - 9.4 0.1, 0.0 - 9.0 < 0.001 < 0.001 -10.0, 1.6 0.808 -9.4, 9 < 0.001 -10.0, 3.6 

Physical activity outcomes mean ± SD mean ± SD mean ± SD ANOVA p-value [95% CI] p-value [95% CI] p-value [95% CI] 

ActiGraph wear days (N) 5.9 ± 1.2 6.6 ± 0.5 6.2 ± 1.2 0.034 0.007 [0.2; 1.2] 0.330 [-1.1; 0.2] 1.000 [-0.5; 1.1] 
Steps/day (N) 5073 ± 2621 6131 ± 2343 5683 ± 2128 0.051 0.138 [-234; 2350] 0.686 [-1387; 483] 0.389 [-389; 1609] 
Sedentary activity (%) 69.1 ± 11.3 67.0 ± 6.3 67.1 ± 6.8 0.298 0.723 [-6.8; 2.5] 1.000 [-2.5; 2.7] 0.763 [-6.7; 2.5] 
Light activity (%) 29.2 ± 10.1 29.8 ± 6.2 30.0 ± 6.8 0.838 1.000 [-3.6; 4.9] 1.000 [-2.7; 3.0] 1.000 [-3.3; 4.9] 
Moderate activity (%) 1.7 ± 2.2 3.0 ± 2.8 2.5 ± 2.2 0.003 0.010 [0.3; 2.4] 0.438 [-1.5; 0.4] 0.053 [-0.0; 1.6] 
MVPA/week (min) 94.6 ± 122.9 173.9 ± 181.9 145.7 ± 132.8 0.005 0.016 [1.8; 21.1] 0.760 [-4.7; 12.6] 0.047 [0.1; 14.9] 

postop. —postoperative; ODI —Oswestry Disability Index; SF-36 —36-item short-form health survey; MVPA —moderate to vigorous physical activity; ANOVA —Analysis of variance; significance levels of post-hoc tests 
for functional outcomes were adjusted by the Bonferroni correction; post-hoc t-tests were used to calculate significance levels of physical activity outcomes; statistically significant results are shown in bold 
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Table 3 

Patient-reported information about content of out-patient physiotherapy at the 6-week and 12- 
week assessment. 

Physiotherapy content (numbers of mentions) 6-week postop. 12-week postop. 

Active forms 

Free spine stabilisation exercises 24 24 
Medical training therapy 1 4 
Endurance training 1 1 
Water therapy 2 1 
Active movement exercises 3 10 
Back discipline 3 2 
Balance exercises 3 1 
Stretching exercises 0 3 
Subtotal active forms 36 46 

Passive forms 

Massage 10 13 
Physical therapy (ultrasound, heat wrapping) 2 3 
Scar massage 3 2 
Subtotal passive forms 14 18 

Cognitive behavioural forms: 

Education (back health, information about illness/complaints) 6 2 
Instructions about increase in activities of daily life 4 2 
Subtotal behavioral forms 10 4 

postop. —postoperative; participants were asked to report one to three treatment forms 
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ly had changed their lifestyle to being less active because of persist-
ng pain and/or disability or general lifestyle due to a predominantly
rban patient population. Further, patients normally resumed work 6
o 8 weeks postoperatively and possibly reduced their steps/day count
ecause of sitting habits at their workplaces. This fact might explain
hy the mean steps/day decreased from the 6-week to the 12-week

ollow-up. Interestingly, the proportion of participants who met at least
50 minutes MVPA per week increased from before to 6 weeks to 12
eeks after surgery. Thus, although the mean steps/day stayed below
,000 steps/day, some participants improved their MVPA to a satisfac-
ory level which is known to positively impact health [10] . Nonethe-
ess, overall steps/day improved by 20% at week 6 and by 12% at week
2 compared to preoperative levels, and even a small improvement in
teps/day is better than a reduction to the preoperative level or even
ower. 

ssociation between changes in PA and changes in disability or HRQOL 

The change in steps/day correlated with the change in MVPA at ev-
ry measurement but only steps/day correlated with the change in dis-
bility and the change in HRQOL and only from baseline to 6-weeks
ostoperatively. These results indicate that changes in steps/day and
VPA also reflect changes in ODI or SF-36 in the early rehabilitation

tage. This finding is in agreement with the given circumstance that
he rehabilitation period from surgery to 6 weeks postoperatively is the
hase with the greatest change in the overall perceived effect and pain
 15 , 47 ]. Patients are able to focus on their postoperative rehabilitation
n this first postoperative phase because they are on sick leave and in-
tructed to slowly increase the amount and intensity of loaded activities
n their daily life. 

Correlations of the change in steps/day and MVPA with the change
n ODI and in SF-36 from 6 to 12 weeks postoperatively are weak possi-
ly because not only the work can be resumed but also greater loads can
e applied after 6 to 8 weeks postoperatively with a higher probability
f experiencing muscle strain, provoked pain or fatigue. This could ex-
lain why the averaged steps/day count decreased but ODI and SF-36
mproved by being aware of physical capacities. However, it appears
lausible that changes in both PA parameters after the first 6 postopera-
ive weeks are important because of the still ongoing healing process of
he spine and the surrounding soft tissues. Overall, these results suggest
hat steps/day and MVPA may be outcome parameters that complement
stablished outcomes (ODI, SF-36, pain levels, neurological signs and
6 
ork ability) and that PTs should apply therapeutic interventions and
ducation to support the patient in returning to a more active midterm
nd long-term lifestyle. 

spects of physiotherapeutic treatments 

All participants completed out-patient PT after surgery. Most pa-
ients valued PT on the basis of gaining confidence, written and face-to-
ace input as well as recommendations for further improvement [48] .
ur participants emphasize the importance of PT by the fact that they

ound the strengthening and endurance training the most important part
f their therapy. The negative correlation between the number of PT ses-
ions and change in steps/day agrees with our clinical observation that
atients with poor postoperative outcome require more frequent PT in-
ervention and active rehabilitation and hence have less change in PA
espite of receiving PT. 

Our results of active and passive treatments go in line with a re-
ently published study that stated that physiotherapists fail to unlock
he full potential of PA for back health by adding passive treatments
nd thereby losing the focus on the active part [49] . The immediate im-
act of PT on lifestyle can be questioned, especially as the change in
A means a change of lifestyle and cannot be implemented immediately
n patients who were disabled for many weeks yet have to return to
heir workplace as soon as possible, for instance, for financial reasons.
et, it should not be neglected that in our study surgeons or physio-
herapists did not specifically seek postoperative improvements in PA.
reene et al. [50] reported that only 54% physiotherapists promoted
A to their patients and that physiotherapists should place a greater
mphasis on promoting PA to patients by knowing barriers and facil-
tators of PA [ 48 , 49 ]. Therefore, self-monitoring with feedback of PA
ut also web-based competitions are feasible options because they have
een shown to increase PA by boosting goal importance and intrinsic
otivation [51] . 

Three previous studies on PA after lumbar decompression surgery
ave shown comparable results to ours indicating that steps/day and
VPA levels stay below the recommended thresholds even 2 years after

urgery even though functional capacities improved [ 27 , 30 , 52 ]. Two
tudies used the same or a previous comparable version of the Acti-
raph device, and the third study used the Paffenbarger Physical Ac-

ivity Questionnaire, which is self-administered and has adequate valid-
ty and satisfactory reliability [53] . While short- and long-term changes
ere well-described in these studies, they did not provide clear answer
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egarding the need of PT to focus on PA during mid-term rehabilitation.
or example, Mobbs et al. [28] measured PA using Fitbit devices at 1-,
- and 3-months after surgery. Although the small Fitbit device might
e a bit easier to handle than the ActiGraph, study participants might be
nfluenced by the data reported on the display. The decrease in average
teps/day at the 12-week assessment in our study supports the hypoth-
sis that changes in steps/day are not easy to induce in people who
ight not acknowledge the health-related effects of long-lasting higher
A levels when they commence their daily work routine after lumbar
ecompression surgery. This goes in line with the results of other pub-
ished articles [ 29 , 52 , 54 ]. Our results therefore provide evidence that
teps/day and MVPA should be included as additional, quantifiable out-
ome parameters as well as therapeutic components to be included into
ut-patient physiotherapeutical rehabilitation. 

Because only some participants recovered their daily PA amount to
he norm, subgroups of participants may need extra effort to achieve
reater PA levels. Future research should therefore investigate larger
ohorts over a longer time period and focus also on the effect of sex,
rofession or leisure activities on PA in patients after lumbar surgery.
dditionally, investigations of the implementation and effect of PA pro-
otion and interventions in postoperative PT are of interest. 

trengths and limitations 

All participants wore the same ActiGraph device and received the
ame instructions for every measurement period in order to enhance
eliability of our results. The ActiGraph use was assessed carefully dur-
ng study preparation by consulting the producer company’s instruc-
ions and existing literature [31 , 33 , 40] . The ActiGraph captures PA data
ithout providing direct feedback to patients – hence the patients were
linded to their respective PA level – and allows the user to process
ata using independently developed and validated algorithms. In ad-
ition, the participants completed a wear diary to increase adherence.
owever, because the accelerometer was placed on the patients’ waist,

he ActiGraph was unable to distinguish between sitting and stand-
ng resulting in categorising these positions to be a sedentary activity.
mart Watches have been shown to systematically underestimate MVPA
easurement [55] possibly missing changes in MVPA and that patients

chieve > 150 minutes MVPA without surpassing 7000 steps/day as ob-
erved in our study emphasizing the importance of accurate measures
f MVPA. Further,continuous activity wear times over the entire follow-
p period rather than at selected periods as in the current study would
acilitate capturing PA profiles after surgery in individual patients and
rovide information to the PT useful for tailoring treatment to the pa-
ient’s specific needs. The relatively small study cohort recruited at a
ingle hospital limits the generalisability of our results. Finally, more
omen than men participated in this study even though we screened
pproximately equal proportions of both sexes. Women are known to
ave lower PA and worse pre- and postoperative pain, disability and
RQOL than men [ 54 , 56 ]. Hence, the sex distribution may have im-
acted the results. 

onclusions 

This study showed that the steps/day counts did not reach normal
evels of 7,000 steps/day during the first 12 postoperative weeks. Im-
rovements in steps/day were associated with improvements in MVPA,
DI and SF-36 at 6 weeks postoperatively. However, improvements in

teps/day were associated with improvements in MVPA but not with
mprovements in ODI and SF-36 at 12 weeks postoperatively. Our pa-
ients showed high interest in improving their physical capacities, e.g.,
uscle strength, that were addressed in their PT predominantly during

he first 6 postoperative weeks. Regular PT appointments during out-
atient rehabilitation may serve as a promising basis to positively affect
A. Despite postoperative improvements in disability and HRQOL, phys-
otherapists should therefore emphasise the effects and the importance
7 
f PA on health by promoting and propagating the clinical implementa-
ion of training routine. Overall, PA parameters such as steps/day and
VPA appear to be valuable additional, quantifiable outcome parame-

ers and treatment components in patients undergoing lumbar decom-
ression surgery. 
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