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a b s t r a c t

A lumbar herniation disc appears as a major cause of lumbar pain and sciatica. The purpose of the
present systematic review is to examine the effectiveness of such exercise programs on pain, disability,
quality of life, strength and the assessed time required to return to work/normal activities after under-
going lumbar discectomy surgery. PubMed, MEDLINE, and Google Scholar were used for the selection of
randomized controlled trials (RCTs). The PEDro scale was chosen to assess the methodological quality of
the included studies. Seven RCTS met the inclusion criteria. According to the evaluation of the PEDro
scale, one was considered as « high quality», five as « moderate quality» and one as « low quality». The
mean score of the studies was 5.14. The results showed that after such exercise there was an improve-
ment in pain, disability, quality of life, muscle strength and in time required to return to work. The
exercise programs have a positive impact on the reduction of pain, disability, time required to return to
work/normal activities as well as an increase in quality of life and muscle strength in patients with
lumbar discectomy surgery.
© 2021 Delhi Orthopedic Association. Published by Elsevier Ltd. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

A lumbar herniated disc is characterized by a rupture of the
annulus fibrosus that leads to an effusion of the nucleus pulposus.
Clinical symptoms include lower extremity hypoesthesia, pares-
thesias, weakness and radiating pain that is described as sharp,
dull, or burning.1

Conservative and surgical methods are being used for the
treatment of lumbar disc herniation. Discectomy and micro-
discectomy are the most common surgical procedures for lumbar
disc herniation.2 Although surgical procedures report high success
rates in the early postoperative phase, its long-term positive results
are less favorable.3 Surgical treatment compared to conservative
treatments was observed to have quicker rehabilitation and was
more effective in improving disability in long term and also
improved quality of life.4 The most consistent complaints after
surgery include continual low back pain, sciatica and hernia
recurrence.5

In addition to pain, patients, which are diagnosed with lumbar
spine herniation, have unbalanced and weakened flexor and
t, University of West Attica,
Spyridonos, 12243, Athens,
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blished by Elsevier Ltd. This is an
extensor body muscles, therefore, it is necessary to follow an
appropriate exercise program.1 Previous studies have found that
exercise programs, which are implemented after lumbar disc her-
niation surgery, effectively reduce postoperative pain, disability,
and improve strength of back muscles, return to work and patient-
reported outcome functional scores.6e9 Post-operative exercise
programs, that begin early, at 4e6 weeks after surgery, are mostly
recommended, although there is not a consensus on the best re-
ported time to begin the program.3,10

The purpose of this systematic review is to examine the effec-
tiveness of such exercise programs on strength, pain, disability,
quality of life and time required to return to work in patients who
have undergone lumbar discectomy. There is no other recent sys-
tematic review to our knowledge, which includes all these
measurable variables. Furthermore, there are three other similar
systematic reviews which include studies which have been pub-
lished up to 20136,7,11, whereas the current study includes studies
up to 2020. In addition, the Scopic Review of Marchand et al.12 has
not included only RCTS and they have not undergone any assess-
ment of risk of bias of their RCTs. In addition, the present study can
be clinically significant in terms of health-economics. This is due to
lumbar intervertebral disc herniations being the most common
causes for individuals of working-age to undergo lumbar spine
surgery. Therefore, such conditions are a major public health
problem owing to their prevalence and health-care expenditure.13
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2. Method

2.1. Searching strategy

PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) directions have been followed.14 RCTs were chosen
from three different databases: PubMed, MEDLINE and Google
Scholar. The key words for this systematic review were: “lumbar
discectomy”, “lumbar microdiscectomy”, “lumbar open dis-
cectomy”, “lumbar endoscopic discectomy”, “surgery”, “operation”,
“surgical back pain”, “strength exercise”, “core stabilization”,
“pain”, “disability”, “quality of life”, “strength”, “time work loss”
and “returning to work/activities”. According to Mesh terms, the
key words were: “diskectomy”, “exercise”, “pain”, “disability eval-
uation”, “quality of life”, “muscle strength”, “return to work”. Thus,
the final key words, that we have used, were: “discectomy”,
“microdiscectomy”, “exercise”, “pain”, “disability”, “quality of life”,
“muscle strength”, “return towork”which were used with a certain
combination using Boolean operators (Table 1). The studies had to
be published between January 2010 to June 2020. Two of the au-
thors individually performed the searches, screened the titles and
abstracts, and assessed them for inclusion. Any disagreement was
resolved by mutual discussion and consultation with the third
author. Furthermore, the references of the articles were cross-
checked and examined for any additional related articles.

2.2. Inclusion and exclusion criteria

The inclusion and exclusion criteria were applied by three in-
dependent researchers.

Studies that did not meet the inclusion criteria were excluded.
All researchers were in agreement concerning the final selection of
the included RCTs.

The inclusion criteria were:

a) RCTs published in full text in English
b) Patients underwent lumbar discectomy
c) Patients in the experimental group participated in an exer-

cise rehabilitation program andwere comparedwith another
control group

d) Subjects of both genders who were 18 years old and over
e) Examining variables were at least one of the following: pain,

disability, quality of life, muscle strength, return to work.

The exclusion criteria were:

a) The control group following a particular exercise rehabilitation
program supervised by a physiotherapist

b) The experimental group, besides the exercise rehabilitation
program, had an additional intervention which the control
group did not have.
2.3. Methodological quality

The PEDro scale was chosen to assess the methodological
Table 1
Search strategy.

No Key words

1 “discectomy” OR “microd
2 “exercise”
3 “pain” OR “disability” OR
Final search 1 AND 2 AND 3
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quality of the included studies. This scale is responsible for the
evaluation of RCTs and it is widely used as a valid and reliable tool.15

According to the PEDro scale, a clinical trial study can have a score
range of 0e10: 0e3 poor quality, 4e6 moderate quality, and 7e10
high quality. Each research was rated separately by two indepen-
dent individuals and the results were compared to one another. No
differences in scoring were detected between the two raters.

2.4. Measurable variables

The measurable variables examined in this review were pain,
disability, quality of life, muscle strength and return to work.

3. Results

3.1. Search and selection of studies

The initial search found 550 studies. Non RCTs and duplicates
were excluded. As a result, 25 RCTs, published from 2010 to 2020,
were collected. Out of 25 RCTs, 8 studies were excluded after title
screening, 4 studies were excluded after abstract review and 6
studies were excluded after full text review. The flow chart of the
included studies is presented in Fig. 1. Seven articles met the in-
clusion criteria and were evaluated with the PEDro scale.

3.2. Methodological quality

According to the evaluation of the PEDro scale, out of seven
studies that met the inclusion criteria, onewas considered as « high
quality»,16 five as « moderate quality»17e21 and one as « low qual-
ity».1 The mean score of the evaluation of the studies was 5.14
(Table 2).

3.3. Pain

Five studies examined the effectiveness of exercise programs on
pain. Two instruments were used to evaluate neck pain, the Visual
Analogue Scale (VAS/PVAS).1,19,20 and the Numeric Pain Rating Scale
(NPRS/NRS).16,21 All five studies found an improvement in pain, but
the results were considered statistically significant in three of them
(Table 3). Among the three statistically significant studies, twowere
evaluated as « moderate quality»19,21 and one as « low quality».1

The other two studies which evaluated pain, even though they
showed an improvement to this variable, the results were not
statistically significant. Out of these, one was of «high quality»16

and the other was of «moderate quality».20

3.4. Disability

Disability was examined in four studies. The most common in-
strument for this evaluation was the Oswestry Disability Index
which was used in three studies.16,19,21 Furthermore, one study
used the Roland Morris Disability Questionnaire (RMDQ) for the
evaluation.20 In all four studies there was an improvement in
disability. Furthermore, in two of these the reduction of disability
was characterized as statistically significant (Table 3) and the
iscectomy”

“quality of life” OR “muscle strength” OR “return to work”



Fig. 1. Flow chart of the included studies.

Table 2
Evaluation of the included studies with the PEDro Scale.

Articles 1 2 3 4 5 6 7 8 9 10 Score

1 Beneck et al.18 1 0 1 0 0 0 0 0 1 1 4/10
2 Ju et al.1 1 0 1 0 0 0 0 0 0 1 3/10
3 Kim et al.17 0 0 1 0 0 0 1 0 1 1 4/10
4 Oosterhuis et al.16 1 1 1 0 0 0 1 1 1 1 7/10
5 Ogutluler Ozkara et al.19 1 1 1 0 0 1 0 0 1 1 6/10
6 Rushton et al.20 1 1 1 0 0 0 0 1 1 1 6/10
7 Jentoft et al.21 1 0 1 0 0 0 1 1 1 1 6/10

Mean score: 5.14
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evaluation of the PEDro scale showed that it was of «moderate
quality».19,21 For the remaining two, which showed an improve-
ment in disability but not significant, one was of «high quality»,16
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and the other was of «moderate quality».20
3.5. Quality of life

Four studies assessed the effectiveness of exercise programs on
the quality of life. The instruments used were the Short Form
Health Survey (SF-36),18,19 the Short Form Health Survey (SF-12),16

and the 5-level EQ-5D version (EQ-5D-5L).20 According to the
PEDro scale, three studies were of «moderate quality»,18e20 and one
was of «high quality».16 In all studies there was an increase in
quality of life. Particularly, Ogutluler Ozkaria et al.19 found a sta-
tistically significant improvement in SF-36 vitality and SF-36
emotional role in the experimental group of the intervention ex-
ercise. The other three studies which evaluated quality of life, even



Table 3
General characteristics of the included studies.

Articles Sample
(drop
out)

Intervention Duration, frequency and
intensity of intervention

Outcomes Evaluation/
reassessment

Results

Beneck
et al.18

98(21)
A:51(6)
B:47(15)

A: education & exercise (lumbar
extensor strength, endurance
training, trunk and lower extremity
training)
B: education

3 times a week for 12 weeks -Quality of
life (SF-36)

-At baseline (4e6
weeks postoperatively)
-After the therapeutic
intervention (12
weeks)

- Statistically significant improvement
on SF-36 role physical and SF-36 bodily
pain in group A comparison to group B.

Jentoft
et al.21

70
A:33
B:37

A: Information (advise, education) &
standard post-operative
mobilization. Exercise program
(hospital & home): mobility,
strength, stretching
B: Information (advise, education) &
standard post-operative
mobilization.

For 12 weeks
2-6 treatments, 10e300 , 7
exercises, 8e10 repetitions,
gradually increase, twice a
day (hospital) and 11
exercises (home)

-Pain: back/
hip pain, leg
pain (NPRS)
-Disability
(ODI)

-At baseline
- 6e8 weeks after
surgery
�12 months after
surgery

-Statistically significant improvement
in leg pain in both groups after 12
months. Group A had also statistically
significant improvement between 6 and
8 weeks and 12 months. There was not
a statistically significant improvement
for back/hip pain in both groups.
Between both groups group A had
statistically significant better results
after 12 months for leg pain.
-Statistically significant improvement
in disability in both groups after 12
months. Group A had also statistically
significant improvement between 6 and
8 weeks and 12 months Between both
groups, group A had statistically
significant better results after 12
months.

Ju et al.1 14
A:7
B:7

A: Medx lumbar extension program
and progressive resistance exercise
PRE (torso flexion, hip extension,
torso rotation, leg extension, seated
leg curl, leg press, abdominal press,
overhead press)
В: no exercise rehabilitation program

700

3 times a week for 12 weeks
Medx: 40e50% maximal
isometric strength. Intensity
gradually increased by
increasing the weight by 5
e10%
PRE: exercise intensity 40
e50% of the participants’ one
repetition maximum, 18e20
repetitions per set

- Pain: back
pain, night
pain,
exercise
pain,
handicap
(VAS)
-Strength
(Med, USA)

-At baseline
-After the therapeutic
intervention for group
A (12 weeks)
-After resting for weeks
for group B

-Statistically significant improvements
in all four types of pain in group A.
Group B did not show any statistically
significant improvements.
-Group A showed statistically
significant improvement in strength,
whereas group B did not.

Kim et al.17 34(4)
A:11(1)
B:12(2)
C:11(1)

A: After 6 weeks of rest the
participants followed a progressive
resistance exercise (stretching,
aerobic exercise, lumbar extension
training with the MedX machine)
В: After 6 weeks of rest the
participants followed an aquatic
backward locomotion exercise
(stretching and water exercises)
C: After 6 weeks of rest the
participants were instructed to
maintain everyday activities without
any intensive training exercise

600

After 6 weeks of rest,
exercise program was
performed 2 times a week
for 12 weeks followed by a
period of detraining and
then retraining
Stretching: 40% HRmax
A: aerobic exercise 40e60%
HRmax, lumbar extension
training 2 sets 15e20
repetitions 50e60% 1 RM
B: ranging between 40 and
70% HRmax

-Strength:
isometric
lumbar
extension
strength
(MedX)

-At baseline (before
surgery)
�6 weeks after surgery
�12 weeks after
surgery (first 6th week
exercise program)
�18 weeks after
surgery (second 6th
week exercise
program)
-after detraining
-after retraining

-Group A and B had greater increases in
strength after the first 6th week
exercise program in comparison to
group C. Statistically significant
improvement was shown after the
second 6th week exercise in group A
and in group B. After the detraining
period in both A and B group, the
lumbar extension strength decreased
similar and became about the same
with group C. After the retraining
period, group A an B had statistically
significant better strength than group C.

Ogutluler
Ozkara
et al.19

30
A:15
В:15

А: instructions (lying, standing,
sitting, walking) and an exercise
program (strengthening, stretching,
passive-active movement,
mobilization)
В: instructions (lying, standing,
sitting, walking)

3 times a week, for 12 weeks.
2 sets of each exercise, first
week 10 repetitions and
after the first week 5e10
repetitions

-Pain (VAS)
-Disability
(ODI)
-Quality of
life (SF-360
-Resume to
work

- At baseline
-Reassessment at 6
weeks
- After the therapeutic
intervention (12
weeks)

-Statistically significant improvement
on VAS in both groups. Between both
groups group A had statistically
significant better results.
-Statistically significant improvement
on ODI in both groups. Between both
groups, group A had statistically
significant better results.
-For group A there was statistically
significant improvement in SF-36
virality and SF-36 emotional role,
whereas in group B only for SF- virality.
Between both groups, group A had
statistically significant better results in
physical functioning of the SF-36,
including body pain and social
functioning sub-parameters.
-Between both groups there was not a
statistically significant difference for
the term of returning to normal life.

Oosterhuis
et al.16

173
А:92(12)
В:77(7)

А: 1e2 days postoperative care.
Advice and instructions for transfers
and performing daily living activities.
At discharge they were given a

300 per week
1 or 2 times a week for 6e8
weeks

-Pain: leg
pain, back
pain (NRS)
-Disability

-At baseline
-After 3,6,9,12 and 26
weeks

There was an improvement in all of
these variables in both groups but they
were not characterized as statistically
significant. Between both groups the
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Table 3 (continued )

Articles Sample
(drop
out)

Intervention Duration, frequency and
intensity of intervention

Outcomes Evaluation/
reassessment

Results

booklet providing advice and
suggestions for exercises. The
therapist focused his treatment on
the ability for personal care activities.
Exercises were taught with gradually
increasing intensity.
В:1e2 days postoperative care.
Advice and instructions for transfers
and performing daily living activities.
At discharge they were given a
booklet providing advice and
suggestions for exercises

(ODI)
-quality of
life: general
physical and
mental
health (SF-
12)

results were not statistically significant
different.

Rushton
et al.20

59
A:29(12)
В:30(11)

А:Physiotherapy& leaflet: education,
advice, mobility exercises, core
stability exercises, progressive
approach to exercise
В:Patient leaflet

For 8 weeks, 8 physiotherapy
sessions

-Pain: beck
pain, leg
pain (VAS)
-Disability
(RMDQ)
-quality of
life (EQ-5D)
-return to
work/
function

-At baseline (4 weeks
after surgery)
-After the therapeutic
intervention (12 weeks
after surgery)
-Follow-up assessment
(26 weeks after
surgery)

-In all the variables there was an
improvement in both groups but it
wasn’t characterized as statistically
significant.
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though they showed an improvement to this variable, the results
were not statistically significant.16,18,20

3.6. Muscle strength

Two studies examined the effectiveness of the exercise pro-
grams on maximum isometric lumbar extension strength. Both
studies used the MedX Machine for this evaluation.1,17 Both studies
reported a statistically significant increase in muscle strength. The
evaluation of the PEDro scale showed that one was of «moderate
quality»17 and one was of «low quality».1

3.7. Return to work

Two studies assessed the effectiveness of the exercise programs
on the time required to return to work/normal activities.19,20

Rushton et al.20 found that at 12 weeks, 59% of participants on
the experimental group had returned to work and 65% had
returned to normal activities, whereas in the study of Ogutluler
Ozkaria et al.19 all the participants had returned to normal life at 12
weeks. Both studies were evaluated as « moderate quality».19,20

3.8. Sample

The sample of our study consisted of 474 patients who had
undergone lumbar discectomy or microdiscectomy (males: 65.4%,
females: 34.6%) with a mean age of 43 years old (range 18e70 years
old).

3.9. Intervention

Patients after surgery in the lumbar region followed an exercise
program. The exercise program included stretching, strengthening,
passive-active movement, core stabilization, balance exercises, etc.
Particularly in Ju’s et al.1 and Kim’s et al.17 studies, part of their
rehabilitation program was using the Medx for lumbar extension
dynamometer for 15 to 20 repetitions per set. Kim et al.17 had two
exercise groups: (a) an aerobic program with lumbar extension
training with the MedX machine and (b) a stretching aquatic pro-
gram. In another study,16 the exercises of the experimental group
were adapted for activities concerning personal care and for
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movement within the house. In Beneck et al.‘s study18 the partici-
pants undertook an exercise program of three times a week for 12
weeks which included back extensor and endurance training using
a variable-angle Roman chair, accompanied by trunk and lower
extremity exercise training. In Ogutluler Ozkaria et al.‘s study19 the
experimental group followed an exercise program consisting of
pelvic tilt, abdominal exercises, quadriceps and thigh extensor
strengthening, stretching and low back strengthening and mobili-
zation. The exercises given during the first week were ten repeti-
tions and exercises after that period, were five repetitions which
eventually increased to ten repetitions. Another study20 reported
that the exercise group followed mobility and core stability exer-
cises with a progressive approach to exercise for a time period of
eight weeks, including one physiotherapy session each week.
Lastly, in Jentoft et al.‘s study21 the participants in the experimental
group followed seven exercises for 10e30 min of 8e10 repetitions,
twice a day in a total of two to six treatments during their time in
the hospital depending on the time of their stay and they were also
instructed to follow 11 exercises when returning home.

Besides the exercise program, some participants were given
verbal instructions, education, and an advising booklet.16,18,19,21 The
duration of most RCTs was twelve weeks,1,17e19,21 but in two trials,
the duration was between six and eight weeks.16,20 The frequency
of the exercise programvaried and ranged fromone to three times a
week, with the most common frequency being three times a week
(Table 3).

4. Discussion

The purpose of the present systematic review was to examine
the effectiveness of an exercise program on pain, disability, quality
of life, muscle strength and on the time, which was required for the
patients to return to work/normal activities after lumbar dis-
cectomy surgery. Although diversity, intensity, duration of exercise
therapy varied among different included studies, the results
revealed that there was a positive impact in all of these measurable
variables.

Similar results were found in the systematic review of Snowdon
et al.22 which provided moderate quality evidence regarding early
physiotherapy rehabilitation after spinal surgery. Particularly, they
reported that early physiotherapy rehabilitation is effective and
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reduces pain significantly, in comparison to the control group. In
contrast to these findings, Oosterhuis et al.‘s11 systematic review
states that immediate physiotherapy is not more effective when
compared to the control group. However, this finding should be
interpreted with caution due to the low quality of the results in this
study.11 Also, according to Marchand et al.12 significant improve-
ments were found in the experimental intervention groups for
pain, disability, strength and for the time required for patients to
return to work.

Postoperative pain in and around the area where the operation
is carried out usually exists. According to Johansen et al.23 the in-
terventions, which specifically target the mechanisms of pain
chronification, could bemore effective for the reduction of pain and
may be associated with central changes in pain processing and
related to comorbid chronic pain. In addition, it has been found that
lumbar pain is closely related to lumbar extension strength.24 As a
result, the intervention programs place an emphasis on improving
these muscles through exercise. Cailliet et al.25 stated that exercise
positively enhanced joint capsules, ligaments, tendons, and
increased blood flow, thereby contributing to the recovery of
injured regions. Furthermore, after an isometric lumbar extension
exercise or a resistance exercise program by increasing the cross-
sectional areas of the muscles, there was an improvement in
muscle strength and function, thus resulting in the prevention and
treatment of pain.25,26

The role of the paraspinal muscles in static or dynamic balance
and optimum function of the spine as awhole, has extensively been
investigated after lumbar discectomy surgery.27,28 A study using
MRI scanning showed atrophy inmultifidusmuscle in patients with
disc herniation.29 Theweakness of these muscles may contribute to
further instability and dysfunction and thus creates a need for
active training to improve local capacity after discectomy.26 Overall,
lumbar extension exercises enhanced strength and stability in the
lumbar region. In particular, Kim et al.30 noted that lumbar extensor
muscle exercises significantly improved lumbar muscle strength.
Nevertheless, in the study of Kim et al.17 pseudorandomization was
used, which may have affected their results. Furthermore, Choi
et al.26 showed that the integration of exercise for lumbar extensor
muscles leads to increased cross-sectional areas of the multifidus
and longissimus muscles and improved lumbar extension strength.
Similarly, our study provides evidence that the exercise programs
are effective in increasing lumbar extension strength for patients
who were operated on for lumbar disc herniation. Particularly, our
included studies used for both exercise and assessment the MedX
system which is an isokinetic system that allows specific stabili-
zation of the pelvis, thus efficiently training the spinal extensor
muscles and isolating them from the hip extensors.31

The present results showed an improvement in disability and in
quality of life after an exercise program. Jentoft et al.21 stated that
even after 12 months from surgery the improvement in disability
was statistically significant. In Oosterhuis et al.‘s16 study there was
mentioned that the positive effects are possibly due to the treat-
ment consisting of isolated exercises. Nevertheless, Oosterhuis
et al.‘s16 included both patients with lumbar disc herniation and
patients with stenosis, thus a more homogenous sample was
needed. Rushton et al.20 reported that attention should be placed
on comprehending the natural clinical process of disability
following lumbar discectomy but their sample size was purposely
small to draw valid conclusions.

The positive effects from the exercises were also determined by
the evaluation of the time required for the patients to return to
work. Individuals of working-age with lumbar intervertebral disc
herniation are prone to undergo lumbar spine surgery. Because the
financial burden as a consequence of the time-loss from work is
considerable, time to return to work has a critical economic value.
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So the sooner this population returns to work the lower the costs of
the health-care system. In the current review, two studies reported
participants’ successful return to work or normal activities at 12
weeks after surgery.19,20 Rushton et al.20 found that 59% of partic-
ipants in the experimental group had successfully returned to work
and 65% had returned to normal activities, whereas Ogutluler
Ozkaria et al.19 reported that all the participants had returned to
normal life at 12 weeks. Similarly, Choi et al.26 demonstrated that
87% of patients in the exercise group returned to work within four
months. However, Ogutluler Ozkaria et al.’ study19 had a small
number of participants and a follow-up period of only three
months. Finally, Sharma et al.32 stated that all patients returned to
daily activities and work within a time span of five weeks.

The present review has a few limitations. Only studies that were
published in English were included. One major limitation of the
present review is that the sample size in most of the selected
studies was small in each of the groups. Such small samples may
not quantify accurately the effectiveness of the exercise program
after lumbar discectomy. Furthermore, the number of studies that
evaluate muscle strength and return to work are not enough to
draw a conclusion for these measurable variables. Finally, pain,
disability, quality of life and strength were examined only on the
basis of their statistical significance and not on their clinical
significance.

Further consideration of trial design and interventions is
required. Future studies are required to include at least one longer-
term assessment that considers the long-term effects of the exer-
cise programs. More RCTs with higher methodological quality
should be conducted and any treatment exercise protocol for pa-
tients who have undergone lumbar discectomy should be justified
with further studies. Also, cost-effectiveness studies should be
considered. Additional research could focus on evaluating muscle
strength and time required to return to work/normal activities to
draw valid conclusions. Lastly, multi-center studies should
compare the exercise group to a ‘no intervention group’ with a
protocol that includes more patients and discusses the duration
and the intensity of the exercise which is needed.19,20

5. Conclusions

The current systematic review revealed that the methodological
quality of the included studies using PEDro scale is considered
moderate. The results showed that there was an improvement in
pain, disability, quality of life, muscle strength and return to work
following exercise program, thus exercise programs are recom-
mended for patients who have undergone lumbar discectomy.
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