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A B S T R A C T

Introduction: The role of physical therapy after lumbar disc herniation surgery is unclear.
Research question: To determine the impact of physical therapy following LDH surgery (Q1), investigate the ef
fects of activity limitations (Q2), the best time to start physical therapy (Q3), the significance of supervised 
physical rehabilitation (Q4), the types of physical therapies used (Q5), and the role of additional approaches, 
such as education, manipulation, and acupuncture, in enhancing the effectiveness of rehabilitation (Q6).
Material and methods: This systematic review searched three databases from inception to May 2024. Independent 
reviewers screened studies, assessed and extracted data, and critically appraised the quality of the available 
evidence.
Results: This systematic review included 55 randomized controlled trials with 4311 patients. We demonstrated 
that physical therapy after lumbar disc surgery is effective in alleviating pain and improving function and quality 
of life after surgery for lumbar disc herniation. Exercise regimens aimed at enhancing the endurance, flexibility, 
and strength of the back musculature are generally efficacious, with the exception of exercises involving neural 
mobilization. Imposing limitations on physical activity does not yield substantial advantages; however, the 
occurrence rate of potential complications, the optimal timing for initiating activity and the cost-effectiveness of 
supervised exercise remain subjects of ongoing discourse. Concurrent application of manual therapy, acupunc
ture, educational interventions, and behavioral and occupational therapy has the potential to augment outcomes.
Discussion and conclusion: Physical therapy improves functional outcomes after lumbar disc surgery. Further 
studies should address its safety, and cost-effectiveness, and provide dissemination and applicability tools.

1. Introduction

Lumbar disc herniation (LDH) is a prevalent spinal condition char
acterized by the protrusion of the soft inner core of a vertebral disc in the 
lower back (lumbar spine) through the outer layer of the disc (El Melhat 
et al., 2024; Zhang et al., 2023). The primary cause of LDH is degener
ative progression, although spinal trauma can also be a contributing 
factor (El Melhat et al., 2024; Zhang et al., 2023). Common symptoms of 
LDH include back pain, leg pain, numbness, decreased reflexes, and 
muscle weakness, while in severe cases it presents with cauda equina 

syndrome (El Melhat et al., 2024). All symptoms are attributable to the 
compression resulting from the disc herniation (El Melhat et al., 2024; 
Zhang et al., 2023).

The management of LDH typically commences with conservative 
interventions, such as rest, physical therapy, anti-inflammatory medi
cations, and epidural steroid injections aimed at alleviating pain and 
reducing inflammation (El Melhat et al., 2024; Zhang et al., 2023; 
Benzakour et al., 2019). The non-surgical treatment also includes pa
tient education and self-management, manipulation, traction, exercise, 
ultrasound and laser therapy, and epidural steroid injections (El Melhat 
et al., 2024; Zhang et al., 2023). In rare cases symptoms from the bladder 
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and bowel necessitate urgent management (El Melhat et al., 2024). In 
cases where conservative measures prove ineffective or when the 
symptoms are severe and significantly impair daily functioning, surgical 
intervention may be warranted (El Melhat et al., 2024; Zhang et al., 
2023). The most prevalent surgical procedure for disc herniation is a 
discectomy, involving the removal of the portion of the disc exerting 
pressure on the nerve (El Melhat et al., 2024; Zhang et al., 2023). 
Various discectomy techniques are available, and in certain instances, 
spine fusion may be advised, with the choice guided by the underlying 
pathology, the patient’s symptomatic presentation, imaging findings, 
and the surgical team’s expertise (El Melhat et al., 2024; Zhang et al., 
2023; Liu et al., 2023). Surgery for LDH has been found to be superior 
than conservative management in terms of pain control, function pres
ervation, and cost effectiveness in LDH (Glennie et al., 2022; Bailey 
et al., 2020; Rickers et al., 2021).

However, the role of physical therapy after lumbar disc herniation 
remains unclear. The current study aims primarily to identify the role of 
physical therapies after surgery for LDH (Q1). The secondary aims were 
to study the role of activity restriction (Q2), the optimal timing of 
physical therapy initiation (Q3), the role of training, education, 
behavioural management, and rehabilitation in physical therapies (Q4), 
the nature of the implemented physical therapies (Q5), and the role of 
adjuncts, such as education, manipulation, acupuncture, in promoting 
the efficacy of rehabilitation (Q6). The research questions are summa
rized in terms of PICOT format in Supplementary Table 1.

2. Methodology

We performed a systematic literature review using an electronic 
search in compliance with the PRISMA checklist (Page et al., 2021). The 
study did not include any human subjects and was registered in Prospero 
(CRD42023434839). This research is independent and not based on any 
prior systematic review or meta-analysis. The approach we utilized to 
identify studies in our systematic review is transparently reported in the 
Electronic Supplementary Material.

2.1. Search strategy - information sources

Our current meta-analysis focused on two main concepts: "physical 
therapies" and "lumbar discectomy". Initially, AK and AB searched 
Medical Subjects Headings/National Library of Medicine, Google 
Scholar, and Wikipedia to identify relevant keywords. Subsequently, 

both TS and AB conducted independent searches of electronic databases 
(PubMed, Scopus, and the Web of Science) using every possible com
bination of keywords. The search strings for each database are presented 
in Table 1. Additionally, we searched the reference lists of the collected 
articles to find additional relevant studies. We conducted a compre
hensive literature search on March 9th, 2024, and then repeated the 
search on May 5th, 2024.

2.2. Eligibility criteria - study selection

Two review authors (AK and AB) searched for randomized controlled 
trials (RCTs) in English involving adults aged 18 and older who under
went physical therapy after lumbar disc herniation surgery. We were 
specifically not interested in surgery for lumbar spine stenosis, spon
dylolisthesis, or failed back surgery syndrome. There were no re
strictions on the comparator, registered outcome, or study duration. 
However, we excluded studies not written in English and those not 
designed as RCTs. We uploaded the metadata from all three databases to 
Rayyan to select the relevant studies (Ouzzani et al., 2016). Initially, we 
removed all duplicate studies from the three databases. In cases where 
multiple studies were based on the same study population, only the most 
recent article was considered. Two review authors (AK and AB) then 
screened the articles based on the relevance of the title and abstract. We 
excluded studies based on their study design, such as observational 
studies, laboratory studies, case series and reports, reviews, editorials, 
letters to the editor, and the population under study (including children, 
patients with low back pain only, with stenosis). Finally, we also 
excluded studies that did not contain extractable data. Any disagree
ments between the two review authors were discussed with the senior 
authors (KNF and AKD).

Abbreviations

ADL activities in daily living
BDI Beck Depression Inventory
BDS Beck Depression Scale
BQ Bournemouth Questionnaire
DPQ Dalla Pain Questionnaire
EQ-5D EuroQol Group 5 item questionnaire
FABQ fear avoidance belief questionnaire
FASTER Function After Spinal Treatment, Exercise, and 

Rehabilitation trial
GPE Global Perceived Effect
HADS hospital anxiety and depression scale
IBLF interbody lumbar fusion
JOA Japanese Orthopedic Association scale
LBPQ low back pain questionnaire
LBPRS Low Back Pain Rating Scale
LDH lumbar disc herniations
LM lumbar multifidus
mBST model-based system testing

MDI Million disability indexes
MST Modified Schober Test
NHP Nottingham Health Profile
NPRS Numeric pain rating scale
NRS numerical rating scale
ODI Oswesrty Disability Index
PASS Pain anxiety symptoms scale
PELD percutaneous endoscopic discectomy
PILE Progressive Isoinertial Lifting Evaluation
RCT randomised controlled study
RMDQ Rolland-Morris disability questionnaire
RMDI Rolland Morris Disability Index
SES Self-efficacy scale
SF-12 Short Form 12
SF-36 Short-Form 36
TFT Testing Experience and Functional Test
US ultrasound
VAS visual analogue scale
WBMF whole-body magnetic field

Table 1 
Search string of our literature review in PubMed, WoS, and Scopus.

Database Search string

PubMed ((rehabilitation) OR (physical therapy)) AND (((lumbar disc surgery) OR 
(lumbar discectomy)) OR (lumbar microdiscectomy)))

WoS https://www.webofscience.com/wos/woscc/summary/021123f4-7ef1 
-4091-8b9b-f3fe8b889a93-e86d9477/relevance/1

Scopus (TITLE-ABS-KEY ("lumbar disc surgery" OR "lumbar discectomy" OR 
"lumbar microdiscectomy")) AND (TITLE-ABS-KEY ("physical therapy" 
OR "rehabilitation"))

A.G. Brotis et al.                                                                                                                                                                                                                                Brain and Spine 5 (2025) 104238 

2 

https://www.webofscience.com/wos/woscc/summary/021123f4-7ef1-4091-8b9b-f3fe8b889a93-e86d9477/relevance/1
https://www.webofscience.com/wos/woscc/summary/021123f4-7ef1-4091-8b9b-f3fe8b889a93-e86d9477/relevance/1


2.3. Data collection process

The studies were identified by the first author’s name and the year of 
publication. Two review authors (AK and AB) independently collected 
the data from each eligible study, including study design, sample char
acteristics, sociodemographic data, intervention and comparison group 
details, outcomes of interest, and follow-up duration.

2.4. Evidence synthesis and appraisal

In anticipation of significant clinical diversity, we presented the 
available evidence for each research question in a narrative review. Two 
review authors (AK and AB) used the Risk of Bias Tool for RCTs, RoB-2, 
to assess the risk of reporting bias in our study (Sterne et al., 2016, 
2019).

3. Results

3.1. Literature search

The literature search identified 660 articles, of which 177 duplicate 
studies were removed. Upon careful review of the collected articles’ ti
tles, abstracts, and full text, a total of 290 articles were excluded based 
on their titles and abstracts and 145 articles were excluded after a full- 
text assessment. Seven additional articles were included after reading 
the citations of the eligible studies. The resulting 55 studies with 4311 
patients formed the basis of our systematic review (Fig. 1).

3.2. The role of physical therapies after surgery for LDH (Q1)

Ten studies with 794 patients, as depicted in Table 2, aimed to study 
the efficacy of physical therapies after therapies (Alaranta et al., 1986; 
Donceel and Du Bois, 1999; Dolan et al., 2000; Danielsen et al., 2000; 
Filiz et al., 2005; Erdogmus et al., 2007; Ebenbichler et al., 2015; 
Rushton et al., 2015, 2016, 2017; Jentoft et al., 2020; Aldemir and 
Gurkan, 2021). A randomized control study by Alaranta et al., focused 
on the safety and of rehabilitation (Alaranta et al., 1986). The authors 
compared a group of patients undergoing a rehabilitation program to a 
control group without rehabilitation after lumbar disc surgery in terms 
of postoperative handicap (Alaranta et al., 1986). The rehabilitation 
program was not responsible for additional handicaps one year after 
surgery (Alaranta et al., 1986). As a matter of fact, postoperative 
handicap, in both groups, was clearly associated with the patient’s 
preoperative functional status (Alaranta et al., 1986). Ten studies 

provided overwhelming evidence that physical therapy improves back 
and leg pain control after lumbar disc surgery, irrespective of the pain 
assessment tool (Dolan et al., 2000; Danielsen et al., 2000; Filiz et al., 
2005; Erdogmus et al., 2007; Ebenbichler et al., 2015; Rushton et al., 
2015, 2016, 2017; Jentoft et al., 2020; Aldemir and Gurkan, 2021; 
Mannion et al., 2007). Equally important, physical therapy improves 
back-related disability (Dolan et al., 2000; Danielsen et al., 2000; Filiz 
et al., 2005; Erdogmus et al., 2007; Ebenbichler et al., 2015; Jentoft 
et al., 2020; Aldemir and Gurkan, 2021; Mannion et al., 2007) and 
overall quality of life (Danielsen et al., 2000; Erdogmus et al., 2007; 
Aldemir and Gurkan, 2021) while decreasing anxiety and depression 
levels, including fear avoidance behavior (Filiz et al., 2005; Erdogmus 
et al., 2007; Jentoft et al., 2020). In their study, Dolan et al. demon
strated that implementing a 4-week exercise program led to notable 
enhancements in back muscle endurance capacity and hip and lumbar 
mobility, along with a reduction in back muscle fatigability (Dolan et al., 
2000). Furthermore, Donceel et al. demonstrated that a multidisci
plinary rehabilitation program increased the probability of returning to 
work after lumbar disc surgery (Donceel and Du Bois, 1999). Most of the 
studies have some concerns regarding bias, with only three demon
strating a low risk of bias.

3.3. The role of activity restriction after LDH (Q2)

Three separate studies involving a total of 252 patients, as shown in 
Table 3, with 126 in the intervention group and 126 in the control group, 
were conducted to investigate the impact of activity restriction 
following LHD (Zoia et al., 2018; Bono et al., 2017; Yao et al., 2018). 
Zoia et al. conducted a study on the impact of corset adoption following 
single-level lumbar discectomy (Zoia et al., 2018). The findings indi
cated that the utilization of corsets did not lead to improvements in 
either short- or long-term outcomes (Zoia et al., 2018). In a similar 
article, Yao et al., conducted a comparative study involving 44 patients 
with lumbar degenerative disc disease who underwent lumbar trans
foraminal interbody fusion along with bracing, juxtaposed with 46 
comparable patients who did not utilize bracing (Yao et al., 2018). The 
study’s findings suggested that the postoperative use of a brace did not 
yield improvements in functional outcomes, nor was it correlated with 
an increased fusion rate or a reduction in complications (Yao et al., 
2018). Finally, in a study conducted by Bono et al., a comparison was 
made between two groups of patients: one undergoing a short-term 
period of 2 weeks of activity restriction and the other undergoing 6 
weeks of long-term activity restriction (Bono et al., 2017). The findings 
indicated that there was no significant association(Qvarfordh et al., 

Fig. 1. Flow chart of our study. From a total of 66o, we included 55 studies based on eligibility criteria.
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Table 2 
Summary of basic study characteristics on research question 1 (Q1).

Author (Year) Patients Intervention Comparator Outcomes Time Summary Risk of 
bias

Alaranta et al. 
(1986) (
Alaranta et al., 
1986)

Surgery for LDH Rehabilitation (N 
= 106)

Control group (N 
= 106)

Subjective results and 
return to work

1 year Rehabilitation after LDH surgery 
did not increase the back-related 
handicap

Some 
concerns

Donceel et al. 
(1999) (
Donceel and 
Du Bois, 1999)

Surgery for LDH Early mobilization 
by professionals 
(N = 30)

Mobilization as 
usual (N = 30)

Return to work 52 
weeks

A rehabilitation program increases 
the probability of returning to 
work after surgery for LDH

Some 
concerns

Dolan et al. 
(2000) (Dolan 
et al., 2000)

Lumbar 
microdiscectomy

Exercise (N = 9) Control group (N 
= 11)

Pain (VAS), disability 
(LBPQ), back muscle 
endurance capacity, and 
hip and lumbar mobility

52 
weeks

A 4-week postoperative exercise 
program can enhance pain, 
disability, and spinal function in 
patients after microdiscectomy

Low risk 
of bias

Danielsen et al. 
(2000) (
Danielsen 
et al., 2000)

Arcotomy or 
microsurgical 
lumbar disc 
herniation

Training group (N 
= 39)

Control (N = 24) Pain (VAS), disability 
(RMDQ), sick leave, 
participation in daily 
activities, and overall 
health

12 
months

Intense physical exercise therapy, 
initiated four weeks after the 
surgical procedure for lumbar disc 
herniation, resulted in a decrease 
in post-surgery pain and disability

Some 
concerns

Filiz et al. (2005)
(Filiz et al., 
2005)

Lumbar discectomy Intensive exercise 
(N = 20)

Classical exercise 
(N = 20), No 
exercise (N = 20)

Pain (VAS), back-related 
disability (ODI), physical 
exercise, return to work, 
and psychometric tests 
(DBI)

NR It appears that engaging in 
vigorous exercise is more effective 
in reducing pain and disability

Some 
concerns

Erdogmus et al. 
(2007) (
Erdogmus 
et al., 2007)

Surgery for LDH Physiotherapy (N 
= 35)

Sham (N = 32), 
No therapy (N =
32)

Pain (LPRS), back-related 
disability (ODI), 
psychometric properties, 
and activity of daily living

18 
months

Physiotherapy following initial 
disc herniation surgery is more 
effective than no therapy in the 
short term

Low risk 
of bias

Ebenbichler 
et al. (2015) (
Ebenbichler 
et al., 2015)

Surgery for LDH Physiotherapy (N 
= 29)

Sham (N = 22), 
No therapy (N =
23)

Pain (VAS), back-related 
disability (ODI), and 
recurrence

12 
years

Participating in a comprehensive 
physiotherapy program following 
lumbar disc surgery may be linked 
to better long-term health benefits 
compared to receiving no 
intervention

Some 
concerns

Rushton et al. 
(2017) (
Rushton et al., 
2017)

Surgery for LDH Physiotherapy 
plus leaflet 
education (N =
29)

Leaflet education 
(N = 30)

Questionnaires on 
patients’ and 
physiotherapists 
perceptions about 
physiotherapy 
rehabilitation

NR Post-surgical rehabilitation 
preferences were driven by 
patients’ individual priorities, 
including the need for a swift 
return to work

Some 
concerns

Jentoft et al. 
(2020) (
Jentoft et al., 
2020)

Surgery for LDH Exercise and 
information (N =
33)

Information (N 
= 37)

Back and leg pain (NPRS), 
back-related disability 
(ODI), fear avoidance 
behaviour (TSK-13 and 
FABQ)

12 
months

Engaging in physical exercise 
along with receiving relevant 
information resulted in a reduction 
of leg pain and improvement in 
function

Some 
concerns

Aldemir et al. 
(2021) (
Aldemir and 
Gurkan, 2021)

Surgery for LDH Walking group (N 
= 33)

Control group (N 
= 34)

Pain (McGill Pain 
Questionnaire), disability 
(ODI), and quality of life 
(SF-36)

3 
months

Engaging in walks following 
surgery for a herniated disc has 
been shown to reduce pain and 
disability while enhancing overall 
quality of life

Low risk 
of bias

LDH, lumbar disc herniation; VAS, visual analogue scale; LBPQ, low back pain questionnaire; RMDQ, Rolland-Morris disability questionnaire; ODI, Oswestry disability 
questionnaire; NPRS, numeric pain rating scale; FABQ, fear avoidance belief questionnaire; SF-36, Short-Form 36; BDI, Beck Depression Inventory.

Table 3 
Summary of basic study characteristics on research question 2 (Q2).

Author 
(Year)

Patients Intervention Comparator Outcomes Time Summary Risk of 
Bias

Zoia et al. 
(2018) (
Zoia et al., 
2018)

Lumbar discectomy Use lumbar corset 
(N = 29)

No lumbar corset 
(N = 25)

Pain (VAS), back-related 
disability (ODI and 
RMDQ), and complications

6 
months

The adoption of a corset does not lead 
to improvements in the short-term and 
midterm outcomes of patients 
following single-level lumbar 
discectomy

High risk 
of bias

Bono et al. 
(2017) (
Bono 
et al., 
2017)

Surgery for LDH Short (2 weeks) 
activity 
restrictions (N =
53)

Long (6 weeks) 
activity 
restrictions (N =
55)

Back and leg pain (VAS), 
back-related disability 
(ODI), and reoperation rate

1 year The clinical outcomes of LDH surgery 
are irrelevant to the length of activity 
restrictions

High risk 
of bias

Yao et al. 
(2018) (
Yao et al., 
2018)

Transforaminal 
lumbar interbody 
fusion

Brace (N = 44) No brace (N =
46)

Pain (VAS), back-related 
disability (ODI), fusion 
rate, reoperation rate, and 
complications

12 
months

The use of a postoperative brace 
doesn’t seem to affect the rate of fusion 
or cause any complications or 
reoperation

Some 
concerns

ODI, Oswesrty Disability Index; RMDQ, Rolland-Morris disability questionairre; VAS, visual analogue scale.
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2014)between the duration of activity restriction and functional out
comes or the time required to return to work (Bono et al., 2017). Among 
these studies, only one has some concerns about bias, while the other 
two have a high risk of bias.

3.4. The optimal timing of physical exercise initiation after surgery (Q3)

Eleven studies with 419 patients in the intervention groups and 531 
in the control groups, as shown in Table 4, focused on the optimal timing 
to start physical therapies in association with surgery for LDH with 
contradictory evidence (Qvarfordh et al., 2014; Kjellby-Wendt and Styf, 
1998; Kjellby-Wendt et al., 2001, 2002; Oosterhuis et al., 2013, 2017; 
Abbott et al., 2010; Newsome et al., 2009; Ozkara et al., 2015; Uysal 
et al., 2023; Oestergaard et al., 2013a; Lindbäck et al., 2018; Chen et al., 
2015). The evidence is frequently contradictory with evidence showing 
that early mobilization offers some to no advantage in rehabilitation 
outcomes. According to the risk of bias assessment, there was a range 
from low to high risk among the studies.

Based on one study, Lindback et al., demonstrated that physio
therapy initiated before surgery reduces pain, lowers the risk of 
avoiding activities, prevents deterioration of mental well-being, en
hances the quality of life, and increases physical activity levels 
compared to those on the waiting list (Lindbäck et al., 2018).

Four studies reported on immediate intervention after surgery. 
Newsome et al., documented that encouraging patients to start moving 
as early as 2 h after surgery can result in a reduced hospital stay and 
faster return to work, without impacting their reported pain and overall 
recovery (Newsome et al., 2009). Chen et al., compared a group of pa
tients after lumbar decompression surgery undergoing in-hospital 
rehabilitation to a group without in-hospital mobilization. The authors 
reported improvement in pain intensity but failed to demonstrate any 
lasting benefit in the functional outcomes (Chen et al., 2015). Moreover, 
Qvarfordh et al., showed that it may even be safe and feasible to 
mobilize patients shortly after lumbar disc surgery, as there were no 
signs of an increased number of postoperative complications (Qvarfordh 
et al., 2014). Likewise, Ozkara et al., provided evidence that a 12-week 
postoperative exercise program starting immediately after surgery has 
the potential to improve pain management, reduce disability, and 
enhance spinal function in individuals who have undergone micro
discectomy (Ozkara et al., 2015).

In a multicenter randomized controlled trial, Oosterhuis et al. 
compared early referral to exercise therapy versus no referral after 
lumbar discectomy. The study assessed pain control, back-related 
disability, and cost-effectiveness. The authors failed to demonstrate 
the effectiveness or cost-effectiveness of early rehabilitation following 
lumbar disc surgery over no referral in this study (Oosterhuis et al., 
2013, 2017). Abbott et al., demonstrated that an early rehabilitation 
program offers optimized outcomes even after lumbar fusion for lumbar 
disc herniation (Abbott et al., 2010). Kernc et al., supported that 
strength training is safe as early as three weeks after lumbar spine fusion 
and facilitates prompt functional recovery (Kernc et al., 2018). Notably, 
Oestergaard et al., reported that early rehabilitation programs initiated 
6 weeks after LDH surgery, including lumbar fusion, were not superior 
to delayed rehabilitation programs (12 weeks) in terms of patient 
functionality and work absenteeism (Oestergaard et al., 2013a, 2013b). 
Similarly, Uysal et al., suggested that early exercise rehabilitation ac
celerates recovery, enhances quality of life, and preserves patients’ 
working capacity, without precluding later initiation of exercise (Uysal 
et al., 2023). Kjellby-Wendt, Carlsson, and Styf showed that an early 
rehabilitation program was safe and effective, resulting in an improve
ment in pain control and functional outcome, without any further 
burden on the re-operation rate (Kjellby-Wendt and Styf, 1998; Kjell
by-Wendt et al., 2001, 2002).

3.5. The role of training, education, behavioural management, and 
rehabilitation in physical therapies (Q4)

Seven studies with 568 patients equally divided into an intervention 
and control arm, shown in Table 5, focused on the role of supervision in 
postoperative rehabilitation after LDH with conflicting evidence, despite 
stratifying the results according to the index procedure (Soegaard et al., 
2006; Donaldson et al., 2006; Johansson et al., 2009; Paulsen et al., 
2020a; Oestergaard et al., 2020; Saha and Goktas, 2021; Shaygan et al., 
2023). Johansson et al., showed that clinic-based supervised physio
therapy is more effective in reducing back pain, improving quality of 
life, increasing activity levels, and patient satisfaction than a 
home-based programing patients undergoing lumbar discectomy 
(Johansson et al., 2009). In another study, Soegaard et al., showed that 
low-cost biopsychological interventions, such as supervised group ex
ercise and cafe meetings, could help reduce primary healthcare utili
zation and associated costs after lumbar fusion for degenerative 
disorders (Soegaard et al., 2006). Equally important, Shaygan et al. 
demonstrated that in-person training is not only effective in reducing 
post-operative pain levels but also in improving functional outcomes 
and decreasing post-operative anxiety (Shaygan et al., 2023). However, 
the later study failed to defined the index procedure.

On the other hand, Donaldson found no added benefit in pain 
reduction, back-related disability, and overall functional outcome from 
adopting a 6-month supervised non-aggravating, gym-based exercise 
program one year after lumbar discectomy (Donaldson et al., 2006). 
Likewise, Paulsen et al., showed that referring patients to municipal 
physical rehabilitation services after primary lumbar discectomy does 
not yield a significant difference in postoperative outcomes compared to 
non-referral, and it is not a cost-effective measure for improving patient 
return to work (Paulsen et al., 2020a, 2020b). Saha and Goktas 
demonstrated that the implementation of a computer-based lumbar disc 
surgery discharge training program, along with a CD containing the 
training content, had a positive impact on enhancing patient indepen
dence in their daily activities (Saha and Goktas, 2021). Finally, Oes
tergaard et al. reported no significant impact of using a one-to-one case 
manager-assisted rehabilitation after lumbar fusion on the back-related 
functional outcome (Oestergaard et al., 2020). However, they found that 
the measure was not cost-effective (Oestergaard et al., 2020). The ma
jority of the studies have some concerns about bias, while only one has a 
low risk of bias.

3.6. The optimal type of physical rehabilitation exercise (Q5)

Seventeen studies with 1044 patients tried to identify the optimal 
exercise therapy for managing patients after LDH surgery (Table 6). 
Substantial evidence arising from sic studies showed that dynamic ex
ercise increasing the force-generating capacity of trunk muscles is su
perior to regular exercise or no exercise at all (Manniche et al., 1993; 
Kulig et al., 2009; Beneck et al., 2014; Choi et al., 2005; Yílmaz et al., 
2003; Demir et al., 2014; Ju et al., 2012). Similarly, functional exercise 
with flexion and extension of the lower limbs, trunk and neck reduces 
pain and improves functional outcomes after lumbar disc surgery, but it 
seems that extension exercises are more effective (Zhang et al., 2018; 
Abdi et al., 2023). Bahceli and Karabulut compared 50 and 47 patients 
receiving progressive relaxation exercise and usual care postoperatively 
(Bahçeli and Karabulut, 2021). The authors reported that nursing-led 
relation exercise helped, not only in reducing pain and anxiety but 
also improved sleep quality (Bahçeli and Karabulut, 2021). Two articles 
studied the role of aquatic exercise after LDH surgery (Yolgösteren and 
Külekçioğlu, 2021; Kim et al., 2010). Yolgostren et al., highlighted that 
aquatic exercises were significantly better than those in the non-aquatic 
exercise group, while Kim, Park and Shim indicated that the aquatic 
backward locomotion exercise is equally effective as progressive resis
tance exercise in enhancing lumbar extension strength in patients 
following lumbar discectomy surgery (Yolgösteren and Külekçioğlu, 
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Table 4 
Summary of basic study characteristics on research question 3 (Q3).

Initiation Author (Year) Patients Intervention Comparator Outcomes Time Summary Risk of 
Bias

Before surgery
​ Lindbäck et al. 

(2018) (Lindbäck 
et al., 2018)

Surgery for LDH PREPARE 
physiotherapy 
(N = 99)

Waiting list (N =
98)

Back-related disability 
(ODI), back pain 
(VAS), quality of life 
(EQ-5D), EQ-VAS, 
psychometric 
parameters (FABQ, 
SES, HADS), activity 
level

1 year Presurgery physiotherapy 
decreases pain, risk of 
avoidance behaviour, and 
worsening of psychological 
well-being, and improves 
quality of life and physical 
activity levels before surgery 
compared with waiting-list 
controls

Some 
concerns

Immediate
​ Newsome et al. 

(2009) (
Newsome et al., 
2009)

Lumbar 
microdiscectomy

Exercise within 
2 h after surgery 
(N = 15)

Exercise on the 
1st postoperative 
day (N = 15)

Time to independent 
mobilization, 
postoperative pain 
and disability, and 
return to work

3 
months

Ultra-early mobilization of 
patients can lead to a shorter 
hospital stay and earlier 
return to work, without any 
adverse effect on patient- 
reported pain and functional 
outcome

Some 
concerns

​ Chen et al. (2015)
(Chen et al., 
2015)

Decompression 
surgery for lumbar 
stenosis

Perioperative 
rehabilitation (N 
= 29)

Regural control 
group (N = 31)

Pain (VAS), back- 
related functional 
capacity (RMDQ), and 
overall functional 
capacity (SF-36)

6 
months

A rehabilitation program 
during the hospital stay 
seems to offer no additional 
benefit on the functional 
performance

Some 
concerns

​ Qvarfordh et al. 
(2014) (
Qvarfordh et al., 
2014)

Surgery for LDH Walk from 
surgery bed (N 
= 11)

Transportation in 
beds (N = 11)

Pain and nausea 
(NRS), back-related 
discomfort (BQ),

3 
weeks

It may be safe and feasible to 
mobilize patients shortly 
after lumbar disc surgery, as 
there were no signs of an 
increased number of 
postoperative complications

Some 
concerns

​ Ozkara et al. 
(2015) (Ozkara 
et al., 2015)

Lumbar 
microdiscectomy

Exercise group 
(N = 15)

Control group (N 
= 15)

Leg and back pain 
(VAS), back-related 
disability (ODI), 
functional tests, 
quality of life (SF-36), 
return to work, and 
psychometric tests 
(BDS)

12 
weeks

A postoperative exercise 
regimen lasting 12 weeks 
and commencing 
immediately after surgery 
has the potential to enhance 
pain management, reduce 
disability, and improve 
spinal function in 
individuals who have 
undergone 
microdiscectomy.

Low risk 
of bias

Early
​ Oosterhuis et al. 

(2017) (
Oosterhuis et al., 
2017)

Surgery for LDH Early 
rehabilitation (N 
= 82)

No rehabilitation 
(N = 71)

Functional status 
(ODI), pain (VAS), 
global perceived 
recovery (Likert), 
general health (SF- 
12), and cost analysis

26 
weeks

Receiving early 
rehabilitation after lumbar 
disc surgery did not prove to 
be more effective or cost- 
effective compared to not 
receiving a referral

Low risk 
of bias

​ Abbott et al. 
(2010) (Abbott 
et al., 2010)

Lumbar fusion 
with or without 
decompression

Rehabilitation 
exercise (N = 54)

Psychomotor 
therapy (N = 53)

Leg and back pain 
(VAS), disability 
(ODI), US of LM

3 years It is safe to initiate post- 
surgery recovery measures 
after lumbar fusion. 
including psychological and 
motor functions for optimal 
results

Some 
concerns

​ Oestergaard et al. 
(2013) (
Oestergaard 
et al., 2013b)

Surgery for LDH Early 
rehabilitation (6 
weeks, N = 34)

Late 
rehabilitation (12 
weeks, N = 34)

Pain (DPQ, LBRS), 
back-related disability 
(ODI), and work 
absenteeism

1 year No difference was found in 
the effect of initiating 
rehabilitation either 6 or 12 
weeks after LSF on the 
patients’ physical 
performance in terms of 
fitness and walking distance

Some 
concerns

​ Kernc et al. 
(2018) (Kernc 
et al., 2018)

Lumbar fusion Early strength 
training group 
(N = 14)

No exercise 
group (N = 13)

Pain (VAS), back- 
related disability 
(ODI), physical 
performance tests, 
satisfaction

18 
months

Strength training is safe just 
three weeks after lumbar 
spine fusion and facilitates 
prompt functional recovery

Some 
concerns

​ Uysal et al. 
(2023) (Uysal 
et al., 2023)

Surgery for LDH Group a (The 
2nd-week 
walking group, 
N = 40)

Group b (1st- 
month walking 
group, N = 39), 
Group c (2nd- 
week waist 
exercise, N = 42), 
Group d (1st- 
month waist 

Pain (VAS), back- 
related disability 
(ODI)

12 
months

Early implementation of 
exercises is ideal, but even if 
initiated later, standard back 
exercises can still expedite 
rehabilitation

High risk 
of bias

(continued on next page)

A.G. Brotis et al.                                                                                                                                                                                                                                Brain and Spine 5 (2025) 104238 

6 



Table 4 (continued )

Initiation Author (Year) Patients Intervention Comparator Outcomes Time Summary Risk of 
Bias

exercise, N = 42), 
Group e (No 
exercise, N = 41)

​ Kjellby-Wendt 
et al. (2002) (
Kjellby-Wendt 
et al., 2002)

Lumbar 
discectomy

Active exercise 
program (N =
26)

Less active 
program (N = 26)

Pain, functional 
outcomes, and 
psychometric tests 
(BDI)

5–7 
years

Active exercise does not 
seem to affect the 
reoperation rate

High risk 
of bias

BDI, Back Depression Inventory; ODI, Oswesrty Disability Index; VAS, visual analogue scale; RMDQ, Rolland-Morris disability questionnaire; SF-36, Short-Form 36; 
LDH, Lumbar Disc Herniation; DPQ, Dalla Pain Questionnaire; LBPRS, Low Back Pain Rating Scale; LSF, Lumbar Spinal Fusion; NRS, numerical rating scale; BQ, 
Bournemouth Questionnaire; BDS, Beck Depression Scale; SF-12, Short Form 12; EQ-5D, EuroQol Group 5 item questionnaire; FABQ, fear avoidance belief ques
tionnaire; SES,Self-Efficacy Scale; HADS, Hospital Anxiety and Depression Scale; US, ultrasound; LM, lumbar multifidus.

Table 5 
Summary of basic study characteristics on research question 4 (Q4).

Author (Year) Patients Intervention Comparator Outcomes Time Summary Risk of 
Bias

Training and 
patient 
education

Donaldson 
et al. (2006) (
Donaldson 
et al., 2006)

Lumbar 
discectomy

Gym-based 
exercise (N = 47)

Surgery advice (N 
= 46)

Pain (VAS), back- 
related disability 
(ODI and RMDQ), 
quality of life (SF- 
36), working ability

3 years The gym-based program 
added no improvement 
to the surgery advice

Low risk 
of bias

​ Soegaard et al. 
(2006) (
Soegaard 
et al., 2006)

Lumbar fusion Training group 
(exercise therapy, 
N = 30)

Video group (one- 
time video 
instruction, N =
28), Cafe group 
(video presentation 
and regular group 
meetings, N = 30)

Cost analysis 2 years A rehabilitation 
program covering 
biological, 
psychological, and 
social factors has been 
found to be cost- 
effective in reducing 
primary healthcare 
service utilization when 
compared to the 
standard regimen and a 
workout program

Some 
concerns

​ Saha and 
Goktas (2021)
(Saha and 
Goktas, 2021)

Lumbar disc 
surgery

Computer-based 
training (N = 30)

Control group (N =
30)

Modified Barthel 
Index and Exercise 
and Self-Care Scale

12 
months

The discharge training 
program on computers 
led to participants being 
more independent when 
carrying out daily tasks

High risk 
of bias

Behavioural 
management

Johansson 
et al. (2009) (
Johansson 
et al., 2009)

Lumbar 
microdiscectomy

Clinic-based 
physiotherapy 
training and 
behavioral 
management (N 
= 28)

Home-based 
training (N = 29)

Back-related 
disability (ODI), 
physical activity 
level, kinesiophobia, 
coping, pain, quality 
of life, and patient 
satisfaction

12 
months

Clinic-based 
physiotherapy is more 
effective in reducing 
back pain, improving 
quality of life, 
increasing activity 
levels, and patient 
satisfaction

Some 
concerns

Rehabilitation Paulsen et al. 
(2020) (
Paulsen et al., 
2020b)

Lumbar 
discectomy

Municipal 
rehabilitation 
program (N = 73)

Home rehabilitation 
program (N = 73)

Back and leg pain 
(VAS), back-related 
disability (ODI), 
quality of life 
(EuroQol)

24 
months

Referring patients to 
physical rehabilitation 
provided by the 
municipality does not 
result in a significant 
difference in 
postoperative outcomes 
compared to not 
referring them, it is not 
cost-effective and does 
not improve the 
patient’s return to work

Some 
concerns

​ Oestergaard 
et al. (2020) (
Oestergaard 
et al., 2020)

Lumbar fusion Usual physical 
rehabilitation (N 
= 41)

Case manager 
assisted 
rehabilitation (N =
41)

Back-related 
disability (ODI), 
quality of life 
(EuroQol), cost 
analysis

2 years This case manager- 
assisted rehabilitation 
programme was 
unlikely to be cost- 
effective.

Some 
concerns

​ Shaygan et al. 
(2023) (
Shaygan et al., 
2023)

Lumbar surgery Personal 
rehabilitation 
program (N = 35)

Control group (N =
35)

Pain (NPRS), back- 
related disability 
(ODI), anxiety 
(PASS)

3 
months

Physical and 
psychological pain 
management education 
was shown to be 
effective in decreasing 
pain intensity, anxiety, 
and disability

High risk 
of bias

VAS, visual analogue scale; ODI, Oswesrty Disability Index; RMDQ, Rolland-Morris disability questionnaire; SF-36, Short-Form 36; NPRS, Numeric pain rating scale; 
PASS, Pain anxiety symptoms scale.
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Table 6 
Summary of basic study characteristics on research question 5 (Q5).

Author (Year) Patients Intervention Comparator Outcomes Time Summary Risk of 
Bias

Manniche et al. 
(1993) (
Manniche et al., 
1993)

Lumbar 
discectomy

Intensive exercise 
program (N = 42)

Traditional 
exercise program 
(N = 40)

Back pain, leg pain, back- 
related disability, physical 
impairment, change to a less 
heavy job, convalescence, 
long-term sick leave, and 
work disability pension

12 
months

An intensive exercise program 
increases the functional and 
working capacity of the patient

Some 
concerns

Scrimshaw and 
Maher (2001) (
Scrimshaw and 
Maher, 2001)

Lumbar disc 
surgery

Neural 
mobilisation 
exercise (N = 38)

Standard care (N 
= 38)

Global perceived effect (7- 
point scale), pain (VAS and 
McGill Pain Questionnaire, 
and disability (Quebec 
Disability Scale)

12 
months

The neural mobilization 
protocol evaluated in this study 
did not provide an additional 
benefit to standard 
postoperative care for patients 
undergoing spinal surgery

Some 
concerns

Yílmaz et al. 
(2003) (Yílmaz 
et al., 2003)

Lumbar 
microdiscectomy

Dynamic exercise 
(N = 14)

Home-based 
exercise (N = 14), 
No exercise (N =
14)

Pain (VAS), back-related 
disability (ODI, functional 
tests, and depression (BDS)

8 
weeks

Dynamic lumbar stabilization 
exercises are an efficient and 
useful technique in the 
rehabilitation of patients who 
have undergone 
microdiscectomy, as they 
relieve pain, improve functional 
parameters, and strengthen 
trunk, abdominal, and low back 
muscles

Some 
concerns

Hakkinen et al. 
(2004) (
Hakkinen et al., 
2007)

Surgery for LDH Combined 
strengthening and 
stretching group 
(N = 61)

Control group (N 
= 65)

Pain (VAS), back-related 
disability (ODI and MDI), 
physical parameters

12 
months

At the 12-month follow-up, a 
combined strengthening and 
stretching program does not 
seem to alter the physical 
function, pain, or disability 
measures between the groups

Low risk 
of bias

Choi et al. (2005)
(Choi et al., 
2005)

Surgery for lumbar 
disc herniation

Exercise (N = 35) Control (N = 40) Lumbar extensor power, 
lumbar multifidus cross- 
sectional area, pain (VAS), 
back-related disability (ODI), 
and return to work

12 
weeks

The postoperative early lumbar 
extension muscle-strengthening 
program has positive effects on 
pain, return to work, and back 
muscle strength in patients after 
herniated lumbar disc surgery

Low risk 
of bias

Kulig et al. (2009)
(Kulig et al., 
2009)

Lumbar 
microdiscectomy

Education plus 
exercise (N = 43)

Education (N =
14) and Usual 
physical therapy 
(N = 20)

Back-related function (ODI) 
and several tests including 
walking distance

12 
months

Patients who have undergone a 
single-level lumbar 
microdiscectomy can benefit 
from a comprehensive exercise 
program along with education, 
as it can help reduce disability 
and enhance their overall 
functionality

Some 
concerns

Kim et al. (2010) (
Kim et al., 
2010)

Lumbar 
discectomy

Progressive 
extension exercise 
(N = 10)

Aquatic backward 
exercise (N = 10), 
Control group (N 
= 10)

Lumbar muscle strength 18 
weeks

The results obtained suggested 
that the aquatic backward 
locomotion exercise is as 
beneficial as progressive 
resistance exercise for 
improving lumbar extension 
strength in patients after lumbar 
discectomy surgery

Some 
concerns

Ju et al. (2012) (
Ju et al., 2012)

Surgery for LDH Extension exercise 
program (N = 7)

Control group (N 
= 7)

Lumbar muscle extension 
strength, pain (VAS)

12 
weeks

A strengthening program after 
lumbar disc herniation surgery 
was successful in strengthening 
the muscles in the lower back 
and decreasing discomfort.

Low risk 
of bias

Demir et al. 
(2014) (Demir 
et al., 2014)

Lumbar 
microdiscectomy

Dynamic lumbar 
stabilization 
exercise (N = 22)

Homed based 
exercise (N = 22)

Pain (VAS), back-related 
disability (ODI), overall 
patient functioning (NHP), 
spinal mobility, 
psychometric test (FABQ), 
and return to work

6 
months

DLS exercises seem beneficial in 
reducing pain, increasing spinal 
mobility, and ensuring faster 
return to work periods

Low risk 
of bias

Beneck et al. 
(2014) (Beneck 
et al., 2014)

Lumbar 
microdiscectomy

Exercise and 
education (N = 45)

Education (N =
32)

SF-36 6 
months

An intensive, progressive 
exercise program combined 
with education increases the 
quality of life in patients who 
have recently undergone 
lumbar microdiscectomy

Some 
concerns

Hebert et al. 
(2015) (Hebert 
et al., 2015)

Lumbar 
discectomy

Specific trunk 
exercise (N = 29)

General exercise 
(N = 32)

Leg and back pain (VAS), 
disability (ODI), US of LM

6 
months

Both specific and general trunk 
exercises included in 
multimodal rehabilitation 
programs demonstrate 
comparable effects on muscle 

High risk 
of bias

(continued on next page)
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2021; Kim et al., 2010). A study comparing the combination of 
strengthening and stretching exercises (N = 61) to stretching and sta
bilization exercises only (N = 65) regarding pain control, disability, and 
several physical parameters showed that the combination program 
added no further improvement to the stretching-only regiment 
(Häkkinen et al., 2005). In their study, Lyu et al. demonstrated that 
lumbar kinetic chain training yielded superior results compared to 
regular low back muscle exercises in the staged rehabilitation program 
for LDH following percutaneous endoscopic lumbar discectomy (Lyu 
et al., 2021). Conversely, Hebert et al. reported no discernible disparity 
in clinical and muscle function outcomes when contrasting the effects of 
specific trunk exercises with general trunk exercises after lumbar dis
cectomy (Hebert et al., 2015). Lastly, there is consistent evidence that 
neural mobilization exercise, including passive movements and active 
exercises designed to mobilize the lumbosacral nerve roots and sciatic 
tract, provide an additional benefit to standard postoperative care for 
patients undergoing spinal surgery (Scrimshaw and Maher, 2001; Reyes 
et al., 2021). Concerning the risk of bias, we have studies in all three 
categories: low risk, high risk, and some concerns.

3.7. Improving outcomes in physical therapy (Q6)

Seven studies with 305 and 458 patients in intervention and control 
groups, as depicted in Table 7, focused on additional methods to 
improve the outcomes of physical therapies after surgery for LDH (Kim 

et al., 2015, 2016, 2017; Ostelo et al., 2003, 2004; Kulikov et al., 2018; 
McGregor et al., 2010, 2011, 2012; Zhao et al., 2008; He et al., 2021; 
Oestergaard et al., 2012). Kim et al., in a small group study, demon
strated that manipulative therapy is safe and feasible after surgery for 
LDH (Kim et al., 2015, 2016, 2017). Similarly, there is evidence that 
acupuncture and whole-body magnetic field therapy may improve 
functional outcomes after surgery for lumbar disc prolapse (Kulikov 
et al., 2018; Zhao et al., 2008). The utilization of the semi structured 
Canadian Occupational Performance Measure interview appears to be 
beneficial in identifying and subsequently addressing challenges related 
to activities of daily living utilizing occupational therapy (Oestergaard 
et al., 2012). The implementation of behavioral therapy, utilizing 
graded activity and positive reinforcement to promote healthy behavior 
and alleviate pain, did not yield a reduction in fear avoidance behaviors 
or catastrophizing pain. Moreover, this approach did not lead to 
improved functional outcomes (Ostelo et al., 2003, 2004). There is 
conflicting evidence regarding the benefit of education in the rehabili
tation after surgery for LDH. The prize-winning Function after Spinal 
Treatment, Exercise, and Rehabilitation (FASTER) trial by McGregor 
et al., studied the use of booklet education and rehabilitation in patients 
undergoing discectomy (McGregor et al., 2011). The trial reported no 
effect on long-term pain and functional outcomes. On the contrary, He 
et al. showed that a continuous nursing-led educational program could 
result in improved functional outcomes, particularly by facilitating pa
tient compliance (He et al., 2021). An equal number of studies have 

Table 6 (continued )

Author (Year) Patients Intervention Comparator Outcomes Time Summary Risk of 
Bias

function outcomes and clinical 
results

Zhang et al. 
(2018) (Zhang 
et al., 2018)

PELD Functional 
exercise (N = 46)

Control group (N 
= 46)

Pain, radiological 
parameters, functional 
parameters

3 years Early rehabilitation exercises 
involving passive and 
autonomic activities can 
enhance the postoperative 
quality of life for individuals 
with lumbar disc herniation

Low risk 
of bias

Bahceli and 
Karabulut 
(2020) (Bahçeli 
and Karabulut, 
2021)

Lumbar 
microdiscectomy

Relaxation 
exercise program 
(N = 47)

Control group (N 
= 50)

Pain (VAS), sleep, and 
anxiety

1 
month

Progressive relaxation 
exercises, as a nursing 
intervention, reduce pain and 
anxiety and increase sleep 
quality

High risk 
of bias

Lyu et al. (2021) (
Lyu et al., 2021)

Lateral approach 
single-segment 
PELD

Staged program 
with lumbar- 
pelvic-leg kinetic 
chain exercise (N 
= 25)

Regular exercise 
(N = 26)

Pain (VAS), back-related 
disability (ODI and JOA), 
overall patient functioning 
(SF-36), gait analysis, LM 
cross-sectional area on MRI

24 
weeks

Lumbar kinetic chain training 
was found to be more effective 
than regular low back muscle 
exercise in the staged 
rehabilitation program for LDH 
after PELD

Low risk 
of bias

Reyes et al. 
(2021) (Reyes 
et al., 2021)

Lumbar disc 
surgery

Standard 
rehabilitation 
plusNeural 
mobilisation 
exercise (N = 12)

Standard 
rehabilitation (N 
= 12)

Pain (VAS), disability (ODI), 
overall functionality (SF-36)

NR Neural stabilization exercise 
offered no additional benefit to 
rehabilitation as usual

High risk 
of bias

Yolgösteren and 
Kulekcioglu 
(2021) (
Yolgösteren and 
Külekçioğlu, 
2021)

Surgery for lumbar 
disc herniation

Aquatic exercise 
(N = 20)

Non-aquatic 
exercise (N = 20)

Pain (VAS), back-related 
disability (LDS, RMDI), 
functional tests (MST, 
Finger-to-Floor Distance, 
Sorensen Test, PILE), and 
psychometric tests (BDI, 
NHP, and SF-36 Health 
Survey)

6 
months

Aquatic exercise group showed 
significantly better changes in 
pain control and functional 
outcomes compared to the non- 
aquatic exercise group.

Some 
concerns

Abdi et al. (2023)
(Abdi et al., 
2023)

Surgery for LDH Repeated flexion 
exercise (N = 30)

Extension-based 
exercise (N = 30), 
Control group (N 
= 30)

Pain (VAS), back-related 
disability (ODI), back and 
trunk muscle endurance 
(mBST and TEFT), and return 
to work

8 
weeks

Both flexion- and extension- 
based exercise improved the 
functional outcomes and 
reduced pain, but the effect of 
extension-based exercise was 
more profound

Some 
concers

VAS, visual analogue scale; ODI, Oswesrty Disability Index; BDS, Beck Depression Scale; MDI, Million disability indexes; FABQ, fear avoidance belief questionnaire; 
NHP, Nottingham Health Profile; SF-36, Short-Form 36; US, UltraSound; LM, lumbar multifidus; PELD, percutaneous endoscopic discectomy; JOA, Japanese Or
thopedic Association scale; SF-36, Short-Form 36; LDH, Lumbar Disc Herniation; RMDI, Rolland Morris Disability Index; BDI, Beck Depression Inventory; NHP, 
Nottingham Health Profile; SF-36, Short-Form 36; mBST, model-based system testing; TFT, Testing Experience and Functional Test; MST, Modified Schober Test; PILE, 
Progressive Isoinertial Lifting Evaluation.

A.G. Brotis et al.                                                                                                                                                                                                                                Brain and Spine 5 (2025) 104238 

9 



some concerns and low risk of bias, though only one has a high risk of 
bias.

4. Discussion

4.1. Summary of the evidence

In our present systematic review, our objective was to investigate the 
efficacy of physical therapy following surgery for lumbar disc herniation 
(LDH) through a series of predetermined inquiries. Initially, we 
endeavored to pinpoint high-quality studies that addressed these in
quiries. Subsequently, we sought to succinctly present the existing evi
dence in a narrative format from a critical standpoint. Our findings 
suggest that physical therapy is a safe and effective intervention, 
particularly in the improvement of back and leg pain control, reduction 
of back-related disability, and overall enhancement of quality of life 
following LDH surgery, in spite of some controversies. Furthermore, it is 
evident that physical rehabilitation positively influences back muscle 
function and mitigates feelings of depression and anxiety. Most exercise 
programs targeting the improvement of endurance, mobility, and 
strength of the back musculature demonstrate effectiveness, except for 
neural mobilization exercises. As previously postulated, activity re
striction does not offer substantial advantages to the patient, such as the 
avoidance of recurrence and reoperation. However, the optimal timing 
for commencing activity and the cost-effectiveness of supervised exer
cise remain topics of ongoing debate. It seems that patient education and 
training, behavioural management, and rehabilitation programs are 
useful in improving outcomes and are usually cost-effective. Enhanced 
outcomes may also be achievable through concomitant manual therapy, 
acupuncture, educational interventions, and behavioral and occupa
tional therapy. Nevertheless, there is still an absence of robust and 

undougthed evidence in any of the above statements.

4.2. Main obstacles in the literature review

The main research question is as follows: What is the role of physical 
therapies following surgery for LDH? In reviewing the literature on 
physical therapy and LDH surgery, it becomes evident that there is 
significant clinical diversity among studies. This diversity is not only 
limited to the type of physical therapy and the comparison group chosen 
but also extends to the outcome measures and assessment tools used, as 
well as the specific time points at which the assessments are conducted. 
The spectrum of surgical treatments for lumbar disc herniation, span
ning from percutaneous endoscopic discectomy (PELD) to open dis
cectomy and interbody lumbar fusion (IBLF), presented a significant 
source of procedural heterogeneity across the included studies. The 
frequent absence of detailed surgical procedure specifications, likely a 
consequence of this variability, acted as a confounding factor, impeding 
the precise analysis and interpretation of the aggregate study results. 
Pain levels can be measured using the visual analogue scale (VAS), the 
numeric pain rating scale (NPRS), or the Dallas Pain Questionnaire 
(DPQ), while back-related disability can be assessed using the Oswestry 
Disability Index (ODI), the Rolland-Morris Disability Questionnaire 
(RMDQ), or the Japanese Orthopedic Association (JOA) scale. Adding to 
the complexity, the outcomes are measured at various intervals, ranging 
from two weeks to 12 years after surgery. The main challenge with this 
diversity is that it makes direct comparisons between studies difficult, 
hindering the identification of the optimal therapy. In the absence of 
homogeneous data regarding patient selection, intervention, compar
ator, outcome, and timing, we concluded that a quantitative evidence 
synthesis, including a network meta-analysis, is not appropriate. 
Therefore, we identified the main research questions in the gathered 

Table 7 
Summary of basic study characteristics on research question 6 (Q6).

Author (Year) Patients Intervention Comparator Outcomes Time Summary Risk of 
Bias

Ostelo et al. 
(2003) (Ostelo 
et al., 2003)

Lumbar 
discectomy

Behavioral 
graded activity 
(N = 52)

Usual care (N = 53) Pain (VAS), back-related 
disability (RMDQ), emotions, 
satisfaction (GPE), range of 
motion, activities of daily 
living (SF-36 and ADL), and 
reoperation rate

3 
months

Activity after first-time lumbar 
disc surgery is safe

Some 
concerns

McGregor et al. 
(2011) (
McGregor 
et al., 2011)

Surgery for LDH Booklet plus 
rehabilitation (N 
= 91)

Rehabilitation (N =
86), Booklet (N =
70), NS Usual care 
(N = 91)

Pain (VAS) and disability 
(ODI), psychometric tests 
(FABQ and HADS), and 
quality of life (EQ-5D)

12 
months

Both interventions did not have 
a significant impact on long- 
term outcomes

Low risk 
of bias

Oestergaard 
et al. (2012) (
Oestergaard 
et al., 2012)

Lumbar fusion Occupation 
therapy (N = 28)

Control (N = 32) Survey 3 years The utilization of the COPM 
while in the hospital proved 
beneficial in identifying a 
greater number of ADL 
challenges experienced by 
patients in the initial three 
months following discharge

Some 
concerns

Kim et al. (2017)
(Kim et al., 
2017)

Lumbar open laser 
microdiscectomy

Manipulation 
rehabilitation (N 
= 14)

Active rehabilitation 
(N = 7)

Pain (VAS) and disability 
(RMDQ)

2 years The study verified the feasibility 
of manipulation therapy after 
LDH surgery

High risk 
of bias

Kulikov et al. 
(2018) (
Kulikov et al., 
2018)

Lumbar 
discectomy

Magnetic field 
therapy (N = 37)

Control (N = 36) Pain (VAS) and infrared 
thermography

NR WBMF therapy combined with 
rehabilitation seemed to be 
effective in reducing lumbar 
pain, temperature, and, 
possibly, inflammation

Some 
concerns

Zhang et al. 
(2018) (Zhao 
et al., 2008)

Lumbar disc 
surgery

Acupuncture 
plus 
rehabilitation (N 
= 36)

Rehabilitation (N =
35)

Back-related function JOA) 1 year Acupuncture seems to promote 
functional recovery

Low risk 
of bias

He et al. (2021) (
He et al., 
2021)

Lumbar 
discectomy

Nursing 
education (N =
47)

Control group (N =
48)

Quality of life (SF-36), back- 
related disability (ODI and 
JOA), and compliance

3 
months

A continuous nursing-led 
program improves the 
compliance of the patients

Low risk 
of bias

VAS, visual analogue scale; RMDQ, Rolland-Morris disability questionnaire; GPE, Global Perceived Effect; SF-36, Short-Form 36; ADL, activities in daily living; FABQ, 
fear avoidance belief questionnaire; HADS, hospital anxiety and depression scale; EQ-5D, EuroQol Group 5 item questionnaire; WBMF, whole-body magnetic field; 
JOA, Japanese Orthopedic Association scale; ODI, Oswesrty Disability Index.
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literature and seven research questions which were dictated by the 
gathered evidence. We made every effort to be as inclusive as possible 
for the completeness of our Systematic Review.

4.3. Comparison with the existing knowledge

Throughout the years, several high-quality reviews have been pub
lished, but none of them has tried to answer the spectrum of questions 
set in our study (Oosterhuis et al., 2014; Ruffilli et al., 2024; Yu et al., 
2024; Atsidakou et al., 2021; Dupeyron et al., 2021; Özden, 2022). 
Despite these obstacles, Ruffilli et al., tried to identify the optimal timing 
of physical therapy initiation after lumbar disc surgery through a sys
tematic review and a meta-analysis (Ruffilli et al., 2024). The 
meta-analysis was limited to the postoperative pain control and the 
complication occurrence and was stratified to the 12 weeks and 12 
months’ time points (Ruffilli et al., 2024). The authors included 14 
studies in their systematic review and three to five studies in their 
meta-analysis (Ruffilli et al., 2024). The results showed a notable 
contrast between early and standard physical therapy in relation to low 
back pain at 12–18 months, with no significant variances in complica
tions for both discectomy and arthrodesis (Ruffilli et al., 2024). The 
findings from the study by Ruffilli et al., seem to differ from our findings, 
particularly due to the adopted methodology (Ruffilli et al., 2024).

In a systematic review conducted by Yu et al., similar challenges 
were encountered in assessing the effectiveness of postoperative reha
bilitation following lumbar disc surgery (Yu et al., 2024). The literature 
search yielded 20,531 citations, from which only 25 articles met the 
eligibility criteria. The authors evaluated various rehabilitation in
terventions, including pregabalin, education, and behavioral therapy as 
part of physical therapies (Yu et al., 2024). The review’s findings were 
categorized based on outcomes including function, pain, quality of life, 
self-recovery, and adverse events (Yu et al., 2024). Ultimately, the au
thors concluded that evidence supporting effective and safe 
post-surgical rehabilitation interventions is limited (Yu et al., 2024). 
They identified two interventions with potential short-term benefits, 
namely Pilates exercises and whole-body magnetic therapy, while 
acknowledging unclear safety profiles for these interventions (Yu et al., 
2024). In contrast to the systematic review by Yu et al., based on a much 
larger pool of studies, we demonstrated that postoperative physical 
therapy is safe and effective, with some concerns about the optimal time 
and its cost-effectiveness (Yu et al., 2024).

In a systematic review by Atsidakou et al., the focus was on the 
outcomes of exercise programs after lumbar discectomy (Atsidakou 
et al., 2021). The literature search identified seven RCTs meeting the 
study’s eligibility criteria. After reviewing the literature, the authors 
suggested that there is evidence indicating that exercise either improves 
or does not affect pain intensity levels, functional outcome, quality of 
life, muscle performance, and return to work. Most of the evidence came 
from "moderate" quality studies. Interestingly, the authors did not find 
many studies reporting on the complications associated with exercise 
therapy after lumbar discectomy. Our current systematic review indi
cated that the evidence favoring the use of exercise after discectomy in 
terms of functional outcomes outweighs the limited concerns against it. 
Moreover, our review was based on a larger pool of eligible studies.

In their systematic review, Ozden et al. evaluated the efficacy of 
exercise following lumbar decompression surgery on various outcome 
measures including pain, function, motor sensory symptoms, and psy
chosocial parameters (Özden, 2022). Their review included a total of 
fourteen studies selected from 1219 accessed articles (Özden, 2022). The 
findings indicated that exercises such as strengthening, stabilization, 
and aerobic exercises offer additional benefits compared to receiving 
only education or clinical advice post-surgery (Özden, 2022). Addi
tionally, the importance of relaxation, stretching, and mobilization 
training was underscored by the studies (Özden, 2022). The review 
concluded that exercise training resulted in improved disability scores at 
six to twelve weeks follow-up with high-degree evidence, while 

demonstrating lower efficacy in reducing pain scores (Özden, 2022). 
Furthermore, the review highlighted the moderate degree of effective
ness of exercise training on physical function, bodily pain, and social 
function based on Short Form-36 pooling at the 12-week follow-up 
(Özden, 2022). Overall, these results emphasize the significance of ex
ercise training, particularly focusing on strengthening, in the 
post-lumbar decompression surgery recovery period (Özden, 2022).

The French Society of Physical Medicine and Rehabilitation recently 
published the French recommendation on rehabilitation after lumbar 
surgery, excluding stenosis and spondylolisthesis restoration (Dupeyron 
et al., 2021). The guidelines were established through a comprehensive 
three-step process, which involved question formulation, a thorough 
literature review, and the finalization of recommendations (Dupeyron 
et al., 2021). The question formulation stage resulted in eight primary 
questions, while the literature review uncovered 66 articles of various 
designs, including randomized controlled trials, observational studies, 
case reports, systematic reviews, and surveys (Dupeyron et al., 2021). 
One of the key consensuses reached through the Delphi method was that 
prehabilitation in the form of 150 min per week of physical conditioning 
and education can significantly enhance function, time-to-recovery, and 
patient satisfaction (Dupeyron et al., 2021). Furthermore, it was rec
ommended that patients should aim to resume most activities of daily 
living within two weeks after discectomy, and rehabilitation should be 
initiated based on the patient’s status from 3 weeks after surgery, but no 
later than six weeks, especially after lumbar fusion where the recovery 
period is longer (Dupeyron et al., 2021). The consensus also emphasized 
the importance of intense and dynamic exercises as the first-line choice, 
advising against less effective isometric or isolated stretching exercises, 
with a clear recommendation to avoid repetitive flexion exercises 
(Dupeyron et al., 2021). It was suggested that exercise programs initially 
be supervised and then transition to independent sessions (Dupeyron 
et al., 2021). Additionally, structured information, discussion forums, 
and educational cafes were highlighted as potential integral components 
of the rehabilitation program (Dupeyron et al., 2021). The use of corsets 
and belts should be minimized and considered on a case-by-case basis 
(Dupeyron et al., 2021).

4.4. Future considerations

This literature review highlighted four important fields requiring 
future attention. To start with, no more poor-quality studies are required 
to study the effect of physical therapy against no physical therapy in 
terms of pain control, back-related disability, and quality of life. It 
should be stressed, however, that the evidence on particular safety pa
rameters is underreported. Future studies need to consistently record 
and publish the occurrence rate of potential complications associated 
with physical therapy, including recurrence and reintervention rates. 
Secondly, a widely accepted tool to register and establish the cost- 
effectiveness of physical therapy is mandatory. In an era of con
strained resources, it is imperative to allocate resources judiciously. 
Thirdly, there is an imperative need to translate the existing evidence 
into clinical recommendations, disseminate them across relevant disci
plines, and create tools to enhance their applicability.

4.5. Limitations

It is pertinent to acknowledge that our study is subject to certain 
limitations that necessitate consideration when interpreting the find
ings. Our deliberate restriction of the search to RCTs was aimed at 
ensuring the inclusion of high-quality data. However, this method 
resulted in a reduced pool of eligible studies for some of our inquiries. 
Nevertheless, a substantial volume of data was available, facilitating 
evidence synthesis from 56 RCTs and encompassing a total of 4381 
patients. Solely studies published in the English language were encom
passed in our analysis. A singular literature search was conducted to 
address multiple queries, and the identified studies exhibited a 
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noteworthy degree of heterogeneity in outcome reporting. Finally, it is 
imperative to underscore that a qualitative review of the findings was 
conducted, and a quantitative analysis to summarize the results was not 
pursued.

5. Conclusions

Our current systematic review focused on the efficacy of physical 
therapy following surgery for lumbar disc herniation (LDH). The find
ings indicate that physical therapy is a safe and effective intervention for 
improving back and leg pain control, reducing back-related disability, 
and enhancing overall quality of life post-surgery. Additionally, physical 
rehabilitation positively influences back muscle function and helps 
alleviate feelings of depression and anxiety. Most exercise programs 
targeting endurance, mobility, and strength of the back musculature are 
effective, with the exception of neural mobilization exercises. Activity 
restriction does not offer substantial advantages, but the optimal timing 
for commencing activity and the cost-effectiveness of supervised exer
cise remain topics of ongoing debate. Concomitant manual therapy, 
acupuncture, educational interventions, and behavioral and occupa
tional therapy may enhance outcomes.
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Abbott, A., Tyni-Lenné, R., Hedlund, R., 2010. Early Rehabilitation Targeting Cognition, 
Behavior, and Motor Function after Lumbar Fusion: a Randomized Controlled Trial, 
vol. 35. Spine, pp. 848–857 [Internet] Available from: https://pubmed.ncbi.nlm.nih. 
gov/20354468/.

Abdi, A., Bagheri, S., Shekarbeigi, Z., Usefvand, S., Alimohammadi, E., 2023. The effect 
of repeated flexion-based exercises versus extension-based exercises on the clinical 
outcomes of patients with lumbar disk herniation surgery: a randomized clinical 
trial. Neurol Res [Internet] 45, 28–40. Available from: https://pubmed.ncbi.nlm.nih. 
gov/36039973/.

Alaranta, H., Hurme, M., Einola, S., Kallio, V., Knuts, L., Törmä, T., 1986. Rehabilitation 
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