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a b s t r a c t
bacKGrouNd: there is limited evidence to guide the rehabilitation of patients following single or double-level lumbar fusion surgery (lfs). 
This is reflected in extensive variability in current rehabilitation regimes and subsequent low clinical success rates, which urges a call for a 
consensus rehabilitation pathway.
aiM: to establish consensus on the optimal pre-, peri- and postoperative rehabilitation of lfs.
DESIGN: A modified Delphi Study.
sEttiNG: belgium and the Netherlands.
POPULATION: A multidisciplinary panel of 31 experts in the field of LFS and rehabilitation participated. Nine patients validated the consensus 
pathway.
METHODS: A three-round online Delphi questionnaire was followed by an in-person consensus meeting. In each round, experts could suggest 
new statements, and received group summary statistics and feedback for reconsidered statements. Consensus threshold was set at ≥75% agree-
ment. The resulting rehabilitation pathway was validated by patients through an online questionnaire and subsequent in-person focus group.
RESULTS: A total of 31 experts participated in the first online round, with 27 (87%) completing all online rounds, and 17 (55%) attending the 
in-person consensus meeting. consensus was reached on 122 statements relating to pre-, peri- and postoperative rehabilitation of lfs, and 
validated by patients. Key components of the rehabilitation pathway included prehabilitation, education, physiotherapy in every phase, early 
postoperative mobilization, and little movement restrictions. patients emphasized the need for support during the return-to-work process.
CONCLUSIONS: This process resulted in 122 expert-consensus statements on best practice rehabilitation for managing LFS, validated by 
patients.
cliNical rEhabilitatioN iMpact: the proposed rehabilitation pathway can serve as guidance to support clinicians, reduce practice 
variability, and subsequently improve clinical outcomes after LFS.
(Cite this article as: bogaert l, thys t, depreitere b, Van Wambeke p, dankaerts W, brumagne s, et al. best practice rehabilitation pathway for the 
management of single and double-level lumbar fusion surgery: a modified Delphi Study. Eur J Phys Rehabil Med 2023;59:377-85. DOI: 10.23736/
S1973-9087.23.07735-3)
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Materials and methods

Study design

This 4-round modified Delphi Study was conducted in 
accordance with existing guidelines,19-22 and consisted 
of a 3-round online Delphi questionnaire, followed by an 
in-person consensus meeting. the process took place be-
tween November 2018 and November 2019. The classic 
Delphi process was modified by 1) providing preliminary 
statements instead of open-ended questions;22 and by 2) 
adding an in-person consensus meeting.21

the preliminary statements were derived by merging 
two databases by two independent researchers (lb, tt), 
and were evaluated by a third independent researcher 
(tWs). on the one hand, qualitative data were obtained 
from semi-structured interviews of 36 caregivers and 
patients.23 on the other hand, a systematic literature re-
view suggested a multimodal framework for rehabilitating 
lfs.13 Merging these two databases, provided the basis 
for the first round of the current study.

After the modified Delphi study, patient input on the col-
lected expert consensus statements was solicited through 
an online questionnaire and an in-person focus group in 
december 2019.

Ethical approval was obtained from the KU/UZ Leu-
ven Ethics committee research (s60109), and partici-
pants’ consent to participate was inferred from their vol-
untary participation. the reporting of this study follows 
the consolidated criteria for rEporting Qualitative re-
search (corEQ) guideline and the conducting and rE-
porting dElphi studies (crEdEs) Guideline.19, 24 the 
protocol was prospectively registered at clinicaltrials.gov 
(Nct03427294).

Modified Delphi study process

Expert panel participants

a multidisciplinary panel was composed of 31 recognized 
experts from Belgium and the Netherlands. It has been 
established that a panel of 23 experts yields reliable re-
sults,25 and we anticipated a 25% dropout. This panel was 
purposely selected based on their extensive clinical and/
or research experience in the field of low back pain, LFS, 
and/or (surgical) rehabilitation of patients with low back 
pain. Efforts were made to ensure diversity in terms of 
discipline, gender, and primary work setting. composition 
and characteristics of the 31-member panel are provided in 
Table I. Most of the panelists were affiliated with a univer-
sity hospital and reported at least ten years of experience.

the number of lumbar fusion surgeries (lfs) per-
formed shows an upward trend worldwide and is as-

sociated with high medical and societal costs.1-3 as per the 
most recent guidelines and scientific evidence, LFS can 
be beneficial in treating persistent radicular pain and dis-
ability caused by neural compression, or when low back 
pain is caused by gross instability of the vertebrae, consis-
tent with radiological findings.4, 5 there is a lack of clini-
cal evidence supporting the use of spinal surgery for other 
indications and the broader evidence suggests it is not ef-
fective or even contra-indicated.4, 5 hence, lfs should be 
reserved for well-considered cases.

historically, research mainly focused on technical and 
surgical advancements of lfs, leading to higher structural 
success rates in terms of bony fusion, decompression, and 
sagittal alignment.6 the clinical success rate, however, re-
mains unsatisfactory. Up to 40% of patients report persis-
tent pain and no functional improvement after lfs.7-10 in 
addition, disappointing return-to-work rates contribute to 
the already high socio-economic burden.9 in the case of 
well-indicated lfs, this discrepancy between good struc-
tural and poor clinical outcomes might be due to inade-
quate rehabilitation.

best practice rehabilitation in the pre-, peri- and post-
operative period is proposed as a window of opportunity 
to improve clinical outcomes after lfs.11-13 a recent me-
ta-analysis showed that patients undergoing LFS benefit 
from exercise embedded in a multimodal framework.13 
despite this growing evidence, there are currently no spe-
cific rehabilitation guidelines for LFS. The considerable 
variation in everyday practice reflects this. For example, 
surveys among surgeons in the Netherlands and sweden 
revealed no consistent timing or content of rehabilitation 
following lfs.14, 15 similarly, rehabilitation in the united 
Kingdom and Australia shows no uniformity in exercise 
prescription, setting, timing, or advice regarding return to 
activities.16-18

a guideline on best practice rehabilitation offers the po-
tential to reduce random clinical variation, optimize the 
allocation of resources, and ultimately improve clinical 
outcomes. 

a delphi process is a well-established method for de-
veloping a consensus-based guideline when empirical 
evidence is not sufficiently available to answer a particular 
question.19 Thereby, this study aimed to build expert con-
sensus on recommendations for an optimal rehabilitation 
pathway for patients requiring single or double-level LFS 
for degenerative conditions or adult (isthmic) spondylo-
listhesis.
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that 75% of experts should score a statement as important 
(rating ≥7) or not important (rating ≤3) to be respectively 
integrated or not in the consensus rehabilitation pathway. 
In each round, experts received the chance to elaborate on 
their answers, propose additional statements, and/or leave 
answers open (e.g., in case the statement felt outside their 
core domain of expertise).

in round 1, panelists rated preliminary statements re-
garding the content of the rehabilitation pathway. some of 
these statements were explorative, for which panelists were 
asked to rank statements in importance (e.g., professional 
background of a case manager) or to rate multiple state-
ments on the same rehabilitation intervention (e.g., differ-
ent indications for preoperative psychological therapy). 
This facilitated refinement of these statements in subse-
quent rounds. In case less than half of the participants rated 
a statement, this statement was excluded after Round 1.

Rounds 2 and 3 consisted of refinement of statements 
without consensus and additional statements based upon 
participant feedback. After each round, each expert re-
ceived an anonymous summary of the overall group opin-
ion per statement (median score, % of experts scoring ≤3, 
4-6, and ≥7).

In-person consensus meeting

round 4 was an in-person consensus meeting, facilitated 
by an independent, experienced moderator (MV). After 
an open discussion with the possibility of clarifying state-
ments, experts voted anonymously in an online poll (Pol-
lEverywere) “pro” or “contra” the proposed statements to 
be included. Consensus was achieved if 75% of panelists 
voted “pro.”

Validation of expert consensus by patients

after round 4, nine patients, who underwent lfs, were se-
lected based on balanced patient characteristics and clinical 
outcomes (poor as well as good). these patients were asked 
to rate a sample of 45 statements that previously reached 
expert consensus, which they may have encountered dur-
ing their rehabilitation, on a 9-point likert scale for im-
portance. The threshold for consensus was 75% agreement 
(regarding rating ≥7, or rating ≤3). This online question-
naire was anonymously conducted in surveyMonkey®, 
and intended to act as a starting point for formulating their 
thoughts and opinions in the following focus group, where 
patients could nuance and elaborate on their opinions on 
the entire rehabilitation continuum. this focus group was 
moderator-facilitated (MV), and patients were blinded for 
the previously obtained expert-based consensus.

Three-round Delphi questionnaire

Three iterative rounds of online questionnaires were dis-
tributed using surveyMonkey®. Experts were asked to rate 
each statement on a 9-point likert scale for importance (1 
‘absolutely not important’ to 9 ‘extremely important’). A 
priori, the cut-off for consensus was set at 75% percentage 
of agreement, according to most literature.20 this implies 

Table I.— Expert panel participant characteristics.
Expert characteristics No. of experts (N.=31) (%)
clinical discipline

Neurosurgery 5 (16)
orthopedic surgery 5 (16)
physical medicine and rehabilitation 3 (10)
physical therapy 8 (26)
psychology 5 (16)
physician assistant 1 (3)
General medicine 1 (3)
clinical epidemiology 1 (3)
Nursing 2 (6)

country of living
belgium 25 (81)
the Netherlands 6 (19)

Main work setting
university hospital 16 (52)
regional hospital 5 (16)
private practice 5 (16)
university 3 (10)
rehabilitation center 2 (6)

Years of experience with rehabilitation for lumbar fusion surgery
>20 years 14 (45)
between 10-20 years 12 (39)
between 5-10 years 4 (13)
<5 1 (3)

average number of lumbar fusion surgeries performed per year 
(No. of surgeons = 10)
20-50 6
>80 3
No answer 1

Number of articles published in Medline database
1-10 7
11-49 9
50-99 3
>100 3
None 9

age
30-39 7 (23)
40-49 9 (29)
50-59 13 (42)
≥60 2 (6)

Gender
female 12 (39)
Male 19 (61)

Self-rated expertise (7 or more on a scale from 1-9) with
lumbar fusion 20 (69)
low back pain 25 (86)
rehabilitation 16 (55)
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example the statement “The case manager should be a 
physical therapist, a clinical support manager or a special-
ist in Physical and Rehabilitation Medicine” was refined to 
“the clinical support manager has the proper competence 
profile with sufficient biomedical and psychosocial skills.”

The same 27 panelists (87%) completed round 3, in 
which an additional ten statements reached consensus.

A total of 17 experts (55%) participated in the fourth and 
final in-person round. During this meeting, additional con-
sensus was obtained on seven statements. after the four 
rounds, no consensus was reached on 17 statements (sup-
plementary digital Material 1: supplementary table i).

Figure 1 shows the number of expert panelists and how 
statements were refined at each round.

ultimately, consensus was reached on 122 statements in 
this modified Delphi study process (Supplementary Digi-
tal Material 2: supplementary table ii).

Validation of expert consensus by patients

all nine selected patients participated in the online ques-
tionnaire and agreed on 30 statements, leaving 15 state-
ments without consensus (supplementary digital Mate-
rial 3: supplementary table iii). seven of these patients 
participated in the semi-structured in-person focus group 
and shared their views on each phase of their rehabilitation 

Data processing and statistics

descriptive statistics were performed with r software.26 
Data from the in-person expert meeting and the patient 
focus group were audio and manually recorded. accord-
ing to accepted guidelines,27 the thematic analysis was 
performed and independently checked by two researchers 
(lb, tt).

Data availability

the data associated with the paper are not publicly avail-
able but are available from the corresponding author on 
reasonable request.

Results

Modified Delphi Study process

A total of 31 panelists (100%) participated in round 1 
and achieved consensus on 59 statements. the remaining 
statements were refined or retained in round 2 along with 
23 new statements proposed by the panelists.

In round 2, 27 panelists (87%) responded. Consensus 
was reached on an additional 46 statements. No new state-
ments were proposed. Eight statements were refined, for 

figure 1.—overview of the 
4-round modified Delphi study 
process.

Online
Round 1

Round 2

Round 3

In-person
Round 4

31 experts

27 experts

27 experts

17 experts

Consensus

59 items

46 items

10 items

7 items

23 refined based on qualitative feedback
9 refined based on ranking
25 reconsidered
17  excluded (item of multi-component 

activity for which no consensus was 
reached)

+23 new items proposed by experts

7 refined based on qualitative feedback
1 refined based on ranking
26 reconsidered

7 refined based on qualitative feedback
4 reconsidered
13 excluded since not near to consensus

4 not reaching consensus

11 items evaluated

34 items evaluated

156 items evaluated

80 items evaluated
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turn-to-work should be supported during their rehabilita-
tion, by considering the biopsychosocial context as well as 
the work-specific context of patients. This was in contrast 
with the troublesome return-to-work process patients did 
encounter, mentioned by patients as “a better back does 
not equal a perfect person,” referring to the fact that less 
back pain was not correlated with a significant improve-
ment in function or mental wellbeing (biopsychosocial 
context), and “all or nothing,” referring to the inability to 
progressively resume work or to distinguish between the 
low, moderate and high physical loading aspects of their 
job content (work-related context).

Discussion

Through a modified Delphi process, a multidisciplinary 
expert panel was able to achieve consensus on 122 state-
ments regarding best practice rehabilitation of single and 
double-level LFS. Patients subsequently validated these 
statements. based on the results of this process, a consen-
sus rehabilitation pathway was designed. to the best of 
our knowledge, this pathway is the first unifying guideline 
across disciplines and across the full continuum of care 
(i.e., pre-, peri- and postoperatively) for patients undergo-
ing lfs (summarized in figure 2).

this pathway addresses two critical challenges in the 
field of rehabilitation of LFS by 1) filling in existing 
knowledge gaps; and by 2) strengthening the ability to 
bridge the gap between research and clinical practice (i.e., 
know-do gap).

Filling in the knowledge gaps

Even though the efficacy of multimodal rehabilitation in 
improving clinical outcomes after lfs has been dem-
onstrated previously in the meta-analysis of bogaert et 
al., the specific timing, content, and do’s and don’ts re-
mained unanswered.13 Consequently, caregivers still rely 
on their own experience and may feel unprepared, as has 
been seen accordingly in physiotherapists treating patients 
with non-specific low back pain.28 furthermore, this lack 
of guidance fuels practice variation in lfs management, 
as is previously demonstrated in sweden, the Netherlands, 
the united Kingdom, and australia.14-16, 18 the proposed 
rehabilitation pathway adds new insights to the existing 
evidence on lfs rehabilitation.

firstly, the importance of starting mobilization early af-
ter lfs has been previously emphasized by the Enhanced 
recovery after surgery recommendation.29 this recom-
mendation, however, is primarily focused on in-hospital 

journey following lfs. the themes and opinions emerg-
ing from this focus group are outlined in table ii.

Patients expressed the need for a single contact person 
during their rehabilitation process, lacking during their 
trajectory. This need was the highest in the first weeks 
postoperatively. all patients addressed the lack of relevant 
information available. however, there was large inter-
patient variability in the amount of information desired 
before surgery: while some patients hunted for general 
information (e.g., by searching online for videos of the 
operative procedure), others preferred to receive informa-
tion only relevant to their case (information blunting). in 
contrast to this variable need for preoperative information, 
all agreed on the need for answers immediately after the 
fusion procedure (detailed in table ii).

patients under retirement age were unanimous that re-

Table II.— Themes and opinions emerging from the patient focus 
group.
timing themes and opinions of patients
preoperative phase decision for lumbar fusion must be 

shared between patient and surgeon 
(±generalist±specialist in physical and 
rehabilitation medicine)

Confidence in their surgeon is high and is based 
on clear communication and experience of their 
surgeon (“it’s their job”)

there was a lack of relevant information 
on the preparation and the course of the 
hospitalization from their hospital (brochure 
and/or website) early in the care process 
and large inter-patient variability in need for 
detailed information (information hunting 
versus blunting)

hospitalization phase Questions immediately after the operation, which 
may be answered by any caregiver (e.g., nurse, 
physical therapist, surgeon)
1) “Was the surgery successful?”
2) “can i ask for analgesics if necessary?”
3) “can i move my legs and toes?”
4) “Which movements and activities may i do 

right now?”
concerns: fear for falling, fear that the fusion 

construct is fragile
stimulation by caregivers to get out of bed and 

moving was fearful at that given time but 
retrospectively appreciated and important for 
their rehabilitation progress

postoperative phase 
after hospitalization

Need for contact person for questions and 
concerns, especially in the first 6 weeks (period 
of uncertainty on resumption of activities and 
sensations of pain)

Work resumption and sick leave remains an 
important and difficult issue for many patients
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components in rehabilitating lfs.31 further, the proposed 
prehabilitation content of lfs comprises education, pre-
operative physiotherapy, and interventions focusing on 
tackling risk factors for suboptimal postoperative recov-
ery. the latter is consistent with previously recognized risk 
factors, such as smoking,29, 32, 33 inactivity,34 obesity,32, 35 
depressive symptoms36, 37 and catastrophizing;38 but adds 
to the evidence base by forming consensus on both indica-
tions and content of risk-mitigation interventions.

thirdly, consensus on the need for preoperative edu-
cation and information confirms previous findings that 
high-quality preoperative information can positively af-
fect patient expectations, increase patient satisfaction, and 
induces greater treatment adherence.29, 38-40 this need for 
an improved preoperative informative approach results 

(perioperative) care and on avoiding complications from 
a biomedical viewpoint.29 in contrast, the results of our 
study acknowledge the importance of addressing a full 
spectrum of biopsychosocial components (i.e., not only 
biomedical components) throughout the entire care con-
tinuum (i.e., not only early postoperatively).

Secondly, the findings address the rehabilitation path-
way to initiate already preoperatively. this is consistent 
with the transition from a reactive to a proactive approach 
that is also seen in the context of other surgical interven-
tions, where patients are empowered early on as active 
participants in their own care.30 in this proactive approach, 
a case manager has a vital role as a contact and trust per-
son. the consensus statement on needing a case manager 
confirms that professional support is one of the central 

figure 2.—Visual summary of best practices in the rehabilitation of lumbar fusion surgery.

Therapeutic alliance
- Uniform and tailored communication
- Shared decision-making
- Guidance by a case manager

Seamless interplay between disciplines
-  Interdisciplinary discussion pre- and 

postoperative

Promoting healthy lifestyle
- Smoking cessation
- BMI <30
-  Healthy mindset and 

expectations

Preoperative phase

Individual physiotherapy and information  
in group (leaflet/video/app) 
(+multidisciplinary therapy on indication)
- Education (including pain education)
- Teaching postoperative transfers
- Patient-specific ergonomic advice
- Encouragement of physical activity

Hospitalization phase

Discharge criteria
- Controlable pain
- Clean wound
- Basic ADL
-  Stairs in necessary  

in home situation

Early mobilization, daily physiotherapy 
(+multidisciplinary therapy on indication)
- Education (including pain education)
-  Functional movements (standing, transfers,  

gait rehabilitation, climbing stairs)
- Patient-specific ergonomic advice
- Encouragement of physical activity

Lumbar fusion surgery
(in the first half of the week  
if no weekend therapy is available)
- No postoperative bracing

Follow-up by general 
practitioner
-  Good extramural 

communication
-  One control consultation 

with the treating surgeon

Postoperative phase

Referral to skilled physiotherapist based 
on team assessment (+multidisciplinary 
therapy on indication)
-  Education, cardiovascular training, 

functional training of activities, 
optimization of participation, 
optimization of posture and movement 
control (± cognitive behavioral aspects, 
ergonomic advice, analyzing and treating 
maladaptive movement patterns)

Which musculoskeletal loading of the  
vertebral column is allowed?
-  Low to moderate (walking, gentle cycling, 

light household tasks, picking up something): 
immediately postoperatively

-  High (certain sporting activities, heavy lifting): 
from 12 weeks onwards, based on a favorable 
recommendation by the treating physician

Return-to-work is allowed if functional possible 
Aligne outcome measueres to international standards
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is inherent to a qualitative design. This limitation is miti-
gated by including an extensive expert panel from Bel-
gium and the Netherlands, representing viewpoints from a 
wide range of related disciplines and work settings. future 
research should consider transfer to other regions, includ-
ing non-European countries.

secondly, we acknowledge a lower participation rate in 
the fourth, in-person, round. however, a minimal risk for 
selection bias is hypothesized as most statements reached 
consensus during the first three rounds (115/122 state-
ments, 94%) in which the response rate was 87%.

Conclusions

This rehabilitation pathway offers expert consensus-level 
guidance regarding pre-, peri- and postoperative rehabili-
tation for lfs, and aligns well with and adds essential 
concepts to the limited evidence available. the results 
provide a robust framework to support caregivers and 
policymakers in value improvement as it might help to 
reduce variation in rehabilitation and subsequently to im-
prove patient outcomes such as long-term pain and dis-
ability after lfs.

References

1. rajaee ss, bae hW, Kanim lE, delamarter rb. spinal fusion in the 
United States: analysis of trends from 1998 to 2008. Spine 2012;37:67–76. 
2. al Jammal oM, delavar a, Maguire Kr, hirshman br, Wali ar, Kaz-
zaz M, et al. National trends in the surgical Management of lumbar spi-
nal Stenosis in Adult Spinal Deformity Patients. Spine 2019;44:E1369–78. 
3. united states bone and Joint initiative. the burden of Musculoskeletal 
diseases in the united states (bMus). fourth edition Web site [internet]. 
Available from: http://www.boneandjointburden.org [cited 2021, Apr 29].
4. van Wambeke p, desomer a, Jonckheer p, depreitere b. the belgian 
national guideline on low back pain and radicular pain: key roles for reha-
bilitation, assessment of rehabilitation potential and the prM specialist. 
Eur J Phys Rehabil Med 2020;56:220–7. 
5. Evans l, o’donohoe t, Morokoff a, drummond K. the role of spinal 
surgery in the treatment of low back pain. Med J Aust 2023;218:40–5. 
6. reisener MJ, pumberger M, shue J, Girardi fp, hughes ap. trends 
in lumbar spinal fusion-a literature review. J Spine Surg 2020;6:752–61. 
7. Khor s, lavallee dc, cizik aM, bellabarba c, dagal a, hart ra, 
et al. hospital and surgeon Variation in patient-reported functional 
outcomes after lumbar spine fusion: a statewide Evaluation. spine 
2020;45:465–72. 
8. Strömqvist B, Fritzell P, Hägg O, Jönsson B, Sandén B; Swedish So-
ciety of spinal surgeons. swespine: the swedish spine register : the 2012 
report. Eur Spine J 2013;22:953–74. 
9. Hedlund R, Johansson C, Hägg O, Fritzell P, Tullberg T; Swedish Lum-
bar spine study Group. the long-term outcome of lumbar fusion in the 
Swedish lumbar spine study. Spine J 2016;16:579–87. 
10. Mannion AF, Brox JI, Fairbank JC. Comparison of spinal fusion and 
nonoperative treatment in patients with chronic low back pain: long-term 
follow-up of three randomized controlled trials. Spine J 2013;13:1438–48. 

from the fact that current patient information leaflets vary 
greatly,17 mirroring the large variation observed in clinical 
practice.14-16, 18 answering this need might lead to more 
uniformity in rehabilitation practice, driving uniform edu-
cation and information for patients.

Enhancing the ability to bridge the know-do gap

Evidence-based interventions frequently suffer from a 
know-do gap with real-world settings.41, 42 For example, 
surgeons predicate their prescribing patterns for bracing 
following lfs only for one-third upon evidence (from the 
literature) and two-thirds upon eminence (from personal 
experience or peer teaching).43 a delphi process allows for 
a critical analysis of current rehabilitation approach from 
the perspectives of key stakeholders. as a result, the abil-
ity to translate the Delphi findings to practice and policy 
is maximized. It is worth noting that we applied a rigor-
ous methodology in accordance with the crEdEs Guide-
line.19 This includes, for example, appointing independent 
researchers for study coordination, assigning a profes-
sional moderator for the in-person rounds, predefining the 
consensus threshold, and validating the expert consensus 
by a patient group. by capturing patients’ perspectives sep-
arately from experts’ opinions, points of (dis)agreement 
could be revealed, and may suggest possible barriers to re-
habilitation adherence or highlight extra needs for patients.

implementing the proposed rehabilitation pathway in 
clinical practice might help to minimize the current ran-
dom variation in rehabilitation approaches; thereby fuel-
ing better quality of care and optimized allocation of re-
sources, from which patients, physicians, hospitals, and 
society can benefit.

A next step is to clinically validate the effectiveness and 
implementability of this rehabilitation pathway with a hy-
brid design.44, 45 another priority for future research is to 
gain insight into the maze of challenges related to return-
to-work. this became apparent in the patients’ opinion and 
is in line with the disappointing return-to-work rate after 
lfs.9 Experts agreed that clearing patients for return-to-
work should be based on functional rather than time-based 
criteria. possibly, (return-to-) work barriers (e.g., func-
tional problems, financial compensations) may be better 
captured by early and tailored rehabilitation. additional 
research is needed to develop a complete picture of this 
return-to-work maze.

Limitations of the study

the present study has some limitations. firstly, individual 
participant perspectives might influence the results, which 



boGaErt  rEhabilitatioN pathWay for luMbar fusioN surGEry

384 EuropEaN JourNal of physical aNd rEhabilitatioN MEdiciNE June 2023 

o’sullivan K. physiotherapists may stigmatise or feel unprepared to treat 
people with low back pain and psychosocial factors that influence recov-
ery: a systematic review. J Physiother 2015;61:68–76. 
29. debono b, Wainwright tW, Wang My, sigmundsson fG, yang MM, 
smid-Nanninga h, et al. consensus statement for perioperative care in 
lumbar spinal fusion: Enhanced recovery after surgery (Eras®) soci-
ety recommendations. Spine J 2021;21:729–52. 
30. Wynter-blyth V, Moorthy K. prehabilitation: preparing patients for 
surgery. BMJ 2017;358:j3702. 
31. Greenwood J, Hurley M, McGregor A, McCourt O, Jones F. A quali-
tative evaluation of participants experiences of living with back pain, lum-
bar fusion surgery, and post-operative rehabilitation. pilot feasibility stud 
2022;8:91. 
32. Janssen Er, punt iM, van Kuijk sM, hoebink Ea, van Meeteren Nl, 
Willems pc. development and validation of a prediction tool for pain 
reduction in adult patients undergoing elective lumbar spinal fusion: a 
multicentre cohort study. Eur Spine J 2020;29:1909–16. 
33. berman d, oren Jh, bendo J, spivak J. the Effect of smoking on 
spinal fusion. int J spine surg 2017;11:29. 
34. Janssen Er, osong b, van soest J, dekker a, van Meeteren Nl, 
Willems pc, et al. Exploring Associations of Preoperative Physical Per-
formance With postoperative outcomes after lumbar spinal fusion: a 
Machine Learning Approach. Arch Phys Med Rehabil 2021;102:1324–
1330.e3. 
35. Jain d, durand W, shaw Jd, burch s, deviren V, berven s. the im-
pact of obesity on risk factors for adverse outcomes in patients under-
going Elective Posterior Lumbar Spine Fusion. Spine 2021;46:457–63. 
36. stull Jd, divi sN, Goyal dK, bowles dr, reyes aa, bechay J, et 
al. preoperative Mental health component scoring is related to patient 
Reported Outcomes Following Lumbar Fusion. Spine 2020;45:798–803. 
37. tuomainen i, pakarinen M, aalto t, sinikallio s, Kröger h, Vi-
inamäki H, et al. depression is associated with the long-term outcome 
of lumbar spinal stenosis surgery: a 10-year follow-up study. spine J 
2018;18:458–63. 
38. Abbott AD, Tyni-Lenné R, Hedlund R. Leg pain and psychological 
variables predict outcome 2-3 years after lumbar fusion surgery. Eur spine 
J 2011;20:1626–34. 
39. sustersic M, Gauchet a, foote a, bosson Jl. how best to use and 
evaluate Patient Information Leaflets given during a consultation: a sys-
tematic review of literature reviews. Health Expect 2017;20:531–42. 
40. Kong cb, Jeon dW, chang bs, lee Jh, suk Ks, park Jb. outcome 
of spinal fusion for lumbar degenerative disease: a cross-sectional study 
in Korea. Spine 2010;35:1489–94. 
41. Grimshaw JM, Eccles MP, Lavis JN, Hill SJ, Squires JE. Knowledge 
translation of research findings. Implement Sci 2012;7:50. 
42. Glasziou p, straus s, brownlee s, trevena l, dans l, Guyatt G, et 
al. Evidence for underuse of effective medical services around the world. 
Lancet 2017;390:169–77. 
43. bogaert l, Van Wambeke p, thys t, swinnen tW, dankaerts W, 
brumagne s, et al. postoperative bracing after lumbar surgery: a survey 
amongst spinal surgeons in Belgium. Eur Spine J 2019;28:442–9. 
44. curran GM, bauer M, Mittman b, pyne JM, stetler c. Effectiveness-
implementation hybrid designs: combining elements of clinical effective-
ness and implementation research to enhance public health impact. Med 
Care 2012;50:217–26. 
45. hartvigsen J, Kamper sJ, french sd. low-value care in musculo-
skeletal health care: is there a way forward? pain pract 2022;22(suppl 
2):65–70. 

11. Madera M, brady J, deily s, McGinty t, Moroz l, singh d, et al.; for 
the seton spine rehabilitation study Group. the role of physical therapy 
and rehabilitation after lumbar fusion surgery for degenerative disease: a 
systematic review. J Neurosurg Spine 2017;26:694–704. 
12. Greenwood J, McGregor a, Jones f, Mullane J, hurley M. reha-
bilitation following lumbar fusion surgery: a systematic review and 
Meta-Analysis. Spine 2016;41:E28–36. 
13. Bogaert L, Thys T, Depreitere B, Dankaerts W, Amerijckx C, Van 
Wambeke p, et al. rehabilitation to improve outcomes of lumbar fu-
sion surgery: a systematic review with meta-analysis. Eur spine J 
2022;31:1525–45. 
14. van Erp rM, Jelsma J, huijnen ip, lundberg M, Willems pc, smeets 
rJ. spinal surgeons’ opinions on pre- and postoperative rehabilitation 
in patients undergoing lumbar spinal fusion surgery: a survey-based 
Study in the Netherlands and Sweden. Spine 2018;43:713–9. 
15. Janssen Er, scheijen EE, van Meeteren Nl, de bie ra, lenssen af, 
Willems pc, et al. Determining clinical practice of expert physiotherapy 
for patients undergoing lumbar spinal fusion: a cross-sectional survey 
study. Eur Spine J 2016;25:1533–41. 
16. rushton a, Wright c, heap a, White l, Eveleigh G, heneghan N. 
survey of current physiotherapy practice for patients undergoing lumbar 
spinal fusion in the United Kingdom. Spine 2014;39:E1380–7. 
17. low M, burgess lc, Wainwright tW. a critical analysis of the 
Exercise Prescription and Return to Activity Advice That Is Provided in 
Patient Information Leaflets Following Lumbar Spine Surgery. Medicina 
(Kaunas) 2019;55:347. 
18. Gilmore sJ, Mcclelland Ja, davidson M. physiotherapy manage-
ment of patients undergoing lumbar spinal surgery: a survey of australian 
physiotherapists. New Zealand Journal of Physiotherapy 2016;44. 
19. Jünger s, payne sa, brine J, radbruch l, brearley sG. Guidance on 
conducting and rEporting dElphi studies (crEdEs) in palliative care: 
recommendations based on a methodological systematic review. palliat 
Med 2017;31:684–706. 
20. diamond ir, Grant rc, feldman bM, pencharz pb, ling sc, 
Moore aM, et al. Defining consensus: a systematic review recommends 
methodologic criteria for reporting of delphi studies. J clin Epidemiol 
2014;67:401–9. 
21. Keeney s, hasson f, McKenna h. consulting the oracle: ten les-
sons from using the Delphi technique in nursing research. J Adv Nurs 
2006;53:205–12. 
22. Hasson F, Keeney S. Enhancing rigour in the Delphi technique re-
search. Technol Forecast Soc Change 2011;78:1695–704. 
23. thys tb, Van Wambeke p, dankaerts W, brumagne s, spriet a, dep-
reitere b, et al. caregiver and patient perspectives on perioperative reha-
bilitation in lumbar arthrodesis patients: a qualitative study. Paper pre-
sented at: 10th interdisciplinary World congress on low back & pelvic 
pain 2019; antwerp, belgium.
24. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qual-
itative research (corEQ): a 32-item checklist for interviews and focus 
groups. Int J Qual Health Care 2007;19:349–57. 
25. akins rb, tolson h, cole br. stability of response characteristics of 
a Delphi panel: application of bootstrap data expansion. BMC Med Res 
Methodol 2005;5:37. 
26. R: A Language and Environment for Statistical Computing [computer 
program]. Vienna, australia: r foundation for statistical computing; 
2020.
27. Clarke V, Braun V. Thematic analysis. J Posit Psychol 2017;12:297–8. 
28. synnott a, o’Keeffe M, bunzli s, dankaerts W, o’sullivan p, 

Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manuscript.
Funding.—This research was funded by a grant from Research Foundation – Flanders (FWO, 1181521N).
Authors’ contributions.—Liedewij Bogaert and Tinne Thys contributed equally to the manuscript; Lotte Janssens and Thijs W. Swinnen contributed equally 
to the manuscript. liedewij bogaert, tinne thys, lotte Janssens and thijs W. swinnen have given substantial contributions to the conception or the design 



rEhabilitatioN pathWay for luMbar fusioN surGEry boGaErt

Vol. 59 - No. 3 EuropEaN JourNal of physical aNd rEhabilitatioN MEdiciNE 385

of the manuscript, Liedewij Bogaert and Tinne Thys to acquisition of the data, Liedewij Bogaert, Lotte Janssens and Thijs W. Swinnen to analysis and inter-
pretation of the data; Liedewij Bogaert drafted the first version of the manuscript, and all authors revised it critically. All authors read and approved the final 
version of the manuscript.
Congresses.—this paper was presented as oral presentation at the bsN (belgian society of Neurosurgery) congress that was held in leuven, belgium, on 
26/03/2022 (award best oral presentation), and as poster at the 16th International Congress of Physical and Rehabilitation Medicine (ISPRM) that was held 
in Lisbon, Portugal, on 07/07/2022 (special mention for outstanding presentation).
Acknowledgements.—The authors are grateful to the experts who participated in the modified Delphi study. The authors also thank the patients who partici-
pated in this study. The authors also wish to thank Mark Verschueren (KU Leuven, Leuven, Belgium) for facilitating the in-person expert round and patient 
focus group as an independent moderator.
History.—Article first published online: March 29, 2023. - Manuscript accepted: February 27, 2023. - Manuscript revised: February 6, 2023. – Manuscript 
received: september 29, 2022.
Supplementary data.—for supplementary materials, please see the htMl version of this article at www.minervamedica.it


