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ABSTRACT
Introduction  There are limited available research and 
guidance regarding the use of spinal manipulative therapy 
(SMT) in patients with low back-related symptoms 
following lumbar spine surgery, a condition called 
persistent spinal pain syndrome type 2 (PSPS-2). This 
publication outlines a review protocol to identify and 
synthesise individual participant data (IPD) to examine 
associations between patient, clinical and surgical 
variables and SMT application in adults with PSPS-2.
Methods and analysis  PubMed, OVID, Web of Science, 
Scopus, PEDro, Index to Chiropractic Literature and 
KoreaMed will be searched from inception to 1 January 
2022 without language restrictions. Case reports, series, 
observational studies and cases from grey literature of 
adults receiving SMT for PSPS-2 will be included. Two 
investigators will independently screen citations, abstracts 
and full-text articles. A risk-of-bias assessment will be 
performed in duplicate to rate cases according to exposure 
and outcome ascertainment and data completeness. Data 
extraction will be performed in duplicate and missing 
IPD will be requested from corresponding authors. 
Multiple binary logistic regression will be used to identify 
independent predictors of the use of lumbar–SMT, lumbar–
manual-thrust SMT and SMT within 1-year postsurgery. 
Patient, clinical and surgical variables will be summarised 
using descriptive statistics, while SMT-related outcomes 
(lumbar–SMT, lumbar–manual-thrust SMT and 1-year 
surgery-to-SMT interval) will be described using adjusted 
ORs with 95% CIs.
Ethics and dissemination  This study was deemed not 
human subjects research by the University Hospitals’ 
institutional review board. The results of this review will be 
disseminated at conferences and/or published in a peer-
reviewed journal.
PROSPERO registration number  CRD42021250039.

INTRODUCTION
Rationale
Persistent spinal pain syndrome (PSPS) 
describes chronic or recurrent pain of spinal 
origin, including axial and/or radicular 

symptoms. This syndrome is divided into PSPS 
type 1, in which there is no prior relevant 
surgery, and persistent spinal pain syndrome 
type 2 (PSPS-2), in which patients have a 
history of spinal surgery.1 The latter category 
includes cases in which surgery directly or 
indirectly caused symptoms, was unsuccessful, 
was successful but symptoms recurred, and 
there is no relationship between surgery and 
symptoms, or this association is unclear.1 The 
term PSPS was recently proposed by an inter-
national group to replace ‘failed back surgery 
syndrome’ (FBSS) and to provide a label more 
inclusive of other terms such as postlaminec-
tomy syndrome, adjacent-segment degener-
ation, chronic spinal pain after surgery, and 
postsurgical spine syndrome.1

Description of the condition
A systematic review found that PSPS-2 occurs 
in 4%–50% of patients following lumbar 
surgery and has various aetiologies, the most 

Strengths and limitations of this study

	► This will be the first study to investigate the influ-
ence of individual patient characteristics and clinical 
and surgical variables on the application of spinal 
manipulative therapy in patients with prior lumbar 
surgery.

	► This review includes an analysis of individual patient 
data which will improve the ability to control for con-
founding variables using regression models.

	► This review will use a comprehensive search strat-
egy without language restrictions which will maxi-
mise the number of included cases.

	► A limited amount of available research and unavail-
able individual patient data among included cases 
may hinder the ability of this review to identify sig-
nificant findings.
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common being lumbar stenosis and disc herniation.2 
Treatment for PSPS-2 usually begins with conservative 
methods such as strengthening, range of motion exercises 
and pharmacological therapy.3 Other options include 
neuromodulation, epidural injections, adhesiolysis and 
radiofrequency ablation.3 4 Revision surgery generally has 
a low success rate and is considered in cases refractory to 
treatment.4

Lumbar surgeries and anatomical variation can influ-
ence the number of lumbar motion segments (joints that 
allow motion), which is conceptually relevant to PSPS-2. 
While the lumbar spine typically has five motion segments 
(L1–2, L2–3, L3–4, L4–5 and L5–S1),5 this number varies 
in 5%–7% of individuals as a result of lumbosacral tran-
sitional vertebrae.6 Individuals with an additional mobile 
lumbar vertebra (L6) have six motion segments, while 
those with only four mobile lumbar vertebrae have four 
motion segments.

Surgical lumbar fusion eliminates motion segments, 
effectively increasing adjacent-segment loading and range 
of motion.7 Accordingly, a systematic review identified 
multilevel fixation as a risk factor for adjacent-segment 
disease.8 A reduced number of lumbar motion segments 
are also associated with sacroiliac joint pain.9 Conversely, 
evidence suggests motion-preserving surgeries such 
as disc arthroplasty are associated with a lower rate of 
adjacent-segment degeneration.8

The influence of spinal implants on spinal biome-
chanics may impact clinician decision-making to use 
spinal manipulative therapy (SMT). Each biomaterial 
has unique biomechanical properties which influences 
its tendency towards failure. For example, pedicle screws 
may loosen or break.10 While some implants promote 
bony fusion, others, such as artificial disc replacements, 
preserve segmental mobility.10 Imaging may identify post-
operative instability or surgical instrumentation dysfunc-
tion and has been recommended as a precursor to SMT 
in patients with prior lumbar surgery.11 12

Description of the intervention
SMT can be defined broadly as manual therapy of the 
spinal vertebrae or joints, excluding soft tissue tech-
niques such as massage.13 Although terminology can 
differ internationally and interprofessionally, SMT can 
be generally dichotomised into thrust or non-thrust tech-
niques.14 15 Thrust SMT involves a single high-velocity, 
low-amplitude (HVLA) impulse, while non-thrust SMT 
can involve multiple low-velocity motions/oscillations, 
such as low-grade joint mobilisation13 15 16 or distraction 
techniques.14 17 Thrust SMT can be further characterised 
according to manual (hands-on) or instrument-assisted 
delivery.18

Although force magnitude of thrust SMT varies,19 
and force alone does not distinguish thrust from non-
thrust-SMT,15 non-thrust-SMT is occasionally recom-
mended as a gentler technique when there are SMT 
precautions such as hypermobility or osteoporosis.14 17 In 
addition, instrument-assisted-SMT (eg, Activator) is often 

perceived as a safe treatment option, potentially being 
used in cases where there are precautions to manual-
thrust SMT.20

Research is limited regarding the application of SMT 
in PSPS-2.21–23 One recent systematic review identified 
multiple patients who benefited from SMT following 
discectomy, laminectomy, fusion, disc replacement and/
or spinal cord stimulator placement, but found inconclu-
sive evidence to recommend for or against SMT in these 
patients.22 Another review found insufficient evidence 
supporting the use of joint mobilisation postlumbar 
fusion.21

Educational materials provide differing recommenda-
tions of SMT technique for patients postlumbar surgery, 
such as advising mobilisation away from the surgical site,24 
treatment modification,25 avoidance of lower lumbar rota-
tion26 or no passive range of motion for 3 months at levels 
affected by surgery.27 Certain textbooks and continuing 
education bodies list manipulation under anaesthesia 
as a treatment for FBSS (PSPS-2),28 29 provided patients 
do not have hypermobile segments and benefited from 
other forms of SMT.29 One orthopaedic textbook noted 
SMT ‘seldom succeeds’ in patients with prior laminec-
tomy, although there was ‘no harm’ in trying SMT.30

Precautions to SMT for patients with congenitally 
reduced lumbar motion segments due to block verte-
brae31–33 and lumbosacral transitional vertebrae34 
may apply to patients with surgical lumbar fusion. For 
example, it has been argued that it is pointless to direct 
SMT towards congenitally fused vertebrae, which have no 
interposed motion segment.32 In addition, segments adja-
cent to congenital fusions may degenerate and become 
hypermobile,35 which can preclude SMT.32 One survey 
of chiropractors in a large integrative healthcare organ-
isation found less than half of respondents ‘frequently’ 
or ‘sometimes’ used lumbar HVLA-SMT in patients with 
prior lumbar fusion.36

It is less clear how laminectomies or discectomies 
influence SMT application, as these surgeries preserve 
segmental mobility. In one study, 76% of members of a 
small interdisciplinary panel rated SMT as ‘appropriate’ 
for patients with previous laminectomy.37 Ultimately, 
more research is needed to elucidate the standard of care 
and to develop clinical practice guidelines and prediction 
rules for SMT in PSPS-2.

Although patients with PSPS-2 may be managed conser-
vatively, potentially using SMT, there is no clear consensus 
for the use and administration of SMT in these cases. 
Considering this knowledge gap, this systematic review of 
individual patient data aimed to identify potential associ-
ations between the characteristics of patients with PSPS-2 
and SMT decision-making, and to provide guidance for 
clinicians incorporating SMT in their treatment of such 
patients.

Objectives
1.	 Identify independent predictors of use of lumbar–

SMT, lumbar–manual-thrust SMT, and timing of SMT 
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in adults with PSPS-2 using multiple binary logistic 
regression models. We hypothesise that markers of re-
duced clinical and surgical complexity such as younger 
age, localised symptoms, increased number of motion 
segments, and absence of spinal implants will be inde-
pendent predictors of greater odds of each of the three 
outcomes of interest: (1) lumbar–SMT, (2) lumbar–
manual-thrust SMT and (3) <1-year surgery-to-SMT in-
terval. We also hypothesise that chiropractors will have 
increased odds of using lumbar manual-thrust SMT 
relative to other disciplines.

2.	 Describe the characteristics of adults with PSPS-2 re-
ceiving SMT, including age, below-gluteal-fold symp-
toms, type of surgery, lumbar motion segments, spinal 
implants, postsurgical radiographs, SMT type, surgery-
to-SMT interval and SMT practitioner.

METHODS
Study design
This review was designed in accordance with the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
Protocols38 and related Preferred Reporting Items for 
Systematic Review and Meta-Analysis individual partici-
pant data (PRISMA-IPD) statements.39 Prior to registering 
this review, the Cochrane Database of Systematic Reviews 
and the International Prospective Register of Systematic 
Reviews (PROSPERO) were searched to ensure no similar 
meta-analyses were registered.

This review is registered with PROSPERO 
(CRD42021250039) with anticipated completion on 1 
March 2022.

Sample size calculation
Sample size was calculated using a rule-of-thumb estimate 
for at least 10 events per variable for multiple logistic 
regression.40 Regression models in this study will include 
eight independent variables, excepting the single depen-
dent variable in each model, yielding a required sample 
of 80 patients. This sample appeared feasible based on a 
prior review including patients receiving SMT following 
lumbar surgery.22

Eligibility criteria
Population
Included articles must describe patient(s) aged 18–89 
with PSPS-2, with persistent spinal pain in the context 
of previous spinal surgery.1 An age cut-off of 89 was 
used as an individual’s age 90 and above is considered 
a patient identifier by the Health Insurance Portability 
and Accountability Act,41 and external individual partici-
pant data (IPD) requests are planned.41 Included articles 
must describe axial or radicular low back disorders such 
as localised back pain, radiculopathy, sciatica or sacroiliac 
joint pain. Patients with cervical, thoracic or sacroiliac 
surgery without lumbar surgery will be excluded. Patients 
having only non-spinal surgeries (eg, hip and shoulder) 
will be excluded. Animal studies will be excluded. Patients 
with radiofrequency, thermal or cryoablation procedures 

and no other lumbar surgery (eg, intradiscal electro-
thermal therapy and basivertebral nerve ablation) will be 
excluded. Patients with spinal cord stimulator implanta-
tion will be included.

Interventions
Included articles must describe patients undergoing SMT 
for any part of the spine or pelvis. Articles describing 
intraoperative SMT will be excluded.

Comparison
This review will not require a comparator or control group 
for included studies as we expect there will be no control 
group available in nearly all included study types, and we 
are studying factors related to clinical decision-making 
for SMT use (ie, patient, clinical and surgical characteris-
tics) as opposed to SMT efficacy or effectiveness.

Outcome
Articles describing patients with a positive or equivocal 
response to care will be included. Cases describing a 
serious adverse event such as a fracture, haematoma, 
cauda equina syndrome or severe worsening of symp-
toms42 will not be included. Cases with an adverse 
outcome could confound results considering a poten-
tial lack of clinical decision-making or dismissal of red 
flags that would normally preclude treatment. Although 
adverse-event cases could provide a real-world perspec-
tive, the goal of this study was to investigate if there are 
commonalities in the clinical decision-making among 
providers treating PSPS-2 in a prudent, safe and poten-
tially beneficial manner.

Study design
Case reports and series and observational studies will 
be sought as these better reflect usual practice-based 
care and are more likely to provide IPD. Randomised 
controlled trials will not be included, considering these 
often exclude patients with prior surgery,43 treating 
providers would be less likely to use a pragmatic treatment 
approach with individualised clinical decision-making, 
and IPD such as the number of motion segments would 
likely be unavailable.

Information sources
This review will search the electronic databases: PubMed, 
OVID, Web of Science, Scopus, PEDro, the Index to 
Chiropractic Literature (ICL) and KoreaMed from incep-
tion until 1 January 2022 without language restrictions. 
Due to an expected paucity of literature, this review 
will also include individual cases from the grey litera-
ture including book chapters, conference abstracts and 
posters, provided they meet other selection criteria. Perti-
nent National Board of Chiropractic Examiners refer-
ence texts44 will be hand-searched. Grey literature will be 
chiefly sourced from the ICL, which catalogues confer-
ence material, as well as from hand-searching National 
Board of Chiropractic Examiners reference textbooks,44 
and citation tracking.
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Search strategy
Three coauthors, including a research librarian (ACS), 
designed the search strategy. A list of terms (table 1) was 
adapted from a previous systematic review on the topic of 
manual therapies for patients with prior lumbar surgery.22 
Changes included removal of terms related to soft-tissue 
therapies and stretching, and addition of terms relating 

to traditional East Asian SMT (eg, chuna and tuina). The 
search was broadened by combining terms for low back 
conditions and prior procedures with a Boolean ‘OR’ as 
opposed to searching for these separately.

This review will not exclude articles based on language 
or severity of low back-related symptoms. Google Trans-
late will be used to translate non-English abstracts and 
full-text articles, which has been found to be accurate for 
the purpose of systematic reviews and thought to help 
reduce English-language bias.45 In addition, SMT is used 
worldwide,13 and part of the study objectives was to deter-
mine if there were practitioner-related differences in the 
SMT approach to PSPS-2.

Study records
Data management
A two-stage study selection will be managed with Covi-
dence systematic review software (Veritas Health Innova-
tion, Australia). Data will be extracted into a predesigned 
Microsoft Excel Workbook. Multiple binary logistic 
regressions will be performed using GNU PSPP Statistical 
Analysis Software V.1.0.1. References will be managed in 
Endnote V.X9.

Study selection process
Two independent reviewers (RJT and CJD) will perform 
the initial screening of titles and abstracts of potentially 
eligible studies, and those meeting selection criteria will 
be saved. If there is insufficient information during initial 
screening to determine study eligibility, the full text will 
be obtained and reviewed. A screening checklist for 
titles/abstracts will be provided to reviewers (table 2 and 
box 1). Additional references will be sought by contacting 
experts in the field, asking coinvestigators to contribute 
articles not identified by the search strategy, screening 
the references of included articles and hand-searching 
textbooks.

Table 1  Search strategy for PubMed

Treatment strategy
Prior procedure and 
condition/region

Tuina[tiab] OR
“Tui na”[tiab] OR
Chuna[tiab] OR
Flexion distraction[tiab] OR
Cox technique[tiab] OR
Hvla[tiab] OR
High velocity low 
amplitude[tiab] OR
Instrument assisted 
adjust*[tiab] OR
Instrument assisted 
manipulation*[tiab] OR
Joint manipulation*[tiab] OR
Joint mobilisation*[tiab] OR
Joint mobilisation*[tiab] OR
Manipulation under 
anaesthesia[tiab] OR
Fibrosis release[tiab] OR
“Musculoskeletal 
manipulations”[mesh] OR
Musculoskeletal 
manipulation*[tiab] OR
Manipulative 
rehabilitation*[tiab] OR
Manipulative therap*[tiab] 
OR
Manual therap*[tiab] OR
Mobilization therap*[tiab] 
OR
Mobilisation therap*[tiab] 
OR
Orthopedic 
manipulation*[tiab] OR
Orthopaedic 
manipulation*[tiab] OR
Osteopathic 
manipulation*[tiab] OR
Chiropractic 
manipulation*[tiab] OR
Soft tissue 
mobilisation*[tiab] OR
Soft tissue 
mobilisation*[tiab] OR
Spinal manipulation*[tiab] 
OR
Spinal mobilisation*[tiab] 
OR
Spinal mobilisation*[tiab]

“Total disc replacement”[mesh] 
OR
Disc replacement*[tiab] OR
Disk replacement*[tiab] OR
Disc arthroplast*[tiab] OR
Disk arthroplast*[tiab] OR
Cementoplasty[mesh] OR 
cementoplast*[tiab] OR 
vertebroplast*[tiab] OR 
kyphoplast*[tiab] OR
Diskectomy[mesh] OR 
discectom*[tiab] OR 
diskectom*[tiab] OR
Extreme lateral interbody 
fusion*[tiab] OR
Xlif[tiab] OR
Foraminotomy[mesh] OR 
foraminotom*[tiab] OR
Interlaminar lumbar 
instrumented fusion*[tiab] OR
Ilif[tiab] OR
Interlaminar implant*[tiab] OR
Intrathecal drug delivery[tiab] 
OR
Itdd[tiab] OR
Laminectomy[mesh] OR 
laminectom*[tiab] OR 
laminotom*[tiab] OR
Laser surger*[tiab] OR 
microdiskectom*[tiab] OR 
microdiscectom*[tiab] OR
Persistent spinal pain 
syndrome[tiab] OR
Postoperative[tiab] OR
Post-operative[tiab] OR
Postsurgical[tiab] OR
Postsurgical[tiab] OR
“Spinal cord stimulation”[mesh] 
OR
Spinal cord stimulat*[tiab] OR
Adjacent segment disease[tiab] 
OR
“Failed back surgery 
syndrome”[mesh] OR
Failed back surgery 
syndrome*[tiab] OR
Fbss[tiab] OR
Junction failure*[tiab] OR
Recurrent disc*[tiab] OR
Recurrent disk*[tiab] Table 2  Screening checklist for titles/abstracts

Criteria* Yes No

Patient ≥18 and ≤89 years old ☐ ☐
Prior lumbar spine surgery ☐ ☐
Spinal manipulative therapy potentially 
provided (any type)

☐ ☐

Case report, series or observational study ☐ ☐

*All criteria must be ‘yes’ to pass first screening phase.

Box 1  Reasons for exclusion at full-text screening

Exclusion criteria
Patient <18 or>89 years old
No prior lumbar spine surgery
SMT not provided
No individual participant data available in study published before 1980
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Full texts will be obtained and reviewed independently 
by at least two reviewers against study selection criteria. 
Articles not meeting criteria will be excluded and the 
reason for exclusion will be recorded. Disagreements 
regarding initial and full-text screening will be resolved 
through discussion and/or involvement of a third 
reviewer.

Data collection process
To ensure feasibility of data extraction, the authorship 
team discussed articles from a prior related review22 that 
were likely eligible for the current review.46–48 Two inves-
tigators (RJT and KWM) will independently extract data 
from included studies. Disagreements will be resolved 
through discussion and/or involvement of a third inves-
tigator. If IPD is missing or requires clarification, coin-
vestigators will contact study corresponding authors to 
provide additional data, provided the study was published 
after 1980.

Requests for deidentified IPD will be made to study 
corresponding authors using an institutional email 
address, with sensitivity to the data sharing policy of the 
study organisations (online supplemental file 1). These 
authors will be offered an acknowledgement in the final 
review publication. Data requests will be limited to IPD 
needed for the study. Three attempts to obtain IPD will be 
made for authors not responding to inquiries, as multiple 
attempts are often required.49

Data items
Characteristics of included publications will be listed 
in tabular format. Graphic displays will summarise the 
frequency of surgery types, treating provider degrees 
and number of motion segments. The mean patient 
age, frequency of male patients, spinal implants, postsur-
gical imaging, lumbar–SMT, lumbar–manual-thrust SMT 
and <1-year surgery-to-SMT interval will be summarised. 
An IPD spreadsheet and risk-of-bias assessments will be 
published with study results, in-text or as a supplemen-
tary file. The synthesis of primary outcomes (ie, influence 
on lumbar–SMT, lumbar–manual-thrust SMT, surgery-
to-SMT interval) will be provided as adjusted ORs with 
95% CIs as recommended for meta-analyses of dichot-
omous variables.50 In order for data to be accurately 
pooled, variables will be listed according to a common 
format and renamed for consistency (table 3).

Due to the paucity of literature on this subject, there 
was a need for a parsimonious regression model with a 
limited number of important variables, which would allow 
the primary study objectives to be sufficiently powered. 
Predictor variables were included in regression models 
based on their suspected importance in influencing SMT 
application. This was achieved by discussion between coin-
vestigators and solicitation of feedback from colleagues 
with experience in treating postsurgical patients (see 
the Acknowledgements section). Nine colleagues were 
solicited to rank potential variables in order of impor-
tance with respect to SMT application and were given the 

option to add variables and to provide feedback. In addi-
tion, only predictors expected to be reported consistently 
in included cases were chosen.

Ultimately, multiple predictors were omitted from the 
regression models: patient sex, presence of neurolog-
ical deficits, number of prior surgeries, bone mineral 
density, previous response to SMT (eg, negative or posi-
tive), response to a premanipulative loading test, discom-
fort or inability of the patient to be positioned for SMT, 
receipt of acupuncture and/or dry needling, receipt of 
exercise therapies or other manual therapies, and receipt 
of nutraceuticals. The description of prior surgery was 
also omitted as variability between cases may preclude 
categorisation for regression analysis. Instead, other vari-
ables describe the surgery in a standardised method (ie, 
number of motion segments and presence of a spinal 
implant).

Outcomes and prioritisation
As a primary outcome, cases will be dichotomised 
according to lumbar–SMT, defined herein as SMT using 
a lumbar spine contact (eg, L1, L2, L3, L4 or L5) or 
creating movement at lumbar segments by contacting an 
adjacent structure (ie, the sacrum for lumbosacral junc-
tion manipulation or T12 causing motion between T12 
and L1). ‘Side-posture’ or ‘side-lying’ SMT will be cate-
gorised as lumbar–SMT unless defined differently in the 
case, as these techniques result in a long-lever effect on 
the lumbar spine.51 Non-side-posture SMT performed 
by contacting the ilium to create motion at the sacroiliac 
joint will be categorised as non-lumbar–SMT. Patients 
receiving both lumbar and non-lumbar-SMT will be cate-
gorised as lumbar-SMT. The percentage of cases reporting 
lumbar–SMT, and an adjusted OR with 95% CIs will be 
reported.

As another primary outcome, lumbar–SMT will be 
further characterised as manual-thrust SMT or non-
manual-thrust SMT (ie, not involving a manual thrust). 
‘Chiropractic manipulation’ or ‘chiropractic adjust-
ments’ will be categorised as manual-thrust SMT, which 
is traditionally used by this profession.51 Maitland grade 
V mobilisations will be considered manual-thrust SMT, 
while grades I–IV will be regarded as non-manual-thrust 
SMT.14 Manipulation under anaesthesia will be consid-
ered manual-thrust SMT.52 Side-posture or side-lying 
SMT will be categorised as lumbar manual-thrust SMT. 
Cases describing both manual-thrust and non-manual-
thrust SMT will be categorised as thrust SMT. Low-velocity 
manual-distraction techniques will be considered non-
manual-thrust SMT.53 Activator and other mechanical 
SMT instruments, which do not involve manual-thrust 
delivery,54 will be categorised as non-manual-thrust SMT.54 
The percentage of cases reporting lumbar–manual-thrust 
SMT and an adjusted OR with 95% CIs will be reported.

As another primary outcome, cases will be dichoto-
mised according to a lumbar surgery-to-SMT interval of 
less than or greater than or equal to 1 year. We define this 
interval as the duration between the most recent lumbar 

https://dx.doi.org/10.1136/bmjopen-2021-054070
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surgery and SMT. One year was chosen based on this being 
a commonly studied time point for postlumbar surgery 
recovery,55 56 also an interval by which bony bridging 
should form postfusion57 (which could affect SMT selec-
tion)11 and to facilitate data extraction. The percentage 
of cases reporting a <1-year surgery-to-SMT interval and 
adjusted OR with 95% CIs will be reported.

Cases will be dichotomised according to the pres-
ence of spinal implant(s), defined as the presence of 
any biomaterial introduced into the lumbar region (eg, 
cage, screws, rods, plates, disc replacement, spinal cord 

stimulator or other as listed in a prior publication.10 
Filler used in cementoplasty and autograft and allograft 
bone will be considered spinal implants. Patients who 
previously had spinal implants which were removed 
preceding SMT will be considered as not having spinal 
implants.

Cases will be dichotomised according to presence of 
postsurgical imaging including radiographs, CT, MRI and 
nuclear medicine imaging studies. In addition, imaging 
must be subsequent to lumbar surgery and reviewed 
(visually or by examining a radiology report) by the SMT 

Table 3  Variables extracted from studies

Variables extracted Potential values Level of measurement In regression models

1. First author surname Text NA No

2. Year of publication YYYY NA No

3. Patient age Number ≥18 ≤89 Scale Yes

4. Patient sex 0=male
1=female
2=unclear or other

Nominal No

5. Symptoms distal to gluteal fold 0=no
1=yes
2=unclear

Nominal Yes

6. A description of the surgical 
intervention(s)

	► Discectomy
	► Decompression (laminectomy/otomy, 
facetectomy, foraminotomy)

	► Fusion
	► Arthroplasty (artificial disc)
	► Interspinous device
	► Spinal cord stimulator
	► Other (describe)
	► · Unclear

NA No

7. Treating provider degree 0=chiropractic
1=physical therapy
2=TEAM
3=MD/DO
4=other
5=unclear

Nominal Yes

8. Motion segments remaining 
following surgery

0=0
1=1
2=2
3=3
4=4
5=5 or more
6=unclear

Ordinal Yes

9. Spinal implant 0=no
1=yes
2=unclear

Nominal Yes

10. Postsurgical imaging 0=no
1=yes
2=unclear

Nominal Yes

11. Lumbar–SMT 0=no
1=yes
2=unclear

Nominal Yes

12. Lumbar–manual-thrust SMT 0=no
1=yes
2=unclear

Nominal Yes

13. Surgery-to-SMT interval 0≤1 year
1≥1 year
2=unclear

Nominal Yes

MD/DO, doctor of medicine or osteopathy; SMT, spinal manipulative therapy; TEAM, traditional East Asian medicine.
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provider. Cases publishing images or details of post-
surgical imaging will be considered as having imaging 
present.

Cases will be dichotomised according to below-gluteal-
fold symptoms. This boundary has been used as a proxy 
for sciatica, disc herniation, radicular pain, radiculopathy 
and nerve root compression,52 and is used in this study 
as a marker of symptom severity, considering low back-
related lower extremity pain is associated with nerve root 
compression and lateral stenosis.58 We used the proximal 
gluteal-fold boundary instead of a more distal boundary 
because precise pain distributions may be unavailable. We 
also expect to identify cases of L3 or L4 radicular pain 
(eg, in patients with adjacent-segment degeneration), in 
which symptoms radiate into the thigh but not distal to 
the knee.

Provider degrees will be grouped according to scope 
of practice and similarity in practice approaches. Doctor 
of chiropractic degrees, including international bache-
lor’s and masters’ variations, will be combined. Likewise, 
physical therapy degrees will be grouped (eg, master or 
doctor of physical therapy). Osteopathic and medical 
doctor degrees will form another group. Traditional East 
Asian medical degrees will comprise another category 
(eg, oriental medicine, traditional Chinese medicine and 
traditional Korean medicine degrees.59 Providers who do 
not fit into these categories will be labelled ‘other’.

The number of mobile lumbar segments will be catego-
rised as 0, 1, 2, 3, 4 or ‘5 or more’, to account for lumbo-
sacral transitional vertebrae,34 with an additional category 
of ‘unclear’. This categorisation was adapted from a prior 
study.9 This determination will be made during data 
extraction, based on the surgery description, imaging 
and imaging report if available. Palpation findings will 
not be used to calculate motion segments. For this vari-
able, any capacity for segmental motion will suffice to be 
considered ‘mobile’.

Risk-of-bias in individual studies
Two reviewers (RJT and CJD) will independently perform 
a risk-of-bias assessment. This will be applied to individual 
cases rather than at the study level as we expect patient-
level data to vary, with certain cases missing IPD or having 
limited exposure or outcome variables. Discrepancies will 

be resolved through mutual discussion and involvement 
of a third reviewer, if necessary.

Although a risk-of-bias assessment is recommended by 
the PRISMA-IPD statement,39 there is limited guidance 
on the quality assessment of case reports for this purpose. 
This study will use a flexible rubric applicable to case 
reports and series, and allows for omission of questions 
that do not apply to the study topic (Table 4).60

The rubric in this study omits criteria designed for 
adverse drug events (eg, alternative causes, challenge–
rechallenge and dose-response). We also omit the ques-
tion regarding sufficient follow-up as this review is not 
analysing long-term outcomes of care but rather clinical 
interventions. Case selection was not used as a criterion as 
this review is expected to mostly include case reports and 
series, which have inherent publication bias. Use of this 
modified rubric will enable the exclusion of cases with 
unclear information during sensitivity analysis.

Data synthesis
IPD will be synthesised qualitatively and quantitatively in a 
one-stage manner. Use of IPD will facilitate the process of 
controlling for confounding variables during regression 
analyses.61 As we expect to synthesise mostly case reports 
and series, each with a limited number of patients, a two-
stage model of initially aggregating within-study data is 
unnecessary. Characteristics of each included study will 
be listed in tabular format. The proportion and/or mean 
with SD for each study variable will be calculated.

Bivariate correlation testing will be performed before 
logistic regression using a two-tailed Pearson correlation 
matrix to identify highly-associated variables, which will be 
discarded from regression models if the correlation coef-
ficient is 0.7 or higher. The number of motion segments 
will be tested for a normal distribution by creating a histo-
gram and using the Kolmogorov-Smirnov test; however, a 
non-normal distribution will not prohibit use of this vari-
able in regressions. This study will include three multiple 
binary logistic regression models:
1.	 The dependent variable is lumbar–SMT (performed 

vs not performed), with covariates including below-
gluteal-fold symptoms, provider degree, patient 
age, number of motion segments, spinal implant, 

Table 4  Risk-of-bias assessment

Domain Leading explanatory questions Yes No

Ascertainment 1. Was the exposure adequately ascertained (eg, is it clear that symptoms were consistent with 
PSPS-2)?

 � ☐  � ☐

2. Was the outcome adequately ascertained (eg, is it clear if manual-thrust SMT versus non-manual-
thrust SMT was provided)?

 � ☐  � ☐

Reporting 3. Is the case described with sufficient details to allow other investigators to replicate the research 
or to allow practitioners to make inferences related to their own practice? Study must have 9 of 11 
study variables present (not counting author, year and study title).

 � ☐  � ☐

3=high quality, 2=moderate quality, ≤1=low quality.
PSPS-2, persistent spinal pain syndrome type 2; SMT, spinal manipulative therapy.
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postsurgical imaging, lumbar–manual-thrust SMT and 
surgery-to-SMT interval.

2.	 The dependent variable is lumbar–manual-thrust SMT 
(performed vs not performed), with covariates includ-
ing below-gluteal-fold symptoms, provider degree, pa-
tient age, number of motion segments, spinal implant, 
postsurgical imaging, lumbar–SMT and surgery-to-
SMT interval.

3.	 The dependent variable is the surgery-to-SMT interval 
(<1 or ≥1 year), with covariates including below-gluteal-
fold symptoms, provider degree, patient age, number 
of motion segments, spinal implant, postsurgical imag-
ing, lumbar–SMT and lumbar manual-thrust SMT.

Data from cases without any IPD after author requests 
will be excluded from analysis. Studies meeting eligibility 
criteria with partial IPD will be included in initial anal-
ysis. Missing data will be designated a specific value and 
treated as a separate category in regression analysis. This 
will allow all possible cases to be included in the quali-
tative analysis and initial regression models, as few cases 
with complete IPD are expected.

A statistical method of confounder selection, such as 
backward–stepwise selection, will not be used because 
clinically important covariates were selected a priori 
based on content knowledge, and all of these predictors 
will be factored into regression models regardless. For the 
same reason, a univariate model will not be used. Our 
planned regression models will identify independent 
predictors of SMT use while weighing their relationship 
to other variables. This strategy should provide results 
applicable to real-world practice, as clinicians weigh the 
importance of multiple factors when choosing a treat-
ment strategy. A fixed or random-effects model will not 
apply for our analysis because our methods involve a 
one-stage meta-analytical approach without a weighted 
average or summary statistic for individual studies.

Meta-biases
Reporting bias of included studies will be minimised by 
including unpublished IPD. This study will not use Egger’s 
test or a funnel plot to detect publication bias because we 
expect the majority of included studies to be case reports, 
which have inherent publication bias.62

Although defining a separate category for missing 
values for regression analysis is a valid method,63 it could 
create biased results. We will examine the potential bias 
of this strategy via sensitivity analysis, in which regression 
models are repeated with cases missing excessive IPD 
(≥25%) or a high risk-of-bias (‘low quality’) excluded.

This review will not incorporate a forest plot as a summary 
of overall treatment effect is not planned. For this reason, 
we will not calculate an I2 for study heterogeneity. Likewise, 
exploration of variation in SMT effects is not planned.

Confidence in cumulative evidence
As this meta-analysis is expected to be based mostly on 
case reports and series, the certainty of evidence will 
remain low.60

Ethics and dissemination
This study was deemed not human subjects research by 
the University Hospitals’ institutional review board. The 
results of this review will be disseminated at conferences 
and/or published in a peer reviewed journal.
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