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Abstract

Objective: Cervical spine surgeries for degenerative conditions are rapidly increasing. Cervical post-surgery syn-
drome consisting of chronic pain, adjacent segment disease, recurrent disc herniation, facet joint pain, and/or
epidural scarring is common. Repeat surgery is regularly recommended, though patients are often unable to undergo
or decline further surgery. Manual therapy is included in clinical practice guidelines for neck pain and related disor-
ders, however clinical guidance for utilization of manual therapy in adults with prior cervical spine surgery is lacking.
This study aimed to synthesize available literature and characterize outcomes and adverse events for manual therapy
interventions in adults with prior cervical spine surgery due to degenerative conditions.

Methods: Preferred reporting items for systematic reviews and meta-analyses extension for scoping reviews was
followed. PubMed, Cumulative Index of Nursing and Allied Health Literature, physiotherapy evidence database, and
Index to Chiropractic Literature were searched from inception through October 2021. English-language literature
comprised of randomized clinical trials (RCT), case—control, cohort, and case report designs were included. Adults
undergoing manual therapy, with or without combination of other interventions, with prior cervical spine surgery
due to degenerative conditions were included.

Results: Twelve articles were identified, including 10 case reports, 1 low-quality RCT, and 1 acceptable-quality RCT.
Eight case reports described 9 patients with history of fusion surgery. Two case reports described 2 patients with his-
tory of discectomy. One case report described one patient with separate operations of a discectomy at one level and
a fusion at another level. One case report described 2 patients with history of cervical disc replacement surgery. The
two RCTs included 63 and 86 participants, respectively. Use of manual joint mobilization/manipulation, table/instru-
ment assisted mobilization/manipulation, and multimodal interventions were described in eligible studies. Favorable
clinical outcomes were reported in 10 studies. Six case reports/series involving 8 patients described use of unclassified
forms of manual therapy. Eight studies described the use of multimodal interventions along with manual therapy.
One study described high patient satisfaction. Two studies, accounting for 3 patients, reported serious adverse events.
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Conclusions: There is a lack of literature informing evidence related to clinical outcomes, patient satisfaction, and
adverse events associated with manual therapy for patients with prior cervical spine surgery due to degenerative
conditions. High-quality studies of higher-level hierarchical study design are needed to understand the clinical utility

and safety profile of manual therapy for this population.

Keywords: Postsurgical, Postoperative periods, Cervical post-surgical syndrome, Spinal manipulation, Manual therapy

Introduction

Cervical spine surgery is a common and increasingly
performed intervention for degenerative conditions of
the cervical spine [1-8]. Surgical intervention for cervi-
cal degenerative conditions is one of the leading elective
surgical procedures performed in the United States [1, 3].
Rates of cervical fusion surgeries have seen a particularly
significant increase [7, 8], with anterior cervical discec-
tomy and fusion (ACDF) reported as the most commonly
performed surgical procedure for degenerative cervi-
cal spine conditions [1, 9]. Total cases of cervical fusion
and cervical decompression surgeries for cervical degen-
erative pathology has been measured at 60.8 cases per
100,000 adults in the United States [3].

Studies have suggested between 13 and 32 percent of
cervical spine surgeries result in difficulties, such as cer-
vical post-surgery syndrome and require repeat surgery
[10, 11], including a potential incidence of 2.9 percent per
year requiring repeat cervical spine surgery due to symp-
tomatic adjacent segment disease [12, 13]. Subsequently,
a subset of individuals may experience ongoing symp-
toms associated with cervical post-surgery syndrome,
which may include chronic axial pain with or without
radicular symptoms, adjacent segment disease, recur-
rent disc herniation, facet joint pain, and epidural scar-
ring [13]. Despite the potential need for repeat cervical
spine surgery, there is patient and clinician variability in
decision making related to when to proceed with repeat
cervical spine surgery [11, 14].

Manual therapy is a non-operative intervention aimed
at assessing, diagnosing, and treating a variety of mus-
culoskeletal and spine related complaints [15]. Multiple
types of techniques constitute manual therapy, though it
is generally categorized into four main groups: (1) joint
mobilization, (2) joint manipulation, (3) static or passive
musculoskeletal stretching, and (4) manual or instrument
assisted soft tissue manipulation [15]. Evidence is emerg-
ing as favorable for the use of manual therapy in cervical
related conditions, including chronic neck pain [15, 16],
with manual therapy recommended in clinical practice
guidelines as a management strategy for individuals with
these conditions [17, 18].

It is conceivable that manual therapy might be an effec-
tive management option for individuals with prior cer-
vical spine surgery for degenerative conditions, though

there is a paucity of literature available to guide clinical
decision making on utilization of postoperative manual
therapy. We are unaware of any prior literature synthesiz-
ing the evidence on outcomes or safety profile for manual
therapy in individuals with prior cervical spine surgery.
Therefore, the purpose of this study was to synthesize the
literature regarding types of manual therapy employed,
and outcomes and adverse events for manual therapy
interventions in adults with prior cervical spine surgery
due to degenerative conditions.

Methods

Consistent with recommendations by Munn et al. [19]
a scoping review approach was selected with an aim to
assess the state of the current literature, identify knowl-
edge gaps, and analyze characteristics related to an
individual concept—outcomes and safety profile associ-
ated with varying types of manual therapy interventions
for individuals with prior cervical spine surgery due to
degenerative conditions. The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR) checklist was followed
[20]. The PRISMA-ScR checklist is included as a supple-
ment to this manuscript. This scoping review was con-
ducted in 5-stages and in accordance with methodology
described by Arskey and O’Malley [21] and later revised
by Levac [22]. This review did not conduct a sixth stage—
consultation—as this stage is considered optional [21].
This review was not registered prior to undertaking it as
protocols do not require registration of scoping reviews.

Stage 1: Identifying the research question

This review addressed the following research ques-
tion: What are the outcomes (e.g. pain, function, disabil-
ity, medication consumption, patient satisfaction) and
adverse events associated with manual therapy interven-
tions for adults with prior cervical spine surgery due to
degenerative conditions?

Stage 2: Identifying relevant studies

A literature search was performed on May 2, 2020 and
updated on October 21, 2021 of the following data-
bases from inception through October 21, 2021: Pub-
Med, Cumulative Index of Nursing and Allied Health
Literature (CINAHL), Physiotherapy Evidence Database
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(PEDro), and Index to Chiropractic Literature (Fig. 1).
Author expertise, the Cochrane Back and Neck Group
guideline for systematic reviews [23] and prior related
Cochrane reviews [24—26] were used to direct our search
strategy. A variety of search terms related to manual ther-
apy intervention, surgical intervention, and health condi-
tion/body region were combined for the database search
(Table 1). Investigators were asked to identify additional
studies in which they were familiar, but which were
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missing from the formal search. There was an attempt
to identify completed studies accepted for publication
though not yet in print via search of clinicaltrials.gov and
the World Health Organization (WHO) International
Clinical Trials Registry. A hand search was performed
to identify additional articles not identified through the
database search. Literature identified in this search was
downloaded to EndNote X9 for Windows and duplicates
were removed.

Citations identified through
Citation identified additional sources
through database Total Records Identified Grey Literature
- search (n =3,265) (Clinicaltrials.gov, 0
o (n=3,263) WHO Trials Registry) 0
'é Hand Search 2
=
= Total =2
()
)
~—
M) Duplicates removed
Total =719
?:o
'E \4
()
o Titles and abstracts
(%
(7 screened as relevant
(n=2,546)
~—
Records excluded as
> irrelevant
(n=2,371)
>
= v
5
) Full-text articles assessed for
w eligibility Records Excluded
(n=175) No prior cervical surgery
or surgery due to trauma 122
No manual therapy 18
PR > Foreign language 7
Wrong publication type 6
v Wrong study design 4
g Studies included in <18 years of age 3
L] - . No outcomes reported 2
S qualitative synthesis
= _ Wrong outcomes 1
5] (n=12)
< Total =163
~—
Fig. 1 PRISMA flow diagram
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Treatment strategy

Prior procedure

Condition/region

-Chiropractic

-Chiropractor

-Chiropractic adjustment
-Musculoskeletal Manipulations
-Osteopathic manipulations
-Orthopedic manipulations
-Manual therapy

-Manual therapies
-Manipulative therapy
-Manipulative therapies
-Manipulative rehabilitation
-Joint manipulation

-Joint mobilization
-Mobilization therapy
-Spinal mobilization

-Spinal manipulative therapy
-Cervical manipulation
-Cervical mobilization

-Soft tissue mobilization
-Flexion-distraction
-Myofascial

-Active release

-Graston

-Massage

-Stretching techniques
-Muscle stretching

-Static stretching

-Passive stretching

-Proprioceptive Neuromuscular facilitation

-PNF stretching

-Post isometric relaxation
-Contract-relax

-Instrument assisted soft tissue
-Instrument assisted manipulation
-Instrument assisted adjustment
-Instrument assisted adjusting
-Manipulation under anesthesia
-Spinal manipulation

-Muscle energy technique

-Arthrodesis
-Postsurgical
-Postoperative
-Post-surgical
-Post-operative
-Fusion

-Spinal fusion

-Cervical fusion
-Decompression
-Cervical spine surgery
-Microdiskectomy
-Microdiscectomy
-Discectomy
-Diskectomy
-Laminectomy
-Laminotomy
-Osteotomy

-Disc replacement
-Disk replacement
-Artificial disc replacement
-Vertebroplasty
-Kyphoplasty
-Foraminotomy
-Interlaminar implant
-Spinal cord stimulator
-Intrathecal drug delivery
-Laser surgery
-Interbody

-Minimally invasive spine Surgery
-Surgery

-Surgical

-Failed back syndrome
-Cervical post surgery syndrome
-Post surgery syndrome
-Spine

-Spinal-cervical vertebrae
-Cervical

-Cervicalgia

-Cervical pain
-Degenerative
-Degeneration

-Neck pain

-Back pain

-Backache

-Neckache

-Dorsalgia

-Thoracic

-Torso

-Radiculopathy

-Radicular pain

-Radiculitis

-Disc herniation

-Disk herniation
-Intervertebral disc
-Intervertebral disk
-Intervertebral disc displacement
-Intervertebral disk displacement
-Disc degeneration

-Disk degeneration

-Spinal stenosis
-Spondylolisthesis
-Spondylosis
-Spondylolysis

-Adjacent segment disease
-Junction failure
-Degenerative disc disease
-Degenerative disk disease
-Scoliosis

-Spinal osteophytosis
-Neck muscles

-Back muscles

-Neuralgia

-Whiplash injuries

-Spinal injuries
-Postlaminectomy
-Headache

-Cervical plexus

-Brachial plexus
-Brachialgia
-Cervico-brachial neuralgia
-Brachial neuritis

-Brachial neuralgia
-Thoracic outlet syndrome
-Arthritis

-Myofascial pain syndromes
-Fibromyalgia
-Atlanto-axial joint
-Atlanto-occipital joint
-Cervical rib syndrome
-Polyradiculitis
-Polyneuroradiculitis
-Cervicogenic

-Torticollis

-Spondylitis

-Trigger point

-Spinal nerve roots
-Myelopathy
-Myeloradiculopathy
-Radiculomyelopathy
-Nerve compression syndromes
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Table 1 (continued)
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Chiropractic[tw] OR Chiropractor[tw] OR Chiropractic Adjustment[tw] OR Musculoskeletal Manipulations[tw] OR Osteopathic Manipulations[tw] OR Orthopedic
Manipulations[tw] OR Manual Therapy[tw] OR Manual Therapies[tw] OR Manipulative Therapy[tw] OR Manipulative Therapies[tw] OR Manipulative Rehabilitation[tw]
OR Joint Manipulation[tw] OR Joint Mobilization[tw] OR Mobilization Therapy[tw] OR Spinal Mobilization[tw] OR Spinal Manipulative Therapy[tw] OR Cervical
Manipulation[tw] OR Cervical Mobilization[tw] OR Soft Tissue Mobilization[tw] OR Flexion-Distraction[tw] OR Myofascial[tw] OR Active Release[tw] OR Graston[tw]
OR Massage[tw] OR Stretching Techniques[tw] OR Muscle Stretching[tw] OR Static Stretching[tw] OR Passive Stretching[tw] OR Proprioceptive Neuromuscular
Facilitation[tw] OR PNF Stretching[tw] OR Post Isometric Relaxation[tw] OR Contract-Relax[tw] OR Instrument Assisted Soft Tissue[tw] OR Instrument Assisted
Manipulation[tw] OR Instrument Assisted Adjustment[tw] OR Instrument Assisted Adjusting[tw] OR Manipulation Under Anesthesia[tw] OR Spinal Manipulation[tw]

OR Muscle Energy Technique[tw]

Stage 3: Study selection

Eligibility criteria

Eligibility criteria for studies in this review are listed in
Fig. 2. This review focuses on English-language literature
that includes quantitative and clinical observation meth-
ods in outpatient ambulatory care settings. Randomized
clinical trials (RCTs), cohort studies, case—control stud-
ies, case reports and case series are included. Mixed
methods studies were only considered if quantitative data
could be clearly extracted. The Population, Interventions,
Comparators, Outcomes (PICO) method was utilized to
assist in identifying eligibility criteria.

Population

Studies in this review included adults (> 18 years of age)
in ambulatory care settings with prior cervical spine sur-
gery for degenerative conditions. Cervical spine surger-
ies were defined as the following surgeries performed in
the cervical spine region: discectomy, laminectomy, lami-
notomy, foraminotomy, single-level fusion, multi-level
fusion, artificial disc replacement, and spinal cord stimu-
lator implantation. Articles which failed to provide a rea-
son for prior cervical spine surgery are included in this
review under the assumption that the surgery was due to
a degenerative condition.

Interventions

This study targets literature that includes manual ther-
apy interventions. For purposes of this study, manual
therapy interventions are categorized into peripheral or
spinal manual joint mobilization or manipulation, table
or instrument assisted peripheral or spinal joint manipu-
lation or mobilization, manually assisted musculoskel-
etal stretching, and soft tissue manipulation [27], and
are defined in Additional file 1: File A. Articles which
failed to fully describe manual therapy interventions
and included common manual therapy terminology (e.g.
mobilization, passive physical therapy) are included in
this review under the assumption the procedures were
consistent with our operationalization of manual therapy
as described in Additional file 1: File A.

Comparators
There are no restrictions on comparator usage. Studies
are eligible with or without comparison groups. There are

no restrictions on composition of comparison groups,
including all active treatments, placebos or shams, wait
list, and no intervention.

Outcomes

This study considers literature with inclusion of out-
comes related to pain (e.g. intensity, frequency, dura-
tion, etc.), function and objective physical examination
findings (e.g. ranges of motion, activities of daily living,
exercise capacity, motor strength testing, sensory test-
ing, etc.), disability (e.g. degree of disability index, return
to work, etc.), medication consumption (e.g. change
in reported medication consumption, change in pre-
scription receipt), patient satisfaction (e.g. Press-Ganey
scores, patient report), and adverse events. Outcomes
may be described as patient reported outcome measures
(e.g. visual analogue scale, Neck Disability Index, etc.) or
subjective reporting of the patient. Adverse events are
described as direct or indirect [27]. Direct adverse events
are any undesirable sign, symptom or disease associated
with manual therapy intervention that may or may not be
caused by the manual therapy intervention [27]. Indirect
adverse events are any delay in diagnosis or treatment
resulted from manual therapy intervention or an unde-
sirable sign, symptom, disease, or progression of disease
resulting from the delay in diagnosis or treatment [27].

Article selection

De-duplicated citations were uploaded from Endnote
to Rayyan [28] for screening of abstracts and full texts.
Paired investigators independently screened titles and
abstracts for evaluation against the inclusion and exclu-
sion criteria for eligibility (JAG, ALS). Titles and abstracts
that met the review criteria after preliminary review were
saved. Paired investigators then independently evaluated
the full text of the selected articles to confirm inclusion in
this study (JAG, ALS). Disagreement on eligibility at each
stage was resolved by discussion and a third investigator
review (AZD) when necessary.

Stage 4: Charting the data

Data items and data extraction

Paired investigators independently extracted data from
all eligible studies (JAG, ZAC, CJD, JK). Disagreement
on data extraction was resolved through discussion and
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Inclusion Criteria

Exclusion Criteria

e English language

e Human subjects aged 18 or older
presenting to ambulatory care with prior
cervical spine surgery for degenerative
conditions

e Manual therapy interventions applied
singularly, in combination, or as part of a
multimodal care plan

e Randomized controlled trial

e Cohort study

e (Case control study

e Case report and case series

e Non-English language

e Commentaries/editorials/letters

e Conference abstracts

e Study protocol

e Book chapter

e Non-peer reviewed magazine/journal

e Systematic review & meta-analysis

e Scoping review

e Narrative review

e Cross-sectional study

e Prior cervical spine surgery as a result of
cancer related condition

e  Prior cervical spine surgery related to
scoliosis

e Dry needling/acupuncture/cupping
therapy

e Laser therapy

e Mechanical traction

e Manual therapy administered by a non-
health care provider (e.g. layperson
administered, self-administered)

e Non manual therapy interventions that are
not a part of a multimodal care plan which
includes application of manual therapy
(e.g. physical modalities such as
electromechanical therapy, durable
medical equipment)

e No treatment outcomes

e Non-clinical studies, including animal
studies

e Not clinically relevant (e.g., manual
therapy applied to the lower extremity

with incidental prior CSS noted)

Fig. 2 Eligibility criteria for this study
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a third investigator review when necessary (AZD). Data
items extracted were: (1) article information (e.g. cita-
tion first author and year, study design), (2) participants:
demographics (e.g. age, sex), medical history (e.g. mean
symptom duration, comorbidities), pre-cervical spine
surgical indication/pathology (e.g. neuroforaminal/cen-
tral canal stenosis, spondylolisthesis, vertebral instability,
herniated nucleus pulposus, neck pain, cervical radicu-
lopathy), cervical spine surgical history (e.g. number of
cervical spine surgeries, microdiscectomy, laminectomy/
laminotomy/foraminotomy, artificial disc replacement,
single or multi-level fusion), post-cervical spine surgi-
cal history, (3) pre-manual therapy intervention testing/
assessment (e.g. patient reported outcome measures,
relevant physical examination testing/functional find-
ings), (4) intervention and follow up (e.g. type(s) of
manual therapy intervention, body region of manual
therapy application, duration and dosage of care, timing
of manual therapy intervention in relation to timing of
cervical spine surgery, timing of follow up), (5) outcomes
(e.g. pain, function, disability, medication consumption,
patient satisfaction, adverse events).

Evaluation of risk of bias

To aid in assessing the current state of literature, evalu-
ation of quality (risk-of-bias) of eligible articles was
completed using the Scottish Intercollegiate Guide-
line Network (SIGN) critical appraisal checklists [29].
SIGN checklists allow investigators to assess risk-of-bias
for each eligible RCT, cohort, and case—control stud-
ies. SIGN checklists score each article as “high-quality’,
“acceptable’, “low-quality’, or “unacceptable” Paired
investigators independently performed quality assess-
ment for each eligible article with study design compat-
ible with the SIGN checklists (JAG, CJD). Disagreements
were resolved with discussion and a third investigator
review (AZD). Case reports and case series were not
assessed for quality.

Strength of evidence

To further assist in the assessment of the current state
of literature, evaluation of strength of evidence was per-
formed. Strength of evidence rating was based on the
quality (risk-of-bias, consistency across findings, study
design) and quantity of available evidence. This assess-
ment was determined by the authors and is a modified
assessment derived from Bronfort et al. that has also
been used in other review studies [15, 16, 30]. Evidence
was rated as being “high-quality” if results were consist-
ent with 2 or more high-quality (low risk-of-bias) stud-
ies. Evidence was rated as “moderate-quality” if results
were consistent with one or more high-quality (low risk-
of-bias) studies, 2 or more moderate-quality (acceptable
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risk-of-bias) studies, or there were inconsistent results
with 2 or more high-quality (low risk-of-bias) studies.
Lastly, evidence was rated inconclusive in the absence
of studies of higher levels of hierarchical evidence (e.g.
RCTs), if results from studies with higher-level hierarchi-
cal evidence (e.g. RCTs) were inconsistent with moder-
ate-quality (acceptable risk-of-bias) studies, or if results
from studies with higher-level hierarchical evidence (e.g.
RCTs) were only consistent with “low-quality” (low risk-
of-bias) studies.

Stage 5: Collating, summarizing, and reporting results
Consistent with the aims of this study, results of this
review were synthesized and are presented to provide
meaning for clinical practice and scholarship by using a
descriptive numeric summary and a qualitative thematic
narrative [31].

Descriptive numeric summary

Characteristics of eligible studies are described, such as
number of studies included, types of study design, medi-
cal history of subjects, pre-surgical pathology/indication
and cervical spine surgeries, manual therapy interven-
tions, pre-intervention assessments, post-intervention
outcomes, and adverse events. Quality (risk-of-bias)
assessment is also described for each eligible RCT,
cohort, and case—control study.

Qualitative thematic narrative

Based on the findings of the eligible studies in this review,
a qualitative thematic narrative is organized by surgical
type (e.g. fusion, discectomy, disc replacement) and man-
ual therapy intervention type (e.g. joint mobilization or
manipulation, table or instrument assisted mobilization
or manipulation, manual therapy not otherwise classi-
fied, multimodal approaches along with manual therapy).
A description of literature informing the rating of the
strength of evidence is included for each thematic group.

Results

Descriptive numerical summary

The study selection process is illustrated in the flow dia-
gram (Fig. 1). Articles that were excluded at the full-text
review stage are listed with reasons for exclusion in Addi-
tional file 2: File B.

Key findings from the eligible studies in this review
are described in Tables 2, 3 and 4. A descriptive report
of included studies, which includes study design, patient
demographics, medical history, surgical history, post-
surgical history, and adverse events are shown in Table 2.
Descriptions of manual therapy interventions and out-
comes are shown in Table 3. An overview of surgical
type, manual therapy type, and the reporting of adverse
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events are shown in Table 4. Quality (risk-of-bias) assess-
ment for the 2 included RCTs are shown in Table 5.

Qualitative thematic narrative

Fusion

There was 1 RCT of low-quality with 63 participants and
1 RCT of acceptable-quality with 86 participants which
met inclusion criteria [32, 33]. Peolsson et al. [32] inves-
tigated ACDF with postoperative structured physical
therapy that included thoracic mobilization compared to
structured physical therapy without ACDF for individu-
als with cervical radiculopathy. Ren et al. [33] investigated
the effects of foot massage on relieving pain, anxiety, and
quality of life among patients that have undergone a cer-
vical open reduction and internal fixation surgery.

A total of 8 case reports or series were identified
describing 9 patients with history of cervical spine fusion
surgery [34—41]. Favorable clinical outcomes encom-
passing return to work (sport) [34, 36], pain reduction
[35, 36, 38, 39, 41], increased cervical ranges of motion
[36, 38, 39], improved disability index [36, 39], improved
fear reduction [41], increased sensation [36], increased
grip strength [36, 39], increased deep neck flexor mus-
cle endurance [39], increased physical activity [38], and
reduction of opioid therapy [41] were described in 6
patients across 6 case reports [34—36, 38, 39, 41].

Adverse events were reported in 3 patients across 2
case studies [37, 40]. Murphy et al. [37] described mor-
tality in a 52-year old male. A magnetic resonance imag-
ing (MRI) study was performed on the fourth day after
initial chiropractic evaluation which revealed an epidural
abscess within the right posterior epidural space extend-
ing from C2 to C4. The patient died of heart failure dur-
ing the MRI examination. Malone et al. [40] described
two cases of complications that occurred after reported
cervical spine manipulation that resulted in surgical
intervention.

There is currently a lack of quality (low and moderate
risk-of-bias) studies of higher-level hierarchical study
designs to inform evidence related to clinical outcomes,
patient satisfaction, and adverse events associated with
manual therapy for patients with prior cervical fusion
surgery due to degenerative conditions.

Discectomy
There were 2 case reports describing a total of 2 patients
with a history of cervical discectomy [38, 42]. Favorable
outcomes were described to include decreased pain [38,
42], increased cervical ranges of motion [38], increase in
physical activity [38], and satisfaction with care [38]. No
adverse events were reported.

There is currently a lack of studies with higher-level
hierarchical study designs to inform evidence on clinical
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outcomes, patient satisfaction, and adverse events associ-
ated with manual therapy for patients with prior cervical
spine discectomy surgery due to degenerative conditions
is rated as inconclusive due to a lack of study design of
higher-level hierarchical evidence.

Disc replacement

There was 1 case report which included 2 patients with
cervical disc replacement surgery [43]. Favorable clini-
cal outcomes included increase in physical function,
decrease in pain, and increase in cervical ranges of
motion. No adverse events were reported.

There is currently a lack of studies with higher-level
hierarchical study design informing evidence related
to clinical outcomes, patient satisfaction, and adverse
events associated with manual therapy for patients with
prior cervical disc replacement surgery due to degenera-
tive conditions.

Manual spinal joint mobilization/manipulation

Manual spinal joint mobilization or manipulation was
described in 3 studies involving 3 patients [36, 37, 41].
Favorable clinical outcomes were seen in 2 patients in 2
case reports and included return to work, pain reduc-
tion [36, 41], increased cervical ranges of motion [36],
decreased disability index [36], increased sensation [36],
increased grip strength [36], improvement in fear reduc-
tion [41], and reduction of opioid therapy [41]. There
was no reporting of patient satisfaction in cases that
described the use of manual joint mobilization or manip-
ulation. One case described mortality due to heart failure
in a patient with a cervical epidural abscess [37].

There is currently a lack of studies of higher-level hier-
archical study design informing evidence related to clini-
cal outcomes, patient satisfaction, and adverse events
associated with manual joint mobilization or manipula-
tion for patients with prior cervical spine surgery due to
degenerative conditions.

Table/instrument assisted spinal joint mobilization/
manipulation

Table or instrument assisted spinal joint mobilization or
manipulation was described in 4 case reports involving 4
patients [35, 36, 38, 41]. Favorable clinical outcomes were
seen in all 4 patients across all 4 studies and included
return to work [36], pain reduction [35, 36, 38, 41],
increase in cervical ranges of motion [36, 38], decreased
disability index [36], increased sensation [36], increased
grip strength [36], increased physical activity [38],
decrease in fear avoidance [41], and reduction of opioid
therapy [41]. One patient reported satisfaction [38] and
there were no adverse events reported.
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There is currently a lack of studies of higher-level hier-
archical study design informing evidence related to clini-
cal outcomes, patient satisfaction, and adverse events
associated with table or instrument assisted joint mobi-
lization or manipulation for patients with prior cervical
spine surgery due to degenerative conditions.

Manual therapy interventions not otherwise classified

Use of manual therapy interventions that are not oth-
erwise classified in this review were described in 6 case
reports/series involving 8 patients and 2 RCTs involv-
ing 149 patients [32-34, 36, 40, 42, 43]. Favorable clini-
cal outcomes were seen in return to (sport) work [34, 36],
pain reduction [36, 42, 43], increase in cervical ranges of
motion [36], improvement in NDI scores [36], increased
strength [36, 43], and increased physical activity [43].
Adverse events were described in 1 case series involv-
ing 2 patients which required surgical intervention [40].
Patient satisfaction was not reported.

There is currently a lack of quality (low and moderate
risk-of-bias) studies of higher-level hierarchical study
designs to inform evidence related to clinical outcomes,
patient satisfaction, and adverse events, associated with
manual therapy that is not otherwise classified in this
review for patients with prior cervical fusion surgery due
to degenerative.

Multimodal approach combining manual therapies

with other interventions

The use of multimodal approaches that included man-
ual therapy along with other forms of intervention were

Table 5 Quality (Risk-of-bias) assessment of included RCT
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described in 6 case reports/series involving 7 patients,
and 2 RCTs involving 149 patients [32-34, 36, 37, 39,
41, 43]. Favorable clinical outcomes were seen in return
to (sport) work [34, 36], pain reduction [36, 39, 41,
43], increase in cervical ranges of motion [36, 39, 43],
improvement in NDI scores [36, 39], increased strength
[36, 39, 43], increase in cervical deep neck flexor muscu-
lar endurance [39], improvement in fear reduction [41],
increase in physical activity [43], and reduction in opioid
therapy [41]. One case described mortality secondary to
heart failure in a patient with a cervical epidural abscess
[37]. There was no reporting of patient satisfaction.

There is currently a lack of quality (low and moderate
risk-of-bias) studies of higher-level hierarchical study
designs to inform evidence related to clinical outcomes,
patient satisfaction, and adverse events, associated with
use of multimodal interventions along with manual ther-
apy for patients with prior cervical fusion surgery due to
degenerative.

Discussion

The current state of literature on manual therapy for indi-
viduals with prior cervical spine surgery for degenerative
conditions is in its infancy. This scoping review identi-
fied 12 articles that met eligibility criteria with 8 of the 12
articles published since 2013 [32-36, 39, 41] and the old-
est article published approximately 30 years ago (1992)
[42]. The literature is almost exclusively comprised of
low-level studies with 10 of 12 eligible studies consisting
of case reports or series [34—42]. There was 1 low-quality

First author and year  Items on SIGN checklist

published

1 2 3 4 5 6 7 8 9 10 Quality
Peolsson et al. [32] Y Y CS N CS CS CS CS CS (@ L
Ren et al. [33] Y Y Y N Y Y Y N (&) NA A

Y =Yes, N=No, CS=Cannot say, NA =Not applicable

Quality: H=High, A= Acceptable, L=Low

SIGN, Scottish Intercollegiate Guideline Network

Quality assessment items from checklist:

1. Study addresses an appropriate and focused question

2. Assignment of subjects to treatment groups is randomized

3. An appropriate concealment method is used

4. Subjects and investigators are blind to treatment allocation
5.Treatment and control groups are comparable at start of trial

6. Only difference between groups is treatment under investigation
7. Relevant outcomes are measured using standard, valid, and reliable methods

8. Percentage (%) of dropout

9. Subjects are analyzed in the groups which they were randomly allocated (intention-to-treat analysis)

10. If study utilizes > 1 site, results are comparable across all sites
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RCT and 1 acceptable-quality RCT identified in the lit-
erature [32, 33].

This review reinforces the presence of manual therapy
intervention administered to patients with history of cervi-
cal spine surgery that is seen in clinical practice. Evidence
associated with clinical outcomes for manual therapy
for this population was unable to be ascertained. Multi-
ple articles in this review described a favorable clinical
response to care, however the literature cannot currently
provide clinical guidance due to the limitations of study
design and quality. Moreover, although multiple cervical
spine surgical procedures are routinely completed, the lit-
erature is only representative of administration of manual
therapies in individuals with prior cervical fusion, cervical
discectomy, and cervical disc replacement surgeries. Simi-
larly, a variety of manual therapy interventions are com-
monly administered in clinical practice, yet literature does
not currently contain a robust number of studies on any
one type of manual therapy intervention; further contrib-
uting to the uncertainty, most studies fail to fully describe
the scope and techniques of the manual therapy interven-
tions reported in the article [32-34, 36, 39-42].

The impact of patient satisfaction in clinical care is not
fully known and the relationship between patient satis-
faction, outcomes, and costs are questionable [44]. Nev-
ertheless, patient satisfaction is an increasing component
of health care delivery assessment. Only one study in this
review included reporting of patient satisfaction [38];
unfortunately, the description provided in this article was
vague and failed to utilize standardized patient satisfaction
instruments, such as Press-Ganey scores [45]. Future stud-
ies involving manual therapy interventions in individuals
with prior cervical spine surgery should include assess-
ment of patient satisfaction metrics and investigate the
relationship between satisfaction, outcomes, and costs.

Adverse events associated with manual therapy to
the spine are most commonly benign and transient in
nature [46]. Serious adverse events are less common and
are considered rare [46]. This review identified 2 studies
describing 3 total patients with serious adverse events
that occurred after manual therapy interventions [37, 40].
Two patients underwent surgical intervention for neu-
rologic deficit and cord compression due to a herniated
spinal disc [40] and one patient died due to heart failure
during a MRI which revealed an abscess in the cervical
epidural space [37]. Unfortunately, literature available in
this review does not allow for an adequate assessment of
associations between manual therapy and adverse events.
The number of adverse events reported may initially
appear as an alarmingly high proportion compared to our
overall sample in this review. However, this may be due to
clinicians being more likely to report on adverse events
versus a potentially inconsequential treatment outcome.
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Further, based on the potential of complexities of comor-
bid factors such as time sensitive challenges in diagnosis
for a condition such as epidural abscess and the condi-
tion’s natural history [37, 47], limited historical account-
ing [40], and the nature of the studies’ design [37, 40] no
causal association between manual therapy intervention
and adverse events can be determined. Nonetheless,
cases reporting adverse events are important to consider
for future study to explore the prevalence and potential
association between clinical interventions and adverse
events so that safety profiles and risk—benefit assess-
ments can be established.

Strengths and limitations

This review has important strengths and implications.
A methodologically rigorous review was completed,
adhering to recommended frameworks [20-22], and
was conducted by a team with experienced researchers
and health science librarians. To our knowledge, this is
the first scoping review to identify and describe manual
therapy interventions, associated outcomes, and adverse
events reported for individuals with a history of cervical
spine surgery. This review illustrates the gap in this body
of knowledge and emphasizes the need for higher-level
studies of high-quality to allow for recommendations
on manual therapy interventions in the management of
adults with prior cervical spine surgery. It is expected this
review will lead to further interest and opportunities to
complete high-quality clinical research in this field. This
study had 3 notable limitations. First, this study was a
scoping review which is subject to inconsistent definition
and methodology which may pose difficulty in compari-
son of results in future reviews [48]. Second, though we
had no exclusions due to language in our search, our data
extraction of identified eligible articles was limited to the
English-language. There is potential this review failed to
include relevant studies outside of the English-language.
Third, this review was comprised mostly of studies of
very low hierarchical evidence and therefore conclusions
on outcomes and adverse events cannot be inferred.

Conclusions

Following cervical spine surgery for degenerative con-
ditions, there is a dearth of literature that is currently
available and is limited to case reports, case series, and
2 RCTs. Given that manual therapy is currently being
applied to individuals with prior cervical spine surgery
due to degenerative conditions, future research is needed
to examine the clinical utility and safety profile to sup-
port evidenced-based clinical practice.
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