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Abstract

The aim of the current study was to evaluate the literature examining the impact of osteo-
pathic care for spinal complaints. The bibliographic databases Medline (Pubmed), Web of
Science, Embase, and PEDro were searched. In addition, a number of grey literature
sources were searched. Only randomized controlled trials conducted in high-income West-
ern countries were considered. Two authors independently screened the titles and
abstracts. Primary outcomes included ‘pain’ and ‘functional status’, while secondary out-
comes included ‘medication use’ and ‘health status’. It was examined if differences existed
related to the treatment protocol and geography (European vs. US studies). Study quality
was assessed using the risk of bias tool of the Cochrane Back Review Group. Nineteen
studies were included and qualitatively synthesized. Nine studies were from the US, fol-
lowed by Germany with seven studies. The majority of studies (n = 13) focused on low back
pain. In general, mixed findings related to the impact of osteopathic care on primary and sec-
ondary outcomes were observed. For the primary outcomes, a clear distinction between US
and European studies was found, in favor of the latter ones. Studies were characterized by
substantial methodological differences in sample sizes, number of treatments, control
groups, and follow-up. In conclusion, there is some evidence suggesting that osteopathic
care may be effective for people suffering from spinal complaints. Further studies with larger
study samples and assessment of long-term impact are required to further increase the evi-
dence-based knowledge of the potential of osteopathic care for individuals suffering from
spinal complaints.

Introduction

Spinal complaints including low back pain (LBP) and neck pain are common conditions. The
epidemiology of these conditions is well studied. For LBP, lifetime prevalence of non-specific
LBP is estimated to be about 84%, with the prevalence of chronic LBP about 23% [1]. Neck
pain annual prevalence rates are estimated to range between 15% and 50% [2]. Spinal com-
plaints are thus a frequent health problem and they are associated with considerable medical,
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social and economic consequences such as the need for medical care, limitations in activities,
absence from work, and disability [3-6]. It is estimated that in less than 15% of LBP cases, a
specific cause can be identified [7]. As a consequence, the origin of LBP and neck pain is often
unknown meaning that it is not possible to identify a specific cause of the pain and as a conse-
quence the complaints are considered ‘non-specific’ [8]. Guidelines on the treatment of spinal
complaints include a variety of approaches such as exercise, cognitive behavioral therapy, mul-
tidisciplinary treatment, and spinal manipulation [9-11].

Manual therapy/medicine including osteopathy is a common treatment option for muscu-
loskeletal complaints including LBP and neck pain, and its use has worldwide increased in the
past decades [12]. Osteopathy was founded at the end of the 19™ century in the United States
(US) and introduced in Europe at the beginning of the 20" century. International differences
in osteopathic healthcare regulation influence its scope of practice, which may explain some of
the differences between US and European and Australasian osteopathic healthcare provision
[12, 13]. Osteopathy can be defined as a primary contact and patient-centered healthcare disci-
pline, that emphasizes the interrelationship of structure and function of the body, facilitates
the body’s innate ability to heal itself, and supports a whole-person approach to all aspects of
health and healthy development, principally by the practice of manual treatment [14]. The
findings of previous literature reviews [15-18] assessing the impact of osteopathic care for spi-
nal complaints suggested clinically relevant effects for LBP and neck pain on reducing pain
and improving functional status. In all reviews, it was concluded that the findings of the studies
must be cautiously interpreted due to methodological considerations such as small sample
sizes, lack of long-term follow-up, and differences in comparison groups. The aim of the cur-
rent literature review was to evaluate published randomized controlled trials examining the
effectiveness of care administered by osteopathic practitioners for improving pain and func-
tional status in patients with spinal complaints as compared to control treatments. Conversely
to the previous reviews focusing on a specific spinal area such as LBP [15, 17, 18] or neck pain
[16], the current review focused on spinal complaints including back pain, LBP, neck pain,
and pelvic girdle pain. In addition, conversely to the reviews by Franke et al. [16] and Orrock
and Myers [18], no restrictions were made concerning the chronicity of the complaint. Finally,
conversely to previous reviews, an analysis distinguishing between different osteopathic treat-
ment protocols is considered.

Materials and methods

The study followed the ‘Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)’ (S1 Table) [19]. A comprehensive literature review was conducted searching the
peer-reviewed bibliographic databases Medline (Pubmed), Web of Science (Core Collection),
Embase, and PEDro. For each database, a search algorithm was developed adapted to the spe-
cific requirements or features of the database using a combination of the terms ‘low back pain’
[MeSH], ‘back pain’ [MeSH], ‘neck pain’ [MeSH], ‘pelvic pain’ [MeSH], ‘pelvic girdle pain’
[MeSH], ‘spine’ [MeSH], ‘manipulation, osteopathic’ [MeSH], ‘manipulation, spinal’ [MeSH],
‘osteopathic medicine’ [MeSH], ‘comparative effectiveness research’ [MeSH], ‘pragmatic clini-
cal trial’ [MeSH], ‘osteopathy’, ‘osteopathic’, ‘manipulative’, ‘manipulation’, ‘spinal’, ‘effective-
ness’, and ‘efficacy’. The databases were searched referring to the years 1995 (01/01) until 2018
(31/05). In addition, previous published literature reviews [15-18, 20] were searched to iden-
tify studies missed by our search. In the review by Franke et al. [15], a number of studies
derived from the grey literature source www.osteopathic-research.com were also included. To
be as comprehensive as possible, we also searched this website to identify additional records.
In addition, the grey literature sources ‘OAlster’ (https://www.oclc.org/en/oaister.html) and
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‘OpenGrey’ (http://www.opengrey.eu/) were searched using terms such as ‘low back’, ‘neck’,
‘spine’, ‘osteopathy’, ‘osteopathic’, ‘trial’, ‘effectiveness’. The initial search yielded 1,346 records.
After excluding the duplicates (n = 499), 847 records remained for further evaluation (Fig 1).

Eligibility criteria were defined using the PICOS (Population, Intervention, Comparator,
Outcome, and Study design) strategy [21]. An overview of the eligibility criteria is listed in
Table 1.

The titles and/or abstracts were independently screened on the inclusion and exclusion cri-
teria by two authors (NV and JS). Variations in authors’ opinion were resolved through discus-
sion and consensus involving the other authors (LA and PvD).

Data analysis

The effect of osteopathic care on the primary outcomes ‘pain’ and ‘functional status’ was
assessed considering four levels of effectiveness including (from poorest to best): (1) the out-
come is found to be numerically or significantly worse from baseline to endpoint within the
osteopathic care group or is found to be worse than in the comparison group, (2) there is no
significant between-group difference, but the outcome is found to be numerically improved in
the osteopathic care group compared to baseline, (3) there is no significant between-group dif-
ference, but the outcome is found to be significantly improved in the osteopathic care group

Records identified
through database
g searching Additional records
=] (n =1288) identified through other
.g Pubmed (n=631) sources/hand-search
= Web of Science (n=39) (n=58)
5 Embase (n=610)
= PEDro (n=8)
(1)
£
5 \ 4 ) 4
o Records after duplicates removed (n =847)
a
v
Records screened p Records excluded
(n =847) (n=769)
) \ 4
,-o? Full-text articles Full-text articles excluded,
3 assessed for > with reasons (n =59)
= eligibility Outcomes (n=31)
L= (n=78) Intervention (n=24)
— Study design (n=2)
Geography (n=2)
(G
g Studies included
'S in qualitative
2 synthesis
- (n=19)
|

Fig 1. Flow chart of the study selection process.

https://doi.org/10.1371/journal.pone.0206284.9001
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Table 1. Eligibility criteria.

PICOS inclusion criteria exclusion criteria

population | individuals with back pain, LBP, neck pain, pelvic girdle individuals suffering from other than

pain-no age restrictions spinal complaints
intervention | care administered by an osteopathic practitioner care performed by other professionals
comparator | no intervention, sham/placebo, or usual care (no NA
restrictions on definition of usual care)
outcomes pain, functional status, medication use, health status other outcomes
study randomized controlled trials other study designs
design
language English, French, Dutch, German other languages
time period | published from 1/1/1995-31/01/2017 (Pubmed & Web of | published prior to 1/1/1995 and after
Science) 31/01/2017
geography | high-income Western countries other

LBP, low back pain; NA, not applicable

https://doi.org/10.1371/journal.pone.0206284.t001

compared to baseline, and (4) there is a significant difference between the osteopathic care
group and the comparison group. Inspiration for choosing this classification was derived from
a systematic review and meta-analysis of quality of care in for-profit and not-for-profit nursing
homes [22]. It was examined if differences in level of effectiveness were found according to the
treatment protocol. A distinction was made between ‘custom tailored’ (the determination of the
treatment was left at the clinical judgement of the osteopathic practitioner), ‘semi-standardized’
(where the osteopathic practitioner could choose from a set of predefined manual techniques,
or it included a single or a set of standardized manual technique(s) always to be offered along
with free choice of manual techniques left at the clinical judgment of the practitioner), and
‘standardized’” (where the treatment protocol included a detailed description of manual tech-
niques to be applied) treatment protocols. It was also examined if differences in impact of osteo-
pathic care on pain and functional status existed between studies conducted in Europe vs. those
conducted in the US. The secondary outcomes included the effect of osteopathic care on ‘medi-
cation use’ since this is an often used treatment option [23] and on ‘health status’ since spinal
problems have a considerable impact on health-related quality of life [24, 25].

Assessment of risk of bias

The assessment of risk of bias was undertaken by one researcher (NV). In case of any doubt,
this was resolved through discussion and consensus involving another author (PvD). The risk
of bias in individual studies was assessed using a checklist of 12 criteria as recommended by
the Cochrane Back and Neck Group [26]. For each study, the risk of bias criteria were scored
‘yes’” (criterion met), ‘no’ (criterion not met) or ‘unsure’. The latter score was used in case
information on the criterion was missing or not clear. A study was rated as having a ‘low risk
of bias’ when at least six criteria were met. Contrary, a study was rated as having a ‘high risk of
bias’ when fewer than six of the 12 criteria were met.

Results
Study selection process

Seven hundred and sixty-nine records were excluded on title and abstract screening. So, 78
records remained of which the full-text was evaluated. Fifty-nine records (reasons: outcome,
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n = 31; intervention, n = 24; study design, n = 2; geography, n = 2) were excluded after the full-
text evaluation resulting in 19 records included (Fig 1).

Study characteristics

Nine studies were conducted in the US [27-35], and seven in Germany [36-42]. Studies origi-
nating from the UK [43, 44] and Italy [45] made up the remaining studies (Table 2). In the
majority of studies (n = 13), osteopathic care was aimed at people suffering from LBP

(Table 2). The studies differed considerably related to the study populations based on age-
groups, duration of the spinal complaints, or target groups such as ‘obese females’ [45],
‘women post-partum’ [36, 40] or ‘diabetes mellitus patients’ [32]. The number of treatment
sessions varied from a single session [35] to ten sessions [45] (Table 2). In 13 studies [28, 31-
34, 36-38, 40-44], a follow-up period was considered ranging from two weeks [42] to nine
months [43, 44] (Table 2). The number of study participants receiving osteopathic care ranged
from ten [45] to 353 [44] (Table 3). The osteopathic treatment protocol could be labelled as
‘standardized’ in one study [30], ‘semi-standardized’ in nine studies [28, 29, 31-33, 35, 43-45],
and ‘custom tailored’ in nine studies [27, 34, 36-42] (Table 2). A wide variety of comparators
across studies was observed (Table 3).

Primary outcome-pain

The impact of osteopathic care on pain was assessed in 17 studies (Table 4) applying different
measurement instruments including the VAS [27, 28, 30-34, 39, 40, 45], the NRS [35, 37, 38,
41], the PRS [35], and the NPAD [37]. From a treatment protocol point of view, a ‘custom

Table 2. Overview of characteristics of included studies.

first author (year) country study population osteopathic intervention | intervention duration | follow-up*
Andersson (1999) uUsS patients 20-59y LBP >3w-<6m custom tailored 12w (8 sessions) NA
Licciardone (2003) UsS patients 21-69y non-specific LBP >3m custom tailored 5m (7 sessions) 4w
UK BEAM (2004) UK patients LBP semi-standardized 12w (8 sessions) 9m
McReynolds (2005) US patients neck pain <3w semi-standardized one session NA
Peters (2006) Germany | pregnant (20-30w) women LBP custom tailored 4w (4 sessions) NA
Heinze (2006) Germany | patients 18-65y LBP >3w-<6m custom tailored 6w (2-3 sessions) 6w
Chown (2008) UK patients 18-65y >3m simple LBP semi-standardized 3m (5 sessions) 9m
Recknagel (2008) Germany | women 18-46y post-partum BP >3m-<24m custom tailored 6w (4 sessions) 6w
Schwerla (2008) Germany | patients 20-55y >3m non-specific neck pain custom tailored 10w (5 sessions) 3m
Engemann (2009) Germany | patients 18-60y chronic non-specific neck pain custom tailored 6 sessions™* 3m
Licciardone (2010) US pregnant women (<30w) BP semi-standardized 10w (7 sessions) NA
Cruser (2012) uUsS military staff 18-35y acute LBP semi-standardized 4w (4 sessions) 4w
Vismara (2012) Italy obese females (BMI>30kg/m?chronic LBP >6m semi-standardized 10 sessions™* NA
Licciardone (2013a) UsS diabetes mellitus patients 21-69y LBP semi-standardized 8w (6 sessions) 4w
Licciardone (2013b) US non-pregnant adults 21-69y LBP >3m semi-standardized 8w (6 sessions) 4w
Belz (2015) Germany | women 18-42y post-partum non-specific BP >3m custom tailored 10w (5 sessions) 3m
Hensel (2015) US pregnant (30w) women 18-35y LBP standardized 10w (7 sessions) NA
Schwerla (2015) Germany | women 18-42y post-partum LBP or pelvic girdle pain >3m | custom tailored 6w (4 sessions) 2w
Licciardone (2016) US patients 21-69y non-specific LBP >3m semi-standardized 8w (6 sessions) 4w
*time period starting after the last treatment session
**no information on intervention duration provided
BP, back pain; LBP, low back pain; m, months; NA, not applicable; w, weeks; y, year
https://doi.org/10.1371/journal.pone.0206284.t002
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Table 3. Overview of intervention and control groups, outcome measurements and main findings.

first author
(year)

Andersson
(1999)

Licciardone
(2003)

UK Beam
(2004)

McReynolds
(2005)

Peters (2006)

Heinze (2006)

Chown (2008)

Schwerla
(2008)

Recknagel
(2008)

Engemann
(2009)

Licciardone
(2010)

Cruser (2012)

Vismara
(2012)

Licciardone
(2013a)

Licciardone
(2013b)

Hensel (2015)

intervention + n° of
participants

OT + SAT (n = 83)

OT (n=48)

OT+best care* (n = 353) OT
+best care*+exercise
(n=333)

OT (n=29)

OT (n =30)

OT + heat + physiotherapy
(n=28)

OT (n =79)

OT + sham UST (n = 23)

OT (n = 20)

OT (n=15)

OT + UOC (n =49)

OT + UC (n = 30)

OT + exercise (n = 10)

OT + (sham) UST (n = 19)

OT + (sham) UST (n = 230)

OT (n =136)

control + n° of participants

SAT (n=72)

sham manipulation
(n = 23) no intervention
(n=20)

best care® (n = 338)

medication (n = 29)

no intervention (n = 30)

heat + physiotherapy
(n=32)

physiotherapy (n = 80)

UST (n=18)

no intervention (n = 19)

no intervention (n = 15)

UOC + sham UST (n = 48)
/UOC (n = 49)

UC (n=30)

exercise (n =11)

shamOT+(sham)UST
(n=15)

sham OT + (sham) UST
(n=225)

placebo UST (n =131) /
UOC (n=133)

outcome
measurement

pain: VAS; functional
status: RMDQ/OPQ

pain: VAS, functional
status: RMDQ

functional status:
RMDQ

pain: NRS/PRS

pain: VAS; functional
status: QBPDS

pain: NRS; functional
status: RMDQ

functional status: ODI

pain: NRS

pain: VAS; functional
status: OPQ

pain: NPAD/NRS

pain: VAS; functional
status: RMDQ

pain: VAS; functional
status: RMDQ

pain: VAS; functional
status: RMDQ/ODI

pain: VAS

pain: VAS; functional
status: RMDQ

pain: VAS; functional
status: RMDQ

findings intervention vs. control

pain: 32.0+23.0 mm vs. 26.3+24.1 mm (p = 0.19); functional
status: median: 5 vs. 5 (p = 0.16); medication: anti-
inflam.:24.3% vs. 54.3%(p<0.001), muscle relaxants:6.3% vs.
25.1%(p<0.001)

pain: OT vs. control at 1m (p = 0.01), 3m (p = 0.001), 6m
(p=0.02) / OT vs. sham at 1Im (p = 0.29), 3m (p = 0.96), 6m
(p = 0.95); functional status: no significant differences among
treatment groups; medication: no significant between-group
differences

OT+best care vs. best care: 3m, 1.57 [95%CI 0.82-2.32]

p =0.001; 12m, 1.01 [95%CI 0.22-1.81] p = 0.05 / OT+best
care+ exercise vs. best care: 3m, 1.87 [95%CI 1.15-2.60]

p =0.001; 12m, 1.30 [95%CI 0.54-2.07] p = 0.01

2.8+1.7 vs. 1.7+1.6 (p = 0.02); pain relief: no significant
between-group change (p = 0.10)

pain: 4.4+2.4vs.-0.3+1.9(p<0.0005); improvement: OT,67%;
control, 4.5% deterioration; functional status: 11.1+16.6 vs.
-8.4+10.4 (p<0.0005) improvement: OT, 28%; control, 20%
deterioration

pain: 4.3 vs. 1.8 (p<0.001) improvement: OT, 66%; control:
30%; functional status: 8.9 vs. 3.4 (p<0.001) improvement:
OT, 73%; control, 30%

mean score OT, -5.0 [95%CI -1.6, -8.4] p<0.01; PT, -4.1 [95%
CI-14,-6.9] p<0.01

average pain, 2.48 vs. 0.75 difference: -1.73 [95%CI -3.13,
-0.32] p = 0.017 / OT: significant decrease in actual (p = 0.001)
and worst (p = 0.001) pain

pain: diff. 4.6 [95%CI 3.4,-5.8] p<0.001 improv.: OT, 4.8 [95%
CI 3.7,5.9)p<0.001 70% improvement; funct. status: diff. 1.8
[95%CI 1.2,2.4] p<0.001 improv.: OT, 1.8 [95%CI 1.2,2.3]
p<0.001

-2.14 vs. 0.32 (p<0.001)

pain: no significant between-group differences or significant
improvement in OT; functional status: OT, deterioration
from baseline to treatment end

pain: pain now, 1.96+1.47 vs. 3.73+2.39 difference: -1.47 [95%
CI -2.75, -0.18] p = 0.026; functional status: no significant
between-group difference / OT (baseline-study end): 12.37
+5.30 vs. 4.44+5.95 (p<0.001); medication: no significant
between-group differences

pain: 1.4+1.2 vs. 3.0+0.8 (p<0.05); functional status: RMDQ:
3.13+2.85vs. 7.2742.19 (p<0.05) / ODLI: 3.50+1.69 vs. 9.18
+3.34 (p<0.05)

difference 1.7 [95%CI 3.2, 0.1] p = 0.04

pain: -1.8(IQR-3.1,0.0)vs.-0.9(IQR-2.5,0.3) p = 0.002/
moderate improv.: 63% vs. 46% RR = 1.38 [95%CI 1.16, 1.64]
p<0.001 / substantial improv.: 50% vs. 35% RR = 1.41 [95%CI
1.13, 1.76] p = 0.002 ; funct. status : no signif.diff./significant
improv.in OT; medication: 13% vs. 20% (p = 0.048)
pain:mean OTvs.UST0.15[95%CI-3.07,3.36]p>0.999; OTvs.
UOC-7.11[95%CI-10.30,-3.93]p<0.001; funct. status: OTvs.
UST 0.21[95%CI-.73,1.14] p>0.999; OTvs.UOC: -2.25[95%CI
-.18,-1.32]p<0.001

(Continued)
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Table 3. (Continued)

first author intervention + n° of
(year) participants

Belz (2015) OT (n = 30)

Schwerla OT (n = 40)
(2015)

Licciardone OT (n =175)
(2016)

control + n° of participants outcome findings intervention vs. control
measurement
no intervention (n = 30) pain: VAS; functional | pain: -4.2+2.0 vs. -0.4+1.3 difference 3.8 [95%CI 2.8, 4.7)
status: PGQ p<0.0005; functional status: -22.7+10.1 vs. -8.8+15.4

difference 13.9 [95%CI 6.7, 21.0] p<0.0005
no intervention (n = 40) pain: VAS; functional | pain: -5.3+1.7 vs. -0.5+1.2 difference 4.8 [95%CI 4.1, 5.4]

status: ODI p<0.001; functional status: -12.6+6.5 vs. -2.0+5.2 difference
10.6 [95%CI 8.0, 13.2] p<0.001
sham OT (n = 170) pain: VAS; functional | pain: median (IQR) reduction 2.0 (0.2, 3.6) vs. 1.2 (-0.5, 2.5)
status: RMDQ p = 0.002; functional status: median (IQR) reduction 2 (0, 5)

vs. 2 (0,4) p = 0.66

“based on the UK national acute back pain guidelines ’continuing normal activities and avoiding rest’ / IQR, interquartile range; NPAD, Neck Pain and Disability Scale;

NRS, Numerical Rating Scale

ODI, Oswestry Disability Index; OPQ, Oswestry Pain Questionnaire; OT, osteopathic treatment; PGQ, Pelvic Girdle Pain Questionnaire; PRS, Pain Relief Scale; QBPDS,
Quebec Back Pain Disability Scale; RMDQ, Roland-Morris Disability Questionnaire; RR, response ratio; SAT, standard allopathic treatment; UC, usual care; UOC, usual
obstetrical care; UST, ultrasound treatment; VAS, Visual Analogue Scale

https://doi.org/10.1371/journal.pone.0206284.t003

tailored’ protocol was applied in nine studies. Seven showed significant between-group differ-
ences in favor of the osteopathic care group compared to controls: Peters & Van der Linde
[39] (between-group difference VAS: 4.7, p<0.0005), Heinze [38] (NRS: 2.5, p<0.001), Reck-
nagel & Rof3 [40] (VAS: 4.6, p<0.001), Schwerla et al. [2008] [41] (NRS: average pain 1.7,

p =0.017), Schwerla et al. [2015] [42] (VAS: 4.8, p<0.001), Engemann & Hofmeier [37]
(NPAD/NRS: 2.5, p<0.001), Belz et al. [36] (VAS: 3.8, p<0.0005) and Licciardone et al. [2003]
[34] (osteopathic treatment vs. no intervention VAS: no exact figures reported). In those
applying a ‘(semi-)standardized’ protocol, osteopathic care was found to be effective compared
to controls in five of eight studies (Table 4): Cruser et al. [28] (between-group difference: VAS:
1.5, p = 0.026), Vismara et al. [45] (VAS: 1.6, p<0.05), Licciardone et al. [2013a] [32] (1.7,

p = 0.04), Licciardone et al. [2013b] [33] (0.9, p = 0.002), and Licciardone et al. [2016] [31]
(0.8, p = 0.002). In all European studies (n = 8), significant differences in pain improvement in
individuals receiving osteopathic care compared to controls were observed. In seven of these
studies, a ‘custom tailored’ protocol was used (Table 4). In the US studies applying such a pro-
tocol (n = 2), the findings were less homogeneous. In Andersson et al. [27], an only non-signif-
icant pain improvement, measured using the VAS, of 3.2+2.3 points (p = 0.19) from baseline
to treatment end was observed in the osteopathic care group. In Licciardone et al. [34], back
pain significantly improved in those receiving osteopathic care compared to those receiving
no intervention (p = 0.02), but not compared to participants receiving sham manipulation

(p = 0.95). Overall, the most promising results in the US studies, i.e. merely significant differ-
ences between the osteopathic care group and the comparison groups were identified in only
four of nine studies including Cruser et al. [28] (between-group difference: VAS: 1.5,

p = 0.026), Licciardone et al. [2013a] [32] (1.7, p = 0.04), Licciardone et al. [2013b] [33] (0.9,

p = 0.002), and Licciardone et al. [2016] [31] (0.8, p = 0.002) (Table 4).

Primary outcome-functional status

The impact of osteopathic care on functional status was examined in 15 studies (Table 5)
applying different measurement tools including the RMDQ [27-31, 34, 38, 44-46], the ODI
[42, 43, 45], the OPQ [27, 40], the QBPDS [39], and the PGQ [36]. In none of three studies
focusing on the neck area [35, 37, 41], the impact of osteopathic care on functional status was
assessed. In seven of eight European studies, osteopathic care was found to significantly
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Table 4. Effectiveness of osteopathic care related to the outcome ‘pain’.

Study Treatment treatment effect
protocol OT worse than non-significant signif. improvement OT/no signif. significant between-group
controls improvement OT between-group difference difference
EUROPEAN
STUDIES
Peters (2006) custom X
Heinze (2006) custom X
Recknagel (2008) custom X
Schwerla (2008) custom actual & worst pain average pain
Engemann (2009) custom X
Schwerla (2015) custom X
Belz (2015) custom X
Vismara (2012) semi- X
standardized
US STUDIES
Andersson (1999) custom X
Licciardone custom OT vs. sham OT vs. control
(2003)
McReynolds semi- pain relief pain intensity
(2005) standardized
Cruser (2012) semi- X
standardized
Licciardone semi- X
(2013a) standardized
Licciardone semi- X
(2013b) standardized
Hensel (2015) semi- OT vs. PUT OT vs. UOC
standardized
Licciardone semi- X
(2016) standardized
Licciardone standardized X
(2010)

OT, osteopathic treatment; PUT, placebo ultrasound treatment; UOC, usual obstetrical care

https://doi.org/10.1371/journal.pone.0206284.t004

improve functional status compared to controls: Peters & Van der Linde [39] (between-group
difference QBPDS: 19.5, p<0.0005), Heinze [38] (RMDQ: 5.5, p<0.001), Recknagel & Rof3
[40] (OPQ: 1.8, p<0.001), Schwerla et al. [42] (ODI: 10.6, p<0.001), Belz et al. [36](PGQ: 13.9,
p<0.0005), UK BEAM Trial Team [44] (RMDQ: OT + best care vs. best care: 1.01, p = 0.05;
OT + best care + exercise vs. best care: 1.30, p = 0.001), and Vismara et al. [45] RMDQ: 4.14,
p<0.05; ODI: 5.68, p<0.05). In the study by Chown et al. [43], improvements in functional sta-
tus were observed in individuals receiving osteopathic care (mean -5.0, 95%CI: -1.6, -8.4,
p<0.01), as well as in those receiving physiotherapy (mean -4.1, 95%CI: -1.4, -6.9, p<0.01). In
all five European studies applying a ‘custom tailored” treatment protocol, significant between-
group differences in favor of osteopathic care were found, while this was not the case in the US
studies applying such a protocol (Table 5). Overall in the US studies, osteopathic care was
found to significantly improve functional status in only one study [29]. In that study, func-
tional status significantly improved in patients receiving osteopathic care compared to those
receiving usual obstetrical care (between-group difference measured by the RMDQ 2.25,
p<0.001), but not compared to patients receiving placebo ultrasound therapy (0.21, p>>0.999)
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Table 5. Effectiveness of osteopathic care related to the outcome ‘functional status’.

Study Treatment treatment effect
protocol OT worse than non-significant signif. improvement OT/no signif. significant between-group
controls improvement OT between-group difference difference
EUROPEAN
STUDIES
Peters (2006) custom X
Heinze (2006) custom X
Recknagel (2008) custom X
Schwerla (2015) custom X
Belz (2015) custom X
UK BEAM (2004) semi- X
standardized
Chown (2008) semi- X
standardized
Vismara (2012) semi- X
standardized
US STUDIES
Andersson (1999) custom X
Licciardone custom X
(2003)
Cruser (2012) semi- X
standardized
Licciardone semi- X
(2013b) standardized
Hensel (2015) semi- OT vs. PUT OT vs. UOC
standardized
Licciardone semi- X
(2016) standardized
Licciardone standardized X
(2010)

OT, osteopathic treatment; PUT, placebo ultrasound treatment; UOC, usual obstetrical care

https://doi.org/10.1371/journal.pone.0206284.t005

(Table 5). In one US study [30], functional status at the end of treatment even deteriorated in
the osteopathic care group (Table 5).

Secondary outcome-medication use

Information on the impact of osteopathic care on medication use was examined in four studies
[27, 28, 33, 34] (Table 3). In the study by Cruser et al. [28], information on medication use was
obtained from records, while in the study by Licciardone et al. [2013b] [33], this information
was collected from patients or from community-based clinicians. In the two other studies [27,
34], no detailed information how data on medication use was collected was provided. In
Andersson et al. [27], significant differences in prescription practices between the osteopathic
care group and a control group receiving standard allopathic care were observed for anti-
inflammatory drugs (24.3% vs. 54.3%, p<0.001), and muscle relaxants (6.3% vs. 25.1%,
P<0.001). Licciardone et al. [34] identified no significant differences in back-specific medica-
tion use between the osteopathic care group and a control group receiving sham manipulation.
In another study by Licciardone et al. [33], a significant difference in the use of prescription
drugs for LBP was found between the study population receiving osteopathic care and those
receiving sham manipulation (13.0% vs. 20.0%, p = 0.048). Finally, Cruser et al. [28] identified
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no significant differences in medication prescribing practices between patients in osteopathic
care and those receiving usual care for LBP.

Secondary outcome-health status

The impact of osteopathic care on health status was evaluated in six studies [33, 34, 37, 41, 43,
44]. Licciardone et al. [2003] [34] found significantly better scores for physical functioning and
mental health (measured by the SF-36) one month after treatment in the osteopathic care
group compared to the no intervention group. Compared to sham manipulation, significant
between-group differences were only identified for physical functioning, but not for mental
health. In another study by Licciardone et al. [2013b] [33], no significant effects on health sta-
tus (measured by the SF-36) were observed (mean [IQR] OT vs. sham OT: 72 [52-87] vs. 72
[57-87], p = 0.87). In the UK BEAM trial [44] the effect of osteopathic care in addition to ‘best
care’ on health-related quality of life was measured by the SF-36. A significant between-group
difference (osteopathic care + best care vs. best care) was found for the physical component
score at the end of a three-month treatment period (between group difference: 2.52 [95%CI:
1.30, 3.74], p<0.001) and after nine months of follow-up (1.68 [95%CI: 0.18, 3.19], p<0.05).
For mental health, this was only observed at the end of the treatment phase (2.88 [95%CI: 1.36,
4.40], p<0.001). In Chown et al. [43], health-related quality of life (measured by the EQ-5D)
significantly improved in individuals receiving osteopathic care (mean difference at 6 weeks:
0.11 [95%CI: 0.02, 0.19], p<0.05) as well as in the physiotherapy group (mean difference at 6
weeks: 0.10 [95%CI: 0.01, 0.18], p<0.05). In Schwerla et al. [41], a significant difference in
bodily pain (measured by the SF-36) was identified in the study population receiving osteo-
pathic care and in those receiving sham ultrasound (between-group difference: 14.6 [95%CI:
2.58,26.60], p = 0.019). Finally, in the study by Engemann & Hofmeier [37], a significant-
between group difference was observed between the osteopathic care group and the no inter-
vention group for the physical component (between-group difference: 8.7, p = 0.012) and
mental component score (7.5, p = 0.05).

Risk of bias

All 19 studies had a low risk of bias, meaning that at least six of the criteria were met (Table 6).
In none of the studies blinding of patients, care provider or outcome assessor occurred or it
was unclear. Important to note is that in three studies [29, 38, 42] the study groups differed to
some extent at baseline. In Schwerla et al. [42], pain intensity at baseline (measured by the
Oswestry Disability Index) was significantly different between the osteopathic care group and
the controls (16.8+6.7 vs. 22.1+7.2; p = 0.001). In the study by Heinze [38], a significant
between-group difference in Numerical Rating Scale score was observed (intervention vs. con-
trol: 6.5 vs. 5.9; p = 0.04). In Hensel et al. [29], subscale pain scores (measured by the Quadru-
ple Visual Analog Scale) for ‘pain now’ and ‘pain best’ significantly differed between the three
study groups (osteopathic care, ultrasound placebo, and usual care). In the latter study, a linear
mixed model suitable for repeated measures was applied and models were adjusted for baseline
values to address differences in baseline pain and disability. In the studies by Schwerla et al.
[42] and Heinze [38] no information if the authors did control for the differences at baseline
was reported.

Discussion

The current literature review was to some extent different from previous reviews assessing the
effectiveness of osteopathic care for spinal complaints. Previous reviews were aimed at a spe-
cific spinal area such as non-specific LBP [15, 17, 18] or chronic non-specific neck pain [16].
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Conversely, for the current review, randomized controlled trials examining the effect of osteo-
pathic care for spinal complaints independently from their location and from the pain dura-
tion were considered. Giving consideration to an ‘authentic’ osteopathic intervention and thus
considering the ‘real-world” osteopathic practice, only studies in which the treating osteopathic
practitioner had a free choice of determining the treatment based on the clinical judgement
were eligible for inclusion in the reviews by Franke et al. [15, 16]. For the current review, we
defined studies applying such an approach as being ‘custom tailored’. Though recognizing this
pragmatic approach representing ‘real-world” osteopathic practice, we also included studies
applying a ‘standardized’ or ‘semi-standardized’ protocol in order to assess possible differences
in effectiveness between the different treatment protocols. For the outcome ‘pain’, significant
between-group differences were observed in eight of nine studies applying a ‘custom tailored’
approach, while these figures were seven of seven studies for those applying a ‘semi-standard-
ized’ protocol. For functional status, significant between-group differences were identified in
five of seven studies and three of seven studies applying a ‘custom tailored” and ‘semi-stan-
dardized’ protocol, respectively. In the one study with a ‘standardized’ osteopathic interven-
tion, a non-significant between group difference was observed.

In general, the results showed mixed findings related to the impact of osteopathic care for
spinal complaints on the primary outcomes ‘pain’ and ‘functional status’. In some studies,
osteopathic care was found to be effective compared to control groups. In other studies, signifi-
cant improvements in pain and functional status were observed in the osteopathic care groups,
but no significant between-group differences were identified. Finally, in some studies neither
significant within-group or between-group effects were found. For pain, significant between-
group differences in favor of osteopathic care were observed in all European studies, while for
functional status this was the case in all but one study. The findings from the US studies of the
impact of osteopathic care on pain and functional status were less homogeneous. For ‘func-
tional status’, differences in treatment protocols may probably explain the variation in effects
of osteopathic care between European and US studies. Five of eight European studies evaluat-
ing functional status applied a ‘custom tailored’ protocol, all showing osteopathic care to be
effective. Contrary, in the two US studies with such a protocol, osteopathic care resulted in a
non-significant improvement in functional status. For the outcome measure ‘pain’, the associ-
ation with treatment protocol was less clear. Thus, it appears that other elements than the
treatment protocol are likely to explain the differences in impact of osteopathic care for spinal
complaints between European and US studies. A possible explanation is the, largely for histori-
cal reasons, different evolution of osteopathy in Europe vs. the US, creating two professionals
streams with two different scopes of practice. Osteopathy in Europe thus developed within a
more limited scope of practice, concentrating more on manual techniques [13]. Mixed find-
ings were also found for the secondary outcomes of interest ‘medication use’ and ‘health
status’.

The results related to the outcomes ‘pain’ and ‘functional status’ were evaluated taking into
account four levels of effectiveness. We are aware that presenting the findings in such a way is
rather unusual. This approach enabled us to compare the findings based on different variables
such as study protocol (custom tailored, semi-standardized, and standardized) and geography
(European vs. US studies). In addition, this method appeared to be appropriate as the current
study consisted of a qualitative evidence synthesis. This type of literature is now acknowledged
as a necessary and valuable type of information to answer health service research questions
[47]. The studies were characterized by a number of clinical and methodological differences
including different treatment protocols, differences in treatment strategies in the comparison
groups (e.g. no intervention, sham manipulation, exercise, physiotherapy), differences in treat-
ment duration, absence of follow-up in some studies, different target populations (e.g.
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pregnant women, obese females, women post-partum, diabetes patients), and differences in
sample sizes. Such differences hinder the comparison of the findings across studies. The extent
of methodological heterogeneity between the included studies was not quantified since this is
useful for the interpretation of a meta-analysis [48] and it was not the aim of the current study
to perform such analysis. Studies based on more homogeneous methodologies would enable
to better compare the findings of trials. Nevertheless, we decided to include studies irrespective
of their differences in methodologies to provide a broad overview of the impact of osteopathic
care in the treatment of spinal complaints. Several of these methodological shortcomings were
already addressed in previous literature reviews [15-18] examining the impact of osteopathic
care for spinal complaints, but also in reviews of the effect of osteopathic care for other condi-
tions such as irritable bowel syndrome [49], lower urinary tract symptoms in women [50],
pediatric conditions [20], and length of stay in preterm infants [51].

A number of limitations need to be addressed. First, only studies published from 1995 on
were eligible for inclusion. It is thus possible that we have missed relevant papers prior to 1995.
Second, there is a risk of reporting bias, since only studies published in English, French, Ger-
man, or Dutch were considered. Third, the review focused on the outcomes ‘pain’, ‘functional
status’, ‘medication use’, and ‘health status’. We are aware that other outcomes may also be
worthwhile to study such as the impact of osteopathic care on productivity and satisfaction
with treatment. Fourth, five studies were derived from the ‘grey literature’ which is not peer-
reviewed. However, since only randomized controlled study designs were considered, these
studies met this inclusion criterion. Moreover, the quality of these papers was also assessed
using the checklist as recommended by the Cochrane Back Review Group. Fifth, assessment of
the risk of bias was performed by one researcher, while the ‘Cochrane Back and Neck Group’
indicate that risk of bias in the studies should be independently assessed by at least two authors
[26].

In conclusion, the findings of the current literature review suggested that osteopathic care
may improve pain and functional status in patients suffering from spinal complaints. A clear
distinction was observed between studies conducted in the US and those in Europe, in favor of
the latter. Today, no clear conclusions of the impact of osteopathic care for spinal complaints
can be drawn. Further studies with larger study samples also assessing the long-term impact of
osteopathic care for spinal complaints are required to further strengthen the body of evidence.

Appendix 1 Search strategy Medline (Pubmed)

1. Low back pain [MeSH]

2. Back pain [MeSH]

3. Neck pain [MeSH]

4. Pelvic pain [MeSH]

5. Pelvic girdle pain [MeSH]

6. Spine [MeSH]

7. Spinal [title/abstract]

8. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7

9. Manipulation, osteopathic [MeSH]

10. Manipulation, spinal [MeSH]

11. Osteopathic medicine [MeSH]

12. Osteopathy [title/abstract]

13. Osteopathic [title/abstract]

14. Manipulative [title/abstract]

15. Manipulation [title/abstract]

16. #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15
17. Comparative effectiveness research [MeSH]
18. Pragmatic clinical trial [MeSH]
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19.
20.
21.
22.

Effectiveness [title/abstract]
Efficacy [title/abstract]

#17 OR #18 OR #19 OR #20

#8 AND #16 AND #21

Limits: publication date 01/01/1995-31/05/2018; humans

Supporting information

S1 Table. PRISMA 2009 checklist.
(DOC)

Author Contributions

Conceptualization: Nick Verhaeghe, Janne Schepers, Lieven Annemans.

Formal analysis: Nick Verhaeghe, Janne Schepers.

Methodology: Nick Verhaeghe, Janne Schepers.

Supervision: Lieven Annemans.

Writing - original draft: Nick Verhaeghe.

Writing - review & editing: Janne Schepers, Patrick van Dun, Lieven Annemans.

References

1.

10.

11.

12

Golob AL, Wipf JE. Low back pain. Med Clin North Am. 2014; 98(3):405-28. https://doi.org/10.1016/j.
mcna.2014.01.003 PMID: 24758954

Cohen SP. Epidemiology, diagnosis, and treatment of neck pain. Mayo Clin Proc. 2015; 90(2):284—99.
https://doi.org/10.1016/j.mayocp.2014.09.008 PMID: 25659245

Gore M, Sadosky A, Stacey BR, Tai KS, Leslie D. The burden of chronic low back pain: clinical comor-
bidities, treatment patterns, and health care costs in usual care settings. Spine (Phila Pa 1976). 2012;
37 (11):E668-77. https://doi.org/10.1097/BRS.0b013e318241e5de PMID: 22146287

Hoy D, March L, Brooks P, Blyth F, Woolf A, Bain C, et al. The global burden of low back pain: estimates
from the Global Burden of Disease 2010 study. Ann Rheum Dis. 2014; 73(6):968—74. https://doi.org/
10.1136/annrheumdis-2013-204428 PMID: 24665116

Hoy D, March L, Woolf A, Blyth F, Brooks P, Smith E, et al. The global burden of neck pain: estimates
from the global burden of disease 2010 study. Ann Rheum Dis. 2014; 73(7):1309-15. https://doi.org/
10.1136/annrheumdis-2013-204431 PMID: 24482302

Kleinman N, Patel AA, Benson C, Macario A, Kim M, Biondi DM. Economic burden of back and neck
pain: effect of a neuropathic component. Popul Health Manag. 2014; 17(4):224-32. https://doi.org/10.
1089/pop.2013.0071 PMID: 24684443

Airaksinen O, Brox JI, Cedraschi C, Hildebrandt J, Klaber-Moffett J, Kovacs F, et al. Chapter 4. Euro-
pean guidelines for the management of chronic nonspecific low back pain. Eur Spine J. 2006; 15 Suppl
2:5192-300. https://doi.org/10.1007/s00586-006-1072-1 PMID: 16550448

Deyo RA, Weinstein JN. Low back pain. N Engl J Med. 2001; 344(5):363-70. https://doi.org/10.1056/
NEJM200102013440508 PMID: 11172169

National Institute for Health and Care Excellence. Low back pain and scatia in over 16s: assessment
and management 2016. Available from: https://www.nice.org.uk/guidance/ng59.

Qaseem A, Wilt TJ, McLean RM, Forciea MA. Noninvasive Treatments for Acute, Subacute, and
Chronic Low Back Pain: A Clinical Practice Guideline From the American College of Physicians. Ann
Intern Med. 2017; 166(7):514-30. https://doi.org/10.7326/M16-2367 PMID: 28192789

Stochkendahl MJ, Kjaer P, Hartvigsen J, Kongsted A, Aaboe J, Andersen M, et al. National Clinical
Guidelines for non-surgical treatment of patients with recent onset low back pain or lumbar radiculopa-
thy. Eur Spine J. 2018; 27(1):60-75. https://doi.org/10.1007/s00586-017-5099-2 PMID: 28429142

Osteopathic International Alliance: Osteopathy and osteopathic medicine: a global view of practice,
patients, education and the contribution to healthcare delivery. Chicago: Osteopathic International Alli-
ance; 2013

PLOS ONE | https://doi.org/10.1371/journal.pone.0206284 November 2,2018 14/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0206284.s001
https://doi.org/10.1016/j.mcna.2014.01.003
https://doi.org/10.1016/j.mcna.2014.01.003
http://www.ncbi.nlm.nih.gov/pubmed/24758954
https://doi.org/10.1016/j.mayocp.2014.09.008
http://www.ncbi.nlm.nih.gov/pubmed/25659245
https://doi.org/10.1097/BRS.0b013e318241e5de
http://www.ncbi.nlm.nih.gov/pubmed/22146287
https://doi.org/10.1136/annrheumdis-2013-204428
https://doi.org/10.1136/annrheumdis-2013-204428
http://www.ncbi.nlm.nih.gov/pubmed/24665116
https://doi.org/10.1136/annrheumdis-2013-204431
https://doi.org/10.1136/annrheumdis-2013-204431
http://www.ncbi.nlm.nih.gov/pubmed/24482302
https://doi.org/10.1089/pop.2013.0071
https://doi.org/10.1089/pop.2013.0071
http://www.ncbi.nlm.nih.gov/pubmed/24684443
https://doi.org/10.1007/s00586-006-1072-1
http://www.ncbi.nlm.nih.gov/pubmed/16550448
https://doi.org/10.1056/NEJM200102013440508
https://doi.org/10.1056/NEJM200102013440508
http://www.ncbi.nlm.nih.gov/pubmed/11172169
https://www.nice.org.uk/guidance/ng59
https://doi.org/10.7326/M16-2367
http://www.ncbi.nlm.nih.gov/pubmed/28192789
https://doi.org/10.1007/s00586-017-5099-2
http://www.ncbi.nlm.nih.gov/pubmed/28429142
https://doi.org/10.1371/journal.pone.0206284

®PLOS | one

Osteopathy for spinal complaints: Review

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,
25.

26.

27.

28.

29.

30.

31.

32.

van Dun P, Kouwenberg T. The scope of osteopathic practice in Europe: European Federation of Oste-
opaths (EFO) & Forum for Osteopathic Regulation in Europe (FORE) 2012. Available from: http://www.
osteopathie-mechelen.be/sites/default/files/global/pages/professioneel/SOPE_2012.doc.pdf.

European Committee for Standardization. Osteopathic healthcare provision—main element—comple-
mentary element. CEN/TC 414 2014. Available from: https://www.cen.eu/news/brief-news/Pages/
News-2016-008.aspx

Franke H, Franke JD, Fryer G. Osteopathic manipulative treatment for nonspecific low back pain: a sys-
tematic review and meta-analysis. BMC Musculoskelet Disord. 2014; 15:286. https://doi.org/10.1186/
1471-2474-15-286 PMID: 25175885

Franke H, Franke JD, Fryer G. Osteopathic manipulative treatment for chronic nonspecific neck pain: A
systematic review and meta-analysis. International Journal of Osteopathic Medicine. 2015; 18:13.
http://dx.doi.org/10.1016/j.ijosm.2015.05.003

Licciardone JC, Brimhall AK, King LN. Osteopathic manipulative treatment for low back pain: a system-
atic review and meta-analysis of randomized controlled trials. BMC Musculoskelet Disord. 2005; 6:43.
https://doi.org/10.1186/1471-2474-6-43 PMID: 16080794

Orrock PJ, Myers SP. Osteopathic intervention in chronic non-specific low back pain: a systematic
review. BMC Musculoskelet Disord. 2013; 14:129. https://doi.org/10.1186/1471-2474-14-129 PMID:
23570655

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, loannidis JP, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:
explanation and elaboration. Bmj. 2009; 339:b2700. https://doi.org/10.1136/bmj.b2700 PMID:
19622552

Steel A, Sundberg T, Reid R, Ward L, Bishop FL, Leach M, et al. Osteopathic manipulative treatment: A
systematic review and critical appraisal of comparative effectiveness and health economics research.
Musculoskelet Sci Pract. 2017; 27:165-75. https://doi.org/10.1016/j.math.2016.10.067 PMID:
27852531

Higgings J, Green S. Cochrane Handbook for Systemtic Reviews of Interventions. Version 5.1.0 Lon-
don: The Cochrane Collaboration; 2011. Available from: http://handbook-5-1.cochrane.org/

Comondore VR, Devereaux PJ, Zhou Q, Stone SB, Busse JW, Ravindran NC, et al. Quality of care in
for-profit and not-for-profit nursing homes: systematic review and meta-analysis. Bmj. 2009; 339:
b2732. https://doi.org/10.1136/bmj.b2732 PMID: 19654184

Chou R, Huffman LH. Medications for acute and chronic low back pain: a review of the evidence for an
American Pain Society/American College of Physicians clinical practice guideline. Ann Intern Med.
2007; 147(7):505-14. PMID: 17909211

Ehrlich GE. Low back pain. Bull World Health Organ. 2003; 81(9):671-6. PMID: 14710509

van der Velde G, Hogg-Johnson S, Bayoumi AM, Cote P, Llewellyn-Thomas H, Hurwitz EL, et al. Neck
pain patients’ preference scores for their current health. Qual Life Res. 2010; 19(5):687-700. https://
doi.org/10.1007/s11136-010-9608-6 PMID: 20349212

Furlan AD, Malmivaara A, Chou R, Maher CG, Deyo RA, Schoene M, et al. 2015 Updated Method
Guideline for Systematic Reviews in the Cochrane Back and Neck Group. Spine (Phila Pa 1976). 2015;
40(21):1660-73. https://doi.org/10.1097/BRS.0000000000001061 PMID: 26208232

Andersson GB, Lucente T, Davis AM, Kappler RE, Lipton JA, Leurgans S. A comparison of osteopathic
spinal manipulation with standard care for patients with low back pain. N Engl J Med. 1999; 341
(19):1426-31. https://doi.org/10.1056/NEJM199911043411903 PMID: 10547405

Cruserd A, Maurer D, Hensel K, Brown SK, White K, Stoll ST. A randomized, controlled trial of osteo-
pathic manipulative treatment for acute low back pain in active duty military personnel. J Man Manip
Ther. 2012; 20(1):5-15. hitps://doi.org/10.1179/2042618611Y.0000000016 PMID: 23372389

Hensel KL, Buchanan S, Brown SK, Rodriguez M, Cruser d A. Pregnancy Research on Osteopathic
Manipulation Optimizing Treatment Effects: the PROMOTE study. Am J Obstet Gynecol. 2015; 212
(1):108.e1-9. https://doi.org/10.1016/j.2jog.2014.07.043 PMID: 25068560

Licciardone JC, Buchanan S, Hensel KL, King HH, Fulda KG, Stoll ST. Osteopathic manipulative treat-
ment of back pain and related symptoms during pregnancy: a randomized controlled trial. Am J Obstet
Gynecol. 2010; 202(1):43.e1-8. https://doi.org/10.1016/j.ajog.2009.07.057 PMID: 19766977

Licciardone JC, Gatchel RJ, Aryal S. Recovery From Chronic Low Back Pain After Osteopathic Manipu-
lative Treatment: A Randomized Controlled Trial. J Am Osteopath Assoc. 2016; 116(3):144-55. https:/
doi.org/10.7556/jaoa.2016.031 PMID: 26927908

Licciardone JC, Kearns CM, Hodge LM, Minotti DE. Osteopathic manual treatment in patients with dia-
betes mellitus and comorbid chronic low back pain: subgroup results from the OSTEOPATHIC Trial. J
Am Osteopath Assoc. 2013; 113(6):468-78. PMID: 23739758

PLOS ONE | https://doi.org/10.1371/journal.pone.0206284 November 2,2018 15/16


http://www.osteopathie-mechelen.be/sites/default/files/global/pages/professioneel/SOPE_2012.doc.pdf
http://www.osteopathie-mechelen.be/sites/default/files/global/pages/professioneel/SOPE_2012.doc.pdf
https://www.cen.eu/news/brief-news/Pages/News-2016-008.aspx
https://www.cen.eu/news/brief-news/Pages/News-2016-008.aspx
https://doi.org/10.1186/1471-2474-15-286
https://doi.org/10.1186/1471-2474-15-286
http://www.ncbi.nlm.nih.gov/pubmed/25175885
http://dx.doi.org/10.1016/j.ijosm.2015.05.003
https://doi.org/10.1186/1471-2474-6-43
http://www.ncbi.nlm.nih.gov/pubmed/16080794
https://doi.org/10.1186/1471-2474-14-129
http://www.ncbi.nlm.nih.gov/pubmed/23570655
https://doi.org/10.1136/bmj.b2700
http://www.ncbi.nlm.nih.gov/pubmed/19622552
https://doi.org/10.1016/j.math.2016.10.067
http://www.ncbi.nlm.nih.gov/pubmed/27852531
http://handbook-5-1.cochrane.org/
https://doi.org/10.1136/bmj.b2732
http://www.ncbi.nlm.nih.gov/pubmed/19654184
http://www.ncbi.nlm.nih.gov/pubmed/17909211
http://www.ncbi.nlm.nih.gov/pubmed/14710509
https://doi.org/10.1007/s11136-010-9608-6
https://doi.org/10.1007/s11136-010-9608-6
http://www.ncbi.nlm.nih.gov/pubmed/20349212
https://doi.org/10.1097/BRS.0000000000001061
http://www.ncbi.nlm.nih.gov/pubmed/26208232
https://doi.org/10.1056/NEJM199911043411903
http://www.ncbi.nlm.nih.gov/pubmed/10547405
https://doi.org/10.1179/2042618611Y.0000000016
http://www.ncbi.nlm.nih.gov/pubmed/23372389
https://doi.org/10.1016/j.ajog.2014.07.043
http://www.ncbi.nlm.nih.gov/pubmed/25068560
https://doi.org/10.1016/j.ajog.2009.07.057
http://www.ncbi.nlm.nih.gov/pubmed/19766977
https://doi.org/10.7556/jaoa.2016.031
https://doi.org/10.7556/jaoa.2016.031
http://www.ncbi.nlm.nih.gov/pubmed/26927908
http://www.ncbi.nlm.nih.gov/pubmed/23739758
https://doi.org/10.1371/journal.pone.0206284

®PLOS | one

Osteopathy for spinal complaints: Review

33.

34.

35.

36.

37.

38.

39.

40.

M.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

Licciardone JC, Minotti DE, Gatchel RJ, Kearns CM, Singh KP. Osteopathic manual treatment and
ultrasound therapy for chronic low back pain: a randomized controlled trial. Ann Fam Med. 2013; 11
(2):122-9. https://doi.org/10.1370/afm.1468 PMID: 23508598

Licciardone JC, Stoll ST, Fulda KG, Russo DP, Siu J, Winn W, et al. Osteopathic manipulative treat-
ment for chronic low back pain: a randomized controlled trial. Spine (Phila Pa 1976). 2003; 28
(13):1355-62. https://doi.org/10.1097/01.BRS.0000067110.61471.7D PMID: 12838090

McReynolds TM, Sheridan BJ. Intramuscular ketorolac versus osteopathic manipulative treatment in
the management of acute neck pain in the emergency department: a randomized clinical trial. J Am
Osteopath Assoc. 2005; 105(2):57-68. PMID: 15784928

Belz S, Brix K, Menges A. Effectiveness of osteopathic treatment in women with persistent non-specific
low back pain after childbirth. A randomized controlled trial. Thesis, Donau-Universitat Krems. 2014

Engemann K, Hofmeier G. Evaluation of the effectiveness of osteopathic treatments in patients with
chronic neck pain after a posttraumatic cervical syndrome following a whiplash injury. A randomized
controlled trial. Thesis, College Sutherland. 2009

Heinze G. The effectiveness of a holistic osteopathic treatment in subacute low bak pain. A randomized
controlled trial. Thesis, Akademie fuir Osteopathie. 2006

Peters R, Van Der Linde M. Osteopathic Treatment of Women with Low Back Pain during Pregnancy. A
Randomized Controlled Trial. Thesis, Akademie fir Osteopathie. 2006

Recknagel C, Ross J. Study on the effectiveness of osteopathic treatment for women with persistent
post partum back pain. Thesis, Akademie fir Osteopathie. 2007

Schwerla F, Bischoff A, Nuernberger A, Genter P, Guillaume JP, Resch KL. Osteopathic treatment of
patients with chronic non-specific neck pain: A randomised controlled trial of efficacy. Forschende Kom-
plementarmedizin. 2008; 15(3):138—45. https://doi.org/10.1159/000132397 WOS:000257519000003
PMID: 18617745

Schwerla F, Rother K, Rother D, Ruetz M, Resch KL. Osteopathic Manipulative Therapy in Women
With Postpartum Low Back Pain and Disability: A Pragmatic Randomized Controlled Trial. J Am Osteo-
path Assoc. 2015; 115(7):416-25. https://doi.org/10.7556/jaoa.2015.087 PMID: 26111129

Chown M, Whittamore L, Rush M, Allan S, Stott D, Archer M. A prospective study of patients with
chronic back pain randomised to group exercise, physiotherapy or osteopathy. Physiotherapy. 2008;
94:8.

UK BEAM Trial Team. United Kingdom back pain exercise and manipulation (UK BEAM) randomised
trial: effectiveness of physical treatments for back pain in primary care. Bmj. 2004; 329(7479):1377.
https://doi.org/10.1136/bm;j.38282.669225.AE PMID: 15556955

Vismara L, Cimolin V, Menegoni F, Zaina F, Galli M, Negrini S, et al. Osteopathic manipulative treat-
ment in obese patients with chronic low back pain: a pilot study. Man Ther. 2012; 17(5):451-5. https://
doi.org/10.1016/j.math.2012.05.002 PMID: 22658268

Lin JH, Shen T, Chung RCK, Chiu TTW. The effectiveness of Long’s manipulation on patients with
chronic mechanical neck pain: A randomized controlled trial. Man Ther. 2013; 18(4):308-15. https://
doi.org/10.1016/j.math.2012.11.005 PMID: 23352180

Noyes J, Popay J, Pearson A, Hannes K, Booth A. Chapter 20: Qualitative research and Cochrane
reviews. London: The Cochrane Collaboration; 2008

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002; 21
(11):1539-58. https://doi.org/10.1002/sim.1186 PMID: 12111919

Muller A, Franke H, Resch KL, Fryer G. Effectiveness of osteopathic manipulative therapy for managing
symptoms of irritable bowel syndrome: a systematic review. J Am Osteopath Assoc. 2014; 114(6):470—
9. https://doi.org/10.7556/jaoa.2014.098 PMID: 24917634

Franke H, Hoesele K. Osteopathic manipulative treatment (OMT) for lower urinary tract symptoms
(LUTS) in women. J Bodyw Mov Ther. 2013; 17(1):11-8. https://doi.org/10.1016/j.jomt.2012.05.001
PMID: 23294678

Lanaro D, Ruffini N, Manzotti A, Lista G. Osteopathic manipulative treatment showed reduction of
length of stay and costs in preterm infants: A systematic review and meta-analysis. Medicine (Balti-
more). 2017; 96(12):e6408. https://doi.org/10.1097/MD.0000000000006408 PMID: 28328840

PLOS ONE | https://doi.org/10.1371/journal.pone.0206284 November 2,2018 16/16


https://doi.org/10.1370/afm.1468
http://www.ncbi.nlm.nih.gov/pubmed/23508598
https://doi.org/10.1097/01.BRS.0000067110.61471.7D
http://www.ncbi.nlm.nih.gov/pubmed/12838090
http://www.ncbi.nlm.nih.gov/pubmed/15784928
https://doi.org/10.1159/000132397
http://www.ncbi.nlm.nih.gov/pubmed/18617745
https://doi.org/10.7556/jaoa.2015.087
http://www.ncbi.nlm.nih.gov/pubmed/26111129
https://doi.org/10.1136/bmj.38282.669225.AE
http://www.ncbi.nlm.nih.gov/pubmed/15556955
https://doi.org/10.1016/j.math.2012.05.002
https://doi.org/10.1016/j.math.2012.05.002
http://www.ncbi.nlm.nih.gov/pubmed/22658268
https://doi.org/10.1016/j.math.2012.11.005
https://doi.org/10.1016/j.math.2012.11.005
http://www.ncbi.nlm.nih.gov/pubmed/23352180
https://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
https://doi.org/10.7556/jaoa.2014.098
http://www.ncbi.nlm.nih.gov/pubmed/24917634
https://doi.org/10.1016/j.jbmt.2012.05.001
http://www.ncbi.nlm.nih.gov/pubmed/23294678
https://doi.org/10.1097/MD.0000000000006408
http://www.ncbi.nlm.nih.gov/pubmed/28328840
https://doi.org/10.1371/journal.pone.0206284

