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Objective: The objective of this systematic review is to identify, evaluate, and synthesize the available
evidence concerning studies on diagnostic reliability of osteopathic tests.

Data sources: A structured literature search was conducted of medical databases Cochrane library,
MedLine, EMBASE, CINAHL from 1982 to December 2014.

Study selection: Inclusion criteria were journal articles on reliability of osteopathic diagnostic palpatory
tests. Studies were excluded if the examiners were not osteopaths or if the studies did not examine the
reliability of diagnostic methods.

Data extraction: The included studies were appraised by the three authors using an 11-items scale in-
strument (QAREL) developed to assess the quality of studies of diagnostic reliability. The search strategy
identified 159 studies. However, only 17 met the inclusion criteria.

Data synthesis: The included studies involved a total of 406 patients (64 symptomatic) and 2 studies used
anatomical models. 278 examiners were involved, which included 73 osteopaths and 205 osteopathic
students. The body sites studied were divided between those of the pelvis, the lower limbs, the spine,
and the cranium. Results of the QAREL checklists indicated that most domains met the criteria for being
of high quality.

Conclusions: The quality of the reviewed studies was good, while the levels of diagnostic reliability were
heterogeneous. Intra-examiner reliability was higher than inter-examiner reliability. There were no
significant differences in respect to evaluated osteopathic clinical diagnostic tests and body sites, either
in degrees of palpatory pressure, nor in examiners’ experience. However, proper study designs,
consensus training and standardizing procedures, such as the developing of models, could be effective in
improving the reliability of palpatory tests.
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1. Introduction

Osteopathy is a primary contact healthcare profession in most
countries where it is practised. It diagnoses and treats dysfunctions
in the mobility of bodily tissues which affect the state of health
[1,2]. It is a concept of health care supported by expanding scientific
knowledge that embraces the concept of the unity of the living
organism's structure (anatomy) and function (physiology) [3].

Somatic dysfunction is an impaired or altered function of related
components of the somatic (body framework) system; skeletal,
arthrodial and myofascial structures and their related vascular,
lymphatic and neural elements. It is diagnosed by osteopathic
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clinicians using palpation, a highly trained and practiced sense of
touch, which is a hallmark of the osteopathic medicine [1]. Osteo-
paths follow specific criteria identified by the mnemonic T-A-R-T
(Tissue texture changes — Asymmetry — Restriction of motion —
Tenderness), and treat somatic dysfunctions using osteopathic
manipulative treatment (OMT) [4].

Thus, in order to determine the areas requiring treatment the
osteopath uses diagnostic tests. The fundamental requirements of a
diagnostic test are that it be both accurate and reliable. A diagnostic
test should be reproducible in the same patient by two or more
independent examiners, or at the very least, by the same examiner
on two separate occasions. These are referred to as inter-examiner
and intra-examiner reliability. In other words, the diagnostic reli-
ability is the reproduction of the results when a test is repeated to
evaluate an unchanged attribute. An unreliable test will not give
reliable results and is not suitable to base decisions about diagnosis
and treatment [5].


mailto:fabiobasile.osteo@gmail.com
mailto:sciontiroberto@libero.it
mailto:sciontiroberto@libero.it
mailto:marco.petracca1@hotmail.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijosm.2017.03.004&domain=pdf
www.sciencedirect.com/science/journal/17460689
http://www.elsevier.com/ijos
http://dx.doi.org/10.1016/j.ijosm.2017.03.004
http://dx.doi.org/10.1016/j.ijosm.2017.03.004
http://dx.doi.org/10.1016/j.ijosm.2017.03.004

22 E Basile et al. / International Journal of Osteopathic Medicine 25 (2017) 21-29

The type of statistical test used for analysis in diagnostic studies
depends on the type of data generated by the diagnostic test. For
continuous data, such as joint range of motion or blood pressure,
the intraclass correlation coefficient (ICC) is used [6]. For diagnostic
tests that generate categorical data, such as ‘positive’ or ‘negative’,
or “mild, “moderate”, or “severe”, the kappa statistic is used [7]. In
osteopathy, many diagnostic tests generate categorical data, and in
many instances continuous data are reduced into categories for
ease of reporting [5].

Previous reviews on reliability of clinical tests have included
studies in which examiners were not exclusively osteopaths. Thus,
the diagnostic tests were performed by other health care pro-
fessionals, such as chiropractors, physiotherapists or manual
therapists.

Haneline et al. [8] reviewed 29 studies made on inter-examiner
reliability of localizing painful or tender points, landmarks, and
position or alignment of bone structures of the spine and sacroiliac
joints. They concluded that the reliability for these three methods
of static palpation is generally low. Thus, even though many pain
palpation studies reported acceptable k levels, no one method of
static palpation resulted clearly reliable [8]. The review by Seffinger
etal.[9] concluded that pain provocation tests are most reliable and
soft tissue paraspinal palpatory diagnostic tests are not reliable [9].
Finally, Stovall et al. [10] reviewed studies investigating the reli-
ability of bony anatomical landmark positional asymmetry assess-
ment in the lumbar spine and pelvis. They concluded that the
average inter-examiner reliability for bony anatomical landmark
positional asymmetry assessment was slightly above chance for all
landmarks except medial malleolus, which had fair reliability [10].
Both Stovall et al. [10] and Seffinger et al. [9] concurred that the
intra-examiner reliability is greater than the inter-examiner reli-
ability [9,10].

Many of those within and outside the profession have called for
a larger evidence base for osteopathic medicine. Thus, it has
become essential for research to focus on the investigation of the
diagnostic tests, the assessment and pathophysiology of somatic
dysfunction, and the indications and physiological effects of oste-
opathic treatment. Up to now, no review has been published on
diagnostic reliability of studies where the examiners were exclu-
sively osteopathic physicians or osteopathic students. Osteopaths
place a large emphasis on palpation during training and practice
and may therefore have better reliability for palpation than other
manual therapists. Therefore, the objective of this systematic re-
view is to identify, evaluate, and synthesize the available evidence
concerning studies on diagnostic reliability of osteopathic tests
performed by osteopaths.

2. Materials and methods

The research team conducted the systematic review between
March through April 2014, with an update in December 2014. That
included 3 practitioners with experience in in osteopathy and
database searches, clinical research, evidence-based medicine,
research design, and statistics methodology.

A search was conducted of the Cochrane library, MEDLINE-
PubMed, EMBASE, and Cumulative Index to Nursing and Allied
Health Literature (CINAHL) databases for the years 1982 to
December 2014. This search involved the following terms: “osteo-
path*”AND “reliability” in the title/abstract search field.

2.1. Inclusion and exclusion criteria
To be included in the review, articles had to be original studies

that investigated osteopathy and reliability of the osteopathic tests,
including measurement for the intra- and/or inter-examiner

reliability in the English language. Diagnostic tests had to be per-
formed exclusively by osteopaths or osteopathic students. Studies
were excluded if they did not examine diagnostic reliability, or
were performed by examiners who were not osteopaths.

2.2. Quality assessment

The studies included in this review were appraised for quality by
each of the 3 authors using the Quality Appraisal of Reliability
Studies (QAREL), an 11-items scale instrument made by Lucas et al.,
[11] which was developed as a specific quality appraisal tool for
studies of diagnostic reliability. It is composed of 21 questions,
provided in a data extraction form, summarized in a 11-items
checklist. Each item was considered separately for its impact on
the quality of the study rather than relying on an overall quality
score, therefore QAREL did not use an overall numeric scoring
system. The 11-items on the checklist can be answered with 4
categorical responses:“yes”, “no”, “unclear” and, in addition, some
items include the option “not applicable”. Yes response indicates a
good quality aspect of the study, whereas a No response indicates a
poor quality aspect. Unclear is given to unsure or insufficient in-
formation, and N/A to uncorrelated information. The 11 points
explore 7 domains: items 1 and 2 consider sampling bias and the
representativeness of subjects and raters, items 3—7 relate to rater
blinding, item 8 relates to the order in which raters or subjects were
examined, item 9 relates to the suitability of the time interval
among repeated measurements, item 10 considers whether the test
was applied and interpreted appropriately and item 11 considers
the statistical analysis of reliability [11]. Disagreements about the
evaluation of the items' quality were resolved by consensus.

2.3. Data analysis

Characteristics of the studies, findings such as ranges and means
of k values, and degrees of reliability were summarized in a table to
permit comparison of the outcomes. The examiner reliability for
the included studies was characterized using the k statistic for
categorical data or the intraclass correlation coefficient (ICC) for
continuous data. One study used the 95% limits of agreement be-
tween examiners [30] and another study used the Fisher's exact
test [17]. Landis and Koch [7] have proposed the following as
standards for strength of agreement for the kappa coefficient: 0.00,
none; 0.00 to 0.20, slight; 0.21 to 0.40, fair; 0.41 to 0.60, moderate;
0.61 to 0.80, substantial; 0.81 to 1.0, almost perfect [7]. Studies
reporting ranges of k values 0.4 or greater were considered clini-
cally acceptable by this review. Fleiss [6] provided a general
guideline for ICC interpretation: less than 0.40, poor reliability; 0.40
to 0.75, fair to good reliability; greater than 0.75, good reliability [6].

3. Results

The search generated 159 citations, although, after reading the
full-text articles, 85 articles did not meet the inclusion criteria and
were excluded. Thus, 22 articles were considered to be potentially
relevant, however, another 5 were excluded for the following rea-
sons: reliability of an instrument-based measure [12—14], non-
osteopathic examiners [15,16]. Thus, a total number of 17 studies
met our inclusion criteria and were included in this systematic
review (Fig. 1).

The included studies involved a total number of 406 patients, of
whom 64 were symptomatic. Two studies used anatomical pelvis
models. Furthermore 278 examiners, of whom 73 osteopaths and
205 osteopathic students, were comprised. The studies originated
the US [17—19,23,33], Australia [20—22,24—27,31], UK [28,29,32]
and Austria [30]. The region of the body investigated were mostly
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Fig. 1. Flow chart.

divided between those of the pelvis, the lower limbs and the spine:
1 study of the pelvis and spine [29], 7 studies of the pelvis
[17,20,22,24,26,32,33], of which 2 included the lower limbs [20,24],
1 of the lower limbs [21] and 5 of the spine [18,19,27,28,31], of
which 3 studies included the lumbar spine [18,19,31], 1 the thoracic
spine [27] and 1 in which both were included [28]. Finally, 3 studies
on the cranium were included [23,25,30], of which 2 examined
palpation on the cranium and sacrum together [25,30]. The 3
studies in the cranial field focused on palpation of the cranial
rhythmic impulse (CRI) rate [23,25,30]. One of these 3 studies
assessed the cranial strain patterns [23] and 2 investigated the
“core-link” theory of craniosacral interaction [25,30]. The static and
motion palpation tests, examined in the studies selected by the
review, are based on the criteria identified by the mnemonic TART
[4], as commonly adopted in osteopathic medicine. Tissue texture
change was examined in 3 studies [18,19,27], asymmetry in 12
studies [17—22,24,26,29,31—33], restriction of motion in 4 studies
[19,23,28,29] and tenderness was assessed only in 2 studies of this
systematic review [18,19]. The k statistic was used in 14 studies

[17—24,26,27,29,31—-33] and the intraclass correlation coefficient
(ICC) was used in 2 studies [25,28]. Descriptions of the character-
istics of the studies are summarized in Table 1.

Osteopathic tests showed inconsistent diagnostic reliability. Of
the 17 studies, 4 reported acceptable k values [18,19,21,23] and 1
reported acceptable ICC values [28]. One study of the anatomical
pelvis model reported acceptable k value [33].

Intra-examiner reliability was generally found to be higher than
inter-examiner reliability. Intra-examiner reliability of body sites,
tested by means of TART parameters in 11 of the 17 studies included
in this review, resulted variable. Intra-examiner reliability for
palpating tissue texture changes were not measured. Intra-
examiner reliability for palpating asymmetry was slight [31]
(k = 0.04) for lumbar spine, and ranged from: none [24] to mod-
erate [20] (k = —0.29 to 0.54) for PSIS (pelvis), fair [24] to sub-
stantial [20] (k = 0.25 to 0.65) for ASIS (pelvis), none to moderate
[24] (k = —0.29 to 0.44) for SILA (pelvis), none to almost perfect [24]
(k = —0.28 to 0.83) for sacral sulci (pelvis), none to almost perfect
[24] (k = 0.20 to 1.00) for medial malleoli (lower limb). Cranial and
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Table 1
Study characteristics and reliability (main findings, degree).
Study TART® Region Subjects Examiners’ experience Study type Main findings” Degree of reliability
Bengaard K Asymmetry pelvis 12 44 DO Inter k = 0.028 (ASIS: St slight
et al. (2012) and DO)
[17] (see 95 St k = 0.038 (ASIS: St)
below for
model's
results)
Degenhardt BF  Tissue texture lumbar spine 119 Asx 3D0, <10y Inter k = 0.45 (Texture changes)” slight to substantial
et al. (2005) changes (L1-L4)
[18] Asymmetry k = 0.20 (Asymmetry: Ant/
Post)!
Tenderness k = 0.34 (Asymmetry:
transverse plan)®
k = 0.68 (Tenderness)®
Degenhardt BF  Tissue texture lumbar spine 64 (48 Asx, 16 2 DO, 3-10y Inter k = 0.23 to 0.55 (Texture fair to almost perfect
et al. (2010) changes (L1-L4) Sx) changes)?
[19] Asymmetry k =0.56 to 0.72
(Asymmetry)"
Restriction of k =0.30 to 0.50 (Restriction
motion of motion)?
Tenderness k = 0.61 to 0.88
(Tenderness)®
Fryer G et al. Asymmetry pelvis - legs 10 Asx 10 St, final-year Intra k = 0.07 (SILA-Posterior/ slight to substantial
(2005) [20] Ant)
k = 0.20 (SILA-Inferior/Sup)
k = 0.41 (seated flexion
test)?
k = 0.54 (PSIS)?
k = 0.65 (ASIS)?
k = 0.68 (medial malleoli)’
Inter k = 0.04 (SILA-Posterior/ slight to fair
Ant)
k = 0.04 (SILA-Inferior/Sup)
k = 0.08 (PSIS)
k = 0.14 (seated flexion
test)d
k = 0.24 (ASIS)¢
k = 0.31 (medial malleoli)"
Fryer G et al. Asymmetry legs 10 Asx 5 St final-year Intra k = 0.31 (medial malleoli:  fair to almost perfect
(2006) [21] subjects NOT selected)
k = 0.94 (medial malleoli:
subjects selected)
Inter k = 0.22 (medial malleoli:  fair to almost perfect
subjects NOT selected)
k = 0.94 (medial malleoli:
subjects selected)
Gibbons P et al. Asymmetry pelvis 27 Asx 8 St, final-year Intra k = 0.35 (pelvis lankmarks: slight to fair
(2002) [22] no intervention)
k = 0.34 (pelvis lankmarks:
0.5 cm heel insert)
k = 0.14 (pelvis lankmarks:
1 cm heel insert)
Inter k = 0.27 (pelvis lankmarks: slight to fair
no intervention)
k = 0.28 (pelvis lankmarks:
0.5 cm heel insert)
k = 0.19 (pelvis lankmarks:
1 cm heel insert)
Halma KD et al. Restriction of cranium 48 (15 Asx,33 2DO, 6-14y Intra k = 0.23 (cranial rhythmic fair to substantial
(2008) [23]  motion SXx) impulse)
k = 0.67 (cranial strain
patterns)
k = 0.52 (left anterior
quadrant)
k = 0.44 (right anterior
quadrant)
k = 0.33 (left posterior
quadrant)
k = 0.50 (right posterior
quadrant)
Kmita A et al. Asymmetry pelvis - legs 9 (4 Asx,5Sx) 2DO, Exp Intra k = —0.29 to 0.39 (PSIS) none to almost perfect

(2008) [24]

2 St, final-year

k = —0.28 to 0.83 (sacral
sulcus)

k = —0.29 to 0.44 (SILA-
Posterior/Ant)
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Study TART? Region Subjects Examiners’ experience Study type Main findings” Degree of reliability®
k = —0.29 to 0.34 (SILA-
Inferior/Sup)
k = 0.25 to 0.63 (ASIS)
k = 0.20 to 1.0 (medial
malleoli)
Inter k = 0.04 (PSIS) none to slight
k = —0.4 (sacral sulcus)
k = —0.03 (SILA-Posterior/
Ant)
k = —0.01 (SILA-Inferior/
Sup)
k = 0.13 (ASIS)
k = 0.17 (medial malleoli)
Moran RW et al. none cranium - sacrum 11 Asx 2 D0, 45-65y Intra ICC = —-1.47 to —1.46 none to substantial
(2001) [25] (cranium-sacrum)
ICC = 0.52 to 0.65 (sacrum)
ICC=0.47 to 0.73 (cranium)
Inter ICC = —-0.09 to 0.31 none to fair
(cranium-sacrum)
ICC = —0.02 (sacrum)
ICC = 0.05 (cranium)
O'Haire C et al. Asymmetry pelvis 10 Asx 10 St, fifth year Intra k = 0.21 (SILA) fair
(2000) [26] k = 0.24 (sacral sulcus)
k = 0.33 (PSIS)
Inter k = 0.04 (PSIS) slight
k = 0.07 (sacral sulcus)
k = 0.08 (SILA)
Paulet Tetal.  Tissue texture thoracic spine 10 Sx 10 St, 4 final-year Inter k = 0.26 (total assessment: fair
(2009) [27]  changes n.10)
k = 0.32 (first 5 assessment)
Potter L et al. Restriction of lumbar - thoracic 12 Asx 1DO,9y Intra ICC = 0.70 (thoracic spine) fair to excellent
(2006) [28]  motion spine ICC = 0.96 (lumbar spine)
Rajendran D Asymmetry pelvis - lumbar 4 Asx 20 St, third year Inter k = —0.0476 (SILA) none to slight
etal. (2011) Restriction of spine k = —0.0425 (backwards
[29] motion bending test)
k = 0.0170 (lumbar spring
test)
k = 0.0330 (sacral sulcus)
Sommerfeld P none cranium - sacrum 49 Asx 2DO,7y Intra 95% limits of agreement® not reliable
et al. (2004) Inter
[30]
Spring Fetal.  Asymmetry lumbar spine (L4) 10 Asx 10 St, final-year Intra k = 0.04 (Asymmetry) slight
(2001) [31] Inter k = 0.04 (Asymmetry) slight
Sutton Cetal.  Asymmetry pelvis 1 Asx 10 DO, 5-25y Inter k =0.025 (PSIS, St - third  slight
(2013) [32] year)
15 St, third year k = 0.058 (PSIS, DO)
15 St, final-year k = 0.065 (PSIS, St - final
year)
Stovall BA et al. Asymmetry pelvis 1 pelvic model 5 DO, 5-40y Intra k = 0.49 (DO) moderate
(2010) [33] ® 5 St, final-year k = 0.52 to 0.59 (St)¢
Inter k = 0.46 (DO) fair to moderate
k = 0.37 to 0.48 (St)¢
Bengaard K Asymmetry pelvis 1 pelvic model 44 DO Inter Fisher's exact test’ not reliable
etal. (2012) 95 St

[17]#

Asx = asymptomatic; Sx = symptomatic; DO = doctor of osteopathy; St = osteopathic student; Exp = experienced; Intra = intraexaminer reliability; Inter = interexaminer

reliability.

DESCRIPTION: This table summarizes the studies’ characteristics (such as TART parameters assessed, region of the body evaluated, sample of subjects, sample of examiners
plus qualification and experience in years, type of reliability investigated), main findings (such as ranges or means of k/ICC values), and degrees of reliability according to

Landis and Kock or Fleiss classification.
T-A-R-T (Tissue texture changes — Asymmetry — Restriction of motion — Tenderness) parameters, measured by examiners.
Range or mean values shown in ascending order, details shown in brackets (...)
k Landis and Koch, ICC Fleiss.
Finding increased after consensus training.

95% limits of agreement Bland and Altmann.

" an o

f Fisher's exact test, one-tailed p < .0001.
& Studies where one anatomical model was used.

thoracic asymmetries were not measured. Intra-examiner reli-
ability for palpating restriction of motion was: fair [28] (ICC = 0.70)
for thoracic spine and excellent [28] (ICC = 0.96) for lumbar spine.
Halma et al. [23] assessed restriction of motion of the 4 cranial

quadrants: the overall intra-examiner reliability ranged from fair to
moderate (k = 0.33 to 0.52). Restrictions of motion of pelvis and
lower limb were not measured. Intra-examiner reliability for
palpating tenderness was not measured. The intra-examiner
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reliability of the two pelvic models was measured only by Stovall
et al. [33] for palpating asymmetry and findings ranged from
k = 0.33 to 0.52, a moderate degree of reliability.

Inter-examiner reliability was assessed in 15 of the 17 studies
included. Inter-examiner reliability for palpating tissue texture
changes ranged from: fair to moderate [19] (k = 0.23 to 0.55) for
lumbar spine, fair [27] (k = 0.26 to 0.32) for thoracic spine and no
other body sites were measured for tissue texture changes. Inter-
examiner reliability for palpating asymmetry ranged from: slight
[31] to substantial [19] (k = 0.04 to 0.72) for lumbar spine, slight
[32] to fair [22] (k = 0.025 to 0.28) for PSIS (pelvis), slight [17] to fair
[20] (k = 0.028 to 0.24) for ASIS (pelvis), none [29] to slight [26]
(k = —0.0476 to 0.08) for SILA (pelvis), none [24] to slight [26]
(k = —0.4 to 0.07) for sacral sulci (pelvis), slight [24] to almost
perfect [21] (k = 0.17 to 0.94) for medial malleoli (lower limb).
Asymmetries of thoracic spine and cranium were not measured.
Inter-examiner reliability for palpating restriction of motion ranged
from slight [29] to moderate [19] (k = 0.017 to 0.50) for lumbar
spine, no other body sites were measured for restrictions of motion.
Inter-examiner reliability for palpating tenderness ranged from
substantial to almost perfect [19] (k = 0.61 to 0.88) for lumbar spine
and no other body sites were measured for tenderness. The inter-
examiner reliability of the two pelvic models was reported only
by Stovall et al. [33] for palpating asymmetry and findings ranged
from fair to moderate (k = 0.37 to 0.48). Bengaard et al. [17] did not
report any k values in regards to inter-examiner reliability of their
pelvic model, because Fisher's exact test was preferred.

Results of the other studies were included into the above-
mentioned ranges but resulted variable or below the acceptable k
or ICC values (Table 1).

The QAREL checklists of the 17 studies indicated that most do-
mains met the criteria for being of high quality, with a majority of
Yes replies (61%) (Table 2). In addition to the quality assessed by
QAREL, the present systematic review analyzed the results for each
of the 11 items. Thus, the sample of subjects (item 1) was generally a
good aspect, however some studies reported inconsistent results.
The sample of raters (item 2), such as osteopaths, were rated as
being good quality for all 17 studies. Conversely, rater blinding
(item 3 to 7) was the most conflicting area. Item 3, inter-examiner
blinding, was rated as being good quality; on the other hand, the
intra-examiner blinding (item 4) had a mix of high and low quality

Table 2
4-answers summary (QAREL).

Study Yes No

Bengaard K et al. (2012)'7?
Degenhardt BF et al. (2005) [18]
Degenhardt BF et al. (2010) [19]
Fryer G et al. (2005) [20]

Fryer G et al. (2006) [21]
Gibbons P et al. (2002) [22]
Halma KD et al. (2008) [23]
Kmita A et al. (2008) [24]
Moran RW et al. (2001) [25]
O'Haire C et al. (2000) [26]
Paulet T et al. (2009) [27]
Potter L et al. (2006) [28]
Rajendran D et al. (2011) [29]
Sommerfeld P et al. (2004) [30]
Spring F et al. (2001) [31]
Sutton C et al. (2013) [32]

Stovall BA et al. (2010)33¢
Total 114 13 35 25

Unclear N/A

—_
N WN = DNNN

NWA = BAN=N

OloNuNU UL 2w NO W
N}
N, mr NN R, s a s NN

DESCRIPTION: This table summarizes the 4 answers of the 11-items scale of the
QAREL checklists, showing the total amount of each answer.
¢ Studies where one anatomical model was used.

ratings. Item 5, concerning the blinding to the accepted reference
standard, was always rated as “not applicable”. Furthermore,
blinding protocols in regards to the clinical information of the
subjects (item 6) was conflicting: there was insufficient information
in more than half of the studies. Item 7 was rated with the largest
number of “no” responses. The order in which raters or subjects
were examined (item 8) was generally found to be a good aspect.
Item 9 received the largest number of “unclear” and Item 10 was
considered as a good aspect. Finally, the statistical analysis of reli-
ability (item 11) was rated as “yes” for all the studies reviewed.

4. Discussion

The studies included in this systematic review were judged to be
of good quality, as assessed using the QAREL tool. Conversely,
further analysis of the 17 studies showed an inconsistent diagnostic
reliability, providing insight into strengths and weaknesses of their
methodologies and study designs, such as examiners' experience
and training, use of novel models and stability of the variables.
Furthermore, reliability for each of the different palpatory test ac-
cording to the TART mnemonic, and the different body sites, was
examined.

Tissue texture changes were examined in 3 inter-examiner
reliability studies [18,19,27] and improved from fair to moderate
after a consensus training [18,19], but decreased after repeated
assessments [27]. Because so few studies have examined the reli-
ability of tissue texture change assessment between examiners,
further studies are required to determine the reliability of this
clinical finding. Furthermore, these studies were based only on the
spine examination and there are no studies on other body sites or
intra-examiner reliability.

Asymmetry was measured in most of the intra- and inter-
examiners reliability studies [17—22,24,26,29,31-33], with a
prevalence of pelvis and lower limbs studies. Some studies assessed
asymmetry after the subjects changed position [18,20,31], but most
of the studies examined static segmental positional asymmetry
without any movement of the test subjects
[17,19—22,24,26,29,32,33] to maintain the stability of the variables.
Intra-examiner reliability was higher than inter-examiner, but the
findings were inconsistent and prevent them from being consid-
ered clinically useful. Effectively, few studies reported acceptable
intra-examiner k values for medial malleoli [21,24] and ASIS [20]
asymmetry, but the overall kappa scores of the reviewed studies
varied considerably, indicating that some examiners achieved
reasonably high agreement, whereas others did not. Moreover,
those results were not consistent in respect to the other body sites.
A possible explanation for higher reliability of the studies based on
asymmetry of pelvis landmarks and medial malleoli could be that
the landmarks in these regions were more easily detected because
there was less obstructing fat and muscle. In fact, some authors
found inconsistency when assessing asymmetry of other body sites,
such as the spine, because of the tissue hypertonicity and thickness
[19]. Furthermore, reliability for assessing symmetry in participants
improved after a consensus training [18,19]. The osteopathic pro-
fession should explore ways to make these assessments more
reliable and examine the validity of landmark asymmetry.

Restriction of motion was tested in 4 studies [19,23,28,29] based
on spinal or cranial restrictions, equally divided between intra-
[23,28] and inter-examiner reliability [19,29]. However, findings
could not be compared between the spinal segments and the cra-
nial bones because articular mobility, motion-testing and meth-
odologies are different. Intra-examiner reliability within the cranial
fields resulted good when diagnosing cranial strain patterns [23].
This reliability was also good when diagnosing lumbar spine re-
strictions, however, intra-examiner reliability of thoracic spine
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motion palpation was poor [28]. Inter-examiner reliability for re-
striction of motion assessment was lower than intra-examiner, but
improved when assessing lumbar dysfunctions after consensus
training [19]. Future studies on reliability of restriction of motion
tests are necessary.

Tenderness was the last TART parameter investigated. It is a
response by the patient to palpation by the physician, so this
parameter is the most likely subjective finding. Even if some au-
thors defined it as the presence of pain elicited by palpation [2,4],
tenderness is often distinguished from pain because of pressure
during examination and various subjective sensations reported by
patients. Degenhardt et al. [18,19] used pain provocation test to
assess tenderness of the lumbar spine, which improved after
consensus training to provide acceptable reliability between ex-
aminers. Further investigations need to evaluate the intra-
examiner reliability of tenderness tests, evaluate other body sites
and better understand the stability of variables.

The above-mentioned TART parameters were analyzed to un-
derstand the reliability of assessing the different body sites. Reli-
ability of the osteopathic tests for the 4 TART findings on the
lumbar spine was good in some studies [18,19,28]. Pelvis and lower
limbs were mostly analyzed for asymmetry, showing some good
intra-examiner reliability [20,21]. Assessment of the cranium was
only investigated for intra-examiner reliability to assess restriction
of motion, and findings were acceptable [23]. All studies of the
cranial region evaluated the CRI rate and the craniosacral mecha-
nism, rather than the TART parameters. However, these studies
failed to support the CRI rate palpation and the “core-link” hy-
pothesis [25,30]. In future studies, it is important to consider
increasing the number of reliability studies focused on TART pa-
rameters of the main body sites to determine the extent to which
reliability of somatic dysfunction evaluation could be generalized in
the clinical setting.

Reliability and TART parameters could be influenced by some
factors, such as consensus training, examiner's experience, as
highlighted above, and use of novel models and standardizing
procedure. Consensus training concerns discussions about findings,
followed by retesting until greater agreement between examiners
could be achieved [26]. Degenhardt et al. [18,19] defined a detailed
protocol for each inter-observer test during a previous compre-
hensive consensus training period. When findings were inconsis-
tent between the examiners, focused consensus training was
performed as a means of recalibration to understand why assess-
ments were inconsistent. It appears that consensus training
improved the reliability of common osteopathic palpatory tests of
the lumbar spine [18,19]. As previously mentioned for palpation of
asymmetry, this finding is also supported by Stovall et al. [33] for
pelvic model. Fryer et al. [20] concluded that examiners who
attended a single consensus training session achieved only a mar-
ginal increase in reliability. However, findings were not consistent
with Degenhardt et al. [18,19] because of the difference in the
amount of consensus training [18—20]. There were no studies about
the role of consensus training for the tests in the cranial field.
Interestingly, training without consensus showed no improve-
ments in reliability [22,26]. Differences between experience of os-
teopaths and students in osteopathy were examined by some of the
studies included in this systematic review. Experienced examiners
are presumed to have advanced palpatory skills gained over years
of practice. However, previous studies have not found that less
experienced palpators demonstrate poorer agreement than expe-
rienced practitioners. This finding is supported by some of the
studies included in this systematic review [18,20,24,27,32]. The
reason could be a lack of consensus on what constitutes expertise in
osteopathy. For example, years in clinical practice and advanced
professional certification are not able to differentiate between

‘expert’ and ‘average’ practitioners when using clinical outcomes to
identify expert physical therapists [32]. A novel pelvic model,
developed by Stovall et al., [33] was used to evaluate improvements
in assessing inter-examiner and intra-examiner reliability. The
development of realistic models for training of palpatory diagnosis,
along with increased understanding of anatomical and physiologic
models of function and dysfunction, is needed to improve training
and education in all professions in manipulative medicine [33].
Although the reliability of assessment of pelvic model asymmetry
was acceptable, a fixed model cannot likely represent the
complexity of palpating human (real) somatic dysfunctions. Been-
gaard et al. [17] assessed palpation of symmetry of two paired
structures, such as the anterior superior iliac spine (ASIS), using a
fixed plastic model but found low concordance with assessments
and the actual settings on the models [17]. Sutton et al. [32] and
Gibbons et al. [22] suggested an idea to standardize the palpation
for symmetry on human bodies: a heel wedge was used to alter the
height of the pelvic landmarks which was hidden from the exam-
iners. However, the clinical tests used to detect sacroiliac joint
dysfunction and leg length inequality have not shown good reli-
ability, because the degree of asymmetry prior to insertion was not
defined [32] and the wedge sizes were not large enough (5—10 mm)
to produce a reliable detection of discrepancy [22,32]. Potter et al.
[28] used a standardized UV marking pen assessment protocol to
identify a joint exhibiting signs of segmental dysfunction in the
thoracic spine. This method removed the possible measurement
error inherent in needing to name or label the correct spinal
segment [28]. Future studies need to evaluate the role of stan-
dardizing models and procedures to better understand whether
calibration and standardization could improve reliability of diag-
nostic tests. For example, osteopathic students could frequently
train palpation and reliability on different realistic models with
standardized asymmetries, even if these are different from the
osteopathic practice on human bodies. Detection of asymmetry on
a model could be measured easier than human and it could be a
way to quickly understand the levels of diagnostic reliability within
the practitioners. Comprehensive palpation training with both
teaching models and humans, standardized procedures and
assessment protocols, may improve the diagnostic reliability of
osteopathic tests used by osteopath graduates.

This systematic review also highlighted other possible reasons
that could lead to inconsistency of reliability, such as subjects’
positions and movements, and examiners' palpatory characteris-
tics. Subjects' positions and movements influence the stability of
the variables. Spring et al. [31] determined the inter- and intra-
examiner reliability of a commonly used three-part positional
diagnostic screen for the lumbar spine (L4), according to the TART
mnemonic. However, the testing conditions simulated clinical
conditions with respect to position changes, a factor that could
potentially lead to changes in alignment [31]. Furthermore, even
when subjects appeared to remain remarkably still there was little
doubt that they would adjust their position. Basically, small
movements may lead to instability of palpatory cues and contribute
to reduce intra- and inter-examiner agreement [26]. Examiners'
degrees of palpatory pressure, associated with repeated evalua-
tions, could contribute to systematic error and a reduction in
agreement [17,22,23,26,27]. There is some evidence that palpation
pressure biofeedback techniques may improve reliability [22,26].
Effectively, Degenhardt et al. [18,19] are the only two studies where
the examiners reproduced the amount of pressure applied on a
calibrated scale to quantify the amount of pressure [18,19].
Furthermore, sensory limits or use different surfaces of the fingers
could contribute to variability between examiners [26,27] and the
part of the bone to palpate, although all the examiners are familiar
with the palpation, could not be the same all the time [17,22,27]. For
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example, Beengaard et al. [17] assumed that the ASIS may be
palpated by an examiner hooking his or her thumb under the ASIS
protrusion, finding the center of the ASIS protrusion, or perhaps
palpating from above. Examiners could be also unaware of which
eye is dominant and that could lead to inconsistent outcomes,
especially when the measurement is set up from one side of the
table [17].

The study design could also affect reliability and this systematic
review highlighted the most conflicting domains by means of the
use of the QAREL, such as sampling bias and the representativeness
of subjects (item 1), examiner blinding (item 3—7) and the suit-
ability of the time interval among repeated measurements (item 9),
as follow. The applicability of a study is affected by the selection of
subjects. Subjects who represent typical patients on whom the test
would be used in practice should be used in the study of clinical
tests. For instance, Fryer et al. [21] showed an almost perfect intra-
examiner and inter-examiner reliability following subject selection
for malleoli asymmetry, which suggests that clinicians can reliably
detect medial malleoli asymmetries of greater than approximately
4 mm difference. This study suggests that the amount of asym-
metry that exists in the bony landmarks of a subject has a profound
influence on the intra-examiner and inter-examiner agreement for
assessment of those landmarks [21]. Furthermore, a high BMI, such
as obesity, was deemed to be a potential source of error, increasing
difficulty in palpation because of the excessive adipose tissue
[22,28,32]. Thus, the sample of subjects assessed by the QAREL
(item 1) reported some inconsistent results about the characteris-
tics (symptomatic or healthy, sex, BMI, etc.) and the sample size, not
always adequate for a statistical significance.

A failure to blind raters would compromise the quality of the
study and render it inapplicable [11]. Effectively, intra-examiner
blinding (item 4), blinding to the accepted reference standard
(item 5), blinding protocols in regards to the clinical information of
the subjects (item 6) and blinding to additional cues that were not
part of the test (item 7) received heterogeneous responses due to
some unspecified or uncorrelated information about the blinding
procedure. Item 5, for example, was specifically rated as “not
applicable” because there are no gold standards in osteopathy: a
gold standard, or what is now referred to as the reference standard,
is the test believed to be the most accurate, or most direct measure,
of the index condition by which we could predetermine the prev-
alence of the signs in the sample, irrespective of the sample size
[5,24].

Moreover, time interval between measurements (item 9) was
another unclear topic: some authors defined 30 s, 1 or 2 min'
duration for each trials and a minimum rest period of 1.5—2 min
between trials [21,22,24,25], in other studies subjects were asked to
lie still on the examination table for up to 30 min, whereas other
studies had subjects lying for up to 2.5 h [17,21,26]. Thus, item 9
received the largest number of “unclear” due to insufficient infor-
mation about the suitability of the time interval among repeated
measurements.

Interestingly, Kmita et al. [24]| assumed that only when a
dysfunction is consistently present it can be considered as poten-
tially etiological in the production of symptoms. Many biological
variables fluctuate over time, and are dynamic rather than static.
Only when a reliable method of measuring the variable is devel-
oped, can normative data be established from which to determine
abnormal deviations. If somatic dysfunction is unstable, inconsis-
tently present, or modifiable with simple assessment techniques,
how can it be found, how can it be fixed, and how can its correction
be determined? It is reasonable to acknowledge that the body is
dynamic, and that no two physical examinations will be identical in
the same patient. However, this is true of all physical interactions
and is exactly why a test must be reliable in order to be useful [24].

Limitations of this review include the search strategy and da-
tabases used, the number and characteristics of the studies, and the
inclusion criteria. We searched 4 biomedical databases using
assorted search terms and also harvested references from the
included articles. Nevertheless, it is possible that some relevant
citations may have been missed. The number of studies available
for analysis was limited, and these were generally not amenable to
direct comparisons because of heterogeneity of their methods,
statistical analyses, and regions investigated. We only analyzed
reliability of diagnostic studies because they can detect the somatic
dysfunction by means of osteopathic tests; this is important for
understanding and practicing osteopathy even though it limit the
number of reliability studies included. Furthermore, in using a
quality assessment instrument, such as QAREL, some quality
scoring criteria are more detailed/differentiated than others, which
introduces an inherent bias. Scores/assigned weights may be biased
toward rigor of research methodology and presentation. Since the
quality assessment instrument focused on the internal validity of
the studies, the quality scores cannot be extrapolated to measure
the studies' significance or impact (in terms of findings, relevance
to the discipline).

The results of the current study suggest that teaching in-
stitutions need to reflect on their curricula to better calibrate and
standardize palpatory diagnostic skills.

5. Conclusion

This systematic review was the first to evaluate studies on
diagnostic reliability exclusively of osteopathic tests performed by
osteopaths and osteopathic students. The quality of the reviewed
studies was good, while the levels of diagnostic reliability were
heterogeneous. Intra-examiner reliability was found to be higher
than inter-examiner reliability. There were no differences in respect
to reliability of the 4 TART parameters and the different body sites,
even if static segmental positional asymmetry tests for pelvis and
lower limbs were the most investigated. Furthermore, no differ-
ences were found for subjects’ levels of consciousness, positions
and movements, as much as examiners' degrees of palpatory
pressure, sensory limits, methods of palpation and experience.
Reliability could be affected by the study design, such as sample of
subjects, blinding protocols, duration of assessments and time in-
terval between measurements. However, consensus training and
developing of standardizing procedure, such as novel models, could
be effective in improving the reliability of palpatory tests.

Further research into study design and diagnostic reliability of
osteopathic tests for somatic dysfunction and TART parameters are
necessary.
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APPENDIX

Data extraction form and checklist can be found, in the online

version, at qarel.org.
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