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Context: Somatic dysfunctions are a key element of osteopathic practice. The evalu-

ation of somatic dysfunctions is achieved by assessment of the TART (tissue texture

abnormality, asymmetry, restriction of motion, tenderness) parameters. The reliabil-

ity of a diagnostic method is the crux of successful treatment. Interrater reliability of

osteopathic palpatory diagnostic tests have been studied on different anatomical

areas, but there are no studies on the evaluation of all of the TART parameters on

the sacrum.

Objective: To evaluate the interrater reliability of osteopathic sacral palpatory diag-

nostic tests. The hypothesis was that 3 trained osteopathy students at the end of their

curriculum could achieve at least moderate agreement on osteopathic sacral palpa-

tory diagnostic tests.

Methods: Three students from the Centre pour l’Étude, la Recherche et la Diffusion

Ostéopathiques school in Rome, Italy, at the end of their curriculum participated as

raters and received consensus training. Eligible subjects among students of the same

school were recruited on a voluntary basis to be tested. All of the raters tested the

sacrum by evaluating the TART parameters on every subject for 3 minutes. Raters

were blinded to the other raters’ findings. Interrater reliability was evaluated using

Fleiss κ statistics.

Results: Fifty-two subjects (20 women) were enrolled in the study. Mean (SD) age

was 25.9 (7.03) years; height, 1.73 (0.09) ms; weight, 68.73 (14.2) kg; and body

mass index, 22.66 (3.58). Agreement was fair for tissue texture abnormality

(κ=0.28), asymmetry (κ=0.29), restriction of motion (κ=0.32), and tenderness

(κ=0.34); agreement was slight for landmark position (κ=0.06) and diagnosis of

somatic dysfunction (κ=0.17).

Conclusion: Results showed a level of agreement ranging from slight to fair in the

assessment of the TART parameters among raters, who were in their last year of

osteopathy school. The tenderness parameter was the most reliable. Our findings

are consistent with other interrater reliability studies carried out in different body

regions, contributing to show an overall heterogeneous level of diagnostic reliability

in osteopathy.
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S
omatic dysfunctions are a key element of

osteopathic practice. Somatic dysfunction is

an impaired or altered function of related com-

ponents of the somatic (body framework) system:

skeletal, arthrodial, and myofascial structures, as well

as related vascular, lymphatic, and neural elements.1

The palpation diagnosis of somatic dysfunction and

the use of osteopathic manipulation by osteopathic

practitioners to relieve or ameliorate patient discom-

fort and pain are hallmarks of osteopathic principles

and practice.2

TART is a mnemonic for the 4 diagnostic criteria of

somatic dysfunction, as defined by the Glossary of

Osteopathic Terminology1:

▪ Tissue texture abnormality: A palpable change in

tissues from skin to periarticular structures that

represents any combination of the following signs:

vasodilatation, edema, flaccidity, hypertonicity, con-

tracture, fibrosis, as well as the following symptoms:

itching, pain, tenderness, paresthesias. Types of

[tissue texture abnormalities] include: bogginess,

thickening, stringiness, ropiness, firmness (harden-

ing), increased/decreased temperature and increased/

decreased moisture.

▪ Asymmetry: Absence of symmetry of position or

motion; dissimilarity in corresponding parts or

organs on opposite sides of the body that are nor-

mally alike; of particular use when describing pos-

ition or motion alteration resulting from somatic

dysfunction.

▪ Restriction of motion: A resistance or impediment

to movement.

▪ Tenderness: 1. Discomfort or pain elicited by the

osteopathic practitioner through palpation. 2. A state

of unusual sensitivity to touch or pressure.

The reliability of a diagnostic method is the crux of

successful treatment. A diagnostic test should be repro-

ducible in the same patient by 2 or more independent

raters (or examiners), or at the very least, by the same

rater on 2 separate occasions. These are referred to as

interrater (or interexaminer) and intrarater (or intraexa-

miner) reliability, respectively. For a finding to be clin-

ically relevant, 2 independent raters should be able to

agree on its presence or absence. If a diagnostic test

does not satisfy this basic requirement, then it is consid-

ered unreliable.3 In the past decade, interrater reliability

gained attention in osteopathic literature3-8 because of

the perceived need for a stronger methodologic ground

for osteopathic clinical research and practice.

One of the first attempts to assess interrater reliability

in osteopathic medicine was performed by Upledger9

in 1977. His study showed substantial agreement in

examining craniosacral motion, despite the fact that the

examination was performed on children and used a

poor methodology. In 2001, Moran and Gibbons10

showed that interrater reliability for simultaneous pal-

pation at the head and the sacrum ranged from poor to

nonexistent, with intraclass correlation coefficients

ranging from –0.09 to 0.31. Degenhardt et al11 studied

the vertebral region and found differences between

interrater reliability before and after consensus training.

In the pretraining evaluation of interrater reliability, κ

ranged from 0.02 to 0.34, which is within the poor to

fair reliability range. After consensus training, reliabil-

ity improved, rising into the moderate range for tissue

texture changes (κ=0.45) and the substantial range for

tenderness assessments (κ=0.68). Reliability for pos-

itional asymmetry in the transverse plane (κ=0.34) and

rotational motion asymmetry (κ=0.20) improved but

remained in the fair range.11 In pelvic anatomical land-

mark asymmetry, Kmita and Lucas12 revealed low reli-

ability, with κ ranging from −0.38 to 0.51. Rajendran

and Gallagher13 studied the interrater reliability on

both the pelvis and spine, assessing Mitchell’s pelvic

diagnostic procedures,14 and obtained a κ statistic ranging

from −0.05 to 0.03. Some of these studies used TART

to describe the findings. Lower limb area was also

studied by Kmita and Lucas12 to assess the interrater

reliability on the medial malleoli asymmetry test, and

they obtained κ levels ranging from −0.05 to 0.49.12

Overall, the systematic review by Basile et al15 reported

that the levels of diagnostic reliability in osteopathy
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were heterogeneous. Bush and Vorro16 acknowledged

that reaching a reliable palpatory diagnosis is a challen-

ging task. Therefore, they suggested that palpatory find-

ings could be correlated with kinematic parameters to

objectify them to increase the reliability.

To our knowledge, no studies have addressed interra-

ter reliability of osteopathic sacral palpatory diagnostic

tests using all of the TART parameters, despite the

frequent occurrence of somatic dysfunctions in this

anatomic region (12% of tested patients according to

Licciardone et al17). The aim of this study was to evaluate

the interrater reliability among students of an Italian oste-

opathy school at the end of their curriculum. Our hypoth-

esis was that 3 trained osteopathy students at the end of

their curriculum would achieve at least moderate agree-

ment on osteopathic sacral palpatory diagnostic tests.

Methods
This investigation was a prospective interrater reliabil-

ity study on osteopathic sacral palpatory diagnostic

tests performed by 3 raters on 52 subjects. The study

was carried out in June 2015 at the Centre pour

l’Étude, la Recherche et la Diffusion Ostéopathiques

(CERDO) in Rome, Italy.

Raters
Three last-year full-time students with no previous

health care degree, all aged 24 years, were trained as

raters. Students were selected on a volunteer basis after

they requested to engage in the research. No volunteers

were excluded.

Consensus Training
Preliminary consensus training followed the training

described by Degenhardt et al,11 who reported an

increase of interrater reliability after a consensus train-

ing period. The training aimed to acquire a uniform

method of testing each TART parameter and to reach a

common understanding of the data collection form. No

pretraining interrater reliability was assessed. The train-

ing took place over 3 days, 3 hours per day, for a total

of 9 hours of training. Every palpatory diagnostic test

was performed on a prone-positioned peer (ie, one of

the raters). An osteopath with 1 year of experience in

clinical practice supervised the training.

For the tissue texture abnormality parameter, the

raters trained by searching for visually evident signs of

cutaneous alterations on the sacroiliac joint and by

softly rubbing the second and third finger on the skin

over the sacroiliac joint searching for bogginess, thick-

ening, stringiness, ropiness, firmness, increased or

decreased temperature, and increased or decreased

moisture on a subject in a prone position.

For the asymmetry parameter, the training consisted of

the search of 4 landmarks: the 2 extremes of the sacral

base and the sacral angles. This maneuver was per-

formed by positioning the second finger of both hands

at the extremes of the sacral base and the first fingers on

the angles. Holding the 4 fingers on the landmarks, the

raters had to define the spatial position of the sacrum as

the result of the position of every single landmark. The

choice of assessing multiple landmarks was supported

by evidence, which showed increased accuracy of the

assessment when the test was carried out in conjunction

with multiple landmarks rather than a single landmark.18

For the restriction of motion parameter, the raters

trained by executing standard osteopathic mobility

tests on the sacrum,19 testing both unilateral and bilat-

eral extended and flexed sacrum and the 4 types of

sacral torsion: forward L (left) on L, R (right) on R,

and backward L on R, R on L.

For the tenderness parameter, the raters were trained

to hold a pressure of 4 kg/cm2 on a scale with their

thumb.11 They performed 4 attempts. The first attempt

was done while looking at the scale to check when 4

kg was reached, the second one by pressing without

looking but listening to another rater saying when the

correct pressure was reached. The last 2 attempts were

both blinded and without any vocal guidance.

Afterwards, the raters were trained to apply pressure

along the entire sacroiliac joint, and feedback was

asked regarding the tenderness perceived by the peer

during the execution.
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At the end of practical training, one of the researchers

(G.C.) presented and discussed the data collection form.

Subjects
A convenience sample of 52 consecutive osteopathy

students at CERDO were recruited on a voluntary basis

to participate as tested subjects. Subjects were recruited

using a notice posted on the school bulletin board and at

the door of classrooms. Inclusion criteria were commit-

ment to be present at the palpatory diagnostic test.

Subjects were excluded if they had a history of recent

trauma, if they had a ligament or bone lesion, if they

had a clinical condition that could have interfered with

the execution of the palpatory diagnostic test, if they

were unable to lie prone for at least 11 minutes, and if

they had a history of lumbar spine surgery. Subjects

who were symptomatic in the lumbar and sacroiliac

area but did not have severe intensity were included.

Ethical approval was delivered by the didactic com-

mittee of CERDO, and informed consent was signed

by all the subjects enrolled in this study. Sex, age,

height, and weight of the subjects were collected, and

body mass index was calculated.

Procedure
The study was carried out in 2 sessions at a 5-day inter-

val. Twenty-six subjects were tested on the first day

and the remaining 26 on the second day. A room was

set up with 3 identical treatment tables 3 m apart. Three

subjects entered the room together, and the 3 raters

were randomly assigned to start the examination. Then

all subjects undressed, keeping on their undergarments,

and laid prone on the treatment table. Their undergar-

ments were lowered to the superior extremities of the

intergluteal line. The rotation sequence was also deter-

mined randomly, so that each subject was examined by

all 3 raters. The rotation was guided by one of the

researchers (G.C.). This procedure ensured that the third

rater would not have a track of the previous manipulation

from the same rater, which could produce a bias influ-

enced by the personal style of touch. All of the raters

were blinded to the clinical conditions of the subjects.

The transcription of data on the collection form was

executed on separate tables so that each rater was

blinded to the findings of the other raters. Blinding

was guaranteed by the presence of a curtain between

each treatment table, by the instructions given to the

subjects not to communicate with raters apart from the

“tenderness test” responses, by the presence of curtains

between each data collection table that prevented the

raters from viewing the sheets, and by the presence of

one of the researchers in the assessment room who

guaranteed adherence to the blinding protocol. The

data collection form consisted of a prefilled form with

all of the possible choices among all TART parameters

in which the raters marked their findings. All of the

raters followed the same protocol of assessment based

on the same sequence of tests, as trained in the consen-

sus training.

The raters started by testing the tissue texture abnor-

mality parameter. The test consisted of searching for

visually evident signs of cutaneous alterations on the

sacroiliac joint and softly rubbing the second and third

finger on the skin over the sacroiliac joint searching

for bogginess, thickening, or stringiness. The finding

was considered positive if at least 1 of the visual or pal-

patory findings were positive.

The asymmetry parameter consisted of 2 distinct

values: the presence or absence of asymmetry and the

assessment of all 4 landmark positions (the 2 extremes

of the sacral base and the sacral angles), according to

the spatial position of the sacrum. The agreement on

recognition of all 4 landmark positions was reached if

the raters indicated the same position for each land-

mark. The raters had to find the presence or absence of

1 of 2 possible landmark positional asymmetries, such

as “superior” or “inferior” and “anterior” or “posterior.”

For the restriction of motion parameter, the raters

moved the sacrum around the middle transverse axis

and around both oblique axes. The test was considered

positive if at least 1 of the movements around those

axes lacked on amplitude.

The test for the tenderness parameter consisted of

applying 4 kg/cm2 of pressure on the entire length of
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the sacroiliac joint with the first finger, asking for feed-

back on tenderness perceived by the subjects. The test

was considered positive if during the pressure the

subject replied “yes” to the question “does it hurt?”

asked by the rater. The subject was asked to whisper

the answer to avoid the possible blinding bias of being

heard by the other raters. Raters were also obliged to

report on their form the answer received from the

subject even in the unlikely circumstance they heard

something different being said by the same subject

with the previous rater.

According to Ehrenfeuchter and Kappler,20 the diag-

nosis of somatic dysfunction required the presence of at

least 2 of the TART parameters. The somatic dysfunc-

tion was defined choosing from 1 of the somatic dys-

functions in which raters trained during the consensus

training, respectively: both unilateral and bilateral

extended and flexed sacrum and the 4 types of sacral

torsion (forward L on L, R on R, and backward L on

R, R on L). The choice was achieved by selecting the

facilitated direction of motion on the joint mobility test

with the condition of a lack of mobility on the opposite

direction (ie, a facilitated forward left mobility on an

oblique left axis with an associated restricted motion

on backward right mobility on a left axis was defined

as forward L on L somatic dysfunction). The absence

of somatic dysfunction was a possible choice.

Raters were allowed 3 minutes to assess each subject,

with one of the researchers notifying raters of the end of

the assessment. The raters were also allowed 1 minute

to fill in the data collection form after each subject.

Subjects were allowed to get up immediately after the

third assessment; therefore, every subject stayed in the

prone position for a total of 11 minutes. As students

completed the final assessment form, 3 new subjects

entered the room, and new assessments were executed.

Statistical Analysis
Interrater reliability was evaluated using the Fleiss κ

statistic. This method expresses the extent of agreement

among 2 or more raters beyond chance, from poor

agreement to almost perfect agreement (Table 1).21

κ statistics were computed for the assessment of the 5

values derived from the 4 TART parameters and for

the detected somatic dysfunctions or the absence of

somatic dysfunction.

Results
A total of 52 subjects were enrolled in the study: 20

women (38.5%) and 32 men (61.5%), with a mean

(SD) age of 25.9 (7.03) years. No subjects met any of

the exclusion criteria. The characteristics of the subjects

are summarized in Table 2. Thirty-one subjects

(59.6%) had pain in the sacroiliac or lumbar area, but

pain intensity varied.

The interrater agreement among the raters was slight

or fair, ranging from 0.06 to 0.34. More precisely, the

κ statistics were as follows: 0.28 for tissue texture

abnormality, 0.29 for asymmetry, 0.06 for the landmark

position, 0.32 for the restriction of motion, and 0.34 for

tenderness. The overall κ value for the detected somatic

dysfunctions was 0.17 (Table 3).

Discussion
This study aimed to assess the interrater reliability of

osteopathic sacral palpatory diagnostic tests among stu-

dents at the end of their curriculum. To our knowledge,

no other studies have specifically considered the inter-

rater reliability of osteopathic palpatory diagnostic tests

on the sacral region using all 4 TART parameters.

Table 1.
Qualitative Descriptors of Interrater Reliability
by Fleiss κ Statistic21

κ Qualitative Descriptors

<0.00 Poor agreement

0.00-0.20 Slight agreement

0.21-0.40 Fair agreement

0.41-0.60 Moderate agreement

0.61-0.80 Substantial agreement

0.81-1.00 Almost perfect agreement

ORIGINAL CONTRIBUTION

The Journal of the American Osteopathic Association October 2018 | Vol 118 | No. 10 641



Previous studies,4,11,22 in addition to our results,

showed that tenderness had the strongest interrater reli-

ability of the TART parameters. The landmarks position

item showed the overall lowest reliability in our results,

similar to asymmetry in the study by Degenhardt et al.11

A possible explanation is that the tenderness parameter

is the easiest one to achieve by raters from a technical

point of view, and it is the only one that evoked an

explicit answer from the subjects. The asymmetry par-

ameter, on the other hand, is technically more complex

and multifactoral because it requires a judgement on

the orientation in the 3 spatial landmark planes. The

reliability of the other parameters spans in between.

We conducted our study using students at the end of

their curriculum as raters because no consistent improve-

ment on interrater reliability has been found among

experienced raters and trained students.23 However, this

finding was not specifically noted in regard to the evalu-

ation of the sacral region. Future studies among experi-

enced practitioners could clarify the possible influence of

experience on palpatory diagnostic tests on the sacral

region. It is evident that large variability exists in indivi-

duals’ anatomy and movement of the sacroiliac joint

and that clinical manual movement tests (ie, standing

flexion test) are unreliable for the sacroiliac joint.24

Compared with the study by Degenhardt et al,11 our

raters had a shorter period of training (9 hours vs 24

hours). This fact could explain the lower interrater reli-

ability we observed, even if a different body region was

considered. Furthermore, the training was not long

enough to justify a recalibration, which did occur in

the study by Degenhardt et al.4 However, beside the

specific consensus training, our 3 students practiced

manual tests from the beginning of their education.

They received 66 hours of training on the pelvic

region during their curriculum, plus the 9 hours of con-

sensus training before the experimental part of the

study. The limited experience of the osteopath who

supervised the training process could also explain the

possible lack of the efficacy of the process. Future com-

parative studies could give more information on the

actual value of training in increasing interrater reliabil-

ity. To improve training methods, Howell et al25 sug-

gested that a virtual learning environment could be an

effective aid to osteopathic medical students in learning

palpatory diagnosis. A uniform evaluation of the TART

parameters is needed and could influence the educa-

tional strategies for osteopathic curricula.

A major limitation of this study is the use of a con-

venience sample, which is not representative of all

patients who receive osteopathic care. We did not plan

a subanalysis regarding the differences in interrater reli-

ability among symptomatic and asymptomatic subjects.

This choice was supported by Seffinger et al,23 who

found no differences in interrater reliability between

the palpatory diagnostic test performed on symptomatic

and asymptomatic subjects. Also, in our experience,

Table 3.
Interrater Reliability of Osteopathy Students in
Osteopathic Sacral Palpatory Diagnostic Tests

Parameter κ

Tissue texture abnormality 0.28

Asymmetry 0.29

Landmark position 0.06

Restriction of motion 0.32

Tenderness 0.34

Definition of somatic dysfunction 0.17

Table 2.
Characteristics of Subjects Evaluated by Raters
Using Osteopathic Sacral Palpatory Diagnostic
Tests

Characteristic Value

Sex, No. (%)

Men 32 (61.5)

Women 20 (28.5)

Age, mean (SD) 25.9 (7.03)

Height, m, mean (SD) 1.7 (0.09)

Weight, kg, mean (SD) 68.7 (14.2)

Body Mass Index, mean (SD) 22.7 (3.6)

Symptomatic in Lumbar Area, No. (%) 31 (59.6)
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osteopaths in clinical practice typically assess the

sacrum even if it is asymptomatic. To better understand

this aspect, additional data might be useful.

A further possible confounding factor could be the

amount of time in which subjects laid in the prone pos-

ition. A prolonged prone position could change the sub-

jects’ condition, leading to a different assessment. We

kept that amount of time to 11 minutes, but we cannot

exclude that this time had an influence on the observed

reliability. Another limitation is the lack of representa-

tiveness of the raters, who were 3 students from the

same school. As shown by Luciani et al,26 significant

differences in preparedness are present among students

of European osteopathy institutes. Exhaustive results

might be achieved by a multicenter study carried out

among several osteopathy schools.

The International Federation for Manual/

Musculoskeletal Medicine Scientific Committee is

highly critical of interrater reliability studies, stating,

“The results of these kinds of studies inform us more

about the skills and/or the quality of the educational

systems of the observers, rather than about the reprodu-

cibility of the evaluated tests.”27(p18) Hence, they

suggest strengthening the training procedures before

the observations.27

At present, there is no agreement on how many

TART parameters are needed to diagnose somatic dys-

function. The Glossary of Osteopathic Terminology

states that “any one of [TART] must be present for the

diagnosis.”1 We instead adopted the Ehrenfeuchter and

Kappler20 model, which states that “The diagnosis of

somatic dysfunction requires at least 2 of [TART].”

The decision to diagnose the somatic dysfunction by at

least 2 TART parameters could have introduced further

bias. We did not compare the statistics of the diagnosis

based on 1 or 2 TART parameters; repeating our study

with a different definition of somatic dysfunction could

be of interest. Furthermore, in clinical practice, every

diagnosis of somatic dysfunction is achieved by means

of triangulation of different information (ie, anamnesis,

physical examination, dysfunctions resulting from other

body regions, and other kinds of diagnostic tests).

Petersen et al28 suggested that a multiple tests protocol

is a “best-evidence diagnostic rule” for the sacroiliac

joint. Raters in our study were blinded to this informa-

tion, and this blinding could have contributed to

increased difficulty in obtaining high reliability levels.

There is a growing number of studies, with different

findings, that have investigated the reliability of

manipulative diagnosis.3-8,29-33 Thus, a deeper under-

standing of the causes and conditions of this variability

is needed, as well as the application of multivariate stat-

istical frameworks like the generalizability theory.34

The outcome of such research could be used to design

a more focused consensus training, leading to an

increase of reliability as suggested by Degenhardt et al.4

Conclusion
To our knowledge, this study is the first to examine

interrater reliability of osteopathic sacral palpatory diag-

nostic tests using all of the TART parameters. We found

a level of agreement ranging from slight to fair in the

assessment of the TART parameters among students at

the end of their curriculum. The tenderness parameter

was the most reliable one. Our findings are consistent

with other interrater reliability studies carried out on dif-

ferent body regions and contribute to an overall hetero-

geneous level of diagnostic reliability in osteopathy.15

Studies with a more representative sample of raters and

subjects, and focused on causes that could lead to

increased variability, are needed to better understand

this key element of osteopathic practice.
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