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Context: The palpation of motions is at the heart of the practice of foreign-
trained osteopaths. When practicing osteopathic manual therapy (care provided by
foreign-trained osteopaths) in the cranial field or osteopathic cranial manipulative
medicine, the palpation of small motions (several tens of micrometers) is a key
process. However, to the authors’ knowledge, the smallest detectable motion has

not been identified.
Objective: To quantify motion detection capacity by passive palpation.

Methods: Participants were instructed to hold a mechanical device containing a mi-
crometric actuator between their hands and report when they felt motion while 6 series
of 27 random motions were generated by the actuator. After each series, if a participant
succeeded or failed to detect motion with a confidence level of greater than 98%, the
motions in the next series were set to a smaller or larger magnitude, respectively. After
6 series, the individual motion detection capacity was recorded. Statistical significance
was set at P=.02.

Results: A total of 21 participants were selected, comprising 14 osteopaths and
7 nonosteopaths. The average performance of the sample was 148 um. Thirteen par-
ticipants (62%) perceived motions of 200 wm or less, and 7 participants (33%) detected
motions of 50 um or less with bare hands. Osteopathic training did not notably affect
the performance. Osteopaths were twice as likely to claim detection of nonexisting
motions than to miss existing ones, whereas nonosteopaths were equally subject to

both types of errors.

Conclusion: The data show human passive palpatory sensitivity to be in the range of
several tens of micrometers. This range is comparable to that reported for calvarial
motion (10-50 pum).
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ne of the uses of palpation is to sense motion. In osteopathic manual therapy (care

provided by foreign-trained osteopaths) and osteopathic manipulative medicine,

examiners are required to palpate motions of very small amplitudes. It has been

claimed that experienced therapists can perceive motions of 90 um' and untrained persons,
1 mm, but our review of the literature did not reveal scientific proof of these figures.

Osteopathic cranial manipulative medicine involves detecting micrometric cranial

motions.>'? Some believe that these motions are “too small to be felt.”'* Detecting a motion

occurring outside an examiner’s body depends on several somatosensory inputs as well as

multiple central nervous system integrations.'*!* Kinesthetic sense (mainly through muscle
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and skin stretch, since the motion is transmitted to the
joint) and epicritic sensation (compression of superficial
tissues) could help.

Several aspects of kinesthetic senses'” have been
quantified”: the minimum perceivable difference in the
magnitude of a frontal force is 22%.?' When a metacar-
pophalangeal joint is being passively flexed, the sensi-
tivity of muscle spindle afferent fibers is 0.3 impulsions
per second per degree of flexion of the metacarpophalan-
geal joint." One can therefore expect sensitivity in the
order of 0.1° or less at the nerve level, depending on the
number of fibers.

Several studies have measured epicritic sensation
using cutaneous 2-point discrimination,?*> which char-
acterizes the ability of the fingertip to discriminate be-
tween 2 points located 1 to 3 mm away from each other.

However, because the detection of motion is a com-
plex process including multiple parameters®-’ and in-
volving multiple physiologic modalities, the knowledge
we currently have about each of these modalities is not
sufficient to answer our research question: What is the
smallest magnitude of motion that can be sensed by
means of palpation? In the present study, we tested the
ability of foreign-trained osteopaths and nonosteopaths
to detect controlled motions of 10 to 1000 pm amplitude
using a mechanical setup. We hypothesized that motions
in the range of tens of micrometers can effectively be
detected by passive palpation, with or without osteo-

pathic training.

Methods

The study took place during the first quarter of 2014 in the
clinic of the Institut Privé d’Enseignement Ostéopathique
in Pantin, France. Volunteers were recruited from the
clinic and from the local neighborhood. Institutional re-
view board approval was not required. Participant con-
sent was obtained after the concept of the study and how
the apparatus worked was explained. Participants needed

to meet the following inclusion criteria: aged between 20
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and 35 years; foreign-trained osteopaths had to have a DO
degree or to be a student in his or her last (fifth) year in an
osteopathy program; and nonosteopaths had to be in a
profession that did not involve fine palpatory perception.
Participants with a sensorimotor disease or history of in-
jury to an upper limb were excluded.

Motion detection was determined using a mechanical
device (Figure I). A cylindrical plastic box 12.7 cm in di-
ameter was vertically cut on both sides to allow dilatation.
The 2 halves were connected at the bottom by an articula-
tion and at the top by a rubber band. Inside the box at mid-
height, an actuator (Thorlabs Z806) was placed to control
the box diameter. The specified resolution of the actuator
motion was 29 nm—almost 1000 times smaller than the
smallest motions we investigated. The actuator was used to
produce repeatable translations of 10 to 1000 um in mag-
nitude. These translations were converted into diameter
expansion or retraction with the same magnitude. The de-
vice was used to produce several series of 27 events. Each
event could be a single motion of expansion, retraction, or
no motion. The acceleration was set to 1 mm/s? and the
maximal velocity to 1 mm/s. The type of event was chosen
randomly using the RAND function in Excel (Microsoft
Corporation), with 25% probability for expansion, 25%
for retraction, and 50% for no motion. Each event lasted
approximatively 1 second and was followed by 5 seconds
of idle time.

Before the procedure began, participants were shown
how to use the device and invited to practice until they
felt familiar with the procedure. The instructions were
repeated, and training was offered to participants each
time the amplitude of motion was changed so that they
knew what type of motion they would be feeling for.
During the experiment, participants listened to a
soundtrack via headphones synchronized with the opera-
tion of the actuator. The soundtrack played a sound sig-
naling the beginning and end of each event, and it played
white noise during the event to mask any noise made by
the actuator. During the idle time, participants had sev-

eral seconds to report their sensation by answering yes (I
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Figure 1.

Experimental setup for motion detection using
a mechanical device with an actuator. A,
schematic (side view); B, photo (top view).

felt motion) or no (I felt no motion). An answer was re-
quested for all events.

Participants were considered able to detect motions
of a given magnitude if they correctly reported 19 or
more motions or no motions out of the 27 events. Ac-
cording to the y? test, this 70% performance ensures the
statistical significance of the result (P<.02; ie, it devi-
ates from random answers with 98% confidence). This

strict and asymmetric criterion prevents any overesti-

mation of a participant’s performance. Each time a
participant demonstrated this level of performance for a
given magnitude of motion, the magnitude was de-
creased for the next series of events. Conversely, if he
or she gave 18 or fewer good answers, the magnitude
was increased for the next series. This dichotomous
approach was repeated over 6 series. We first tested the
participants’ ability to detecta 1000-um (M) amplitude
motion and assumed, based on preliminary dimensioning
tests, that he or she would fail to detect a 10-pm (m,)
amplitude motion. At each new series (numbered n), we
knew that the smallest magnitude of motions a partici-
pant could detect was included in the interval [m ;M ],
where m_is the largest one for which he or she failed to
detect, and M is the smallest one for which he or she
successfully detected. To reduce the interval between m
and M, we tested a magnitude of motion (p ) interme-
diate between m_and M, during the next series. p_was
the geometrical mean of m and M : p = W

By using a geometrical mean rather than an arith-
metic mean, we limited the number of series and the ex-
perimental time required to reach a given precision,
therefore reducing biases related to the participants’
limited attention time or fatigue. The whole procedure
required approximately 30 minutes per participant. After
6 series, the interval was reduced so M /m, = 1.15 (15%
precision). The motion detection capacity of a participant
was then considered to be M, ie, the smallest motion he
or she reliably detected.

To avoid over- or underestimations of the device’s
movements, we requested that the participants place their
hands on both sides of the box, at a position marked at
the level of the actuator.

The double-blind operation was ensured as follows:
We checked that the box adequately dampened torque,
torsion deformations, and vibrations of the actuator. Fur-
thermore, during the experiment, participants wore eye
and ear coverings, and their communication was re-
stricted to an interviewer who had no knowledge of the

actuator’s motion.
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Statistical Analysis

As previously detailed, the number of events in each se-
ries was chosen so that according to a y? test, statistical
significance of P<.02 was reached for a performance of
70% (19/27 correct answers). The difference between
groups was assessed by a ¢ test when comparing mean
values and a y? test when comparing the rate of false-

positive and false-negative detections.

Results

A total of 21 participants met the inclusion criteria, with
14 osteopaths and 7 nonosteopaths. The mean age was
26.6 years, and 16 (76%) were women. The mean hand size
from the second to the fifth metacarpal joint was
7.8 cm and 7.6 cm for osteopaths and nonosteopaths,
respectively. As shown in Figure 2, the minimum motion
detected by the participants ranged from 15 to 365 pm, with
the exception of 1 participant, whose minimum detected
motion was 866 pum. Furthermore, 13 of 21 participants
(62%) could perceive a motion of 200 pm or less, and
7 of 21 (33%) could detect a motion of 50 um or less.

We compared the results of the 2 groups. As detailed
in Table I and Table 2, the mean (SD) minimum motion
detected by the 7 nonosteopaths was 123 (89) um and by
the 14 osteopaths was 161 (131) um. The results of the
osteopaths ranged from 15 to 365 um, with 1 participant
at 866 pm. One-third of the osteopaths tested detected
motions between 15 um and 43 pm. The ¢ test indicated
that the between-group differences in mean minimum
motion detected could not be considered significant
(P>.2), showing that osteopaths and nonosteopaths had
similar motion detection abilities. However, between-
group differences in the distribution of failed detections
were statistically significant. Nonosteopaths equally
provided false-positive (162) and false-negative (172)
answers. Conversely, osteopaths provided twice as many
false-positive (444) than false-negative (233) answers
(Figure 3). In other words, osteopaths were more likely

than nonosteopaths to report a nonexisting motion than
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Figure 2.

Distribution of the smallest detectable motion among
foreign-trained osteopaths and nonosteopaths.

to fail to report an existing motion. This difference be-
tween the 2 groups in the rate of false-positives and false-
negatives is highly significant (¥*=27; P<.001).
Between-group differences in the distribution of correct
responses was also significant: negative answers (ie, no
motion detected) represented 462 of 827 (56%) correct
responses for nonosteopaths vs 802 of 1667 (48%) for
osteopaths ()>=13; P<.001).

To explore these unexpected differences, we performed
a complementary test on the same sample with a similar
procedure. This time participants were asked to identify the
direction of the motion (ie, expansion or retraction) in
6 series of 27 motions (a movement occurred for each
event), in which direction was chosen randomly, with 50%
probability of expansion and 50% probability of retraction.

In contrast with the distribution of failed detections in
the motion detection test, the 2 groups exhibited differ-
ences that were not statistically significant (%*=0.16;
P=.69): the ratio of false expansions to false retractions
was 56%:44% for osteopaths and 57%:43% for non-
osteopaths. Furthermore, we found a substantial differ-
ence between detecting a motion and characterizing its
direction. For an individual to reliably characterize a
motion’s direction, the motion needed to have approxi-
mately 4 times the minimum detectable amplitude identi-
fied for that individual.
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Table 1.

Distribution of Motion Detection Capacities Among
Foreign-Trained Osteopaths and Nonosteopaths (N=21)

Nonosteopaths Osteopaths Whole Sample
Best 28 15 15
Worst 237 866 866
Mean (SD) 123 (89) 161 (131) 148 (127)
Median 100 166 117

@ Data are given as micrometers.

Table 2.

Degree of Perception of Motion by
Foreign-Trained Osteopaths and Nonosteopaths (N=21)

Motion Nonosteopaths Osteopaths Total
<50 pym 2 (29%) 5 (36%) 7 (33%)
<100 um 4 (57%) 6 (43%) 10 (48%)
<200 pm 5(71%) 8 (57%) 13 (62%)
<300 pm 7 (100%) 11.(79%) 18 (86%)

@ Data are given as No. (%) of participants perceiving motion.

608

Discussion
One-third of our sample could detect a motion of 50 um
or less with their bare hands, clearly demonstrating that
passive palpation enables the detection of motions in the
range of tens of micrometers, although not all individuals
are capable of this performance. This range is in line with
the measured cranial motion reported in the literature.*'?
In particular, Laval et al’ used an eddy current sensor to
measure the motion of the frontal bone in 100 young
adults and found a periodic motion with an amplitude of
10 to 50 um and a frequency of 0.16 Hz, independent
from respiratory motion.

Note, however, that the current study did not repro-
duce the slow, continuous, and periodic motion of a

living crane. For motions smaller than 50 pm, no par-

ticipant was able to reliably identify the direction of
the motion. This finding is consistent with the results
of Nelson et al,!' who demonstrated the ability to feel
the rhythm of cranial motion but not its direction. Be-
sides, the measured sensitivity of motion can be ex-
pected to depend on the associated speed and
acceleration. Further studies will be necessary to
characterize the influence of these parameters on mo-
tion detection.

Surprisingly, the only statistically significant differ-
ence between the osteopaths and nonosteopaths in
our study was in the rate of false-positive detections.
The latter represents two-thirds of all errors made by the
osteopaths. This difference could be the manifestation of
a mental posture from osteopaths who “want to feel
something” because they have been trained to do so.
As Kalaska'® said:

... the generation of a central neural representation of the
mechanical stimulus is only part of the tactile perceptual
process. It is also influenced by the behavioral, attentive,

and motivational state.

The nonosteopath group in the current study had nothing
to prove, and they had as many false-positive answers
as they had false-negatives. They also had more true-
negative answers than did osteopaths. It might be that in
cases of doubt, nonosteopaths tended to report no feeling
of movement. This interpretation—the presence of a
mental bias—might be confirmed by the fact that both
groups had a similar error distribution for the detection of
the motion direction. In the direction-detection test, no
participant was pressured to report or not report move-
ment, thus introducing no bias in the type of their errors
(false expansion/false retraction).

Note that the 71% of correct answers observed in
both groups is not a representative characteristic of the
population but is the mechanical consequence of our
protocol: the limit between failure and success in a given
series was set at 70%.

The present study provides no information on the

neural pathways used for this type of palpation. We can
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assume that they could depend on the palpating strategies B
used by the osteopaths; looking for deep relaxation could 0
help a motion to be fully transmitted to the wrist. Trigo- 80~ 10% _ 15% -

3 . . . n False-positive
nometric calculation shows that 100-um motion is con- n (Felt motion)
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c = True-negative
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One-third of our sample was able to detect a movement 0 .
smaller than 50 pm. Because this ability is not universal, Osteopaths Nonosteopaths
osteopaths and osteopathic physicians can correlate this
information with shape, density, and tension: each F',gu,re 3 )
. . . Distribution of answers (total; 2492) showing the contrast
element provides valuable information for palapatory in false-positives between osteopaths and nonosteopaths.

examinations. The methods used in the present study
may be useful for osteopathic training in the perception

of small motions. This objectification and quantifica-
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