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ABSTRACT
Background/Purpose: The Myotonometer® is an electronic tissue compliance meter that has been used to quantify 
the compliance of soft tissues. The Myotonometer® may be a valuable tool to measure the effectiveness of interven-
tions commonly used to increase tissue compliance in individuals with posterior shoulder tightness (PST). Limited 
data exist on reliability and responsiveness of the Myotonometer® for assessment of soft tissues about the shoulder; 
therefore, the purpose of this study is to determine the intra- and inter-session reliability and responsiveness of the 
Myotonometer® in measuring tissue compliance of the posterior shoulder musculature in asymptomatic subjects 
with PST.

Methods: Fifteen asymptomatic subjects with unilateral shoulder range of motion deficits attended two measure-
ment sessions to assess the compliance of the tissues overlying the posterior deltoid, infraspinatus, and teres muscu-
lature. Analyses of reliability and responsiveness were conducted using intra-class correlation coefficients (ICCs) and 
the determination of minimal detectible change (MDC). 

Results: Intra-session ICC values ranged from 0.69 to 0.91 for all muscles with MDC never exceeding 1.0 mm. Inter-
session ICC values were best for the posterior deltoid, which averaged 0.82, compared to the infraspinatus and the 
teres complex, which averaged 0.42 and 0.5 respectively. Inter-session MDC ranged from 0.55 to 1.20 mm across all 
muscles.

Conclusions: Clinicians can reliably detect relatively small changes in tissue compliance within a single treatment 
session utilizing the Myotonometer®. The Myotonometer® can reliably detect changes between sessions for tissues 
overlying the posterior deltoid; however, observed change in the infraspinatus and teres musculature must be above 
1 mm to achieve meaningful change and account for decreased inter-session reliability.

Keywords: Glenohumeral Internal Rotation Deficit, responsiveness, tissue compliance
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INTRODUCTION
Overhead athletes commonly exhibit posterior 
shoulder pain and tightness.1-4 The subjective com-
plaint of “tightness” in the posterior shoulder or the 
inability to “get loose” is a sign that the athlete could 
be at risk for injuries to the glenohumeral (GH) 
joint.1,5-7 Specifically, deficits in internal rotation 
(≥25�) and total arc (sum of GH internal rotation + 
external rotation) motion (≥5�) relative to the non-
dominant shoulder have been identified as risk fac-
tors for upper extremity injury.8,9 Debate exists as to 
exactly which structures of the posterior shoulder 
are responsible for the complaint of tightness—the 
posterior GH joint capsule and/or the posterior 
shoulder musculature.4 

Traditional clinical measures of posterior shoulder 
tightness (PST) include passive GH internal rotation 
(IR) range of motion (ROM) measured in supine at 
90° of shoulder abduction,10 as well as passive GH 
horizontal adduction (HADD) ROM measured in side-
lying or supine position.11 While these goniometric 
measures target the posterior shoulder, they are unable
to delineate the source of the ROM restriction—
capsular or muscular. Assessment of the muscular 
contribution to this motion restriction may help elu-
cidate the primary tissue involved in this common 
clinical phenomenon.

Identifying the potential muscular contribution to 
PST requires a unique assessment technique. One 
device, the Myotonometer® (Neurogenic Technolo-
gies, Inc., Missoula, Montana, USA), measures a fac-
tor called tissue compliance and may prove useful 
for quantifying the muscular contribution to PST. 
Compliance can be defined as the displacement 
that occurs when a compressive force is applied to a 
surface, usually expressed in millimeters per New-
ton.12 The inverse of stiffness, tissue compliance can 
reflect various clinical factors such as muscle tone, 
edema, and skin elasticity.12 The ability to quantify 
tissue compliance may enable clinicians to objec-
tively document the effectiveness of interventions 
commonly used to increase muscle compliance in 
individuals with PST. 

The Myotonometer® is a patented, computerized, 
electronic tissue compliance meter. The underlying 
assumption related to the use of this device is that 

tissues with greater compliance have more displace-
ment per unit of force and would therefore be more 
pliable to loads applied than tissues with less com-
pliance. The device was originally developed for the 
evaluation of muscle compliance in individuals with 
upper motor neuron lesions to measure the efficacy 
of interventions meant to reduce muscle spasticity.13 
The validity14,15 and reliability16,17 of the Myotonom-
eter® has been previously assessed and reported in 
healthy normal populations13-15,17 and in subjects 
with upper motor neuron lesion disorders.14-17 

The Myotonometer® has been used for assessment 
of posterior shoulder muscular compliance in two 
studies.18,19 The first study reported intra- and inter-
rater reliabilities with ICCs > 0.9 for the 14.70-19.60N 
force levels.18 However, the authors did not report 
measures of responsiveness and reliability across 
days, nor did they detail the patient population and 
number of subjects used to determine reliability.18 
The second study reported within-session reliabil-
ity pilot data on eight subjects with an ICC = 0.98, 
but also failed to report responsiveness measures.19 
Reliability is only one component of establishing an 
instrument’s clinical utility; responsiveness must 
also be determined in order for clinicians to identify 
and recognize meaningful change when measuring 
with a given device. Therefore, the purpose of this 
study is to determine the intra- and inter-session 
reliability and responsiveness of the Myotonom-
eter® in measuring tissue compliance of the poste-
rior shoulder musculature in asymptomatic subjects 
with PST.

METHODS
Fifteen subjects (5 males, 10 females; group com-
bined age 23±5 years; height 68±4 cm; weight 
76±20 kg) participated in this study. This study 
was done as part of an ongoing intervention study 
that examined compliance and shoulder range of 
motion responses to an instrument-assisted soft 
tissue mobilization intervention. This study was 
approved by the Institutional Review Board at the 
University of Kentucky. All subjects provided writ-
ten informed consent prior to participation. Subjects 
were included if they presented with: (1) ≥15� deficit 
in glenohumeral internal rotation and ≥10� deficit in 
total arc of motion (TAM) in one arm compared to 
the contralateral limb,8,9 and (2) little to no shoulder 
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pain or functional deficit as determined by a score 
of ≥26/30 on the pain subscale and ≥54/60 on the 
function subscale of the PENN shoulder score.20 Sub-
jects were excluded if they had reported a history 
of shoulder surgery in the past year, a steroid injec-
tion in the past month, numbness and tingling in the 
upper extremity, or demonstrated signs consistent 
with cervical radiculopathy21 adhesive capsuliits,22 
glenohumeral arthritis,23 or rotator cuff pathology24 
as determined with a screening examination.

The Myotonometer® consists of a metal probe with 
an inner and outer cylinder. The outer cylinder 
remains stationary while the inner cylinder, which 
houses a force transducer, is pushed perpendicularly 
onto the underlying tissue by the examiner. Tissue 
displacement (mm), as measured by the distance 
between the outer and inner cylinders, is recorded 
by proprietary computer software (Neurogenic 
Technologies, Inc., Montana, USA) at eight predeter-
mined loads (2.45—19.60N) to give an overall assess-
ment of tissue compliance. 

Testing was conducted with the subject prone, the 
test arm abducted to 90° and externally rotated to 
45° (confirmed via inclinometer), and the neck posi-
tioned in neutral with the forehead supported by 
the opposite forearm. This test position was adapted 
from electromyographic methods to allow for proper 
identification of the muscle bellies of interest.25 To 
maintain proper alignment, the humerus was sup-
ported by a foam pillow (DonJoy Ultrasling 2, DJ 
Ortho, Vista, CA) (Figure 1). Measures of compli-
ance were taken over the bellies of the posterior 
deltoid, infraspinatus, and teres musculature of the 
restricted shoulder with standardized probe place-
ments (Table 1). The Myotonometer’s software auto-
matically averaged the displacement (mm) across 
five sequential probe depressions for each force 
load. These averages constituted one trial and were 
used for statistical analysis for each muscle.16 

Subjects attended two measurement sessions. At the 
first session, compliance measures for the restricted 
shoulder were obtained twice to establish inter-ses-
sion reliability. For the purpose of the intervention 
study, shoulder internal rotation, external rotation, 
and horizontal adduction passive ROM measures 
were conducted between Trials 1 and 2.26 Compli-
ance measures were obtained once at the second 

Figure 1. Position for Myotonometer® testing of the posterior 
deltoid.

session (Trial 3), which occurred on average 26±7 
(mean±SD) hours after the first session. Order of 
muscle testing between sessions was counterbal-
anced a priori. 

STATISTICAL METHODS 
An intraclass correlation coefficient (ICC2,5)

27 was 
calculated to determine the intra- and intersession 
reliability of the average displacement at each incre-
ment of force for each site tested using SPSS (Version 
20.0, IBM SPSS Inc, Armonk, NY). The resultant ICC 
values were interpreted with the scale described by 
Fleiss.28 Standard error of measurement (SEM) and 
minimal detectible change (MDC) were calculated in 
Excel (Microsoft Inc., Redwood, WA) using previously 
established formulas to determine responsiveness.29 

RESULTS
Descriptive data, represented as means and stan-
dard deviations in millimeters of displacement for 
each muscle, show increased displacement with 
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to 0.85 mm. Inter-session MDC ranged from 0.55 to 
1.2 mm across all muscles.

DISCUSSION
This study demonstrated good to excellent intra-
session reliability for the three posterior shoulder tis-
sues tested. While inter-session reliability remained 
good to excellent for the tissues overlying the poste-
rior deltoid, it was poor to moderate for those overly-

Figure 2. Average displacement in millimeters across three trials for the posterior deltoid and its overlying tissues.

increased force for all three sites (Figures 2-4). The 
ICC, SEM, and MDC for both intra- and inter-session 
reliability are presented in Table 2. Intra-session 
ICC values were good to excellent for all muscles, 
ranging from 0.69 to 0.91. SEM ranged from 0.19 to 
0.64 mm with MDC never exceeding 1.0 mm. Inter-
session ICC values varied greatly between muscles, 
ranging from 0.33 to 0.87. SEM increased compared 
to intra-session SEM with values ranging from 0.39 

Table 1. Probe placement for the Myotonometer®
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ing the infraspinatus and teres complex. This is the 
first study to investigate inter-session reliability and 
report responsiveness values of the Myotonometer® 
in the shoulder region on subjects with asymptom-
atic posterior shoulder tightness. 

Previous studies13,16-18 have reported moderate to 
excellent intra-session reliability of the Myotonome-
ter® (ICCs 0.54 to 0.99) on healthy subjects, subjects 
with spastic-type disorders, and subjects with stiff 
shoulders that correspond with the current study’s 
findings. Specifically, a previous study18 reported 
intra-rater reliability exceeding 0.9 for the poste-
rior deltoid, infraspinatus, and teres musculature 
at 14.70 to 19.60 N of force with the subjects seated 
with the arm at their side. Using the reported ICC 
and standard deviations for healthy subjects from 

the previous study, SEM and MDC were calculated 
for comparison with the current study. The preci-
sion of the instrument determined by SEM and MDC 
were very similar between the two studies, with the 
present study demonstrating slightly smaller values 
for both SEM (average difference of 0.3 mm) and 
MDC (average difference of 0.4 mm). The current 
and previous study18 indicate that the Myotonom-
eter® can reliably evaluate soft tissue compliance 
over the posterior shoulder musculature and could 
be a useful tool to evaluate the effect of soft-tissue 
treatments on compliance of the posterior deltoid, 
infraspinatus, and teres musculature within a single 
session. 

This is the first study to examine inter-session reli-
ability of the Myotonometer®; therefore, direct com-

Figure 3. Average displacement in millimeters across three trials for the infraspinatus and its overlying tissues.

Figure 4. Average displacement in millimeters across three trials for the teres complex and its overlying tissues. 
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parison with existing results is not feasible. However, 
the results of the current study follow the typical 
pattern observed when measuring joint mobility and 
muscular strength in that inter-session reliability 
is somewhat lower than intra-session reliability.11,30 
According to the inter-session MDC values obtained 
in the current study, the observed change in the 
infraspiantus and teres complex must be above 1 
mm in order to identify a meaningful difference and 
account for decreased inter-session reliability. Previ-
ous data reported differences in average compliance 
between healthy and stiff shoulders of 2.0 to 6.0 mm 
in the infraspinatus and teres minor18, indicating that 
it is feasible to observe a change above 1 mm. 

There are a few limitations of the current study. 
First, the Myotonometer®’s manual indicates that 
the probe should be depressed at an angle perpen-
dicular to the test muscle. Consistent perpendicular 
depression of the probe was difficult to obtain for the 
tissues overlying the infraspinatus and teres complex 
due to the angled orientation of the scapula relative 
to the table. Consistent perpendicular probe depres-
sion is important to maintain because muscle is less 
compliant when compressed in the cross-fiber direc-
tion (perpendicular to the muscle fibers) compared 
to a 45 degree angle.31 If precise perpendicular probe 
depression was not achieved, then the displacement 
collar, meant to stay flush with the skin, may have 

Table 2. Intra- and inter-session reliability with responsiveness values reported in 
millimeters of displacement. Responsiveness reported to the nearest tenth of a 
millimeter as per measurement accuracy indicated in the Myotonometer’s manual. 
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been wedged away or forced up on one side, result-
ing in inconsistent displacement values.12 Although 
the investigators carefully attempted to maintain 
perpendicular orientation during depression, small 
orientation errors of the probe likely occurred. 
Another limitation is that the rate of probe depres-
sion was not standardized. This is a common limita-
tion among studies utilizing the Myotonometer®.13,16 
However, this limitation should be addressed in 
future studies because rate of compression has been 
reported to affect compliance. Muscles compressed 
at a faster rater are less compliant than those com-
pressed at a slower rate.32 One way to potentially 
standardize the rate of probe depression is to use a 
metronome. The final limitation concerns the state 
of muscle relaxation during testing. Although sub-
jects were instructed to relax, it is unknown if they 
were completely relaxed during testing. Future stud-
ies utilizing the Myotonometer® in the relaxed state 
may consider using electromyography (EMG) in 
order to objectively monitor muscle activity. 

CONCLUSION
The Myotonometer® reliably measured intra-ses-
sion posterior shoulder tissue compliance with MDC 
values less than 0.9 mm; thus, the Myotonometer® 
can be used confidently within a single intervention 
session to assess the immediate effect of treatments 
targeting compliance of tissue overlying the poste-
rior shoulder musculature. The device’s inter-ses-
sion reliability for the posterior deltoid was excellent 
with MDC values less than 0.9 mm, indicating that it 
can be used to measure tissue compliance changes 
across days of treatment. However, observed change 
in the infraspinatus and teres musculature must be 
above 1 mm to identify a meaningful difference and 
account for decreased inter-session reliability. 
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