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Objective: The aim of this study was to investigate the intra- and inter-rater reliability of ultrasonog-
raphy (US) to measure anterior translation of the humeral head (ATHH) among healthy subjects and 
patients with sacroiliac joint dysfunction.
Methods: The study included a total of 22 shoulder joints from 11 subjects. Six subjects were healthy 
and 5 had sacroiliac joint dysfunction. Anterior translation of the humeral head was measured twice 
using US by two different investigators. Intraclass correlation coefficient (ICC3,1), standard error of 
measurements (SEMs), coefficient of variations (CVs) and Bland-Altman plot were used as analytical 
tests to investigate intra- and inter-rater reliability, amount of error and agreeability of the measure-
ments between investigators.
Results: Intraclass correlation coefficient was 0.94, showing a high level of intra-rater reliability of the 
first investigator with SEMs (0.01 cm) and CV (5.1%) in measuring ATHH. Intra-rater reliability of 
the second investigator was 0.84 with SEMs (0.03 cms) and CV (9.6%), indicating a high level of reli-
ability. Inter-rater reliability was high, with an ICC value of 0.92 with SEMs (0.02 cms) and CV (5.9%).
Conclusion: The use of US as a measurement of ATHH has good levels of intra- and inter-rater reli-
ability in clinical practice.
Key words: Examination; humeral head; reliability; shoulder; translation; ultrasound.

Quantification of humeral head (HH) translation dur-
ing an applied translator force may be useful in the di-
agnosis of glenohumeral joint (GHJ) pathologies.[1,2] 
Additionally, measuring the translation of HH helps to 

understand the pathomechanics of the GHJ and assist 
in the choice of conservative and/or surgical interven-
tion for GHJ disorders.[3] In clinical practice, clinicians 
measure the anterior translation of the humeral head 
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(ATHH) in order to diagnose GHJ anterior translation 
dysfunction and other shoulder problems.[1,4]

Previous studies have reported the use of several 
instruments, including X-ray, fluoroscopy, magnetic 
resonance imaging and electromagnetic tracking device 
to measure ATHH in both normal and symptomatic 
subjects.[1,3,5,6] These techniques have limitations such as 
exposure to radiation, expense, and unavailability in all 
clinics.[1,3,5-7] On the other hand, manual palpation tech-
niques used to grade ATHH are subjective in nature and 
yielded poor reproducibility of findings.[4]

In the current study, real-time ultrasonography (US) 
was used to quantify ATHH as an objective measure 
among subjects. A limited number of studies have been 
reported in the literature investigating the reliability of 
US in quantifying ATHH in GHJ.[8-10] Thus, it is of 
practical significance to determine the reliability of US 
before its use in research studies and clinical practice. 
When using a new method to quantify the ATHH of 
the GHJ, it is important to evaluate the reliability of the 
measurement procedure for the trustworthiness of the 
data.[11]

In addition, the reliability characteristics of a measure 
and investigators are influenced by the characteristics of 
the subjects from a specific disease population.[12] A re-
cently published guideline on reliability studies (Guide-
lines for Reporting Reliability and Agreement Studies, 
GRRAS) stated that the measurement of reliability in 
a larger longitudinal study design must be tested among 
the subjects of the original study.[12] The US evaluation 
of ATHH is a variable of interest in an ongoing original 
study on sacroiliac joint dysfunction. Hence in the cur-
rent study, the reliability of US in measuring the ATHH 
was determined in a population of normal individuals 
and subjects with sacroiliac joint dysfunction.

The main aim of this study was to investigate the in-
tra- and inter-rater reliability of US to measure ATHH 
objectively in a population of healthy subjects and pa-
tients with sacroiliac joint dysfunction.

Patients and methods
The study included a total of 22 shoulder joints of 
11 subjects (mean age: 41.7±6.2 years; mean weight: 
66.4±6.3 kg; mean height: 1.68±0.5 cm). Six subjects 
were healthy and 5 had sacroiliac joint dysfunction. All 
subjects with sacroiliac joint dysfunction were recruited 
from a University tertiary hospital. The diagnosis of sac-
roiliac joint dysfunction was made if a subject showed 
positive response to at least four of five clinical mobi-
lization tests, including the Gillet test, standing flexion 

test, prone knee flexion test, supine long sitting test and 
palpation of posterior iliac spine asymmetry on sitting.
[13-15] Healthy subjects were recruited as a matched group 
from among patient caregivers who accompanied other 
patients to the hospital. All subjects had full range of 
shoulder motion with no history of any symptoms in 
shoulder joint and the ability to walk independently 
without ambulation aid. Subjects with shoulder pathol-
ogy, presence of pain in the shoulder, shoulder injury 
occurring in the previous 3 months or with any past his-
tory of shoulder surgery were excluded. Subjects were 
briefed about the study details and written informed 
consent was obtained prior to participation. The Uni-
versity Hospital Ethical Committee provided ethical ap-
proval for this study with ethical code NN-181-2011.

The ATHH was measured using US (The Philips 
iU22 xMATRIX Ultrasound System; Philips Health-
care, Best, the Netherlands) on B mode through a linear 
transducer of 3.5 MHz based on the established proto-
col.[8-10] Shoulders were exposed and subjects positioned 
on a chair with backrest with both legs resting on the 
floor to ensure maximum stability during testing. The 
shoulder was kept in medial rotation in an adducted 
position alongside the trunk with the forearm facing to 
body and elbow flexed and supported with another hand. 
The investigator stood in a walk stance position behind 
the subject. Ultrasonography imaging of the shoulder 
translation was performed by a qualified radiologist.

During testing, the linear transducer with an Aqua-
sonic gel was placed on the anterior aspect on the shoul-
der and three well-defined bony landmarks, the greater 
tubercle of the humerus, the coracoids process of the 
scapula and the anterior-superior part of the neck of the 
scapula, were identified and captured by the radiologist. 
In this position, the placement of the transducer on the 
skin was marked. The resting position of the HH was 
measured by placing the cursor on the coracoids process 
of the scapula, the neck of the scapula and the top of the 
greater tubercle in the captured image. The distance be-
tween the scapular neck and the top of greater tubercle 
was measured as the shoulder resting distance (d1). A 
total of 3 trials were carried out and the average of the 3 
readings was taken as the final measurement.

On the tested side, the acromion process and HH 
were palpated and the joint line was identified by the first 
investigator. The shoulder girdle along with the scapula 
was stabilized by the investigator using one hand while 
the other hand applied a manual posteroanterior transla-
tion of the HH to find the best angle of translation. Us-
ing a push-pull dynamometer, the investigator applied a 
translator force of 80 N to the posterior part of the HH 
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to passively translate the HH anteriorly to the point 
of end feel. The bony landmarks of the shoulder post 
translation were measured by placing the cursor on the 
coracoid process of the scapula, the neck of the scapula 
and the top of the greater tubercle. The distance between 
the neck of the scapula and the top of the greater tuber-
cle after translator force was measured and recorded as 
post-translation distance (d2). An average of three mea-
surements was taken for final reading of d2. The ATHH 
was calculated as the difference between the distance 
measured during passive anterior translation (d2) and 
at rest (d1) (Fig. 1). The measurement of the ATHH 
was performed first on one shoulder and then the other. 
The ATHH was measured for both shoulders at the 
first testing and the second measure was repeated after 
48 hours using the same method. The complete proce-
dure was performed by the first investigator (LJ) who is 
a senior musculoskeletal physiotherapist with 14 years 
of experience. The whole procedure was then repeated 
by the second investigator (RH), a junior physiothera-
pist. The order of measurements in the shoulders and 
the investigators were randomized in order to prevent 
any possible memory bias. Investigators were blinded on 
the first reading during the second occasion of measure-
ment. The same radiologist captured the US images of 
the ATHH for both investigators throughout the study.

Data were analyzed using the statistical software 
package SPSS for Windows v20.0 (SPSS Inc., Chicago, 
IL, USA). Intraclass correlation coefficient (ICC3,1), 

standard error of measurements (SEMs), coefficient 
of variations (CVs) and Bland-Altman plot were used 
to investigate the intra- and inter-rater reliability, the 
amount of error and agreeability of the measurements 
between the investigators.[11,12,16-18] The differences in the 
first and second measures were analyzed using the paired 
sample t-test with the level of significance as 0.05. The 
SEMs were calculated using the formula below, where 
SD is the standard deviation and ICC is the intraclass 
correlation coefficient:

SEMs = SD x sqrt(1-ICC)
The SEMs were used as a measure of absolute reli-

ability of the measurements.[11] The estimation of error 
measurement was calculated through CV by SD of the 
data divided by the mean and multiplied by 100 to give a 
percentage score.[18] Intraclass correlation coefficient val-
ues of <0.50 were determined as ‘low’, 0.50 to 0.75 ‘mod-
erate’, and >0.75 ‘high’.[19,20] The Bland-Altman plot was 
depicted to measure the limits of agreement between 
the measurements of the two investigators. The limits 
of agreement equaling two SD of the mean difference 
above and below the mean were plotted and the variance 
in measurements outside ±2SD was examined through 
visual analysis in the Bland-Altman plot.[17,18]

Results
The mean±SD ATHH values of all measurements taken 
by both investigators are shown in Table 1. Intraclass cor-

Fig. 1.	 Picture description of anterior translation of the humeral head (adapted from Court-Payen et al.’s[10] study). [Color figure can be 
viewed in the online issue, which is available at www.aott.org.tr]
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relation coefficient was 0.94, showing high intra-rater reli-
ability of the first investigator with SEMs of 0.01 cm and 
CV of 5.1%. Intra-rater reliability of the second investiga-
tor was 0.84 with SEMs of 0.03 cms and CV of 9.6%, 
indicating a high level of repeatability. The inter-rater 
reliability between the first and second investigator was 
considered high with an ICC value greater than 0.92 with 
SEMs of 0.02 cms and CV of 5.9% for all measurements.

No statistical significant difference was found be-
tween the two measures (t[21]=0.44, p=0.66, 95% CI 
-0.27 to 0.04) taken by the first observer. Similarly, there 
was no statistical significance between the two measure-
ments taken by the second investigator (t[21]=1.54, 
p=0.13, 95% CI -0.01 to 0.06). Visual analysis of the 
Bland-Altman plot showed that 95% of all measurement 
differences were in between the ±2SD, indicating that 
the agreement between measurements taken by both in-
vestigators were acceptable (Fig. 2).

Discussion
This study investigated the intra- and inter-rater reliabil-
ity of an US technique used to measure the ATHH in 

the GHJ. Limited studies are available reporting on this 
US technique and the evidence on the acceptable level 
of reliability is inconclusive. Hence, a separate study on 
the reliability of the US technique to quantify ATHH is 
essential before it can be applied to clinical and research 
practice. The results showed that the methods and mea-
surements used in the current study are reliable between 
and within the investigators.

An US method with 90 N of force used to quan-
tify ATHH was first proposed by Court-Payen et al. 
although reliability was not reported for this technique 
in their study.[10] Later, Krarup et al. investigated the 
ATHH using US with a force of 90 N among normal 
individuals and subjects with traumatic anterior shoul-
der dislocation in 3 different shoulder positions and 
concluded that the intra-observer reliability was consid-
erable.[9] Yeap et al. used US to evaluate ATHH with 
two different forces of 90 N and 60 N in different posi-
tions of the shoulder and reported poor reliability.[8] In 
our opinion, the results of the above studies cannot be 
considered comparable to the current study because of 
the difference in force levels (90 N and 60 N) compared 
to the 80 N of force used in the current study. In addi-
tion, the differences in the shoulder positions, procedur-
al differences and different subject populations were not 
comparable between the studies. Moreover, none of the 
above studies reported reliability analysis as a separate 
process and the study design was not meant to test the 
reliability of the technique and investigators. Thus, the 
current study was designed to evaluate the reliability of 
the US technique to quantify ATHH among a specific 
population of patient with sacroiliac joint dysfunction 
and normal subjects.

The current report is part of a main ongoing research 
study on the sacroiliac joint investigating the effects of 
sacroiliac joint dysfunction on global muscles, local mus-
cles and the locomotive system. This original study is a 
biomechanical study in which the altered biomechani-
cal effects due to sacroiliac joint dysfunction are evalu-
ated in shoulder joint due to global muscle connection. 
In particular, one of the objectives of the main study is 

Table 1.	 Intra-rater reliability with mean and standard deviation of the ATHH measures.

Investigators	 Measurement of 	 Intraclass	 95% 	 Standard Error of	 Coefficient 
		  ATHH	 Correlation Coefficient	 Confidence	 Measurements (cm)	 of Variations
		  Mean±SD (cm)	 (ICC) with 95% CI	 Interval		  (%)

		  1st Measure	 2nd Measure	

1st investigator	 1.01±0.24	 0.98±0.22	 0.94	 0.86-0.97	 0.01	 5.1

2nd investigator	 1.02±0.24	 0.98±0.21	 0.84	 0.49-0.95	 0.03	 9.6

CI: Confidence interval; SD: Standard deviation.
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Fig. 2.	 Bland-Altman plot of the data presenting differences be-
tween the two measures against mean for the two measures 
indicating good limits of agreement between measurements, 
with 95% of the measures lying within ±2SD of the mean.
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to examine the myofascial force transmission from the 
sacroiliac joint to the contralateral shoulder joint for 
which ATHH is one of the variables of interest. As per 
the recently published GRRAS guidelines for reliabil-
ity, any report on reliability issues must be dealt with as 
a separate scientific entity.[12] The GRRAS guidelines 
recommend that the examination of reliability should 
not be reported as part of the main study, but separately 
from the main study on a particular specific population 
of interest. As reliability of the measurement procedures 
might be influenced by subject characteristics of the spe-
cific population of interest, reliability has to be exam-
ined in a specific population.[12] Thus, the current study 
aimed to report the reliability of US for the evaluation 
of the ATHH among a population of participants with 
sacroiliac joint dysfunction and healthy subjects.

Anterior translation of the humeral head measure-
ments have been investigated by various studies in the 
past using different methods. Harryman et al.[21] evalu-
ated the ATHH using an electromagnetic tracker and 
induced 7.8±4.0 mm of anterior translation in healthy 
subjects. Nevertheless, this procedure was invasive and 
not generally applicable in a clinical situation. Levy et 
al.[22] assessed the ATHH through a manual technique 
and reported an overall intra-observer reliability of 46% 
and inter-observer reliability of 47%. Yet, due to the sub-
jective nature of the grading used to assess the AHTT 
and low level of reliability, the findings should be inter-
preted with caution. Hawkins et al.[7] quantified ATHH 
using a manual load and shift technique in anesthetized 
patients. However, there was no report of reliability and 
patients were anesthetized which is not applicable in 
clinical situations. Due to the differences in methods, 
equipment and techniques of measurements as well as 
patient population, it is very difficult to compare data on 
the ATHH. Nevertheless, the technique and methods 
used in the current study were shown to be reliable.

Several factors have been reported to influence US 
measurement of the ATHH in the GHJ. Such factors 
include; bulky tissues surrounding the bony landmarks 
in the shoulder, differences in the position and size of 
the shoulder, difference in the location of the placement 
of measurement tool (US transducer/tracker), fixation 
of the scapula, different rates of force application to 
cause ATHH, differences in the applied forces, and lev-
el of experience of the investigator.[8,23-25] Additionally, 
US imaging of the shoulder requires technical expertise 
and prior training.[23] In the current study, the above 
factors were taken into account prior to the measure-
ment technique and addressed meticulously. Collective 
training between the investigators including the radiolo-

gist prior to the commencement of the study were per-
formed to identify the bony landmarks manually, angle 
of translation with and without force and for identifica-
tion of bony landmarks precisely with US over several 
sessions. In order to prevent placement errors of the 
transducer on the bony landmark, the placement spots 
were marked on the skin of each subject. Investigators 
were trained to stabilize the shoulder and posture of the 
subjects during application of the 80 N force in order to 
prevent postural buckling during the force application 
and measurement. 

No single statistical measure is sufficient to comment 
on the reliability of measurements.[12] Therefore, the use 
of various measures of reliability such as ICC, SEMs, 
CV and the Bland-Altman plot may be considered the 
strength of the study. There were some limitations in 
this study. The small number of participants with the 
rare specific condition of sacroiliac joint dysfunction 
included in our study may be considered as one of the 
main limitations and future studies with a larger sample 
size should be considered. The reliability reported is ap-
plicable only to the population of interest and to the spe-
cific procedure mentioned in the current study. Hence, 
the application of the technique to other populations 
with revisions in methodology may alter the repeatabil-
ity and in such cases, the reliability should be examined 
separately. However, the procedure to measure ATHH 
proposed in this study may serve as a guide for clinicians 
and researchers in their further research.

In conclusion, the intra- and inter-rater reliability of 
the US method used in this study for the measurement 
of the ATHH was acceptable and reliable. Quantifica-
tion of the ATHH using US may be considered a useful 
method to investigate GHJ problems.
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