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Summary

Background Horizontal instability influences the
clinical outcome after acromioclavicular joint (ACJ)
injuries and in joint degeneration. A standardized,
dynamic examination of the horizontal instability
has not been described before. This current study
presents a sonographic method to analyze the dy-
namics between the clavicle and acromion in the
horizontal plane.

Methods The horizontal joint play, the ACJ space and
the offset between clavicle and acromion were sono-
graphically assessed by a 45° ventrally angulated lon-
gitudinal section. A total of four investigators with
different experience in the field of musculoskeletal
ultrasound examining 20 ACJs in 10 human cadavers.
Measurements in the absence of any pressure and un-
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der standardized anterior and posterior pressure onto
the clavicle were carried out in different ligament sta-
tus intact acromioclavicular (AC) and coracoclavicular
(CC) ligaments as well as in a Rockwood (RW) II and
III model. A two-sided t-test was used to examine
the differences between joint positions and ligament
status.

Results The horizontal joint play was 1.3 + 0.9 mm with
intact ligaments, 1.4+1.2mm by transecting the AC
ligaments and 1.9+ 1.3 mm after additionally transect-
ing the CC ligament. The joint space was 3.3+ 1.1 mm
with intact ligaments, 4.1+1.8mm in an iatrogenic
RW 2 injury, and 5.3+3.3mm in an iatrogenic RW 3
injury. Manipulating the clavicle by applying anterior
or posterior pressure did not change the difference
within one injury pattern. Interobserver reliability was
83.9%.

Conclusion Apart from evaluating the ligaments and
the joint capsule, measurement of the dynamic hor-
izontal instability is possible in a human cadaver
model. The ultrasound-based measurement of hori-
zontal instability dynamics avoids radiation exposure,
is readily available and cost-efficient.

Keywords Horizontal instability - Rockwood classifi-
cation - Shoulder sonography - Acromioclavicular joint

Abbreviations

ACJ Acromioclavicular joint
ACL Acromioclavicular ligament
CCL Coracoclavicular ligament
RW Rockwood classification

Introduction

Stability of the acromioclavicular (AC) joint is pro-
vided by the capsular ligaments and the coracoclavic-
ular (CC) ligaments and is subdivided in vertical and
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horizontal stability [4, 8]. Horizontal instability oc-
curs after a horizontal blow to the clavicle in a fixed
scapula and acromion. It is clinically relevant as it has
been described to be associated with increased pain
and to occur after Rockwood (RW) type 2 injuries or
after distal clavicle resection [2, 9, 11, 13]. Varying
forms of horizontal instability combined with vertical
instability of the ACJ may be the reason for a lack of
uniform treatment in RW type 3 injuries [16]. There is
a trend in surgery towards anatomically restoring the
AC]J, i.e. to treat vertical as well as horizontal instabil-
ity to obtain a better functional outcome [10].

Ultrasound (US) is a valuable imaging technique
for displaying abnormalities of the ACJ with dynamic
evaluation in the form of the cross-arm maneuvre be-
ing suitable for the detection of mild or moderate
sprains in AC separation [12, 15]. Although the direct
sonographic visualization of the ACJ is a very sensi-
tive imaging modality considering vertical instability,
a standardized dynamic examination of the horizon-
tal instability using ultrasound has not been described
[5-7, 12, 14].

The aim of this study was to study the precision of
US in diagnosing horizontal instability in an experi-
mental human cadaver model.

Material and methods

This study was planned and carried out as a prospec-
tive randomized cadaver trial, after receiving a posi-
tive ethics commission vote (EK Nr. 1764/2014). The
study was carried out on 10 frozen and thawed corpses
with the following inclusion criteria: age between 18
and 100 years, no infections, no recent trauma in
both shoulders, no known paralysis in both shoulders,
no obvious deformity in the area of the clavicle or
acromion, which was reported by chart reviews. The
mean age was 74.2 years, the mean weight was 71.5kg
and the mean height was 1.67 m. Therefore, the mean
body mass index (BMI) was 25.5kg/m?, 6 (60%) of the
corpses were female and 4 (40%) male.

The subjective mobility of the whole frozen and
thawed corpses, depending on temperature and time
of death, was in proportion flexible to medium hard
to stiff=4:3:3 (Fig. 5).

Sonographic method

The distance between the ACJ and sonic head was
measured without any manipulation of each joint.
A 45° ventrally angulated longitudinal section plane
was used to display the acromion, clavicle and the
ACJ space (Fig. 1). The joint space as well as the
AC] offset were both measured as distances from this
plane (Fig. 2). Ultrasound was carried out using a GE
Healthcare (GE Healthcare, Chicago, IL, USA), Logiq
S8, software version Logiq S8: R1.5.4, linear probe:
GE Healthcare ML6-15, 15.0Mhz (xx). The shoulders
of each corpse were measured by two orthopedic

Fig. 1 Position of the scan to monitor horizontal instability of
the ACJ
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Fig. 2 A fixed US image was made from 45° transverse
plane, on which the joint space, a zone of mean echogenicity,
as well as the ACJ offset were both measured as a distance

consultants and two students. Without having ex-
perience in the field of musculoskeletal ultrasound,
the students had a short theoretical and practical in-
troduction into the US technique and interpretation
and were guided how to use the sonic head and how
to physically measure distances. Images were taken
to determine the horizontal instability by applying
constant manual anterior and posterior pressure onto
the clavicles. Prior to the study anterior and posterior
pressure onto the clavicle was repeatedly measured
by pressure sensors (Pressure sensor Interlink FSR 400
Multimeter: Voltcraft, VC 130) until the desired resis-
tance of 100kgohm was reached straightaway and
not exceeded by every investigator. In order to avoid
interference with the study set-up pressure sensors
were not used during measurement.

Surgical model

After imaging of the same AC]J in three different pres-
sure modes (without pressure, anterior and posterior
pressure) the acromioclavicular ligament (ACL) was
sharply transected with a scalpel under sonographic
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control, making a 1cm ventral skin incision above
the AC]J. After simulating this RW 2 injury the mea-
surement of the horizontal instability imaging was
done as mentioned (without pressure, anterior and
posterior pressure). Following this the coracoclavic-
ular ligaments (CCL) were transected. Thereby the
known skin incision was used again to subsequently
transected both the trapezoid ligament and conoid
ligament by withdrawing a backwardly bladed knife
alongside the clavicle from medial to lateral thereby
reaching the injury pattern of RW 3 (Fig. 3). Once
again imaging procedures were carried out as men-
tioned (without pressure, anterior and posterior pres-
sure). This way nine distances regarding horizontal
instability and nine distances regarding information
about the joint space were measured in each joint by
all four examiners (Fig. 4).

Data management and evaluation

All measurements were immediately transferred onto
case reports forms. The subjective mobility of the
corpses was assessed 1 (Fig. 5) as they were not as-
sessed before imaging for fear of tissue damage. The
investigators carried out the measurements in a ran-
dom order.

Due to the relative joint play the absolute value was
formed as a difference between the anterior and pos-
terior horizontal joint play.

absolute = anterior — posterior

Fig. 3 Schematic representation of the ligaments involved in
the biomechanics of the ACJ (7 conoid ligament, 2 trapezoid
ligament, 7+ 2 coracoclavicular ligament, 3 acromioclavicular
ligament, 4 coracoacromial ligament, red trapezius muscle)

Fig. 4 Flowchart show-

ing how measurements for Cadaver

each cadaver were orga-
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Fig. 5 Subjective mobility
of the corpses depending
on temperature and time
of death was in the pro-
portions supple to medium
hard to stiff=4:3:3; Differ-
ence was measured in the
standard value (as to middle
hard and stiff)

Fig. 6 Mean absolute val-
ues of all investigations, by
all 4 investigators were ar-
ranged within groups ac-
cording to the 3 states of the
ligament (intact, AC trans-
sected, CC transsected)
and 3 joint positions (with-
out pressure, with pressure
to the anterior side or pres-
sure to the posterior side)
and compared by two sided
t-tests
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This value was used for statistical evaluation. Mean
absolute values were arranged in the following groups
and compared by two-sided ¢ -tests, as well as cor-
relation analysis according to Pearson. Groups were
formed according to the state of the ligament (intact,
AC transected, CC transected), to left and right side,
to side and state of ligament, to examiner as well as
to training and to consultant or student, compared
with each other and cross-analyzed. The two-sided
t -test was also used to examine the differences be-
tween joint positions (without pressure, with pressure
to the anterior side or pressure to the posterior side)
and ligament status (intact, AC transected, CC tran-
sected). Then correlation analysis between ligament
status and horizontal relocatability was examined.

Results

The mean distance of the ACJs to the sonic head
was 10.1+0.2mm. The horizontal joint play was
1.3+£0.9mm with intact ligaments, 1.4+1.2mm by
transecting the AC ligaments and 1.9+ 1.3mm after
additionally transecting the CC ligament (Fig. 6). This
examination was regardless of examiner (training and
individual) and patient (side, mobility of the corpse,
distance of the ACJ to the sonic head). No changes
were found in the chronological sequence of mea-
surements.

The joint space was 3.3+ 1.1 mm with intact liga-
ments, 4.1+ 1.8mm in an iatrogenic RW 2 injury, and
5.3+£3.3mm in an iatrogenic RW 3 injury. Manipu-
lating the clavicle by applying anterior or posterior
pressure did not change the difference within one in-
jury pattern (Fig. 7; [17]). There was no difference
in the joint space of different sides. These examina-
tions can therefore differentiate the joint space be-
tween a healthy joint and an AC] RW 2 or RW 3 injury
regardless of patient and investigator.

The offset between clavicle and acromion in the
horizontal plane without manipulation was taken as

Fig. 7 View of a scapula from cranial. Anterior and pos-
terior pressure show the directions of horizontal instability.
(BodyParts3D, [http://lifesciencedb.jp/bp3d/] © The Database
Center for Life Science licensed under CC Attribution-Share
Alike 2.1 Japan, Japan)

a reference value, as neither the condition of the lig-
ament nor the side of the patient had any effect. In
flexible corpses there was a significantly larger offset
2+1.2mm) as with medium hard (1.7+1.1mm) or
stiff (1.6+1.1mm). There was no significant differ-
ence between consultant and student measurements.
There were no differences in 83% of the offset val-
ues between different investigators. Comparing the
ACJs of the different sides showed a larger horizon-
tal offset of the clavicle to acromion of the right
shoulder (1.9+1.3mm) compared to the left shoul-
der (1.7+1.0mm), whereas sides correlated with each
another. The horizontal joint play was the same on
the right and left side and there was no significant
correlation. Interobserver reliability in 5 out of 6 com-
parisons (83.9%) showed no differences in the joint
space as well as in joint play. The different levels of
training did not have any influence on the exami-
nation of the horizontal offset and horizontal joint
play; however, there was a difference when measur-
ing the joint space between orthopedic consultants
and students. Values and standard deviations (SD)
regarding the analysis of the measurements of all four
investigators over time were constant.

Discussion

In this study an US method was developed and tested
for detecting horizontal instability of the ACJ with high
precision. As expected, the measured horizontal in-
stability increased when cutting the ligaments. These
results correspond to the results of Dawson et al. who
investigated the biomechanics and the instability by
transecting AC and CC ligaments in human cadavers
(3.

With US measurement of the joint space width
Rockwood types I-III can be differentiated on static
images, i.e. independent of any pressure applied to
the clavicle. As the differences between the dissected
and the non-dissected contralateral AC] were signifi-
cant, US measurements of the contralateral side may
be used for comparison. The thickness of the periar-
ticular soft tissue expressed as the distance between
the US probe and ACJ did not influence the mea-
suring accuracy and precision. Although there was
a significant difference in the joint space between
the measurements of consultants and students, there
were no significant differences to be found in a di-
rect comparison of the investigators. Therefore, it
could be expected that this method is very safe for an
individual investigator even with limited expertise.

The limitation of this study is that in cadaveric
specimens the muscle tension is much lower than in
living individuals and clinical information, such as left
or right dominance of the hand were not available [1].
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Conclusion

Dynamic US is a safe and readily available imaging

technique for the precise assessment of the horizonal
instability of the ACJ. With static US the joint space 5
width directly correlates with Rockwood stages.

Funding Open access funding provided by Medical Univer-
sity of Vienna. 7

Compliance with ethical guidelines

Conflict of interest G.M. Hobusch, K. Fellinger, T. Schoster, 8.

S. Lang, R. Windhager, and M. Sabeti-Aschraf declare that
they have no competing interests.

Ethical standards All procedures reported in this article

were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 10
Helsinki declaration and its later amendments or comparable
ethical standards.

11.

Open Access This article is distributed under the terms of

the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which per- ~ ,
mits unrestricted use, distribution, and reproduction in any
medium, provided you give appropriate credit to the origi-

nal author(s) and the source, provide a link to the Creative ;4
Commons license, and indicate if changes were made.

References 14.

1. AlasaarelaE, Tervonen O, Takalo R, Lahde S, Suramo . Ultra- 15.
sound evaluation of the acromioclavicular joint.J Rheuma-
tol. 1997;24:1959-63.

. Blazar PE, Iannotti JPB, Williams GR. Anteroposterior insta-
bility of the distal clavicle after distal clavicle resection. Clin
Orthop RelatRes. 1998;348:114-20. 16.

. Dawson PA, Adamson GJ, Pink MM, Kornswiet M, Lin S,
Shankwiler JA, Lee TQ. Relative contribution of acromio-
clavicular joint capsule and coracoclavicular ligaments

original article

to acromioclavicular stability.
2009;18:237-44.

] Shoulder Elbow Surg.

. Fukuda K, Craig EV, An KN, Cofield RH, Chao EY. Biome-

chanical study of the ligamentous system of the acromio-
clavicularjoint. JBoneJoint Surg Am. 1986;68:434-40.

. Hedtmann A, Heers G. Imaging in evaluating rotator cuff

tears. Orthopade. 2007;36:796-809.

. HeersG,HedtmannA. Ultrasound diagnosisoftheacromio-

clavicularjoint. Orthopade. 2002;31:255-61.

. Kock HJ, Jiirgens C, Hanke J, Schmit-Neuerburg KP. Stan-

dardized ultrasound examination for classification of in-
stability of the acromioclavicular joint. Unfallchirurgie.
1994;20:66-71.

MazzoccaAD, Arciero RA, Bicos]. Evaluation and treatment
of acromioclavicular joint injuries. Am ] Sports Med.
2007;35:316-29.

. Mikek M. Long-term shoulder function after type I and

IT acromioclavicular joint disruption. Am J Sports Med.
2008;36:2147-50.

. Modi CS, Beazley], Zywiel MG, Lawrence TM, Veillette CJH.

Controversies relating to the management of acromioclav-
icularjointdislocations. BoneJoint].2013;95-B:1595-602.
Moubhsine E, Garofalo R, Crevoisier X, Farron A. Grade I and
II acromioclavicular dislocations: results of conservative
treatment. ] Shoulder Elbow Surg. 2003;12:599-602.

. Peetrons P, Bédard JP. Acromioclavicular joint injury: en-

hanced technique of examination with dynamic maneuver.
JClin Ultrasound. 2007;35:262-7.

. Renfree KJ, Wright TW. Anatomy and biomechanics of the

acromioclavicular and sternoclavicular joints. Clin Sports
Med. 2003;22:219-37.

Tauber M. Acromioclavicular injuries in professional ath-
letes. Orthopade. 2014;43:249-55.

Tesch C, Friemert B, Huhnholz J, Wening JV, der Arbeits-
gemeinschaft Sonographie DGU. Significance of sonog-
raphy in traumatology and orthopedics: part 1: ultra-
sonography of the musculoskeletal system. Unfallchirurg.
2008;111:659-69.

Wellmann M, da Silva G, Lichtenberg S, Magosch P, Haber-
meyer P. Instability pattern of acromioclavicularjointdislo-
cations type Rockwood III: relevance of horizontal instabil-
ity. Orthopade. 2013;42:271-7.

86

Ultrasound of horizontal instability of the acromioclavicular joint

@ Springer


http://creativecommons.org/licenses/by/4.0/

	Ultrasound of horizontal instability of the acromioclavicular joint
	Summary
	Introduction
	Material and methods
	Sonographic method
	Surgical model
	Data management and evaluation

	Results
	Discussion
	Conclusion
	References


