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Abstract

Introduction Many studies have investigated the biome-
chanical influence of the acromioclavicular (AC) and
coracoclavicular (CC) ligaments on the stability of the
acromioclavicular joint (ACJ). It has been shown that
augmentation of the CC ligaments alone can result in
residual horizontal instability. Our hypothesis was that the
DTF would have a significant stabilizing effect on hori-
zontal AC]J stability.
Materials and methods In a biomechanical in vitro study
a sequential injury of the ACJ was created on eight
shoulders from full body, which were placed in an upright
sitting position. The translation and rotation of the clavicle
were measured in relation to the acromion using an optical
navigation system in various states during thoracic—hum-
eral elevation, abduction, and horizontal adduction. The
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three states were: an intact shoulder, complete sectioning
of the AC ligaments, and a circular lesion of the DTF.
Results Compared to the intact state we found a signifi-
cant increase in anterior rotation of the clavicle of 1.11°
(»p = 0.012) and a tendency in lateral translation of
2.71 mm (p = 0.017) in relation to the acromion, with a
combined lesion of AC ligaments and DTF. No significant
differences were found between the intact state and the
isolated dissected AC ligaments as well in adduction as
elevation.

Conclusion A combined lesion of the AC ligaments and
the DTF resulted in a quantitatively small but significant
increase in anterior rotation and a tendency in lateral
translation of the clavicle in relation to the acromion. These
differences were quantitatively small, so that the clinical
relevance of the stabilization effect of combined AC liga-
ments and DTF injuries is questionable.

Keywords Acromioclavicular joint - Vertical and
horizontal instability - Deltotrapezial fascia - Dislocation

Introduction

Approximately 9 % of shoulder girdle injuries involve the
acromioclavicular (AC) joint, with injuries appearing
common in young athletes [1]. Acromioclavicular joint
sprains are the most common injury of the clavicle or its
articulations. The incidence rate is 9.2 per 1000 person-
years, and males have a significantly higher incidence than
females [2]. Based on the classification system of Rock-
wood [3], a sequential pattern of injury is assumed for
acromioclavicular joint (ACJ) injuries, starting at the ACJ
capsule and ligaments and progressing medially to a dis-
ruption of the coracoclavicular (CC) ligaments (>grade 3).
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Rockwood also stated that a complete dislocation of the
ACIJ necessarily results in disruption of the DTF [1].
However, it has never been shown whether the disruption
of the DTF should be considered simply as a (biome-
chanically irrelevant) consequence of ACJ dislocation, or
whether a significant DTF lesion is rather the reason for
high-grade ACJ instability, and therefore reflects the dif-
ference between a grade 3 and a grade 5 injury. Current
studies have shown that the category of grade 3 injury
includes patients with variable severity of horizontal
instability [4]. Since by definition the AC and CC liga-
ments should be torn in such patients, the variability in
horizontal instability may be due to different injury pat-
terns to the DTF.

From a theoretical point of view, the DTF may serve as
a static stabilizer of the clavicle, fixing its periosteal sleeve.
On the other hand, it may act as a dynamic restraint, fixing
the clavicle by load transmission from the deltoid and
trapezius muscles to their insertions on the clavicle. These
muscles are assumed to stabilize the ACJ in both con-
traction and extension [5]. As regards its anatomy, the
fibers of the superior AC ligament have been shown to
weave into the aponeurosis of the DTF [6], so that there
may be a synergistic effect.

Urist et al. [7] assumed the DTF to be a basic horizontal
restraint for the ACJ. Lizaur et al. [5] shared this view, and
considered that many unsatisfactory results could be due to
the lack of repair of the trapezius and deltoid after stabi-
lization of the ACJ with temporary K-wire fixation. Fur-
thermore, in 43 of 46 patients (93.5 %) they showed an
injury to the trapezius or the deltoid, or both. However, this
hypothesis has never been verified, neither clinically nor
biomechanically. Although the biomechanical relevance of
the AC and CC ligaments has been conclusively described,
there are very few studies that have systematically inves-
tigated the biomechanical effect of the DTF.

Rochcongar et al. [8], who conducted a study on ten
cadaveric shoulders using an optical tracking system,
observed a significant increase in the distance between the
superior part of the acromion and the superior part of the
clavicle (D measure = 1.65 cm; p = 0.012) as well as that
between the coracoid process and the inferior part of the
clavicle (L measure = 1.24 cm; p = 0.018) after dissec-
tion of the CC ligament. They also showed a significant
increase in the D (2.15 cm; p = 0.018) and L measures
(1.59 cm; p = 0.0001) after arthroscopic sectioning of the
AC and CC ligaments and additional open detachment of
the insertions of the trapezius and deltoid muscles. But they
observed no differences after the cut of the AC ligaments.
However, there are no studies evaluating the effect of the
DTF on anteroposterior translation and rotation in the ACJ.

This issue may be relevant, as current techniques of
arthroscopically assisted ACJ stabilization focus primarily
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on synthetic or biological augmentation of the CC liga-
ments [9-16]. Such repair techniques have shown good to
excellent clinical results [11, 17, 18]. Nevertheless, there is
still a percentage of patients in whom CC ligament aug-
mentation fails and who sustain a partial or complete
recurrence of ACJ instability. There is some evidence that
this is due to persistent horizontal ACJ instability, which
inhibits healing of the CC ligaments and leads to
fatigue/failure of the synthetic augmentation. Scheibel
et al. [19] further showed that patients with persistent
horizontal instability after CC augmentation had worse
clinical results.

The purpose of the current study was to quantify the
effect of the DTF and AC ligaments on multidirectional
translation and rotation of the clavicle in relation to the
acromion. Therefore, an in vitro set-up using whole-body
specimens was used to keep the DTF intact and most
realistically simulate the arm movements of the in vivo
situation. Our hypothesis was that an injury to the DTF
would have a significant influence on anteroposterior
translation of the clavicle during passive abduction, ele-
vation, and horizontal adduction of the arm.

Methods

We performed a biomechanical in vitro study testing eight
shoulders from five human cadavers (male 1, female 4).
The Ethics Committee of the Medical School Hannover
gave approval for the study (No. 1694-2013). Full-body
specimens were used so as to keep the vertebral insertion of
the DTF intact and to allow physiologic examination dur-
ing passive abduction, elevation, and horizontal adduction
of the arm. A modified Thiel preservation technique from
the Hannover Medical School was used to obtain the best
possible flexibility of the cadavers with regard to passive
arm movements. The rest of the set-up was adapted
according to the established protocol of Oki et al. [20].

The bodies were placed upright on a custom-made
examination chair and stabilized by lateral adjustable plates
in the thorax area as well as in the head area (Fig. 1). In
addition, tensioning straps were tightened around the
forehead and thorax to fix the bodies without restricting the
range of motion of the shoulder. The examination chair
was developed to allow reproducible positioning of the
specimens and minimize motion artefacts during the
examination. To quantify the translation and rotation of the
AC joint, an optical navigation system, (Type Polaris P4
Northern Digital Incorporation, Waterloo, Canada), and a
custom-made software tool (NI LABview, National
Instruments, Munich, Germany) were used. According to
the product specification the system has a root mean square
of 0.35 mm.
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Fig. 1 Experimental setup with sitting body in the special and
fixation. Four marker of the optic navigation system (Polaris P4, NDI,
Waterloo, Canada) (sternum, clavicle, acromion and humerus)

The system used two cameras and four optical markers.
The four markers were fixed by 2 mm K-wires at predefined
positions: middle third of the sternum, lateral third of the
clavicle, lateral acromion, and lateral distal humeral shaft in
the area of the attachment of the deltoid muscle (Fig. 1).

The recommendations of the International Society of
Biomechanics (IBS) were implemented to define the
coordinate system and to determine the orientation of the
axes (Fig. 2) [21]. As specified by the IBS, the anatomical
points were sampled with the exception of the spinous
process of T8 and the acromial angle, and using these
coordinates the position, orientation, and motion of the
objects were calculated.

Three testing conditions were investigated: intact
shoulder, complete sectioning of the AC ligaments (Fig. 3),
and an additional circular lesion of the DTF (Fig. 4).

Surgical technique

After the intact shoulder measurement was made, the AC
ligaments were dissected. For this purpose a 2 cm superior
incision was made above the ACJ, having previously
detected the ACJ with a 2 mm K-wire. The subcutaneous
adipose tissue was also cut. Intact AC ligaments were
found in all specimens. Subsequently, the AC ligaments
and capsule were completely severed (Fig. 3). In order to
restore the stabilizing effect of the skin, this was closed

Fig. 2 Coordinate systems for the clavicle (blue) and humerus
(green) according to the recommendation of the IBS [21]. Defined
motions for the blue coordinate system: Rotation around the z-axis—
internal-external, rotation around the y-axis—anteroposterior and
rotation around the x-axis—superoinferior. Translation X-anteropos-
terior direction, translation Y-superoinferior direction and translation
Z-mediolateral direction (¢ thorax; ¢ clavicle; s scapula and
h humerus)

Fig. 3 Left shoulder with skin incision over the clavicle and
dissected AC ligaments. The marking arrows show the entire lesion
of the ACJ (D:M deltoid; T:M trapezius)

Fig. 4 Right shoulder with skin incision over the clavicle. The
marking arrows show the detachment of the DTF (C Clavicle; D:M
deltoid, T:M trapezius)
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with interrupted sutures. For the cut through the DTF, the
sutures were opened and the skin incision was extended
medially to 8 cm. The DTF was intact in all specimens.
This was followed by complete section of the DTF, which
was then dissected from the anterior and posterior clavicle
(Fig. 4). The skin was reclosed with interrupted sutures.

In order to mobilize the shoulder and to establish a
reproducible passive range of motion, the arm was moved
five times manually in all test directions (horizontal
adduction, abduction, and anteversion) before the mea-
surements were started.

The testing protocol consisted of two sets with eight rep-
etitions of the movement for each state, and the translations
and rotations of the clavicle were measured against the acro-
mion. The following passive arm movements were performed
manually by the same investigator: abduction in the frontal
plane, horizontal adduction in the horizontal plane, and ele-
vation in the sagittal plane. During abduction and elevation the
elbow joint was extended and the thumb pointed up. During
adduction the arm was elevated with the palm facing down,
simulating a cross-body adduction stress test [22].

Data analysis

In order to obtain comparable results, the minimum range
of motion of all body donors was determined for all
movements. For data evaluation purposes, this minimum
range was set as the end point of humerothoracic move-
ment in all body donors. At the start and end points the
position of the clavicle was determined in relation to the
position of the acromion, and the motion of the clavicle
was defined as ‘clavicle movement’. The clavicle move-
ments were defined in relation to the acromion according to
the predefined coordinates.

Statistical analysis

The results are given as means and standard errors (SE).
The structural parameters obtained from the three testing
conditions of the investigation were analysed using a
nonparametric Wilcoxon’s test for connected samples. The
statistical analysis was performed using SPSS 14.0 (SPSS
Inc., Chicago, IL, USA), and p < 0.05 was considered
significant. Because there were three paired comparisons,
the use of the Bonferroni adjustment was needed, and the
new significance level was calculated. This meant that the
new adjusted significance level was p < 0.017.

Results

The minimum range of humerothoracic abduction was 65°.
The minimum range of adduction was 60° and elevation 65°.
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The observed motion of the clavicle against the acro-
mion with an intact ACJ and DTF exhibited an internal
rotation of 15.17°, anterior rotation of 6.61°, and superior
rotation of 13.79° during adduction (Fig. 5). During the
humerothoracic elevation of 65° internal rotation was
22.32°, anterior rotation was 6°, and superior rotation was
16.6° (Fig. 6). During abduction the clavicle presented an
internal rotation of 14.13°, 2.27° anterior and 12.4° supe-
rior (Fig. 7).

During adduction the clavicle showed an anterior
translation of 8.59 mm, 15.87 mm superior and 8.09 mm
lateral. The anterior translation during the elevation was
6.05 mm, superior translation was 17.35 mm and lateral
was 5.97 mm. During abduction the results for translation
were 3.14 mm anterior, 8.23 mm superior, and 3.59 mm
lateral.

We found no significant differences between the intact
state and the state after the dissected AC ligaments. Fur-
thermore, no significant differences were found between
the state of dissected AC ligaments and the dissected DTF.
After additional separating the AC ligaments from the DTF
we found a significant increase in anterior rotation of the
clavicle of 1.11° (p = 0.012) against the acromion in
abduction. In the same state of injury a tendency in lateral
translation of 2.71 mm (p = 0.017) was observed (Fig. 7).

Discussion

The purpose of the present study was to investigate the
influence of the DTF on the vertical and horizontal stability
of the ACJ. For a combined injury of the AC ligaments and
the DTF we found a significant but quantitatively small
increase in anterior rotation of the clavicle relative to the
acromion of 1.11°. We also found a tendency in lateral
translation of 2.71 mm (movement of the distal clavicle
beyond the acromion).

At the first view the increase in translational and rota-
tional movements appear to be very small and may appear
to be irrelevant, but the results should be compared with
the range of motion of the intact ACJ. This has previously
been investigated with abduction of the arm in the scapular
plane using MRI or CT, or even after pin fixation and
optical tracking.

In an open MRI study Sahara et al. [23] found anterior
translation of the clavicle of 1.9 mm during abduction up
to 90°, and posterior translation of 1.6 mm from 90° to
maximum abduction in the coronal plane. The authors also
found superoinferior translation of 0.9 mm at maximum
abduction [23]. In a high-resolution CT study a maximum
internal rotation of the distal clavicle of 37.1° was observed
in 10 patients in abduction between 0° and 180° in the
coronal plane. The shoulders were scanned at 0°, 60°, 120°,
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Fig. 5 Results of the adduction
of all three states. Rotation (Phi
z, Theta y and Psi x).
Translation (X, Y and Z)
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Fig. 6 Results of the elevation
of all three states. Rotation (Phi
z, Theta y and Psi x).

Translation (X, Y and Z)
Phi(e1) z

Theta (e2) y

Psi (e3) x

and 180° of active abduction. Between 0° and 60° of
abduction the authors found a posterior translation of 4 mm
and between 60° and 180° abduction an anterior translation
of 1.9 mm [24]. The studies of Sahara et al. [23] and Seo
et al.[24] showed that the range of horizontal and vertical
translation of the intact ACJ is quite small, and signifi-
cantly smaller than that in cadaver studies using direct
force applied to the clavicle or scapula.

In an in vivo study using an optical tracking set-up with
pins fixed in the clavicle, scapula, and humerus, Ludewig
et al. [25] found a mean range of motion of 31° internal
rotation, 16° posterior rotation, and 6° elevation during
sagittal plane flexion, coronal plane abduction and scapular
plane abduction. The range of motion of the clavicle was
given in relation to the thorax. Ludewig et al. [25] found in
their subjects a range of motion in sagittal plane flexion,

35

—
Ly
B ntact
OAC
B Fascia

coronal plane abduction and scapular plane abduction o at
least 120°. In the studies of Sahara et al. [23, 26] subjects
reached a range of motion for abduction of the shoulder
from 0° to maximum abductions. Sahara et al. [26]
observed the significant increase in retraction of the clav-
icle above 90° of abduction in their investigation of the
three-dimensional clavicular and acromioclavicular rota-
tions during arm abduction using vertically open MRI.
Further, the elevation increased between 0° and 150°
abduction as well as the axial posterior rotation increased
above 60° abduction. The studies of Ludewig [25] and
Sahara et al. [23, 26] showed clearly that an abduction of at
least 60° must be achieved to emerge significant difference
in the movement of the clavicle. The humerothoracic
abduction was only 65°. The adduction was 60 and the
elevation was 65°. In this study the minimum has been
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Fig. 7 Results of the abduction
of all three states. Rotation (Phi
z, Theta y and Psi x).
Translation (X, Y and Z)

Abduction

10 15 20 25

B Intact

2

reached, but not much, which was a clar limitation of the
study. The reason for this small range of motion was the
type of fixation and the age of the specimens.

The biomechanical effect of the AC ligaments has been
investigated by several authors, who showed the ligaments
to be basic restraints against posterior and anterior trans-
lation, [27-29] and that dissection of the AC ligaments
results in an increased in situ force of the CC ligaments
[30]. In contrast to these studies, we did not apply a force
directly to the clavicle but instead simulated a clinical
patient examination, with passive movements of the
affected arm. This approach led to smaller translations, but
Teece et al. [31] further found that ACJ translations during
passive movement of the arm in cadaver studies were
similar to in vivo ACJ kinematics.

In the current study no significant increase in horizontal
translation and rotation was found after isolated AC liga-
ment dissection, but after a combined lesion of the AC
ligaments and the DTF this reached a significant level. In
effect, the circular lesion of the DTF aggravated the effect
of the AC ligament dissection. This means that both
structures act synergistically. This was comparable to
Rochcongar et al. [8], who found also no difference in
translation of the clavicle after the cut of the AC ligaments.

The protocol and set-up of the current study and pro-
tocol was adapted to that of Oki et al. [20], who, in contrast
to our results, observed increased posterior rotation of the
clavicle after separating the AC ligaments. This effect was
found with elevation of the arm in the sagittal plane
between 80° and 120° with 4° posterior rotation, and in
adduction in the horizontal plane >45° with 4.7° posterior
rotation of the clavicle.
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As a limitation, despite our initial purpose we were
unable to achieve a full range of shoulder motion during
passive testing. The limited range of motion was caused by
partial shoulder stiffness in most of the cadavers, even
though a modified Thiel preservation technique was used.
This issue needs to be kept in mind when our results are
compared with those of other studies. Further the range of
translational and rotational movements may have been
inferior compared to other studies, since we did not per-
form additional dissection of the CC ligaments. One could
argue that the injury pattern of a combined AC ligament
and DFT lesion is unlikely to be seen in clinical practice, as
the CC ligaments are known to tear with grade 3 injuries.
Nevertheless, our aim was to specifically quantify the
effect of the DTF. Therefore, additional sectioning of the
CC ligaments would not have provided further information.
Second, our aim was to evaluate the clinical situation of
anatomically perfectly done CC ligament reconstruction
(compared with intact CC ligaments) with that of an
ongoing lesion of the AC ligaments and the DTF. This
testing condition should represent the situation after opti-
mal surgical CC augmentation. Based on our results, even
in such cases the lesion of the AC ligaments and the DTF
results in a small but significant increase in ACJ translation
and rotation. However, the effect of the DTF lesion, and
even that of the combined AC ligaments and DTF lesion,
was smaller than we had expected.

In conclusion, the current study revealed significant but
quantitatively small increases in rotation of the clavicle
with a combined lesion of the AC ligaments and the DTF,
so that can be concluded that the biomechanical influence
of the DTF on the AC joint is low. But this study provides
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evidence that the DTF has a synergistic stabilizing effect
with the AC ligaments.
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