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Augmented cerclage wire improves the
fixation strength of a two-screw construct
for humerus split type greater tuberosity
fracture: a biomechanical study
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Abstract

Background: Poor functional outcome can result from humeral greater tuberosity (GT) fracture if not treated
appropriately. A two-screw construct is commonly used for the surgical treatment of such injury. However, loss of
reduction is still a major concern after surgery. To improve the biomechanical strength of screw fixation in GT
fractures, we made a simple modification of the two-screw construct by adding a cerclage wire to the two-screw
construct. The purpose of this biomechanical study was to analyze the effect of this modification for the fixation of
GT fractures.

Materials and methods: Sixteen fresh-frozen human cadaveric shoulders were used in this study. The fracture
models were arbitrarily assigned to one of two fixation methods. Group A (n = 8) was fixed with two threaded
cancellous screws with washers. In group B (n = 8), all screws were set using methods identical to group A, with the
addition of a cerclage wire. Horizontal traction was applied via a stainless steel cable fixed directly to the myotendinous
junction of the supraspinatus muscle. Displacement of the fracture fixation under a pulling force of 100 N/200 N and
loading force to construct failure were measured.

Results: The mean displacements under 100 N and 200 N traction force were both significantly decreased in group B
than in group A. (100 N: 1.06 ± 0.12mm vs. 2.26 ± 0.24mm, p < 0.001; 200 N: 2.21 ± 0.25mm vs. 4.94 ± 0.30mm, p < 0.001)
Moreover, the failure load was significantly higher in group B compared with group A. (415 ± 52 N vs.335 ± 47 N, p = 0.01),

Conclusions: The current biomechanical cadaveric study demonstrated that the two-screw fixation construct augmented
with a cerclage wire has higher mechanical performance than the conventional two-screw configuration for the fixation
of humeral GT fractures.

Trial registration: Retrospectively registered.
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Introduction
Fractures of the proximal humerus account for 5% of all
fractures, and greater tuberosity (GT) fractures are often
part of this fracture [1, 2]. The GT is an important ana-
tomic structure for shoulder abduction and external ro-
tation, with isolated injury to this structure constituting
14 to 21% of all proximal humeral fractures [3–5]. Further,
previous studies have shown that it is also involved in 13
to 33% of part of proximal humeral fractures [6–8]. More-
over, approximately 5 to 30% of anterior shoulder disloca-
tions are complicated by a GT fracture [9–11]. Although
isolated GT fractures may be subtle in their initial radio-
graphic appearance, poor functional outcomes can result
from these injuries if not treated appropriately [12, 13]. In
the previous literature, surgical intervention is suggested
for patients with more than 5mm displacement of the GT
fragment after fracture. Better functional and radiographic
outcome could be anticipated when compared with non-
operative treatment [14]. The goal of surgical treatment is
to restore the anatomic position of a displaced GT and to
ensure the rotator cuff (RC) tendon integrity is preserved;
in doing so, sufficient mechanical stability and early post-
operative mobilization can be achieved [15].
In 2014, Mutch et al. proposed a morphologic classifi-

cation of GT fracture, including avulsion, split and de-
pression type, with the advantage to guide the technique
of surgical treatment [16]. Split type fractures accounts
for 40% of all GT fractures which represent the classic
GT fracture as described in the Neer classification in
which the fragment is large and the fracture line is paral-
lel to the humeral shaft. The screw fixation is inexpen-
sive and efficient and remains a cost-effective method to
treat split type GT fracture [17–19].
Yet, this approach has the concern that the screw fix-

ation of a GT fragment, especially in fragile bone, may
be suboptimal in biomechanical strength. Thus, how to
enhance the strength of screw fixations in GT fractures
is an important and clinically relevant issue.
It has been demonstrated in a biomechanical study

that the addition of a cerclage wire provides substantial
improvement in mechanical performance regarding fix-
ation of femoral neck fractures when compared with the
conventional inverted triangle triple-screw construct
[20]. In order to improve the biomechanical strength of
screw fixation in GT fractures, we made a simple modifi-
cation of the two-screw construct by adding a cerclage
wire to the configuration. The purpose of this study was
to analyze the biomechanical strength of these two dif-
ferent fixation constructs, using two screws alone or
augmented with a cerclage wire, for the management of
split type GT fractures. We hypothesized that the two-
screw construct augmented with a cerclage wire would
provide more biomechanical strength than the conven-
tional two-screw construct.

Materials and methods
Specimen preparation
The institutional review board at our university hospital
approved and evaluated this biomechanical cadaveric
study. Sixteen fresh-frozen male human cadaveric shoul-
der specimens with an average age of 59.8 + 1.7 years
were procured. Bone mineral density was determined
before trials, which revealed non-osteoporotic bone
quality (Table 1) [21]. Specimens, stored at − 20 °C prior
to testing, were thawed for 24 h at room temperature in
advance of dissection and experimentation. The skin,
subcutaneous tissue, muscles, ligaments, tendons, scap-
ula and clavicle were resected, with only the humerus
and supraspinatus tendon retained. The supraspinatus
tendon was preserved at the bony insertion over a length
of 3 cm; meanwhile, the distal humeral condyle was de-
tached, with a 20 cm humeral shaft length remaining.
Standardized osteotomies oriented 50° to the humeral

shaft were cut at the base of the GT using a thin blade
reciprocating saw to create the split type GT fracture
model. The osteotomy was initiated 2 mm medial to the
footprint of the supraspinatus tendon and directly pos-
terior to the bicipital groove [22–24]. The 16 fractured
specimens were arbitrarily allocated to one of two fix-
ation methods by a laboratory technician who was blind
to the fixation construct, creating two groups with 8
specimens each. The same surgeon completed both fix-
ation types for all specimens.

Two-screw fixation constructs (Fig. 1)
In group A (Fig. 1a), two threaded cancellous screws
(diameter: 6.5 mm, Stryker) with washers were inserted
just anterior and posterior to the central area of the frac-
ture fragment. The distance between two screws was
about 8-10 mm. The screw dimensions were chosen
based on the length required to reach the opposite sub-
cortical bone without embedding into the opposite cor-
tex. Screw lengths ranged from 45 to 50mm and there
was no bone stripping on insertion.
Aside from the employed cerclage wire (No. 16, Aes-

culap) in group B (Fig. 1b), both screws were fixed with
the identical approach as group A. The cancellous
screws configured with washers were inserted 1-cm lat-
eral to the cortex, thereby facilitating application of the
cerclage wire. Following this, a No.16 wire was threaded

Table 1 Bone mineral density and dimensions of the GT
fragment

Group A
(n = 8)

Group B
(n = 8)

p value

Bone mineral density (g/cm2) 0.68 ± 0.007 0.69 ± 0.05 0.58

Cross-sectional area (cm2) 9.59 ± 0.86 9.49 ± 0.84 0.82

Maximal thickness (mm) 13.22 ± 1.01 13.08 ± 1.25 0.81

Chang et al. BMC Musculoskeletal Disorders          (2021) 22:350 Page 2 of 8



in sequence through the gap between the screw and
washer for both sets as the cerclage wire. Then, the
screws were tightened so that the screw head and
washer were flush with the lateral cortex of the GT.
Lastly, the cerclage wire was tensioned to link the
screws. Screw hole was drilled after the osteotomy and
two screws were inserted in parallel fashion. The prepa-
rations of these two constructs were all performed by
one experienced orthopaedic surgeon.

Biomechanical testing
The humeral shaft was firmly secured to a custom-
designed fitting mounted vertically onto the extended

plate attached to the table of a universal material testing
machine (MTS,AG-X, Shimadzu Corp., Tokyo, Japan).
(Fig. 2) Horizontal traction was exerted with a stainless-
steel cable attached to the myotendinous junction of
each supraspinatus muscle using a Krackow technique.
The cable was linked to the MTS via a pulley attached
to the MTS table. The applied traction force was ori-
ented at 0° of abduction [24]. A preload of 20 N was set,
after which all constructs were subjected to 40 N of cyc-
lical loading for 50 cycles, with a stepwise load increase
of 20 N for 50 cycles until failure to simulate postopera-
tive rehabilitation. A pulling speed of 60 mm/min was
implemented. Ultimate failure was characterized as

Fig. 1 In group A (a), two threaded cancellous screws with washers were placed directly anterior and posterior to the central area of the fracture
fragment. In group B (b), both screws were set using methods identical to group A, except for the addition of a cerclage wire

Fig. 2 Mechanical testing setup
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discontinuity in load–displacement curve or the max-
imum traction force at which a sharp decrease occurred.
Changes in displacement and the failure mode were

recorded with a digital video camera (DCR-DVD 803,
Sony Corp., Tokyo, Japan) for detailed assessment. Two
indicators were marked on the GT and humerus distal
to the GT to measure movement (Fig. 1). Movements
between the indicators were measured using image ana-
lysis software (SigmaScan Pro 5.0, SPSS, Inc., Chicago,
IL). Fixation strength was evaluated via three aspects:
the movement under 100 N loading; the movement
under 200 N loading; and the ultimate load to construct
failure.

Statistics
Statistical comparisons were performed with IBM SPSS
Statistics for Mac. (Version 25; SPSS Inc.) To detect var-
iations in fracture displacement under traction and fail-
ure load between the two groups, the Mann-Whitney U
test was conducted. Significance was set at p < 0.05. A
post hoc power analysis was carried out to confirm that
enough specimens were included in each test group to
identify all statistical differences to avoid type II error.
The results showed that a sample size of at least 6 speci-
mens per group would provide a study power of 0.8 and
an α value of 0.05.

Ethics approval and consent to participate
This cadaveric study was approved by The Institutional
Review Board of National Cheng Kung University Hos-
pital (approval number: ER-100-298). The institutional
review board assessed and sanctioned this study. The
fresh-frozen human cadaveric shoulder specimens were
obtained from MedCure, Inc. Portland, USA. Consent
for the storage and use of the bodies for research pur-
poses was given by all body donors before death or by
their next of kin. All methods were carried out in ac-
cordance with relevant guidelines and regulations.

Results
There were no differences of bone mineral density be-
tween these two groups (p > 0.05). The GT fragments
were also measured and showed no differences in cross-
sectional area and maximal thickness between the two
groups (p > 0.05). Mean and standard deviation for these
measurements are outlined in Table 1.
The mean displacement under the 100 N traction force

was 2.26 ± 0.24 mm for group A, and 1.06 ± 0.12 mm for
group B. (p < 0.001). The mean displacement under the
200 N traction force was 4.94 ± 0.30 mm for group A,
and 2.21 ± 0.25 mm for group B (p < 0.001). Overall,
there were significantly decreased displacements under
both the 100 N and 200 N load for group B (Fig. 3).

Moreover, the mean traction force until load to failure
was 335 ± 47 N for group A, and 415 ± 52 N for group B.
Accordingly, there was also a significant difference be-
tween these two groups with respect to load to failure
(p = 0.01) (Fig. 4).

Mode of failure
All specimens in group A failed due to screw cut-out,
leading to failure of the fixation construct itself. More
than half of the specimen failures in group B occurred
due to surgical neck fracture (5/8) rather than cut-out of
the screws (3/8). Tendon attachment was intact in all
specimens after failure of the fixation construct.

Discussion
In the current biomechanical study, we compared the
fixation strength of a conventional two-screw configur-
ation to the same construct augmented with a cerclage
wire for the treatment of humerus split type GT frac-
ture. The result was in accordance with our hypothesis:
the addition of a cerclage wire to the two-screw con-
struct significantly decreased the fracture displacement
in 100 N and 200 N traction forces, and also significantly
increased the failure loading comparison to the conven-
tional two-screw configuration.
Anatomic studies have shown that the GT is located

8 ± 3.2 mm inferior to the most superior aspect of the
humeral head, lateral to the humeral head and postero-
lateral to the lesser tuberosity [25]. After GT fracture,
the force vectors of the teres minor and the lower infra-
spinatus cause posterior displacement; meanwhile, the
supraspinatus and upper infraspinatus result in superior
displacement of the GT fragment [26]. When the dis-
placed tuberosity is pulled posteriorly and superiorly, it
may block the external rotation and abduction respect-
ively [27, 28]. In addition, alteration of the rotator cuff
attachment can lead to weakness of the rotator cuff and
abnormal shoulder biomechanics. Previous biomechan-
ical studies have indicated that 0.5 cm and 1.0 cm of su-
perior displacement of the GT increases the necessary
deltoid muscle force required for shoulder abduction by
16 and 27%, respectively, while a posterosuperior dis-
placement of 1.0 cm increases the deltoid force by 29%
[29]. Thus, Park et al. suggested that the fracture should
be repaired if the displacement is more than 5mm in
young active patients, while fractures with 3 mm of dis-
placement should be reduced in heavy laborers and ath-
letes who are involved in overhead activity [30]. Our
results showed that two-screw construct augmented with
a cerclage wire had less than 3 mm displacement under
200 N load which was strong enough to bear rehabilita-
tion interventions [31]. The two-screw construct aug-
mented with a cerclage wire, average failure load more
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than 400 N, is expected to tolerate the maximal load
from the supraspinatus of ~ 302 N [32].
40% of GT fractures are split fracture in which the

fragment is large and the fracture line is parallel to the
humeral shaft beginning proximally at the junction of
the RC footprint and humeral head cartilage and extend-
ing distally and laterally to the level of the surgical neck
[16]. Three methods of fixation have been described for
split-type fractures: double-row suture-bridge, interfrag-
mentary compression screws, or a small locking plate
augmented with sutures through the RC tendon [17].
Suture anchor fixation have been described as an effect-
ive technique and a previous study, which compared the

biomechanical strength of suture anchors and two-screw
fixation in the management of split type GT fractures,
showed that the suture anchor constructs were stronger
than the fixation constructs using screws [24]. Neverthe-
less, the current results showed that the addition of a
cerclage wire to the two-screw construct had the com-
parable biomechanical strength to the suture anchor
constructs.
Open reduction with internal fixation (ORIF) and

arthroscopic-assisted reduction with internal fixation
(ARIF) can be employed to repair split-type fractures
[33–35]. Some surgeons advocate plate and screw fix-
ation for split GT fracture, and biomechanical study

Fig. 3 The mean displacement under a 100 N traction force was2.26 ± 0.24 mm for group A, and1.06 ± 0.12 mm for group B (p < 0.001). The mean
displacement under a200 N traction force was4.94 ± 0.30 mm for group A, and2.21 ± 0.25 mm for group B (p < 0.001)

Fig. 4 The mean traction force until load to failure was 335 ± 47 N for group A, and 415 ± 52 N for group B (p = 0.01)
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reveals that locking plate fixation provides the strongest
and stiffest biomechanical fixation for split type greater
tuberosity fractures [36, 37]. However, there remain con-
cerns of more deltoid muscle dissection, axillary nerve
injury [38], and subacromial impingement after osteo-
synthesis with plate and screws [39]. Previous studies
have reported good functional recovery in treating iso-
lated GT fractures with screw fixation [17–19]. A bio-
mechanical analysis has also shown that strong fixation
for isolated fractures of the greater tuberosity can be
achieved by two cancellous screws [40]. Compared with
plate fixation, there are advantages of screw fixation, in-
cluding the less invasive approach, less intraoperative
blood loss, lower risk for axillary nerve injury, and good
shoulder function recovery [41]. Despite these advan-
tages, screw fixation of a split GT fragment cannot al-
ways be performed due to insufficient bone stock,
comminuted fracture, or osteoporotic bone. Moreover,
screw fixation of a fragile GT fragment might lead to
further comminution [42, 43]. Therefore, surgeons
should exercise caution when using a screw fixation for
GT fractures in older and osteoporotic bones.
French et al. suggested that the screws tightened by the

wire loop provide a compressive force to counteract the
varus force in supracondylar fractures of elbow [44]. Previ-
ous biomechanical analysis has also demonstrated that the
addition of a cerclage wire provides substantial

improvement in mechanical performance regarding fix-
ation of femoral neck fractures when compared to the
conventional inverted triangle triple screws construct [20].
The current results revealed that the two-screw construct
augmented with cerclage wire significantly increased the
biomechanical strength. This result may be attributed to
the increased stability established by eliminating individual
screw toggling. The washer played a role as the wire
holder since the augmented wire was passed through the
space between the screw and the washer. After screw in-
sertion, the wire was twisted and tightened to connect the
washers firmly. The augmented wire-screws construct was
likely to serve as a single synthesized construct. Mean-
while, the stability of a femoral neck fracture was im-
proved by adding an interlocking plate to three
cannulated screws in the cadaveric biomechanical study
[45]. The authors supposed that the synthesized construct
comprising cerclage wire with cannulated screws had a
similar function as the interlocking plate. More specific-
ally, the entire construct reduced the motion between the
screw and bone, and improved the strength of the femoral
neck as well as GT fracture fixation.
Besides, tightening of the augmented wire might apply

a distractive force on the screws, which provided the
preload to the distracted screws. The force was directed
against the subchondral bone which made the screw
capture the humeral head firmly (Fig. 5). It could

Fig. 5 The two-screw construct augmented with a cerclage wire for the fixation of GT fracture. The distractive force produced by tightening of
the augmented wire on the screws was directed against the subchondral bone of humeral head. Two screws were fixed in a divergent
trajectories and perpendicular to the bone surface
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optimize the force to counteract the tension of the rota-
tor cuff and reduce the micromotions. A previous study
has proved that reduced micromotions might improve
endosteal healing and sprouting angiogenesis [46]. These
biological advantages may fasten the fracture healing in
the early stage and theoretically decrease the risk of dis-
placement, failure of the bone-implant construct, and
mal-unions or non-unions. To our knowledge, this is the
first study comparing the biomechanical strength of a
screw-only construct and a screw-configuration con-
struct augmented with a cerclage wire for the fixation of
split type GT fractures. It provides support from a
mechanical perspective for the treatment of isolated GT
fracture of humerus.
This study has several limitations. Absolute

standardization is difficult to realize because of the nat-
ural variations between cadaveric humeri regarding ex-
ternal and internal bone factors. Further, our results
imply only the immediate postoperative strength be-
cause no healing can occur after the fixation. Fractures
in the study were produced using a smooth saw, rather
than the jagged features typically present at the inter-
face between bone fragments in the clinical situation.
Since actual forces on the humeral head are a combin-
ation of compression, torsion, and shear, the forces on
the fixation construct may vary with different abduction
angles. The loading pattern in this study was 0 degrees
of abduction with a uniaxial direction. In addition, the
model used here excludes some relevant forces, such as
those of the infraspinatus and teres minor. These other
forces may affect the clinical relevance of GT fractures.
Therefore, our model, as with all models, may not rep-
resent the precise clinical situation. Last, although only
one experienced orthopedic surgeon (CL Lin) per-
formed all fixation constructs to maintain consistency,
confounder might still exist. However, each of fixation
construct in our study was completed manually to
simulate clinical environment. Accordingly, future stud-
ies evaluating the strength of these constructs in differ-
ent loading modes are needed.
In conclusion, this biomechanical cadaveric study

demonstrated that a fixation construct augmented with
a cerclage wire has superior biomechanical performance
than a conventional two-screw configuration with re-
spect to fixation of humerus split type GT fracture. It
provides support from a mechanical perspective for the
future clinical application of a cerclage wire.
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