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Abstract: Clavicle midshaft fractures are mostly treated surgically by open internal reduction with a
superior or anteroinferior plate and screws or by intramedullary nailing. Screw positioning plays a
critical role in determining the stress distribution. There is a lack of data on the screw position and
the appropriate number of cortices required for plate fixation. The aim of this study is to evaluate the
mechanical behavior of an anterior plate implanted in a fractured bone subjected to 120° of lateral
elevation compared to a healthy clavicle using numerical simulations. Contact forces and moments
used were obtained from literature data and applied to the healthy and fractured finite element
models. Stresses of about 9 MPa were found on the healthy clavicle, while values of about 15 MPa
were calculated on the plate of the fractured one; these stress peaks were reached at about 30° and 70°
of elevation when the stress shielding on the clavicle sums all the three components of the solicitation:
compression, flexion, and torsion. The stress distribution in a clavicle fracture stabilized with plates
and screws is influenced by several factors, including the plate’s position and design, the type of
screw, and the biomechanical forces applied during movements.

Keywords: clavicle plate; fractured clavicle; finite element analysis; finite element modeling; screw
stress distribution; stress analysis

1. Introduction

In the field of orthopedic surgery, clavicle fractures are a common injury that often
requires surgical intervention for proper healing [1]. The clavicle has three parts: body (or
diaphysis), sternal end (or medial epiphysis), and acromial end (or lateral epiphysis) [2,3].
The biomechanics of a healthy clavicle involve the absorption and distribution of stress
during bending and compressive loads to ensure optimal function and stability [4]. It is
involved in scapulothoracic kinematic with the acromioclavicular (AC) and sternoclavicular
(SC) joints [5]. At the SC joint, scapulothoracic movements have been shown to cause slight
rotation of the clavicle relative to the thorax, which occurs more frequently at the SC joint
than at the AC joint [5]. Shrugging resulted in a very large increase in clavicle elevation of
25 degrees [6]. Clavicle fractures are one of the most common traumatic injuries in adults,
accounting for approximately 5% of all fractures, and half of all of these are shoulder girdle
fractures [7,8]. Most fractures involve the middle third of the clavicle, which, because of its
thin structure and subcutaneous location, is the only area not protected or reinforced by
muscle and ligament attachments (Figure 1) [9].
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Figure 1. Representation of an X-ray image with drawing of a clavicle fracture. L: left side.

To understand the fracture mechanism, it is important to consider the deformation
forces acting on this segment [3,10,11], which are usually the result of high-energy blunt
trauma to the lateral shoulder, with a force greater than the elastic limit of the bone [12]. In
other cases, the trauma occurs by transfer following a fall on an outstretched arm, which
disperses the traumatic force rather than concentrating it directly on the clavicle [13]. Sports-
related activities such as cycling or contact sports have also been identified as common
causes of clavicle fractures [14].

Clinically, clavicle fractures are usually visible on initial examination as a visible
and/or palpable deformity with ecchymosis and an underlying sensation of emptiness
on palpation, and patients report specific pain at the fracture site [13,15]. The deforming
muscle forces produce a characteristic clinical appearance of shoulder drooping, scapular
internal rotation, and shoulder shortening [15].

Although numerous classification systems for clavicle fractures have been described
(AO, Neer, Craig, Robinson), the simplest and most widely used is the Allman classification,
which divides clavicle fractures into three groups according to their anatomical location in
relation to the attachments of the sternocleidomastoid and trapezius muscles [16,17]. In the
Allman classification, the middle third of the clavicle represents group I of clavicle fractures
with a frequency of 80% compared to the lateral (group 1I) and medial (group III) parts
(15% and 5%, respectively) [16,17]. Each type is divided into three subgroups according to
the direction of displacement: A, minimal displacement; B, displacement with overlapping
fragments; and C, displacement with complete separation [16]. This classification can help
determine the appropriate management approach. In fact, Type I fractures will often recover
well with a conservative approach, whereas Type Il and Type IIl may require more caution,
especially if there is significant displacement [18].

Diagnostic methods are required to investigate the type of fracture for more appropri-
ate management, consisting of two radiographs taken in the standing position—a standard
anteroposterior view and a 15° cephalic oblique view to define the superior or inferior
displacement of the fracture [19]. Computed tomography (CT) is not routinely performed
but may be useful for medial fractures or in the presence of associated scapular or thoracic
fractures [20].

Clavicle fractures can lead to complications if not treated properly, such as malunion
or nonunion of the fracture, resulting in persistent pain and limited range of motion [21].

A better understanding of this type of fracture has led to improved operative man-
agement with excellent results in terms of functional outcome [22]. Most patients with
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compound or minimally compound fractures of the middle third of the clavicle (less than
1.5 cm shortening) can be managed non-operatively with a sling that supports the weight
of the elbow, with a gradual return to motion approximately four weeks after the traumatic
event [21]. As the indications for surgical treatment have expanded due to the excellent
results, the effectiveness of non-surgical treatment has been questioned, with mixed results
for both types of approach [21,23,24]. Surgery is indicated in cases of severe diastasis of
the fragments, fractures with a third vertical fragment protruding under the skin, pseu-
doarthrosis, irreducible fractures after immobilization, and rapid return to work [25].

Therefore, based on the available evidence, surgical treatment, particularly plate
fixation, is increasingly favored for displaced midshaft clavicle fractures in younger and
active patients [26,27]. There are several reasons for this shift towards surgical treatment.
Firstly, recent studies have shown that non-operative treatment of displaced midshaft
clavicle fractures leads to poorer outcomes than surgical treatment [27,28]. Secondly,
advances in surgical techniques and a better understanding of the fracture type have
contributed to the increasing preference for surgical management [1]. In addition, plate
fixation offers biomechanical advantages, including greater stiffness and flexural strength
compared to intramedullary fixation [28,29].

Plate fixation also allows for smaller incisions, less soft tissue disruption, and avoids
damage to the supraclavicular sensory nerves [30]. In addition, studies have shown that
early surgery is preferred to delayed surgery in the management of this type of fracture. An
early approach is preferred because it allows early rehabilitation and has shown favorable
results in terms of functional recovery [31]. On the other hand, delayed surgery may result
in prolonged pain and delayed return to function and may lead to higher rates of nonunion
and symptomatic malunion [31].

Fractures of the middle portion of the clavicle are most treated surgically by open
internal reduction with a superior or anteroinferior plate and screws or by intramedullary
nailing (Figure 2) [32-35].

Figure 2. X-ray image with a draw of clavicle fracture fixed by an anteroinferior plate.

Additionally, the positioning and placement of screws play a crucial role in determin-
ing the stress distribution in clavicle fracture fixation [36].

Rehabilitation protocols for operative and non-operative treatment of midshaft clavicle
fractures differ significantly. The protocol for operative treatment typically includes early
mobilization and range of motion exercises to prevent stiffness and promote healing; move-
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ment is allowed very quickly because the stability provided by plate fixation allows early
function [37].

Non-operative treatment, on the other hand, usually involves immobilization with
a cast to allow the fracture to heal naturally [38]. In fact, rehabilitation is often delayed,
allowing the fracture to heal completely and avoid stressing the clavicle in the initial phase.
This type of treatment often results in an increased rate of re-injury, a delayed recovery to
daily activities, and sub-optimal function of the shoulder due to malunion and shortening
of the clavicle, with consequent thoraco-scapular dyskinesia [38].

There is a lack of data on the screw position and the appropriate number of cortices
required for plate fixation and on the long-term outcomes and potential complications
associated with surgical treatment of displaced midshaft clavicle fractures.

The aim of this study is to estimate the stress distribution in a clavicle fracture stabilized
with an anteroinferior plate and screws, compared to a healthy one, during shoulder
elevation using numerical finite element (FE) analysis. The model has been developed to
assess the forces involved in the biomechanics of the clavicle during shoulder elevation
and the role of the stabilization plate and screws to guide the choice of the best possible
treatment. Considering the multiple components involved in human movement, analyzing
the forces involved in fixation devices seems to be a good way to improve their application,
design, and rehabilitation approach. Furthermore, the FE model can help to analyze the
stability of the fracture fixation, the degree of bone and implant stress, and the bone
adaptation to the plate and screws in depth and could lead to a better implant technique to
ensure biomechanical stability.

2. Materials and Methods

In order to assess the forces applied to the shoulder joint, a three-dimensional joint
model was created and loaded using data derived from a clinically validated shoulder
implant (BIOMODULAR, Biomet Germany, Berlin, Germany, with six strain gauges and nine-
channel telemetry). Peak resultant forces (Fp) were determined using MATLAB software
(ver. R2023b), as shown in Figure 3, which shows the angle of elevation (°) vs. force (N)
curves. In Figure 4, the schematic loading conditions to perform numerical analysis are
represented.

Forces vs. Angle of elevation
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Figure 3. Curves of forces vs. angle of external rotation evaluated on the humerus.
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Figure 4. Schematic loading conditions.

Simulations were performed by imposing an elevation of the humerus from 0° to 120°
along the Z-axes. An anteroinferior plate was implanted in the middle third shaft fracture
(75% of clavicle fractures) [14]. Two different 3D FE numerical models of the healthy and
unhealthy clavicles were created from ten-node tetrahedral elements using CT scan data,
and the various parts were modeled (Table 1). The characteristics of all the bony elements
(rib cage, scapula, humerus, and clavicle) were defined by choosing an elastic modulus
of 17,500 MPa and a Poisson ratio of 0.35, whereas the ligaments were modeled with an
elastic modulus of 128 MPa. The mechanical properties of the material have been chosen
considering the maximum value of the elastic modulus, E = 210 GPa, which can be achieved
by specific surface treatments of the steel and by adding elements such as Co or Mg to
the alloy, as reported in the literature [39-41]. Future developments of this work aim to
investigate different material behaviors in depth, including titanium and its alloys and
screw configurations.

Table 1. Finite element model parts.

Body Components Elements Nodes

Rib cage 12.361 13.526
Humerus 18.452 21.458

Scapula 17.232 19.557
Acromion 10.784 15.420
Coracoacromial ligament 5.469 5.914
Glenohumeral ligament 4.752 5.112
Acromioclavicular ligament 2.845 2.946
Coracohumeral ligament 3.025 3.412
Transverse humeral ligament 5231 5.417
Joint capsule 4.569 4.822

The model was solved using ANSYS 2022 R2 (22.2) software. The nodes of the ribcage
were fixed along the axes of symmetry, and the force curves shown in Figure 4 were applied.
The accuracy of the results was checked using some comparisons, and a convergence study
based on the stresses in the areas of interest was required.

3. Results

Stresses of about 40 MPa were found on the humerus and 30 MPa on the scapula
during the elevation phase, acting at 34° and 70°, as shown in Figure 5. In Figure 5a,b, it is
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possible to see the different stress levels visible on the clavicle in the healthy and fractured
cases, respectively. Table 2 shows the equivalent von Mises stress calculated for each part.
The glenohumeral, acromioclavicular, and coracohumeral ligaments showed stresses lower
than 13 MPa.

4.000x10"

3.600x10"

3.200x10*

2.800x10"

2.400x10"

2.000x10°

1.600x10"

1.200x10*

8.000x10°

4.000x10°

0.000x10°

Equivalent Von Mises Stress Contour maps [MPa]

(a) Healthy clavicle

(b) Fractured clavicle

Figure 5. Equivalent von Mises contour maps on the FE model and comparison between (a) healthy
clavicle and (b) implanted clavicle.

Table 2. Equivalent von Mises maximum stresses and percentage difference localized in model parts.

Body Components Equivalent V. Mises Stress [MPa]
Humerus 40
Scapula 30
Clavicle 9
Fractured clavicle 15
Coracoacromial ligament 8
Glenohumeral ligament 11
Acromioclavicular ligament 10
Coracohumeral ligament 13
Transverse humeral ligament 8
Joint capsule 8

Figures 6—8 show the comparison between the healthy and implanted clavicles in
terms of equivalent von Mises stress, displacements, and equivalent elastic strain. As can be
seen from the analysis of Figure 6, the stress on the healthy clavicle is approximately 9 MPa,
while the other one reaches approximately 15 MPa. This level of loading is completely
absorbed by the screws and plate. The predominant type of solicitation is compression—
flexion aging in the axial direction of the bone. Figure 7 shows the displacements recorded
in the two cases. Significant differences can be argued on the healthy clavicle of about
0.4 mm and 0.93 mm on the other. This is because of the specific function of the plate, which
can only be attached to the bone on one side. It is also due to the specific nature of the
injury, which tends to open the two bony fragments on the opposite side.

Figure 8 shows the equivalent elastic strain contour maps in both cases. The results con-
firm a coherent behavior with the other previous results obtained for stresses and displace-
ments; values of 0.0004 um/mm were observed in the healthy clavicle and 0.003 mm/mm
in the other. Finally, Figure 9 presents the curves of the equivalent von Mises stress versus
the angle of elevation measured on the screws. As shown in the figure, the screws have
been numbered from 1 to 6, and the respective curves have been plotted on the graph. As
can be seen, the screw with the highest stress, approximately 14 MPa, is number 6, probably
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due to its proximity to the glenohumeral joint and its functional role in maintaining the two
attached bony ends. The second screw to play an important role is number 2, where the
stress reached a level of about 13 MPa. These results must be considered considering the
peculiar kind of solicitation imposed. During its elevation, from 0° to 120°, the humerus,
which is connected through the kinematic bony and tissue chain, transmits different lev-
els of stress to the clavicle at different elevation angles. At 30° and 70°, the main stress
components evaluated in screw 6 are caused by shear/compression stress-induced aging
of the first clavicle stump. The stress then progressively spreads inside the stump through
screws 5 and 4. Successively, the plate sustains the stress connecting the second stump and
transmitting the higher part of it to screw 2. By observing the different stress components
acting in equivalent von Mises stress values, evaluated during the FE analysis, the most
important contribution is played by the shear solicitation derived by the connection with
the plate. The load on screws 3 and 1 is gradually transferred.
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Figure 6. Comparison of equivalent von Mises contours between (a) healthy clavicle and (b) implanted

clavicle.
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Figure 7. Comparison of displacement contour maps between (a) healthy clavicle and (b) implanted
clavicle.
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Figure 8. Comparison of the equivalent elastic strain contour maps between (a)the healthy clavicle
and (b) the implanted clavicle.
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Figure 9. Stress vs. angle of elevation curves for screws.

4. Discussion

The aim of the present research was to estimate stress distribution occurring in a
clavicle fracture surgically treated with a plate, compared to a healthy one, during eleva-
tion of the shoulder. Numerous previous studies have used FE analysis to gain a better
understanding of the disease consequences in terms of timing, outcomes, and healthcare
costs [35,42—44]. Several authors have demonstrated improved early functional outcomes
with lower rates of nonunion and symptomatic aesthetic deformity with surgical treatment
of clavicle fractures compared to non-surgical treatment [45,46]. The decision between
surgical and non-surgical treatment should be based on several factors, such as the severity
of the injury, the occurrence of complications, the patient’s age, and the activity level [14].
Indeed, no solid evidence exists that the long-term functional outcome of surgery is signifi-
cantly superior to non-surgical treatment [21]. After a bone fracture, if surgery is required,
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the choice of device depends on the fracture characteristics and on the surgeon’s prefer-
ence [18,47], but functional needs are one of the most important points in the choice of
treatment [48,49]. Clinical implications for the choice of fixation type include consideration
of the potential stress distribution and fixation failure associated with different plate de-
signs in clavicle fracture fixation [50]. This stress concentration is due to factors such as
plate fracture or deformation, excessive stress concentration, and the position of the plate
and screws used to fix the fracture [51,52]. When intramedullary fixation is compared with
plate and screw fixation, the latter offers a greater biomechanical advantage in terms of
stiffness and bending strength [18,50]. The advantages of intramedullary fixation of clavicle
fractures include a smaller incision, less soft tissue disruption, less bone prominence, and
avoidance of supraclavicular sensory nerves [53].

Several designs of anatomically preformed plates are available for the fixation of clavicle
fractures. Ideally, these 3.5 mm anatomically precontoured plates, which are designed to
conform to the superior clavicle surface, should be universally conformable and have
minimal hardware-related complications compared to standard uncontoured plates [54].

The morphological variability of the clavicle in patients makes it difficult to provide a
standard precontoured implant that fits the wide range of clavicle shapes. When precon-
toured implants are used to fix clavicle fractures, it is often found that the plates do not
conform to the clavicle anatomy [54]. The choice of an anterior plate partially reduces the
risk of complications related to the superior plate and reduces anatomical variability [55].

The anterior clavicle plate helps to hold the bone fragments together as they heal,
ensuring proper alignment and function of the clavicle [56].

These plates are typically thin and contoured to match the natural shape of the clavicle
and are specifically designed to fit the anterior part of the clavicle, providing a secure
attachment that minimizes the risk of implant migration or loosening [56].

Common materials used for clavicle plates are titanium and stainless steel. Titanium is
a light, solid, and highly biocompatible material widely used in surgical implants, known
for its resistance to corrosion and its compatibility with MRI scans [57]. Stainless steel is
strong and durable but may not be as MRI-friendly as titanium [57].

The plate typically has multiple holes or slots to accommodate screws, which are
strategically placed to allow for secure fixation along the bone, ensuring that the fragments
are held together properly [56]. Some plates have locking mechanisms that allow the screws
to lock in the metal plate, providing additional stability [58]. Locking screws help prevent
plate loosening and maintain compression [58]. The design of the plate aims to be as low
profile as possible to minimize soft tissue irritation and discomfort for the patient [56]. In
addition, screws are an integral part of clavicle fracture fixation and are typically made
from the same biocompatible materials as the plate [58]. This is usually used to treat
high-functioning athletes or people with severe deformities [3].

In fact, in a recent systematic literature review, the authors found that in adult patients
with displaced mid-third clavicle fractures, surgical treatment was associated with a greater
likelihood of union at one year [59]. Overall, surgical treatment did not increase functional
scores by amounts those patients were likely to consider clinically important. Considering
these findings, they believe that patients can be informed that surgery for this injury can
incrementally increase the likelihood of union (about 10 patients would need to undergo
surgery to avoid one nonunion), but they should not expect better function than they
would achieve without surgery; most patients can avoid surgery altogether with a low
absolute risk of nonunion [59]. The aim is to achieve early functional recovery and reduce
the amount of time spent resting or out of sport.

The current literature shows that there is currently no difference in hardware removal
rates or functional outcomes when using a superior versus anterior plating technique [18].

Shoulder elevation is a common activity in everyday life that increases the tensile and
compressive forces on the clavicle and can affect the stress distribution within the fixation
devices in a stabilized fracture [60-63].
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Our analysis showed that the stresses acting on the fractured clavicle, expressed in
equivalent von Mises stress, are approximately 15 MPa, but this is supported by the fixation
system in the most common type of solicitation. There is also a displacement of 0.93 mm
between the ends of the bone. These results indicate that the use of an anteroinferior plate
fixed with screws in clavicle fracture fixation may result in an altered stress distribution
compared to a healthy clavicle. These results could provide a valuable biomechanical
reference for orthopedic surgeons, highlighting the important role of screws in absorbing
and distributing loading forces in clavicle fractures during shoulder elevation and suggesting
that the correct number of screws plays a key role in the repair and stability of the bone ends.

Some authors had previously studied clavicle fixation with FE analysis and found
that when screw holes were positioned close to the fracture site, there was a significant
increase in stress on the plate and clavicle [64,65]. This indicates that screw positioning
close to the fracture can have a significant effect on the stress pattern in the plate fixation
system [66]. These changes in stress patterns can potentially affect the healing process,
long-term fracture stability, rehabilitation program, and clinical outcomes [67].

The number and position of screws used in plate fixation can influence the rehabilitation
plan. For example, using a greater number of screws may provide greater stability and allow
earlier full-range mobility exercises during rehabilitation [64]. On the other hand, if only
a few screws are used or if they are placed in specific positions, caution may be required
during rehabilitation to avoid stressing the implant or compromising its stability [68].

In addition, one study suggested that the maximum stress in clavicle fracture plate
fixation without lag screws occurs at the edge of the hole above the fracture site [69]. In
fact, stress concentration occurs around the empty screw holes above the fracture site when
a clavicle fracture is stabilized with plates and screws [51]. The maximum stress point is
typically found at the edge of the holes, indicating that these areas are more susceptible to
failure. The greater the load on the bone and the greater the risk of fracture near the plate,
the fewer screws are implanted in the plate.

In addition to plate position, other important factors to consider include the recon-
struction plate and bridging plate technique, which may raise the risk of plate fracture [69].
It is, therefore, important to consider the design and placement of the plate to minimize
stress and potential complications due to clavicle anatomical position that can cause serious
damage to valuable structures [70,71]. In addition, deep learning algorithms for radiologi-
cal images could be used to improve the customization of the shape and size of plates and
reduce the risk after surgery [72,73].

Careful neurological assessment is required as the clavicle is close to the apical pleura,
brachial plexus, and subclavian artery and vein to exclude neurological deficits, pneumoth-
orax, and distal perfusion problems [74]. In addition, these structures are at risk of injury
from a fracture fragment or during fracture fixation [5,74].

It is important to emphasize that healthcare providers must assess each patient indi-
vidually and consider various factors, such as age, activity level, and fracture type, when
determining the most appropriate treatment and rehabilitation plan for midshaft clavicle
fractures. The highest possible level of autonomy and quality of life for the patient is always
the goal.

Several FE models have been developed in recent years to investigate bone stress
shielding after fracture fixation, demonstrating that the FE model is a useful instrument for
the analysis of biomechanics [10,75,76]. As shown in other studies [44,77,78], the limits of
the studies with finite elements are that they are computational models and may not fully
capture the complex biomechanical behavior of the clavicle and surrounding structures.
Despite these limitations, FE studies have demonstrated that load distribution in a clavicle
fracture treated with plates and screws differs from that of a healthy clavicle.

To provide better data on which to base treatment decisions, more randomized and
prospective trials are needed. Ultimately, the treatment option must be chosen by the
individual patient, carefully considering the relative benefits and risks of each intervention
and the patient’s preferences.
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5. Conclusions

FE simulation may be useful in predicting the biomechanical behavior of different
implant configurations in plate fixation of midshaft clavicle fractures and may provide
valuable insight into the optimal number, size, and position of screws to achieve maximum
stability and functional outcomes. The stress distribution in a plate and screw fixation is a
critical factor to consider when treating a clavicle fracture. This is influenced by several
factors, including the position and design of the plate, the screw type and numbers used,
and the biomechanical forces applied during shoulder elevation. The number and position
of screws used in plate fixation can influence the rehabilitation plan, with a greater number
of screws providing greater stability and potentially allowing an earlier range of motion
exercises. The results showed that the stresses on the fixed clavicle are supported by the
plate and screws in the most common type of solicitation, highlighting the importance of the
screws in absorbing and distributing loading forces and in the healing process. Overall, the
decision between operative and non-operative management of midshaft clavicle fractures
should be made on a case-by-case basis, considering the specific needs and characteristics
of the patient, as well as the degree of displacement and potential complications associated
with each treatment option.

Author Contributions: Conceptualization, A.A., D.F, D.L., and V.F; methodology, A.T. and D.M.;
validation, A.M. and D.F,; investigation, D.D. and V.F,; data curation, G.T.; writing—original draft
preparation, A.A., D.F, G.T,, and V.E; writing—review and editing, A.T., D.F,, D.M., AM.,, and D.L,;
visualization, D.D., G.T., and V.E; supervision, A.T., D.L., D.M., and A.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Kang, L.X,; Faulkner, H.].; Howard, W.H.; Low, A K. Displaced medial clavicle fractures: A systematic review of outcomes after
nonoperative and operative management. JSES Int. 2023, 7, 79-85. [CrossRef]

2. Chen, W,; Zhu, Y,; Liu, S.; Hou, Z.; Zhang, X.; Lv, H.; Zhang, Y. Demographic and socioeconomic factors influencing the incidence
of clavicle fractures, a national population-based survey of five hundred and twelve thousand, one hundred and eighty seven
individuals. Int. Orthop. 2018, 42, 651-658. [CrossRef] [PubMed]

3. DeFroda, S.F; Lemme, N.; Kleiner, J.; Gil, J.; Owens, B.D. Incidence and mechanism of injury of clavicle fractures in the NEISS
database: Athletic and non athletic injuries. J. Clin. Orthop. Trauma 2019, 10, 954-958. [CrossRef] [PubMed]

4. Patel, B.; Gustafson, P.A.; Jastifer, J. The effect of clavicle malunion on shoulder biomechanics; a computational study. Clin.
Biomech. 2012, 27, 436—442. [CrossRef] [PubMed]

5. Iannolo, M.; Werner, EW.; Sutton, L.G.; Serell, S.M.; VanValkenburg, S.M. Forces across the middle of the intact clavicle during
shoulder motion. J. Shoulder EIb. Surg. 2010, 19, 1013-1017. [CrossRef] [PubMed]

6. Peeters, I.; Braeckevelt, T.; Palmans, T.; Van Tongel, A.; De Wilde, L. Kinematic analysis of scapulothoracic movements in the
shoulder girdle: A whole cadaver study. JSES Int. 2023, 7, 147-152. [CrossRef] [PubMed]

7.  Postacchini, F; Gumina, S.; De Santis, P.; Albo, F. Epidemiology of clavicle fractures. J. Shoulder EIb. Surg. 2002, 11, 452-456.
[CrossRef]

8. Van Tassel, D.; Owens, B.D.; Pointer, L.; Moriatis Wolf, J. Incidence of clavicle fractures in sports: Analysis of the NEISS Database.
Int. ]. Sports Med. 2014, 35, 83-86. [CrossRef]

9.  Walton, B.; Meijer, K.; Melancon, K.; Hartman, M. A cost analysis of internal fixation versus nonoperative treatment in adult
midshaft clavicle fractures using multiple randomized controlled trials. J. Orthop. Trauma 2015, 29, 173-180. [CrossRef]

10. Filardi, V. Stress shielding analysis on easy step staple prosthesis for calcaneus fractures. J. Orthop. 2020, 18, 132-137. [CrossRef]

11.  Filardi, V. Characterization of an innovative intramedullary nail for diaphyseal fractures of long bones. Med. Eng. Phys. 2017, 49,
94-102. [CrossRef] [PubMed]

12.  Stegeman, S.A.; Roeloffs, C.W.; van den Bremer, J.; Krijnen, P.; Schipper, I.B. The relationship between trauma mechanism, fracture
type, and treatment of midshaft clavicular fractures. Eur. |. Emerg. Med. 2013, 20, 268-272. [CrossRef] [PubMed]

13. Jeray, K.J. Acute midshaft clavicular fracture. J. Am. Acad. Orthop. Surg. 2007, 15, 239-248. [CrossRef]


https://doi.org/10.1016/j.jseint.2022.09.010
https://doi.org/10.1007/s00264-018-3815-0
https://www.ncbi.nlm.nih.gov/pubmed/29404668
https://doi.org/10.1016/j.jcot.2019.01.019
https://www.ncbi.nlm.nih.gov/pubmed/31528074
https://doi.org/10.1016/j.clinbiomech.2011.12.006
https://www.ncbi.nlm.nih.gov/pubmed/22226074
https://doi.org/10.1016/j.jse.2010.03.016
https://www.ncbi.nlm.nih.gov/pubmed/20637655
https://doi.org/10.1016/j.jseint.2022.09.014
https://www.ncbi.nlm.nih.gov/pubmed/36820418
https://doi.org/10.1067/mse.2002.126613
https://doi.org/10.1055/s-0033-1345127
https://doi.org/10.1097/BOT.0000000000000225
https://doi.org/10.1016/j.jor.2019.09.008
https://doi.org/10.1016/j.medengphy.2017.08.002
https://www.ncbi.nlm.nih.gov/pubmed/28870417
https://doi.org/10.1097/MEJ.0b013e3283574d82
https://www.ncbi.nlm.nih.gov/pubmed/22850088
https://doi.org/10.5435/00124635-200704000-00007

Bioengineering 2023, 10, 1402 12 of 14

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kihlstrom, C.; Moller, M.; Lonn, K.; Wolf, O. Clavicle fractures: Epidemiology, classification and treatment of 2 422 fractures in the
Swedish Fracture Register; an observational study. BMC Musculoskelet. Disord. 2017, 18, 82. [CrossRef]

Asadollahi, S.; Bucknill, A. Acute medial clavicle fracture in adults: A systematic review of demographics, clinical features and
treatment outcomes in 220 patients. J. Orthop. Traumatol. 2019, 20, 24. [CrossRef]

Allman, FL., Jr. Fractures and ligamentous injuries of the clavicle and its articulation. ]. Bone Jt. Surg. Am. 1967, 49, 774-784. [CrossRef]
Toogood, P; Horst, P.; Samagh, S.; Feeley, B.T. Clavicle fractures: A review of the literature and update on treatment. Phys.
Sportsmed. 2011, 39, 142-150. [CrossRef] [PubMed]

Hulsmans, M.H.; van Heijl, M.; Houwert, R.M.; Burger, B.J.; Verleisdonk, E.J.M.; Veeger, D.].; van der Meijden, O.A. Surgical fixation
of midshaft clavicle fractures: A systematic review of biomechanical studies. Injury 2018, 49, 753-765. [CrossRef] [PubMed]

Backus, ].D.; Merriman, D.].; McAndrew, C.M.; Gardner, M.].; Ricci, W.M. Upright versus supine radiographs of clavicle fractures:
Does positioning matter? J. Orthop. Trauma 2014, 28, 636—-641. [CrossRef] [PubMed]

Bao, M.H.; DeAngelis, J.P.; Wu, ].S. Imaging of traumatic shoulder injuries—Understanding the surgeon’s perspective. Eur. J.
Radiol. Open 2022, 9, 100411. [CrossRef] [PubMed]

McKee, R.C.; Whelan, D.B.; Schemitsch, E.H.; McKee, M.D. Operative versus nonoperative care of displaced midshaft clavicular
fractures: A meta-analysis of randomized clinical trials. |. Bone Jt. Surg. Am. 2012, 94, 675-684. [CrossRef]

Ziran, N.; Soles, G.L.S.; Matta, ].M. Outcomes after surgical treatment of acetabular fractures: A review. Patient Saf. Surg. 2019, 13,
16. [CrossRef] [PubMed]

Garibaldi, R.; Altomare, D.; Sconza, C.; Kon, E.; Castagna, A.; Marcacci, M.; Monina, E.; Di Matteo, B. Conservative management
vs. surgical repair in degenerative rotator cuff tears: A systematic review and meta-analysis. Eur. Rev. Med. Pharmacol. Sci. 2021,
25, 609-619. [CrossRef] [PubMed]

Biz, C.; Pozzuoli, A.; Belluzzi, E.; Scucchiari, D.; Bragazzi, N.L.; Rossin, A.; Cerchiaro, M.; Ruggieri, P. An Institutional Standardised
Protocol for the Treatment of Acute Displaced Midshaft Clavicle Fractures (ADMCFs): Conservative or Surgical Management for
Active Patients? Healthcare 2023, 11, 1883. [CrossRef] [PubMed]

Robinson, C.M.; Court-Brown, C.M.; McQueen, M.M.; Wakefield, A.E. Estimating the risk of nonunion following nonoperative
treatment of a clavicular fracture. J. Bone Jt. Surg. Am. 2004, 86, 1359-1365. [CrossRef]

Kim, H.Y,; Yang, D.S.; Bae, ].H.; Cha, Y.H.; Lee, KW.; Choy, W.S. Clinical and Radiological Outcomes after Various Treatments of
Midshaft Clavicle Fractures in Adolescents. Clin. Orthop. Surg. 2020, 12, 396-403. [CrossRef]

Daniilidis, K.; Raschke, M.].; Vogt, B.; Herbort, M.; Schliemann, B.; Gunther, N.; Koesters, C.; Fuchs, T. Comparison between
conservative and surgical treatment of midshaft clavicle fractures: Outcome of 151 cases. Technol. Health Care 2013, 21, 143-147.
[CrossRef]

Narsaria, N.; Singh, A K.; Arun, G.R;; Seth, R.R. Surgical fixation of displaced midshaft clavicle fractures: Elastic intramedullary
nailing versus precontoured plating. J. Orthop. Traumatol. 2014, 15, 165-171. [CrossRef]

Wang, X.H.; Guo, WJ.; Li, A.B.; Cheng, G.J.; Lei, T.; Zhao, Y.M. Operative versus nonoperative treatment for displaced midshaft
clavicle fractures: A meta-analysis based on current evidence. Clinics 2015, 70, 584-592. [CrossRef]

Wang, X.; Wang, Z.; Xia, S.; Fu, B. Minimally invasive in the treatment of clavicle middle part fractures with locking reconstruction
plate. Int. J. Surg. 2014, 12, 654—658. [CrossRef]

Sanchez, PH.; Fleury, I.G.; Parker, E.A.; Davison, J.; Westermann, R.; Kopp, B.; Willey, M.C.; Buckwalter, ].A. Early Versus Delayed
Surgery for Midshaft Clavicle Fractures: A Systematic Review. lowa Orthop. |. 2023, 43, 151-160.

Nourian, A.; Dhaliwal, S.; Vangala, S.; Vezeridis, P.S. Midshaft Fractures of the Clavicle: A Meta-analysis Comparing Surgical
Fixation Using Anteroinferior Plating Versus Superior Plating. |. Orthop. Trauma 2017, 31, 461-467. [CrossRef]

Robinson, C.M.; Goudie, E.B.; Murray, L.R.; Jenkins, PJ.; Ahktar, M.A.; Read, E.O.; Foster, C.J.; Clark, K.; Brooksbank, A.J;
Arthur, A ; et al. Open reduction and plate fixation versus nonoperative treatment for displaced midshaft clavicular fractures: A
multicenter, randomized, controlled trial. J. Bone Jt. Surg. Am. 2013, 95, 1576-1584. [CrossRef] [PubMed]

Woltz, S.; Krijnen, P,; Schipper, 1.B. Plate Fixation Versus Nonoperative Treatment for Displaced Midshaft Clavicular Fractures: A
Meta-Analysis of Randomized Controlled Trials. J. Bone Jt. Surg. Am. 2017, 99, 1051-1057. [CrossRef] [PubMed]

Filardi, V. Numerical comparison of two different tibial nails: Expert tibial nail and innovative nail. Int. J. Interact. Des. Manuf.
2018, 12, 1435-1445. [CrossRef]

Marie, C. Strength analysis of clavicle fracture fixation devices and fixation techniques using finite element analysis with
musculoskeletal force input. Med. Biol. Eng. Comput. 2015, 53, 759-769. [CrossRef] [PubMed]

Fanter, N.J.; Kenny, RM.; Baker, C.L., 3rd; Baker, C.L., Jr. Surgical treatment of clavicle fractures in the adolescent athlete. Sports
Health 2015, 7, 137-141. [CrossRef] [PubMed]

Waldmann, S.; Benninger, E.; Meier, C. Nonoperative Treatment of Midshaft Clavicle Fractures in Adults. Open Orthop. ]. 2018, 12,
1-6. [CrossRef] [PubMed]

Poinern, E.; Brundavanam, S.; Fawcett, D. Biomedical Magnesium Alloys: A Review of Material Properties, Surface Modifications
and Potential as a Biodegradable Orthopaedic Implant. Am. J. Biomed. Eng. 2012, 2, 218-240. [CrossRef]

Shayesteh Moghaddam, N.; Taheri Andani, M.; Amerinatanzi, A.; Haberland, C.; Huff, S.; Miller, M.; Elahinia, M.; Dean, D.
Metals for bone implants: Safety, design, and efficacy. Biomanufacturing Rev. 2016, 1, 1. [CrossRef]

Andani, M.T,; Shayesteh Moghaddam, N.; Haberland, C.; Dean, D.; Miller, M.].; Elahinia, M. Metals for bone implants. Part 1.
Powder metallurgy and implant rendering. Acta Biomater. 2014, 10, 4058—4070. [CrossRef]


https://doi.org/10.1186/s12891-017-1444-1
https://doi.org/10.1186/s10195-019-0533-3
https://doi.org/10.2106/00004623-196749040-00024
https://doi.org/10.3810/psm.2011.09.1930
https://www.ncbi.nlm.nih.gov/pubmed/22030950
https://doi.org/10.1016/j.injury.2018.02.017
https://www.ncbi.nlm.nih.gov/pubmed/29523350
https://doi.org/10.1097/BOT.0000000000000129
https://www.ncbi.nlm.nih.gov/pubmed/24740113
https://doi.org/10.1016/j.ejro.2022.100411
https://www.ncbi.nlm.nih.gov/pubmed/35265737
https://doi.org/10.2106/JBJS.J.01364
https://doi.org/10.1186/s13037-019-0196-2
https://www.ncbi.nlm.nih.gov/pubmed/30923570
https://doi.org/10.26355/eurrev_202101_24619
https://www.ncbi.nlm.nih.gov/pubmed/33577014
https://doi.org/10.3390/healthcare11131883
https://www.ncbi.nlm.nih.gov/pubmed/37444717
https://doi.org/10.2106/00004623-200407000-00002
https://doi.org/10.4055/cios20026
https://doi.org/10.3233/THC-130714
https://doi.org/10.1007/s10195-014-0298-7
https://doi.org/10.6061/clinics/2015(08)09
https://doi.org/10.1016/j.ijsu.2014.05.001
https://doi.org/10.1097/BOT.0000000000000936
https://doi.org/10.2106/JBJS.L.00307
https://www.ncbi.nlm.nih.gov/pubmed/24005198
https://doi.org/10.2106/JBJS.16.01068
https://www.ncbi.nlm.nih.gov/pubmed/28632595
https://doi.org/10.1007/s12008-018-0459-7
https://doi.org/10.1007/s11517-015-1288-5
https://www.ncbi.nlm.nih.gov/pubmed/25850983
https://doi.org/10.1177/1941738114566381
https://www.ncbi.nlm.nih.gov/pubmed/25984259
https://doi.org/10.2174/1874325001812010001
https://www.ncbi.nlm.nih.gov/pubmed/29430265
https://doi.org/10.5923/j.ajbe.20120206.02
https://doi.org/10.1007/s40898-016-0001-2
https://doi.org/10.1016/j.actbio.2014.06.025

Bioengineering 2023, 10, 1402 13 of 14

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Alito, A; Filardi, V.; Milardi, D. Quadriceps Muscle and Medial Retinaculum Combinate Effects on Patellar Instability during
Knee Flexion. Appl. Sci. 2023, 13, 5420. [CrossRef]

Filardi, V. Healing of femoral fractures by the meaning of an innovative intramedullary nail. ]. Orthop. 2018, 15, 73-77. [CrossRef]
[PubMed]

Filardi, V.; Milardi, D. Experimental strain analysis on the entire bony leg compared with FE analysis. J. Orthop. 2017, 14, 115-122.
[CrossRef]

Lake, N.; Mombell, K.W.; Bernstein, E.; O’'Mary, K.; Scott, J.; Deafenbaugh, B. Improved Functional Outcomes Following Operative
Treatment of Midshaft Clavicle Fractures in an Active Duty Population. Cureus 2020, 12, e7488. [CrossRef] [PubMed]

Martin, J.R.; Saunders, P.E.; Phillips, M.; Mitchell, S.M.; McKee, M.D.; Schemitsch, E.H.; Dehghan, N. Comparative effectiveness
of treatment options for displaced midshaft clavicle fractures: A systematic review and network meta-analysis. Bone Jt. Open
2021, 2, 646—654. [CrossRef] [PubMed]

Anzillotti, G.; lacomella, A.; Grancagnolo, M.; Bertolino, E.M.; Marcacci, M.; Sconza, C.; Kon, E.; Di Matteo, B. Conservative vs.
Surgical Management for Femoro-Acetabular Impingement: A Systematic Review of Clinical Evidence. J. Clin. Med. 2022, 11,
5852. [CrossRef] [PubMed]

Ahrens, PM.; Garlick, N.I; Barber, J.; Tims, E.M.; The Clavicle Trial Collaborative Group. The Clavicle Trial: A Multicenter
Randomized Controlled Trial Comparing Operative with Nonoperative Treatment of Displaced Midshaft Clavicle Fractures. J.
Bone Jt. Surg. Am. 2017, 99, 1345-1354. [CrossRef] [PubMed]

Vahdat, S.; Hamzehgardeshi, L.; Hessam, S.; Hamzehgardeshi, Z. Patient involvement in health care decision making: A review.
Iran. Red Crescent Med. . 2014, 16, €12454. [CrossRef] [PubMed]

Asadollahi, S.; Hau, R.C.; Page, R.S.; Richardson, M.; Edwards, E.R. Complications associated with operative fixation of acute
midshaft clavicle fractures. Injury 2016, 47, 1248-1252. [CrossRef] [PubMed]

Kim, D.G.; Min Kim, S.; Kim, Y. Numerical simulation and biomechanical analysis of locking screw caps on clavicle locking plates.
Medicine 2022, 101, €29319. [CrossRef]

Ruffilli, A.; Traina, F.; Pilla, F.; Fenga, D.; Faldini, C. Marchetti Vicenzi elastic retrograde nail in the treatment of humeral shaft
fractures: Review of the current literature. Musculoskelet. Surg. 2015, 99, 201-209. [CrossRef] [PubMed]

Mueller, M.; Rangger, C.; Striepens, N.; Burger, C. Minimally invasive intramedullary nailing of midshaft clavicular fractures
using titanium elastic nails. J. Trauma 2008, 64, 1528-1534. [CrossRef] [PubMed]

Patel, M.; Ahmad, M.; Agrawal, N.; Patil, S.T.; Santoshi, J.A.; Rathinam, B.; Gandhi, K.R. The use of precontoured plates for
midshaft clavicle fractures is not always the best course of treatment. Anat. Cell Biol.. [CrossRef]

Mullis, B.H.; Jeray, K.J.; Broderick, S.; Tanner, S.L.; Snider, B.G.; Everhart, J.; Southeastern Fracture Consortium. Midshaft clavicle
fractures: Is anterior plating an acceptable alternative to superior plating? Eur. J. Orthop. Surg. Traumatol. 2023, 33, 3373-3377.
[CrossRef] [PubMed]

Song, H.S.; Kim, H. Current concepts in the treatment of midshaft clavicle fractures in adults. Clin. Shoulder Elb. 2021, 24, 189-198.
[CrossRef] [PubMed]

Barber, C.C.; Burnham, M.; Ojameruaye, O.; McKee, M.D. A systematic review of the use of titanium versus stainless steel
implants for fracture fixation. OTA Int. 2021, 4, e138. [CrossRef]

Cronier, P; Pietu, G.; Dujardin, C.; Bigorre, N.; Ducellier, E; Gerard, R. The concept of locking plates. Orthop. Traumatol. Surg. Res.
2010, 96, S17-S36. [CrossRef]

Axelrod, D.E.; Ekhtiari, S.; Bozzo, A.; Bhandari, M.; Johal, H. What Is the Best Evidence for Management of Displaced Midshaft
Clavicle Fractures? A Systematic Review and Network Meta-analysis of 22 Randomized Controlled Trials. Clin. Orthop. Relat.
Res. 2020, 478, 392-402. [CrossRef]

Kingsly, P; Sathish, M.; Ismail, N.D.M. Comparative analysis of functional outcome of anatomical precontoured locking plate versus
reconstruction plate in the management of displaced midshaft clavicular fractures. J. Orthop. Surg. 2019, 27, 2309499018820351.
[CrossRef]

Filardi, V. Stress distribution in the humerus during elevation of the arm and external abduction. J. Orthop. 2020, 19, 218-222.
[CrossRef]

Lawrence, R.L.; Braman, ].P.; Keefe, D.F.,; Ludewig, PM. The Coupled Kinematics of Scapulothoracic Upward Rotation. Phys. Ther.
2020, 100, 283-294. [CrossRef]

Lockhart, J.5.; Wong, M.T.; Langohr, G.D.G.; Athwal, G.S.; Johnson, J.A. The effect of load and plane of elevation on acromial
stress after reverse shoulder arthroplasty. Shoulder Elb. 2021, 13, 388-395. [CrossRef]

Wang, C.C.; Lee, C.H.; Chen, K.H.; Pan, C.C.; Tsai, M.T.; Su, K.C. Biomechanical effects of different numbers and locations of
screw-in clavicle hook plates. Front. Bioeng. Biotechnol. 2022, 10, 949802. [CrossRef]

Huang, X.; Xiao, H.; Xue, F. Clavicle nonunion and plate breakage after locking compression plate fixation of displaced midshaft
clavicular fractures. Exp. Ther. Med. 2020, 19, 308-312. [CrossRef] [PubMed]

Kitzen, J.; Paulson, K.; Korley, R.; Duffy, P.; Martin, C.R.; Schneider, P.S. Biomechanical Evaluation of Different Plate Configurations
for Midshaft Clavicle Fracture Fixation: Single Plating Compared with Dual Mini-Fragment Plating. JBJS Open Access 2022, 7,
€21.00123. [CrossRef] [PubMed]

Ni, M.; Zhang, E; Mei, J.; Lin, C.-Y.J.; Gruber, SM.S.; Niu, W.; Wong, D.W.-C.; Zhang, M. Biomechanical analysis of four
augmented fixations of plate osteosynthesis for comminuted mid-shaft clavicle fracture: A finite element approach. Exp. Ther.
Med. 2020, 20, 2106-2112. [CrossRef]


https://doi.org/10.3390/app13095420
https://doi.org/10.1016/j.jor.2018.01.011
https://www.ncbi.nlm.nih.gov/pubmed/29657443
https://doi.org/10.1016/j.jor.2016.10.009
https://doi.org/10.7759/cureus.7488
https://www.ncbi.nlm.nih.gov/pubmed/32368421
https://doi.org/10.1302/2633-1462.28.BJO-2021-0112.R1
https://www.ncbi.nlm.nih.gov/pubmed/34402306
https://doi.org/10.3390/jcm11195852
https://www.ncbi.nlm.nih.gov/pubmed/36233719
https://doi.org/10.2106/JBJS.16.01112
https://www.ncbi.nlm.nih.gov/pubmed/28816894
https://doi.org/10.5812/ircmj.12454
https://www.ncbi.nlm.nih.gov/pubmed/24719703
https://doi.org/10.1016/j.injury.2016.02.005
https://www.ncbi.nlm.nih.gov/pubmed/26994518
https://doi.org/10.1097/MD.0000000000029319
https://doi.org/10.1007/s12306-015-0387-7
https://www.ncbi.nlm.nih.gov/pubmed/26559733
https://doi.org/10.1097/TA.0b013e3180d0a8bf
https://www.ncbi.nlm.nih.gov/pubmed/18545118
https://doi.org/10.5115/acb.23.109
https://doi.org/10.1007/s00590-023-03563-5
https://www.ncbi.nlm.nih.gov/pubmed/37130985
https://doi.org/10.5397/cise.2021.00388
https://www.ncbi.nlm.nih.gov/pubmed/34488301
https://doi.org/10.1097/OI9.0000000000000138
https://doi.org/10.1016/j.otsr.2010.03.008
https://doi.org/10.1097/CORR.0000000000000986
https://doi.org/10.1177/2309499018820351
https://doi.org/10.1016/j.jor.2020.02.003
https://doi.org/10.1093/ptj/pzz165
https://doi.org/10.1177/1758573220910093
https://doi.org/10.3389/fbioe.2022.949802
https://doi.org/10.3892/etm.2019.8216
https://www.ncbi.nlm.nih.gov/pubmed/31853304
https://doi.org/10.2106/JBJS.OA.21.00123
https://www.ncbi.nlm.nih.gov/pubmed/35265785
https://doi.org/10.3892/etm.2020.8898

Bioengineering 2023, 10, 1402 14 of 14

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Beirer, M.; Banke, L].; Harrasser, N.; Cronlein, M.; Pforringer, D.; Huber-Wagner, S.; Biberthaler, P.; Kirchhoff, C. Mid-term
outcome following revision surgery of clavicular non- and malunion using anatomic locking compression plate and iliac crest
bone graft. BMC Musculoskelet. Disord. 2017, 18, 129. [CrossRef] [PubMed]

Pengrung, N.; Lakdee, N.; Puncreobutr, C.; Lohwongwatana, B.; Sa-Ngasoongsong, P. Finite element analysis comparison
between superior clavicle locking plate with and without screw holes above fracture zone in midshaft clavicular fracture. BMIC
Musculoskelet. Disord. 2019, 20, 465. [CrossRef]

Kavuri, V.; Bowden, B.; Kumar, N.; Cerynik, D. Complications Associated with Locking Plate of Proximal Humerus Fractures.
Indian J. Orthop. 2018, 52, 108-116. [CrossRef]

Shi, F; Hu, H.; Tian, M,; Fang, X.; Li, X. Comparison of 3 treatment methods for midshaft clavicle fractures: A systematic review
and network meta-analysis of randomized clinical trials. Injury 2022, 53, 1765-1776. [CrossRef]

D’Andrea, D.; Cucinotta, F,; Ferroni, F; Risitano, G.; Santonocito, D.; Scappaticci, L. Development of Machine Learning Algorithms
for the Determination of the Centre of Mass. Symmetry 2021, 13, 401. [CrossRef]

Magneli, M,; Ling, P,; Gislen, J.; Fagrell, J.; Demir, Y.; Arverud, E.D.; Hallberg, K.; Salomonsson, B.; Gordon, M. Deep learning
classification of shoulder fractures on plain radiographs of the humerus, scapula and clavicle. PLoS ONE 2023, 18, e0289808. [CrossRef]
Donnelly, T.D.; Macfarlane, R.J.; Nagy, M.T.; Ralte, P.; Waseem, M. Fractures of the clavicle: An overview. Open Orthop. |. 2013, 7,
329-333. [CrossRef]

Zhang, X.; Cheng, X,; Yin, B.; Wang, J.; Li, S.; Liu, G.; Hu, Z.; Wu, W.; Zhang, Y. Finite element analysis of spiral plate and Herbert
screw fixation for treatment of midshaft clavicle fractures. Medicine 2019, 98, €16898. [CrossRef] [PubMed]

Tropea, A.; Tisano, A.; Bruschetta, A.; Borzelli, D.; Migliorato, A.; Nirta, G.; Leonardi, G.; Trimarchi, E; Alito, A. Comparative FE
biomechanical and microbial adhesion analyses on an implanted humerus. J. Orthop. 2022, 32, 78-84. [CrossRef] [PubMed]
Filardi, V. Healing of tibial comminuted fractures by the meaning of an innovative intramedullary nail. J. Orthop. 2019, 16,
145-150. [CrossRef] [PubMed]

Filardi, V. Tibio talar contact stress: An experimental and numerical study. J. Orthop. 2020, 17, 44—48. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/s12891-017-1488-2
https://www.ncbi.nlm.nih.gov/pubmed/28356152
https://doi.org/10.1186/s12891-019-2847-y
https://doi.org/10.4103/ortho.IJOrtho_243_17
https://doi.org/10.1016/j.injury.2022.04.005
https://doi.org/10.3390/sym13030401
https://doi.org/10.1371/journal.pone.0289808
https://doi.org/10.2174/1874325001307010329
https://doi.org/10.1097/MD.0000000000016898
https://www.ncbi.nlm.nih.gov/pubmed/31441868
https://doi.org/10.1016/j.jor.2022.05.011
https://www.ncbi.nlm.nih.gov/pubmed/35619601
https://doi.org/10.1016/j.jor.2019.02.026
https://www.ncbi.nlm.nih.gov/pubmed/30886462
https://doi.org/10.1016/j.jor.2019.08.024

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

