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INTRODUCTION

The human shoulder comprises of clavicle, scapulanerus bones and associated muscles, ligaments
tendons. These bones become unbalanced becawdiartteter of upper-arm ball is larger than thathafidder socket.
Consequently, it is the precinct of sprains, sgadislocations, separations, tendinitis, bursitgtor cuffs tear, frozen
shoulder, fractures and arthritis. To stay in anmadrposition, the shoulder must be secured by ragsténdons an
ligaments. The major shoulder injuries are rotataff injuries, labrum tears and fractures of theemparm bone.
Pinching of rotator cuff and swelling of tendon agsults of repeated movement of arms over the.liEaeke injuries
are common in sports activities, for instance:tpitg of baseball, heavy weight lifting, serving teanis ball, bowling
the cricket ball and swimming. The top of arm bgirches the rotator cuff muscles against the tmign of shoul-
der blade due to repeated movement of arm ovenehd. This results in inflammation of the musclié tendon can
tear if the movement is continued. When the labteans, the athlete senses pain in the shoulderetUgm fractures
are consequences of a fall on an outstretched afrara a direct blow. Upper arm fractures are famiamongst older

people.

This paper examines the variety of injuries thatup in clavicle, scapula and humerus and finitarent ap-
proaches to analyze them. The joints associatddthése three bones are further examined. Apart fhese, glenoid
cavity, acromion and coracoid processes are almusgised. Some prevention tips and simple remetdeasawell ad-

dressed.
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FRONT VIEW BACK VIEW

Figure 1: Shoulder

SHOULDER BONES

Figure 1 shows the bones representing the shoditiermajor bones are clavicle, scapula and humerus.

Fracture Analysis of Clavicle

The clavicle (figure 2) is the bone that runs honitally between the top of sternum and scapul&. dlavicle
injuries are familiar in vehicle accidents and ylests when they fall. The clavicle is susceptitderacture, particularly
near the curves on account of its ‘S’ shape (fi@ake The clavicle bone is the weakest link andl$eto break due to force
transmitted through the arm to the shoulder. Frastare classified by their position along the band also by the
amount of separation between the bone fragments.cldvicle injuries account for 4% to 10% of alulidractures and

35% to 45% of fractures that occur in the shoulgiedle. However, fractures of the clavicle may daimage to nerves,

blood vessels or lungs.

Figure 4: Three-Point Bending Test of Clavicle
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Most of the researchers simulated the fracturetieh of the clavicle bone by the bending testgufe 4). In re-
search (Bolte et al, 2000), three-point bendingstegere conducted on six adult clavicle bones aingact rate of 0.5
mm/s. In another work as reported by Untaroiu €R8D9) also, three-point bending tests were cotedlion six human
post mortem subjects with an impact rate of 1mupss$i-static) and 1 m/s (dynamic). A finite elemeradel was used to
compute an elastic modulus as carried out by Rahal (2014). For the finite element analysis, geemetry of the cla-
vicle was created from CT/MRI scan data. Figurdéws the stress distribution when the load is pl&8® mm from the

sterno-clavicular end. The maximum stress occusrethe back side of the clavicle as reported.

Figure 5: Front and Rear View of Stress Distributian of 135n Load Applied

38 mm from Sterno-Clavicular end (Rahul et al., 204)
Fracture Analysis of Scapula

Scapula (figure 6) is the large triangular-shalpexde at back of the shoulder. It is attached tadkeof the skele-
ton through the clavicle at the acromio-clavicyént. The scapula is held in place by the surranganuscles. A shallow
socket forms at the outer edge of the scapula. hlineeral head sits in the shallow socket formiregghoulder joint. Al-
most 18 different muscles instigate at the scapaothplay in six basic movements over the postetiest wall: elevation,
depression, upward rotation, downward rotationtrpmtion, and retraction. These six movements astricted by the

motion that is permitted in the acromio-clavicudand sterno-clavicular joints as concluded by G®7{).
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Figure 7: Rotator Cuff Tear (a) and Scapula Bone Facture (b)

www.tjpre.org editor @tjprc.org



32 A. Chennakesava Reddy

Motions of tackling or pitching put great force the shoulder. The shoulder becomes unstable vibenuscles
and ligaments are stretched beyond their normatdifihe shoulder separation happens due to teligashents holding
the clavicle to the roof of shoulder. Consequeritig, clavicle is pushed out of place forming a buahghe top of shoul-
der. The shoulder separation occurs when armegchied to stop topple on a rigid surface. The steyideparation causes
severe pain. The most rotator cuff injuries (figded happen to middle-aged or older people. As lgeage and become
less active, the rotator cuff tear happens wheddes start to degenerate and lose strength. A teizda tough band of
fibrous tissue, which is capable of withstandingsten. It connects muscle to bone. Frozen shouidppens if the shoul-
der becomes motionless for a period of time. A sadidcrease in activity can put immense stres$iershoulders result-

ing in a loss of flexibility.

Scapula bone fractures (figure 7b) are attributédl80-60% of all fractures of the shoulder blatlee scapular
neck fractures are in charge of 25% of all fracsuréthe shoulder blade. Over 90% of scapular drastare simply dis-
placed and they can be overcome with conservataatrhent (Gahan et al., 1980). Arthur (2005) wasedeesearch on
3D, large-scale, musculo-skeletal model of the ufipg to compare shoulder biomechanics in the cdseapular neck
malunion with normal anatomy. It was found that lites of force in rotator cuff muscles along wither changes in mus-
cle activation, would lead to loss of arm functionpatients with scapular neck malunion. Generid patient-specific
finite element models have been used in desigmthbpedic implants (Prendergast, 1997) and foriptied the longevity
and performance of orthopedic implants (Easleye807). Resulting from the increased availabitifymaging modali-
ties, development of efficient image processinggpams, patient-specific FE modeling of the skelsyastem has become
feasible during the last decade. A number of reseas have investigated different aspects of pasipacific FE modeling

for different applications (Basafa et al., 2013afelsi et al., 2011).

The effects of uncertainties in the componentgatient-specific models together with bone densitysculoske-
letal loads and the parameters of the material ingpglationship on the predicted strain distribns were studied by
Gianni et al., (2008). The uncertainty of simulatie a function of the type of movement. Abductionvements present
lower uncertainty values than flexion movementse §eometry employed in the FE modeling was prodbgesegmenta-
tion of the scapula from the acquired CT imageaasilimics software. The imported geometry was mdski¢h 4-node
linear tetrahedron elements (figure 8a). The peagEnof uncertainty in the strain values was casid to be contingent
on the number of inaccurate components of the madelthe level of uncertainty of individual compaotee It was also
observed that the uncertainty values depend otygeeof movement for which musculoskeletal loads @alculated and

applied.

(a) {b)

Figure 8: Finite Modeling of Scapula (a) and Distribution of Maximum Principal Strains (b) (Gianni et al., 2008)
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Fracture Analysis of Humerus (Upper Arm Bone)

The humerus (figure 9) joins with the scapulahat gleno-humeral joint and connects with the ulmé madius at
the elbow joint.
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Figure 9: The Humerus Bone

Most fractures of the humerus are caused by atditew (due to a motor vehicle accident or higlpawot fall) to
the upper arm. Fractures of humerus bone are eé ttypes: proximal humeral fractures, humeral shadtures and distal
humeral fractures. Proximal humeral fractures aietd a fall on to an outstretched hand from stapéieight (figure 10),
during seizures or electric shock and a direct blow

. ™ ®

Figure 10: Proximal Humerus Fracture after fall on Ground

Humeral shaft fractures (figure 11) result frondieect blow to the upper arm (transverse fracturbgjirect
trauma from a fall or a twisting action resultsaispiral or oblique fractures (Williams et al., B0Shao et al., 2005). The
open fractures amount to 2-10%. The distal humsitgswithin the cup of the ulna, allowing the ullgamove around it
(elbow motion). The elbow joint coordinates moveisesf the upper extremity, helping the executiomativities of daily
living in areas such as hygiene, dressing, andingokVhen the distal humerus is damaged, the fanaif the elbow joint
is impaired. A fracture of the distal humerus oscwhen there is a break anywhere within the distgion (lower end) of
the humerus. A direct fracture of distal humerigufe 12) may occur on account of a direct blowisThay occur during
a fall (landing directly on the elbow) or by beihij by a hard object (baseball bat, car dashboaxdbor during a crash).
An indirect fracture may take place during a féalhiperson lands on his or her outstretched armh thi¢ elbow locked
straight. The ulna bone is driven into the distailerus, causing it to break.
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Transverse Spiral Oblique

Figure 11: Humeral Shaft Fractures

In this paper, proximal humeral fractures are ulised since the upper part of humerus is parteottoulder
joint. Proximal humeral fracture accounts for 10%@b fractures as reported by Baron et al (199&).age progresses,
bone loss within the humeral head may lead to ftionaf a void in the central bone. For stable osyathesis in age-old
people, it is necessary to cover voids especiadtyvben the humeral centre and the lateral areaswiiplemental mate-
rials (Yamada et al., 2007; Handschin et al., 2008tsuda et al 1999) The presence of void conatggrthe loads at the
screw tips within the medial fracture fragment. Tbads were distributed along the entire lengtlthef screws by filling
the bone void with calcium triphosphate cementsTeduces peak loads at the screw-bone interfagiée Element mod-
els were used to evaluate the effect of void-fijlimith calcium triphosphate cement on the loadbh@tend of a proximal
humeral fracture osteosynthesis (Feerick et all3P0Finite element analysis could enable computatif the effects of
void-filling calcium triphosphate cement. When thed was filled with calcium triphosphate cemehg pressure gradient
of the bone surrounding the screws in the medsaitéire fragment decreased from 21.41 to 0.66 MBaré 13).

Figure 13: Pressure Distribution within the Humeral Head (Feerick et al., 2013)
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Finite element analysis was performed by Baumegarth976) for the analysis and comparison of exisfixa-
tion techniques for proximal humeral fracture restamction in hemiarthroplasty. A four-part fractumas also simulated
according to a standardized fracture classificatidre number of cycles-to-failure was calculatedh@smigration rate to
count the progress of dislocation per loading cycteading of the rotator cuff muscles was simulaigda total tensional
load of 40 N. Superior-to-inferior translationstb&é humeral head centre were detected ranging frérto 2.5 mm from
15° to 70° of gleno-humeral abduction. The starpogition of the humeral head centre of the firebsurement was taken
as the reference and simultaneous origin of thedioate system. The two measured samples showiededif characteris-
tics of the curve as seen in figure 14. Stress eatnation was shown at two specific regions inlibae-to-implant inter-

face (figure 15).

A\
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Figure 14: Translation of the Gleno-Humeral Head Catre

Figure 15: Local Stresses in Bone-to-Implant Interdice (a) without Fixation and (b) with Fixation Disgayed (Baum-
gartner, 1976)

SHOULDER JOINTS

The articulations between the bones of the shoulake up the shoulder joints (figure 16). Thepiof the

shoulder are the gleno-humeral joint, the acronwicular joint, the sterno-clavicular joint andethcapulothoracic joint.

e The gleno-humeral joint is a ball and socket atéitan between the head of the humerus and theoglezavity
of the scapula,

e The acromio-clavicular (AC) joint where the clagicheets the acromion of the scapula,

* The sterno-clavicular (SC) joint where the clavicleets the chest bone (sternum), and

» The scapulothoracic joint where the scapula meétsthe ribs at the back of the chest.
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Sternoclavicular joint

Scapulothoracic joint
Acromiodlavicular joint

Glenohumeral joint

Figure 16: Shoulder Joints
Gleno-Humeral Joint

The glenoid forms when the ball head of the humdits in with a shallow socket on the scapula. gleno-
humeral joint is a ball-and-socket joint which pides a considerable range of motion and is statillzy the surrounding
tendons, ligaments and muscles. Tendons mainlgiaiegteno-humeral translation while the gleno-huahdéigaments lim-

it the rotational movement capacity of the joint.

Figure 17: The Gleno-Humeral Joint

The glenoid labrum increases the stability ofglenohu-meral joint by increasing congruency betwibe gleno-
id and humeral head and by serving as the attachfoethe connective tissues rounding the jointe Tenoid labrum
contributes to the depth of the glenoid fossa %306 50% and extends the contact surface area. [Bbusm increases
stability by 10% to 20% (Lippitt and Matsen, 199&well and Galinat, 1989; Greis et al, 2002; Fedeinet al., 2003).
The finite element model was employed to studyttfae mechanism in the superior labrum. The finikenent model was
utilized by Hwang (2014) to evaluate the effectboth superior translation of the humeral head amdion on the long
head of the biceps tendon on the strain in theciritdorum. The bones were modeled using rigid dlzdral shell ele-
ments. The cartilages, labrum, and biceps tendag tansformed into hexahedral, solid elementsdSéments were in
addition to the distal end of the biceps tendoextend the tendon from the site of attachment erighrum over the head
of the humerus and through the bicipital groovguffe 18). The behavior of the labrum tissue witlmedium or a large
SLAP (superior labral tear from anterior to posiEriear was different from the small tear or narteonditions. The pre-
dicted von Mises strain on the cross sectional erélae small SLAP tear mod-el is more akin to ititeact model than the
medium and large tear models. The behavior of dbeuinm having a slight tear was significantly refate that of intact

labrum under all biceps loading conditions (figai8).
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Figure 18: A Hexahedral Finite Element Model of theGleno-Humeral Joint,

Including the long Head of Biceps Tendon

Intact Small tear Mediumtear | Large tear
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Figure 19: The Predicted Von-Mises Strain Distributon at the Cross Section of Posterior Edge for thSLAP tear

and 0° for Intact Labrum under O N and 88 N of Bicgs Tension. S, M, |, L, SP, IP Stand for Superior,
Medial, Inferior, Lateral, Suproposterior, Inferopo sterior, Respectively

Finite element methods were applied to quantiéy ¢bntact pressure and its distribution on thethgaartilage
layers for the abduction motion of the gleno-hurhgriat (Pujol et al., 2014). From figure 20, itadserved that the scapu-
lo-humeral rhythm where the humerus rotates twaster than the scapula. In abduction, the humerseritbes the trajec-

tory in the scapula plane (xs = 0). The clavicleisted less extent than the other bones.

Figure 20: Abduction. Scapulo-Humeral Rhythm for 0Q 300, 600, 900, 1200 and 1500
Acromio-Clavicular Joint

The acromio-clavicular (AC) joint (figure 21) isjanction between the acromion and the clavicleis Taint is
comprised of 2 bones (the clavicle and the acrojnibtigaments, and a meniscus inside the joine fibrmal width of the
acromio-clavicular joint is 1-3 mm in younger initivals; it nar-rows to 0.5 mm or less in individualder than 60 years.
Pediatric acromio-clavicular injuries are causedh®y rising popularity of dangerous summer and evisporting activi-
ties. Acromio-clavicular joint injuries are commgrdeen after bicycle wrecks, contact sports, amdacaidents. Liga-
ments surround this joint may tear being dependpah the severity of the injury. Torn ligamentsddéa AC joint sprains

and separations. Disruption of the AC joint congtis one of the main causes of scapular malpositiohaltered scapular
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motion that, in turn, may induce a negative inflcewon rotator cuff function (Gumina et al., 200@ckwood et al., 1998).
AC joint dislocation results in rupture of the coweclavicular (CC) ligaments (Kim et al., 2015).eTanatomically aligned
SC complex was then scanned with a high-resolwiomputed tomography scanner into 0.6-mm slices.fifiite element
model of the SC complex was generated and usechfoulating the stress on different parts of theli@@ments with si-
mulated movements of the scapula. It was notedttizgahiverage stress on the conoid ligament dumiegyiar tilt, internal
rotation, and scapular protraction was higher, wagrthe stress on the trapezoid ligament was momipent during

posterior tilt, external rotation, and retraction.

Acromiocalvicular Joint

Figure 22: (A) Posterior View of the Conoid Ligamen (B) Lateral View of the
Trapezoid and Conoid Ligaments. (C) Medial View othe Trapezoid Ligament

Sterno-Clavicular joint

The sterno-clavicular joint (figure 23a) is thénjdbetween the sternum and the clavicle. It iscttrally classed

as a synovial double-plane joint and functionalbssed as a diarthrotic joint.

Figure 23: The Sterno-Zoint (a) and its Dislocatior(b)

The sterno-clavicular joint (figure 23a) is a joretween the sternum and the clavicle. It is stmadly classed as
a synovial double-plane joint and functionally slagd as a diarthrotic joint. Injuries to the stechmvicular joint are rela-
tively uncommon, accounting for less than 5% ofustler girdle injuries. They generally occur in aetiadolescent males
as a consequence of the high-energy mechanisnjuey iffigure 23b). Depending on the mechanism @frin (e.g., motor
vehicle crash) and the close proximity of the sterrand clavicle to the vital structures of the nankl chest, patients with

sterno-clavicular joint injuries may incur severgldife-threatening injuries.
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Scapulothoracic joint

The scapulothoracic joint is not a true synowsahi (figure 24a). This is constituted by the coxgarface of the
posterior thoracic cage and the concave surfatlkeofnterior scapula. The scapulothoracic artimriadllows to increase
shoulder elevation. For every 2° of gleno-humelaVagion, there is 1° of scapulothoracic elevati®oapulothoracic dis-
sociation is the disruption of the scapulothoraeiiculation. The mechanism of injury is possibused by a blunt force
to the shoulder girdle. Scapular winging (figurdoP#& a rare debilitating condition that leadsitoited functional activity

of the upper extremity. It is the result of traumaiatrogenic, and idiopathic processes.

- [a}

AL Joint

Glandg-
Fumeral
Joint

Figure 24: The Scapulothoracic Joint (a) and Scapal Winging (b)

Scapulothoracic dissociation is a rare entity tt@isists of disruption of the scapulothoraciccatttion. The
mechanism of injury is probably traction causedatiylunt force to the shoulder girdle. Scapular wiggfigure 24b) is a
rare debilitating condition that leads to limitadh€tional activity of the upper extremity. It isetihesult of numerous caus-
es, including traumatic, iatrogenic, and idiopafttiocesses that most often result in nerve injad/@aralysis of either the

serratus anterior, trapezius, or rhomboid muscles.
CONCLUSIONS

Shoulder injuries are common vehicle accidentsttsgactivities fall during walking or running. Tleavicle inju-
ries account for 35% to 45% of fractures that oéouhe shoulder girdle. The clavicle has beeretbsixperimentally for
three-point bending tests and also analyzed ugnitg £lement methods to validate its fracture. $heulder instability is
caused owing to motions of tackling or pitchingathletes. The shoulder separation occurs when baadn is stretched
to stop the fall on a hard surface. As people agkaae less active, the rotator cuff tear happdmsvwendons start to de-
generate and lose strength. Frozen shoulder hajipthiesshoulder becomes motionless for a periotineé. Scapula bone
fractures are attributable to 50-60% of all fraesuof the shoulder blade. Generic and patient-Bpdiiite element mod-
els have been applied to design of scapula. Fiestfrthe humerus are due to a direct blow to gpeuarm. Fractures of
humerus bone are of three types: Proximal humeaatures, humeral shaft fractures and distal huhfiexretures. As pa-
tients age, bone loss within the humeral head nealjkbly to cause formation of a central bone véithite element mod-
els were utilized to measure the effect of voitiAi in the humeral head. Finite element analysis been applied to the
analysis and comparison of existing and new fixatechniques for proximal humeral heads. The fieleanent model has
been employed to study the tear mechanism in tpergr labrum and also the abduction motions ofglemo-humeral
joint. Acromio-clavicular joint injuries are oftaeriewed after bicycle wrecks, contact sports, andacagidents. The finite

element model has been as well used for calculdiegtress on different parts of the ligamentscatd to the acromio-
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clavicular joint. Injuries to the sterno-claviculprint are relatively uncommon, being accountalde léss than 5% of

shoulder girdle injuries. Scapulothoracic dissaoiatand scapular winging are common problems aatatiwith pseudo

scapulothoracic joint.
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