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Abstract
Case: We report 3 adult men (aged 28, 34, and 71 years) with successfully salvaged mangled injuries around the
shoulder with high threshold for amputation. Assessment by Mangled Extremity Severity Score, Ganga Hospital Open
Injury Severity Score, and Orthopaedic Trauma Association—Open Fracture Classification open injury scores predicted
amputation. However, extended salvage was performed by orthoplastic approach. Two of them had superior shoulder
suspensory complex (SSSC) injury. The QuickDASH score was high in 2 patients with SSSC injury and a good score in the
third patient who achieved good shoulder motion.

Conclusion: “Orthoplastic approach” achieves successful limb salvage in severely mangled shoulder injuries. Volume of
muscle crush injury and double disruption of SSSC injury were the main determinants of outcome.

S
everely mangled open IIIb injuries of the upper limb,
especially around the shoulder, may occur after high-energy
road traffic accidents. Salvage of these severe injuries is a

challenge, and assessment by commonly used scores such as
Mangled Extremity Severity Score, Ganga Hospital Open Injury
Severity Score, and Orthopaedic Trauma Association—Open
Fracture Classification often predicts amputation1-4. Also, salvaged
patients can exhibit poor results because of extensive soft-tissue
crushing leading to shoulder stiffness and dysfunction5.

Despite these problems, if the limb is salvaged, it has a
better functional result with good cosmetic appearance, a
psychological advantage over amputation6-8. Amputation is
associated with persistent neuropathic pain, poor functional
results, and even the best available modern upper-limb pros-
thesis cannot substitute the original functioning hand6.

Salvage of mangled extremities is a highly individualized
approach9. Extended salvage can especially be performed in
upper-limb injuries where salvage has better outcome than
amputation and the important requirements are availability
of a dedicated anesthesia team for resuscitation and ortho-
plastic team approach5. We report 3 such cases of severely
mangled IIIb injuries around the shoulder which were pre-
dicted for amputation by open injury scores, successfully sal-

vaged with a satisfactory functional outcome. To the best of our
knowledge, there are no reports in the literature about the
management of major crush injuries around the shoulder.

The patients were informed that data concerning their cases
would be submitted for publication, and they provided consent.

Case Reports

CASE 1: A 34-year-old gentleman sustained major open type
IIIb injury of right shoulder when a truck collided with a

bus in which he was traveling. The size of the wound was 20 ·
15 · 3 cm over the anterolateral aspect of the shoulder. Multiple
rib fractures with pneumothorax and subcutaneous emphy-
sema warranted intercostal drainage insertion.

He underwent emergency wound debridement. There
was deltoid avulsion from the acromion and spine of the
scapula. Severe crushing of muscle fibers resulted in loss of
anterior, lateral, and middle fibers of the deltoid, loss of tendon
of the long head of biceps, and partial loss of brachialis and
triceps muscles. X-ray showed comminuted proximal humerus
fracture with the dislocated anatomical head, displaced tuber-
osities, and segmental diaphyseal fracture. Acromion process
and scapular body were fractured resulting in double disrup-
tion of superior shoulder suspensory complex (SSSC). Open
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injury limb salvage scores were above the threshold predicting
amputation (Table I).

We decided for extended salvage based on patient factors
(no other limb injuries, good response to immediate resuscitation,
no neurovascular injuries, and normal hand function) and
availability of orthoplastic team approach. After meticulous
debridement, osseous reconstruction was performed. The dis-
located anatomical head was reduced into the glenoid cavity.

Greaterand lesser tuberosities were secured to the humeral head
with stainless steel (SS) wire. Proximal humerus was reduced to
diaphyseal fracture and fixed with a locking compression plate.
Displaced acromion process was secured to the coracoid process
with SS wire. After 48 hours, a pedicled pectoralis major flap was
performed to cover the critical defect (Table II).

At 18-month follow-up, the patient could use his upper
limb for daily personal activities. He achieved passive shoulder
abduction and forward flexion of 20�; however, rotations were
restricted. He had grade 2 elbow flexion. Fractures united
completely (Fig. 1), and his Quick Disabilities of the Arm,
Shoulder, and Hand (DASH) score (52.3) at the final follow-up
was high because of stiffness of shoulder and loss of active
elbow flexion because of extensive soft-tissue loss.

CASE 2: A 71-year-old man sustained injury to his right
shoulder after a truck roll over accident. X-ray showed proxi-
mal humerus fracture with segmental shaft comminution,
disrupted SSSC along with acromion fracture, acromioclavic-
ular joint dislocation, open right lateral condyle of distal
humerus fracture, and ipsilateral metacarpal fractures. The
wound size was 20 · 15 · 3 cm. All the open injury scores were

TABLE 1 IShowing Various Open Injury Salvage Predicting Scores
Which Predicted Amputation in All 3 Cases*

Open Injury Score Case 1 Case 2 Case 3

GHOIS 18 16 15

MESS 7 7 7

OTA-OFC 11 11 11

*GHOIS = Ganga Hospital Open Injury Severity Score, MESS =
Mangled Extremity Severity Score, and OTA-OFC = Orthopaedic
Trauma Association—Open Fracture Classification.

TABLE 2 IIShowing the Details of Injury Characteristics, Soft-Tissue Cover, and Outcome*

Case
No Age/Sex

Mechanism
of Injury

Muscles
Injured

SSSC
Injury

Neurovascular
Injuries Skeletal Injuries

Associated
Injuries

No of
Procedures

Type of
Soft-
Tissue
Cover

Duration
of Follow-

up

Quick
DASH
Score

1 34/M Side impact
collision of a
truck and
bus

Complete
deltoid
loss, long
head of
biceps,
triceps,
and
brachialis

Yes No Proximal humerus
fracture dislocation,

segmental fracture
of the humerus
shaft,

acromion fracture,
and

body of scapula
fracture.

Pneumothorax,
multiple rib
fractures, and

subcutaneous
emphysema.

2 Pedicled
pectoralis
major flap

18 months 52.3

2 71/M Truck roll
over
accident

Loss of
anterior
and lat-
eral del-
toid fibers

Yes No Head splitting proxi-
mal humerus,

segmental fracture
of the humerus
shaft,

AC joint dislocation,
and

acromion process
fracture

Lateral condyle
fracture ipsilat-
eral distal
humerus, 1st
and 2nd meta-
carpal fracture
ipsilateral hand

2 Skin graft 12 months 79.5

3 28/M Side impact
collision of a
bus and
lorry

Deltoid
partial
loss

No No Glenoid neck frac-
ture, avulsion frac-
ture of the acromion,
and

proximal humerus
fracture with diaphy-
seal extension.

Nil 2 Pedicled
latissimus
dorsi flap

24 months 11.4

*DASH = Disabilities of the Arm, Shoulder, and Hand, and SSSC = superior shoulder suspensory complex.
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above the threshold for amputation (Table I). Considering good
response to resuscitation, good hand function with intact neuro-
vascular structures, salvage was considered. After resuscitation,
debridement, acromioclavicular joint fixation with SS wire was
performed. There was loss of anterior and lateral deltoid muscle.
The humeral head was found to be split into 2 halves, which was
reduced and stabilized with cancellous screws. Greater and lesser
tuberosities were secured to the head and shaft with SS wires and
fixed with a locking plate. Open wound required a skin graft.

At 1-year follow-up, 25� of active shoulder abduction and
60� of forward flexion were achieved. The patient developed
pain and stiffness of the shoulder, elbow, wrist, and fingers with
signs of type 1 post-traumatic complex regional pain syndrome
(CRPS) requiring rigorous physiotherapy. Final follow-up
radiographs showed complete union of the fracture (Fig. 2),
and the QuickDASH score was 79.5.

CASE 3: A 28-year-old man sustained severe open right
proximal humerus fracture with segmental comminution of the
diaphysis, glenoid neck fracture, and avulsion fracture of the
acromion in a major side impact collision of a bus and lorry. The
open wound size was 25 · 20 · 3 cm extending from the shoulder
to middle third arm with intact neurovascular structures.
Debridement and fixation of the fracture was performed. There
was no double disruption of the SSSC. Pedicled latissimus dorsiflap
cover was performed for the soft-tissue defect. At 2-year follow-up,
the patient achieved complete union of fracture, a near-complete
range of motion in the shoulder, and returned to his original duties
(Fig. 3). The QuickDASH score was 11.4 at the final follow-up.

Discussion

Complex mangled injuries are usually associated with sig-
nificant bone and soft-tissue damage which makes the

salvage more difficult. Sometimes, they can be associated with
life-threatening systemic injuries also which requires resus-
citation. It is possible that they can result in poor functional
outcome despite salvage10. There are very few studies reported
in the literature about the management of severely mangled
injuries of the upper limb. Themain objective is to salvage the limb
and to provide a cosmetically acceptable and functioning limb11.

All the 3 patients salvaged in our study had severe
crushing of soft tissues around the shoulder with intact neuro-
vascular structures and good function of the hand. Assessment and
proper decision-making on day 1 is utmost important to prevent
unnecessary procedures and secondary amputations. Assessment
by all the commonly used open injury scores predicted amputation
in all these patients. However, an extended salvage option was
chosen in all of them considering the fact that results of upper-limb
injuries are better with salvage.We achieved satisfactory functional
outcomes, and all of them are very much satisfied with salvaged
upper limbs. In our institution, we follow the “orthoplastic
approach” in the management of all open injuries where plastic
surgeons are involved in open injury care from the day 1 of
injury during initial debridement followed by skeletal fixation
and early soft-tissue cover12. It was evident clinically in our
patients that adequacy of debridement and “orthoplastic
approach” were more important for a successful salvage and to
prevent infection12,13.

Fig. 1

Aseverelymangled injury of the right shoulderwith grossly comminuted fractures involvingboth proximal andshaft of the humerusalongwith fracturesof the

acromion, spine, and body of the scapula (Fig. 1-A). Open wound shows avulsion of clavicular and acromial origin of the deltoid muscle (Fig. 1-B).

Postdebridement picture showing dislocated humeral head lying within the fibers of the deltoid (Fig. 1-C). Large soft-tissue defect after fixation (Fig. 1-D)

covered with the pedicled pectoralis major flap. The limb was salvaged successfully (Figs. 1-E through 1-H).
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Primary plate fixation provides adequate stability in
upper-limb open injuries7. All the 3 patients had plate fix-
ation for extensive comminution of proximal humerus with

fracture extending up to diaphysis. Double disruption of
SSSC makes the joint unstable14, and 2 of our patients had
double disruption and underwent reconstruction with SS

Fig. 2

A 71-year-old gentleman presented with a severely mangled right shoulder, open wound exposing crushed anterior deltoid, intermediate deltoid fibers and proximal

humerusarticular surface (Figs. 2-Aand2-B). Radiographshowingheadsplit proximal humerus fractureandsegmental comminutionof thehumerusshaft (Fig. 2-C).

Thesoft-tissuedefect requiredsplit-skin grafting. Thepatient achievedcomplete unionof all the fractures, and the limbwassalvagedsuccessfully (Figs. 2-Dand2-E).

Fig. 3

A28-year-oldmalepatientpresentedwithamajoropen injuryof therightshoulder (Fig.3-A), comminutedsegmentalproximalhumerusfracturealongwith intactsuperior

shoulder suspensory complex (Fig. 3-B). After immediate debridement, locking plate fixation of proximal humerus fracture followed by flap cover was performed

(Figs.3-Cand3-D). At2 yearsof follow-up, thepatient achievedsatisfactory shoulder functionandcompleteunionof proximal humerus fracture (Figs.3-E through3-H).
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wires. None of our patients developed postoperative
infection.

Soft-tissue cover of open wounds must be performed as
soon as possible to avoid complications such as infection,
nonunion, and muscle necrosis. The “fix and flap” protocol
advocates wound cover within 72 hours of injury. This led to a
decrease in deep infection rates to as low as 6%12,15. Pedicled
latissmus dorsi and pectoralis major flaps provide good cov-
erage for large shoulder defects16. Two of our patients required
pedicled flap cover while one required only SSG. In all cases,
coverage was performed within 72 hours.

Groh et al. have reported in their study of 33 patients
that anterior deltoid is the most important and irreplaceable
muscle of the shoulder17. In cases 1 and 2, despite good
radiological outcome and no infection, both could achieve
only limited shoulder movements, and this can be attributed
to the severity of soft-tissue injury and double disruption of
SSSC. In case 1, severe crushing of muscles resulted in a near-
complete loss of anterior, lateral, and posterior fibers of the del-
toid, loss of the long head of biceps, and partial loss of humeral
origin of biceps and brachialis muscle fibers resulting in restricted
shouldermovement and loss of active flexion of the elbow. In case
2, a complete transection of deltoid fromorigin resulted in the loss
of anterior and lateral deltoid. Despite supervised physiotherapy,
he developed features of type 1 post-traumatic CRPS grossly
affecting his functional outcome.

At the final follow-up, fractures in all the 3 patients had
united without any requirement of secondary procedures.
There were no signs of avascular necrosis (AVN) of the humeral
head. Lee et al. in his study of 19 patients with displaced
proximal humerus fractures concluded that the majority of

them develop AVN, but most revascularize with creeping
substitution18.

Conclusion

“Orthoplastic approach” achieves successful limb salvage
in severely mangled shoulder injuries. The main

determinants of outcome are the volume of muscle crush
injury and double disruption of SSSC injury. n
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