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FRYE (humerus, radius, ulna) :200 —-300 c.c
Tibia: 500 c.c

~Femur: 1000 c.c

Pelvis: > 2000 c.c
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Open fracture

=i
W
L

rl‘
t‘_,\l\
L

Dislocation

Multiple fracture

Femoral neck fracture in younger age
Pediatric fracture

Compartment syndrome

Major vascular injury



Open fracture
» GBI E A fH

Bloody oozing with fat
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Gustilo Classification

| | A B lHiC
Images 0 0 0 o 0
Energy Low Moderate High High High
Wound size <=1cm = usually usually >10 cm usually >10 cm
>10 cm

Soft tissue Minimal Moderate Extensive Extensive Extensive
damage
Contamination Clean Moderate Extensive Extensive Extensive
Fracture Minimal Moderate Severe Severe Severe
Comminution
Periosteal No No Yes Yes Yes
Stripping
Skin Coverage Local Local Local reetissueflapor| Typically requires flap

coverage coverage coverage rotational flap coverage

coverage

Neurovascular Normal Normal Normal Normal

arterial damage that

Injury {Z e A EEZK

Hiflap cover
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requires repair
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Treatment of open fractures

1.Tetanus prophylaxis

2.Using antibiotics (usually cephalosporins)
3.Emergent wound cleaning

4.Debridement

5.Treatment of fracture

6.Closure of the wound



Antibiotic Indications for Open Fr
* Gustillo type I and Il

— 1st cephalosporin

* Gustillo type Il
— 1st cephalosporin + gentamycin

* With farm injury / bowel contamination
— 1st cephalosporin + gentamycin + PCN

 Duration

— increased infection rate when antibiotics are
delayed > 3 hours from time of injury

— continue for 24-72 hours after 1&D
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Causes of Acute Compartment Syndrome

* Fracture: most common.

— The most common fractures associated with acute compartment
syndrome in adults is tibial diaphyseal fracture.

— Displaced supracondylar fractures of the humerus with damage to the
brachial artery in children.

e Soft tissue injury

e Crush syndrome, revascularization, exercise, fluid infusion, arterial
puncture, ruptured ganglion cysts, osteotomy, snake bite, nephrotic
syndrome, leukemic infiltration, viral myositis, acute hematogenous
osteomyelitis, burns, repair of muscle hernia, diabetes,
hypothyroidism, bleeding diathesis/anticoagulants

* Excessive longitudinal traction in the treatment of femoral shaft
fractures in children with resultant arterial spasm.

e (Casting too tightness



Diaghosis & Treatment

* |Intracompartment pressure (ICP): (normal
resting < 10 mm Hg)
e Suspected compartment syndrome:

— ICP > 30-40 mm Hg

— AP (diastolic pressure — compartment |
L
pressure) < 30 mm Hg

* Fasciotomy

— fascia and skin should be left open at least 5-7
days, then delayed primary closure



Five “P”s

* KRS

* Pain with passive stretch

e Pallor
 Paresthesia
* Paralysis

— B RREA R H A B LS

e Pulselessness



Complications of Fractures

* Immediate complications

— Skin, vascular, neurological, muscular, visceral injuries;
hemorrhagic shock

* Early complications

— Skin necrosis, gangrene, Volkmann’s ischemia (compartment
syndrome), gas gangrene, venous thrombosis, visceral
complications, septic arthritis (from an open injury),

osteomyelitis at fracture site (from an open injury), avascular
necrosis of bone

— Fat embolism, pulmonary embolism, pneumonia, tetanus,
delirium tremens



Complications of Fractures

* Late complications

— Joint stiffness; posttraumatic degenerative
arthritis; malunion; delayed union; nonunion;
growth disturbance (from epiphyseal plate injury);
chronic osteomyelitis; posttraumatic osteoporosis;
Sudeck’s posttraumatic painful osteoporosis;
refracture; posttraumatic myositis ossificans; late
rupture of tendons; tardy nerve palsy; renal colic;
accident neurosis



Arterial Complications

* Major vascular complications in relation to
fractures

— Axillary a.: fracture-dislocation and dislocation
of shoulder

— Brachial a.: supracondylar fracture of humerus
— Femoral a.: fracture of femoral shaft

— Popliteal a.: fracture of distal end of femur and
proximal end of tibia, dislocation of knee

— Dorsalis pedis a.: fracture of the forefoot



Neurological Complications

Spinal cord: C- and T-spine fractures and
dislocations

Cauda equina: L-spine fractures and dislocations

Sciatic nerve: posterior dislocations and fracture-
dislocations of the hip

Common peroneal nerve: proximal fibular
fracture

Ulnar nerve: avulsion fracture of the medial
epicondyle

Median nerve: supracondylar fractures of the
humerus

Radial nerve: fractures of the humeral shaft



Avascular Necrosis of Bone

Femoral head: fracture of femoral neck, dislocation of
hip

Lunate: dislocation of the lunate

Scaphoid: fracture of the scaphoid

Radial head: fracture of the radial neck

Lateral condyle (capitellum): fracture of the lateral
condyle (especially after excessive soft tissue dissection
during open reduction)

Body of talus: fracture of the neck of the talus



Fat embolism syndrome

* Fat Embolism Syndrome is an acute
respiratory disorder caused by an
inflammatory response to embolized fat
globules that may enter the bloodstream as a
result of acute long bone fractures or
intramedullary instrumentation.

* Patients present with hypoxia, changes in
mental status, and petechial rash.



S/S

Tachypnea (> 30/ min)

Tachycardia ( > 140 / min )

Pulmonary edema or infiltration

Hypoxemia

Fever ( 39-40 degrees )

Petechiae ( ant. chest, axilla, neck & conjunctiva )
Mental status change, eg restlessness or delirium
CNS depression or confusion

PS: normal BP



Fat embolism syndrome

* Diagnosis is made clinically with presence
of hypoxemia (PaO2 < 60), CNS depression,
petechial rash, and pulmonary edema.

 Treatment is focused on prevention with early
stabilization of long bone fractures.

* Mechanical ventilation with high levels of
PEEP is the recommended treatment for acute
presentation.



Fat Embolism Syndrome

Begins 24 to 72 hrs after injury.

Most common in younger age with long bone
fracture or multiple fractures.

3-4 % of patients with long-bone fractures.

10 % of patients with multiple fractures with
unstable pelvic injuries.

10-15 % of cases: fatal



Acromioclavicular Joint Injuries
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Acromioclavicular joint capsule (incorporating k8 - o, /
: alcromloclawcular ligament)] \ iBE (Clavicle)
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(Conoid ligament)
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Anteroposterior Stress Views

* For standard AP stress views, the technical principles
and patient positioning are unchanged from routine
AP views of the acromioclavicular joint. Stress of 10
to 15 pounds is applied to both upper limbs while
the patient is invited to relax as much as possible.
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Ligament stretched

Clavicle displaced posterior
Over acromion

FH 7]

Partial rupture
A.C. ligaments

Rockwood classification

Complete rupture
A.C. and C.C. ligaments \{

| Typalll

Clavicle underneath
Cora\(‘:oid (very rare!)




AC Joint Injury, Type V

1

stress film




Clavicle Fractures

Midshaft fracture Sternocleidomastoid muscle ‘

Right clavicle
H T
| |
12-15% | I s-6%
Trapezius muscle ! !
| I
— :
c lavicular i &> ‘.’_'_,:\..'-—?ternoclfwcular !
; men
oracoclavicular ligaments : % ‘) igaments Latoral | -
a.Superior view
Latissimus dorsi muscle X b.Frontal view
- c.Cross sections




Midshaft Fractures

 Most common, 81%
« Upward displacement of medial fragment

* Anterior and inferior displacement of the
lateral fragment



Midshaft Fractures - {~<F a8
(Figure-8 bandage / Slmg)




Midshaft Fractures - &%

shortening > 2 cm displacement > 2 cm

\




Distal Third Fractures (Neer classification)

AC joint Trapezoid Conoid Trapezoid
\Iigament ligament ligament

«\=.  Coracoid
NJ¢ ., process

Type |
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Superior Shoulder Suspensory Complex

I_- Floating shoulder: [This consists of double disruptions of the SSSC.
The SSSC 1s a bone—soft tissue ring that includes the glenoid process. coracoid process.
coracoclavicular ligaments, distal clavicle, acromioclavicular joint, and acromial process

(Fig. 13.5).

FIGURE 13.5 SSSC. (A) Anteroposterior view of the bone—soft tissue ring and superior and inferior bone
struts. (B) Lateral view of the bone—soft tissue ring. (From Hevworth BE, Abzug JM. Clavicle and scapula
fractures and acromioclavicular and sternoclavicular injuries. In: Waters PM, Skaggs DL, Flynn JM, eds.
Rockwood and Wilkins® Fractures in Children. 9th ed. Philadelphia: Wolters Khwower; 2020:719-758.)



Scapular Fractures

Injury by large amount of energy

Associated injury (severe & life-threatening)
— head injury

— brachial plexus injury

— rib fracture (hemopneumothorax)

Treatment is usually nonoperative with a sling.

Surgical management is indicated for intra-articular
fractures, displaced scapular body/neck
fractures, open fractures, and those associated with
glenohumeral instability.



Shoulder Dislocation

« Most common, up to 45% of dislocations.

— Anterior dislocations 96%
« Bankart and Hill-Sach lesion

— humeral head is driven anteriorly, tearing the
shoulder capsule, detaching the labrum from the
glenoid, and producing a compression fr. of the
humeral head

— Posterior dislocations 2% to 4%
— Inferior dislocation (Luxatio erecta) 0.5%

* Recurrence rate in all ages is 50%, almost
89% In the 14 to 20 year age



Bankart and Hill-Sach lesion

1
Bankart lesion Ventral

Bankart lesion

HiII-Sachs lesion

\'\i
x &
7

Hill-Sachs lesion
Dorsal



Shoulder Trauma Series —
Scapular AP View

FIGURE 29-3. True anteroposterior view of glenohumeral joint in
the plane of the scapula.



Shoulder Trauma Series —
Scapular Lateral (Y-View)

FIGURE 29-4. Lateral scapula "Y'’ view of glenohumeral joint.




Shoulder Trauma Series —
Axillary View

FIGURE 29-5. An ““emergency’’ axillary view of
the glenohumeral joint can be obtained by having / P oo
the patient hold on to an IV pole. ' ' / :




Anterior Shoulder Dislocation
(Subcoracoid Type)

1. arm is fixed in slight
abduction and directed
upward and inward

2. shoulder iIs flattened

3. acromion process is unduly
prominent

4. elbow is flexed
5. forearm is rotated internally

6. abnormal prominence
exists in the subcoracoid
region
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Anterior Dislocation

e Traction—countertraction
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Hippocratic Method

)
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i FIGURE 32-8. Hippocratic technique with one man. The surgeon’s
:: foot is placed on the chest wall, not in the axilla. Use steady and
%2 gentle traction in 45° of abduction. After the head has been brought
‘2 out to length, gently adduct the arm, using the foot as a fulcrum to
= reduce the head. This technique can also be done with two surgeons
: (as in Fig. 32-6), and a third surgeon can be used to lift the humeral
head into the joint. (Rockwood, C.A., Jr., Thomas, S.C., and Matsen,
% F.A., lll: Subluxations and Dislocations about the Glenohumeral Joint.
* In Rockwood, C.A., Jr., Green, A.P., and Bucholz, R.W.: Fractures in
Adults, 3rd ed. Philadelphia, J.B. Lippincott Co., 1991:1088.)




Modified Stimson Method

; NRather than a wrist loop, have the patient
hold & 5- or 10-Ib sandbaglin the hand. Tape the hand around the
weight.Feisis_comfostable and allows the patient to relax. If the
shoulder does not spontaneously relocate after sedation and ten
minutes of traction, apply gentle outward traction with a hand in
the axilla or use Anderson's scapular manipulation.™ (Rockwood, C.A.,
Jr., Thomas, S.C., and Matsen, F.A., Ill: Subluxations and Dislocations
About the Glenohumeral Joint. In Rockwood, C.A., Jr., Green, A.P.,
and Bucholz, R.W.: Fractures in Adults, 3rd ed. Philadelphia, J.B. Lip-
pincott Co., 1991:1089.)




Care After Reduction

Studies have not shown any
benefit of Immobilization
> 1 week for decreasing
recurrence rates

Some studies show
Immobilization In external
rotation decreases
recurrence rates in patients
< 40




Posterior Shoulder Dislocation




Posterior Shoulder Dislocation




Posterior Shoulder Dislocation

* Closed reduction requires full muscle
relaxation, sedation, and analgesia

* In-line traction on the affected arm,
which lies internally rotated and
adducted.

 Not be forced into external rotation



Inferior Dislocations (Luxatio Erecta)

Luxatio Erecta (Inferior
Glenohumeral Joint Dislocation)




SLAP vs Bankart

* Superior labrum anterior to posterior
 Biceps tendon long head

 MRI
SLAP Lesion

Posterior labral tear
10-20% (up to 50% in

Labral Tear Patterns
pro-rugby players)

Tear Biceps
tendon
W Superior labral
53 tear
v (SLAP)
' Bankart tear
Bony Bankart

=)
B

. Scapula - i Pan-labral tear
‘“‘\ Bankart labral tear
A present in 80% with

anterior dislocations

Glenoidﬂ Humerus

Labrum



Rotator cuff ZHEY

Front View Muscles of the

Rotator Cuff

Subscapularis Back

o View
Su natus

-,

/|
\ Infraspinatus
Supraspinatus
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Etiology of RCT

 Long-term degenerative process:
older age

e Single traumatic episode:
younger age



Rotator cuff tear 552840l B
supraspinatus tendon insertion area
at great tuberosity of humerus
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Subacromial Impingement
& Cuff Pathology
Belly Press

.}' Test
Drop
Arm
Test
I

Inpingement Inpingement &
Rotator Cuff Tear Subscapularis

Hawkin's Test

Adduction / JobeTest

External
Rotation
Test

Supraspinatus & Supraspinatus
Infraspinatus

Lift Off

Subscapularis




Teres minor
Hornblower sign

Abnormal

Normal

ORTHOFIXAR.COM




Image

e X-ray
¢ S0N0
 MRI (Gold standard)



Treatment

Physical therapy, NSAIDS, subacromial
corticosteroid injections

Subacromial decompression and rotator cuff
debridement alone

Rotator cuff repair (arthroscopic or mini-open)
Tendon transfer

Superior capsular reconstruction

Reverse total shoulder arthroplasty



Frozen shoulder (Adhesive capsulitis)

 Functional loss of both passive and active
shoulder motion commonly associated with
diabetes, and thyroid disease.

* More common among women
* Ages 40-60 years

 Diagnosis Is made clinically with marked
reduction of both active and passive range of
motion of the shoulder.



Frozen shoulder (Adhesive capsulitis)

CLASSIFICATION
Clinical Stages
Freezing/Painful Gradual onset of diffuse pain (6 wks to 9 months)
Frozen/Stiff Decreased ROM affecting activities of daily living (410 9

months or more)

Thawing Gradual return of motion (5 to 26 months)



Frozen shoulder (Adhesive capsulitis)

« Treatment is a prolonged course of
aggressive physical therapy and medical
management of underlying disease if
present (1.e diabetes, thyroid disorder).

« Manipulation under anesthesia or
arthroscopic capsular release is indicated In
patients with progressive loss of motion
having failed a prolonged course of physical
therapy.



Proximal Humeral Fractures

T Articular surface

Anatomic neck

* Neer's criteria
— displace > 1 cm
— angulation > 45

v ¥/ Lesser
L A tuberosity

Surgical neck



I
Minimal
displacement

Displaced fractures

3
Part

Part

Anatomical
neck

1]
Surgical
neck

v
Greater
tuberosity

\"
Lesser
tuberosity

VI
Fracture
dislocation

Anterior-

posterior

Articular
surface




Two-Part Surgical Neck Fractures

most common fracture of
proximal humerus

extra-capsular, adequate
blood supply, low incidence
of AVN

upper fragment is usually
abducted & externally
rotated by rotator cuff
muscle

lower fragment displaces
medially and anteriorly by
pectoralis major muscle




Two-Part Surgical Neck Fractures

 closed reduction and percutaneous pinning
« open reduction with buttress plate




Two- Part Greater Tuberosity Fractures

 displaced posteriorly
and superiorly

506 to 15% of anterior
shoulder dislocation

e rotator cuff tear

e displaces > 5 mm
requires ORIF to
prevent impingement




ty Fractures

Part Greater Tuberos

Two-




Three-Part Fractures

 displaced tuberosity
fragment & surgical
neck fragment

e poor bone contact
will lead to delayed
union or nonunion




Three-Part Fractures




Four-Part Fractures

« Osteonecrosis of
humeral head, 21% to
75%

e young, good bone quality,
ORIF

e osteoporosis, arthroplasty




Four-Part Fractures




Proximal Biceps Tendon Rupture
(Long head)

Popeye sign



Proximal Biceps Tendon Rupture
(Long head)

« Usaully conservative Tx, especillay elderly

* Most p’ts will become aymptomatic after 4-
6 weeks.

e Tenodesls




Distal Biceps Avulsion

» Distal biceps tendon rupture represents
about 10% of biceps ruptures.

-
;o

Reverse Popeye sign Hook test



Distal Biceps Avulsion

« MRI
— complete tear vs. partial tear
— muscle substance vs. tendon tear
— degree of retraction



Distal Biceps Avulsion

 Treatment can be nonoperative or operative
— patient age
— patient activity demands
— chronicity of tear
— degree of tear



Distal Biceps Avulsion

 Supportive treatment followed by physical
therapy (elderly)
— lose 50% sustained supination strength
— lose 40% supination strength
— lose 30% flexion strength
— lose 15% grip strength



Distal Biceps Avulsion

» Surgical repair of tendon to tuberosity (young)

— surgical treatment should occur withi
weeks from the date of injury

Drill holes

— Radi




Humeral Shaft Fracture

. - W Indirect Torsional Mechanisms

1. A rotational injury may occur with vigorous
sports such as arm wrestling.

2. The forceful external rotation of the elbow
causes the spiral oblique fracture with a typical
external rotational pattern.

B Direct Mechanisms

Bending Fractures

1. The victim falls on the distal humerus and
forcefully abducts the arm.

2. The proximal humerus is locked in the glenoid.

3. The bending moment produces a typical

transverse fracture of the midshaft of the
humerus.




Hanging Cast / Functional Brace
b

Anterior bowing Posterior bowing

Decreased weight Increased weight
ec

< 20" anterior angulation

< 30" varus/valgus angulation
< 30° of rotational malalignment
< 3 cm shortening




Surgical Treatment




 Radial Nerve Injury

— Up to 22% of humeral shaft fracture

— Most common with middle third fractures

— Loss of wrist and finger extension and grip strength
(drop wrist)

— Function should return within 3 to 4 months

VTS e :
- . » 4 ’ -
| Holstein—Lewis fracture Lm,m.mmwr,z«,z;. 'Y Nerve Lesions
e, T COMMON HAND PRESENTATIONS
* A Holstein-Lewis fracture is a % :g‘”?’ ’: WRIST CLAW HAND OF

fracture of the distal third of the
humerus resulting in entrapment
of the radial nerve.

DROP HAND BENEDICTION

APE

) e
0 af
i §

) \

Radial Nerve Olnar Nerve Median Nerve
Injory Injury Injory

DR cu MA
Mnemonic DR. CUMA

DROP = RADIAL. CLAW = ULNAR MEDIAN = APE




Distal Humerus Fractures

Supracondylar fractures

Single column (condyle)
fractures

Bicolumnar fractures
Coronal shear fractures




Distal Humerus Fractures

* ORIF vs Arthroplasty TEA/hemiarthroplasty




Distal Humerus Fractures

Elbow stiffness: most common (3-42%)
Heterotopic ossification : seen in 8%
Nonunion / Malunion : 0-11%
Posttraumatic Arthritis



Distal Humerus Fractures

* Neurologic injury (up to 15%): The ulnar
nerve Is most commonly injured during
surgical exposure.

Brachial artery
—— Ulnarn
Radial nerve -
Radial collateral
artery W i Medial collateral




Distal Humerus Fractures

 VVolkmann ischemic contracture (rare):

— unrecognized compartment syndrome with
subsequent neurovascular compromise

Volkmann's Ischemic Clinical Picture of the Forearm

Contracture - Classic THUMB

ADDUCTION

Most common etiologies:

WRIST

- neglected compartment TON
“WEEEXTON

syndrome

« crush syndrome

« fractures

- associated with vascular
injury "% EXTENSION

« bleeding disorders
FLEXION




Tennis elbow —
lateral epicondylitis

e Affects the origin of
extensor tendons of
forearm at the lat
epicondyle (ECRB)

Extensor carpi
radialis brevis

e Pain is exacerbated
with resisted wrist
dorsiflexion and MF (S
extension , esp with JEEAN.

th e eI bOW i n fu I I 7 Exter‘uor_digitoru_ éXte‘.n;or‘ car;)i o
eXte n S i O n Olecranon




Golfer elbow —
medial epicondylitis
e |.ess common and

‘ Pronator Teres
more difficult to &
treat than lateral -

epicondylitis
o Affected area Is at

the pronator teres- n
FCR |nte rfaCG Medial T':;ﬁ’é%rn Fi%'%?gs Q?&?@r Dg%%m

Epiconidyle Ulnaris  gyperficialis

Flexor Carpi
Radialis




Treatment

Rest, Ice, activity modification, physical
therapy, NSAIDS

Extracorporeal shockwave therapy (ESWT)
Corticosteroid / PRP injections
Acupuncture

Open debridement



Elbow Dislocation

* Accounts for 11% to 28% of elbow Injuries.
e Posterior dislocation iIs most common, 80-90%



Elbow Dislocation

* Reduction maneuver
— Inline traction to correct coronal displacement

— Supination to clear the coronoid beneath
trochlea

— Flexion of elbow while placing pressure on tip
of olecranon



Elbow Dislocation




Elbow Dislocation
Parvin’s method Meyn and Quigley’s method




Elbow Dislocation

» Assess post reduction stability
— Elbow Is often unstable in extension
o If LCL Is disrupted than usually more stable
INn pronation
* |f MCL Is disrupted than usually more
stable in supination



Elbow Dislocation

* Immobilize and obtain post-reduction
radiographs
— Check for concentric reduction of joint

— If concentric then immobilize (5-7 days) and
start early therapy



Elbow Dislocation

Loss of elbow motion (stiffness)

Recurrent instability
Compartment syndrome (Volkmann contracture)
Vascular injury

open dislocations, brachial artery is disrupted by forcible
hyperextension

Nerve injury

neuropraxia is occurs in 20%, usually involving ulnar or
median n (AIN branch)

ulnar nerve palsy is much higher in pediatric dislocations
with an associated medial epicondyle fracture

most neurologic deficits are transient

entrapment of median nerve with elbow joint after
manipulation is more common in pediatric dislocations



Olecranon fracture

Type | - undisplaced

o Y

Type Il - displaced/stable

Noncomminuted Comminuted

Type Il - unstable

. !
\} ,>»}\\

Noncomminuted Comminuted

 Cast immobilization in 45-90
degree, ROM at 1 week.

 ORIF
— TBW
— Plate fixation
— Intramedullary fixation (IMN)



Olecranon fracture




Radial Head Fracture

* most common fracture of elbow in adults
e fall on an outstretched hand

e associated injuries
— fracture of the capitellum
— dislocation of the DRUJ (Essex Lopresti Fracture)
— Valgus instability (MCL rupture)
— elbow dislocation



Radial Head Fractures

W
. D)
S

c D

FIGURE 33-6. Classification of radial head fractures. (A) Type | radial
head fracture, nondisplaced. (B) Type Il injury with marginal fracture
and displacement. (C) Type Ill radial head fracture demonstrating
comminution of the entire head. (D) Type IV injury is a radial head
fracture in association with an elbow dislocation.




reatment for Non-Displace

 early motion and
functional rehabilitation
— displaced < 2mm

— Involve articular surface
< 25%

— without mechanical block
or associated injuries



Surgical Treatment

* ORIF

— > 2mm articular step-off m—
uperficia

— fracture involve >25% - racial nerve
articular surface

— bony block to motion
— associated injuries

 Radial head excision

« Radial head prosthetic
replacement

S N&PIN, radial nerve 9%






Terrible Triad
Fracture-dislocation

Fracture of the radial head
Coronoid fracture
Dislocation of the elbow

ORIF of radial head and
coronoid + reduction of
elbow + LUCL repair




Fractures of Radius & Ulna

FIGURE 19-10. A: In supination, the ulnar head rests against the volar
rim of the sigmoid notch. B: In pronation, the ulnar head rests against
the dorsal lip of the sigmoid notch.




Fractures of Radius & Ulna

 Ulna Nightstick fractures
— direct trauma to the ulna
— a victim attempts to protect the head from assault

» Monteggia fractures
— proximal 1/3 ulna fracture + radial head dislocation

e Galeazzi Fractures

— distal 1/3 radial shaft fracture + distal radioulnar
joint (DRUJ) injury






Monteggia Fracture-Dislocation

* Dislocation of radial head with fracture of
proximal 1/3 of ulna

* Mechanisms: direct blow, hyperpronation,
hyperextension of elbow

« Associated nerve Injury

— paralysis of deep branch of radial nerve (posterior
Interosseous nerve, PIN) iIs most common



= B O
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Monteggia Fracture-Dislocation

Type Description Frequency, %"
I Fracture of the middle or proximal third of the ulna and anterior ||65
dislocation of the radial head
I1 Fracture of the middle or proximal third of the ulna and poste- | 18
rior dislocation of the radial head
111 Ulnar fracture distal to the coronoid process with lateral radial 16
head dislocation
IV Fracture of the proximal or middle third of the ulna with an 1
anterior dislocation of the radial head and fracture of the proxi-
mal third of the radius

*Bado Classification of Monteggia Fracture-Dislocation (adapted from Resnick, 2002).
Radial head fractures are classified based on Mason’s classification. Type I is non-displaced,
Type 11 is displaced, and Type III is comminuted fracture.



Monteggia Fracture-Dislocation

PIN injury




Treatment of Monteggia Fracture

 Closed reduction and immobilization
— more common and successful In children
— cast in supination for Bado | and Il

* ORIF of ulna + CR/OR of radial head via
supination & direct pressure in adult.

— key is to obtain length and alignment, which then
allows the radial head to be reduced



Treatment of Monteggia Fracture




Galeazzi Fracture-Dislocation

* Fracture of radial shaft
(between middle and
distal third) & dislocation
of distal radioulnar joint
— usually the dislocation is

dorsal

* mechanism: direct blows
and falls




Treatment of Galeazzi Fracture

« ORIF of radius + reduction of DRUJ (+/- pin or tightrope)

« Immobilization in long arm cast with forearm in full
supination for 6 weeks

,f'
"

a

o




Dorsal angulation

Volar angulation

Distal Radius Fractures

Common distal radius fractures

Extra-articular Intra-articular

Y -

Colles Dorsal Barton

Chauffeur fracture

Volar Barton / S
Reverse Barton @0E0)

Intra-articular

Involves radial styloid process
Fracture fragment varies widely in size

Radopaedia



Carpal tunnel syndrome

The most common compressive neuropathy
In the U/E

Contents of carpal tunnel: median nerve,
FPL, FDPs, FDSs ( No: palmaris longus,
FCR)

Median nerve compression
Diagnosed exam: NCV & EMG
Special PE: Tinel’s sign, Phalen’s test



Carpal tunnel syndrome

PHALEN'S TEST




Cubital tunnel syndrome

 Ulnar nerve compression
— Cutibtal tunnel
— Guyon’s canal

y /Carpal tunnel

Hook of
hamate

\ f
)
| [ — /{—‘(ﬁ’/y
O\ 2/, iy i
— 7 Guyon's canal
| /
Pisiform [
‘v‘
LAl F /
%

K
/\ ] ‘ / Ulnar artery AO

Ulnar nerve




deQuervain’s Disease

HEE JEE F + Higher incidence in

De Quervain's Tenosynovitis e Splinting is not always
helpful, but
corticosteroid injection.

{BANZHE (B2#)
L ] [
Finkelstein

Test

/\X

ISENESZ2IEE
B nE

{B184EAL(EPB)FD
95&#&&%(»‘\”—)

1st dorsal compartment



Scaphoid fracture

Location * Expected time to union
* Distal third: 6 to 8 weeks
Distal Third * Middle third: 8 to 12 weeks
i > 10 % * Proximal third: 12 to 24 weeks

Middle Third
70 %

Proximal Third
20 %

Healing rates with nonoperative treatment depends on fracture location.

Tuberosity and distal third 100%
Waist 80% to 90%

Proximal pole 60% to 70%




Scaphoid fracture




Scaphoid fracture

 Scaphoid Nonunion

— 5-10% following immaobilization, higher rates
for proximal pole fractures

— Tx: Vascularized bone grafting or ABG

e Osteonecrosis
13-50% of all scaphoid fractures


https://www.orthobullets.com/hand/6034/scaphoid-fracture?hideLeftMenu=true#6223

Osteonecrosis of carpal bone

e Preiser's disease

— ldiopathic avascular necrosis (AVN) of the
scaphoid

« Kienbock's disease
— Avascular necrosis of the lunate



Metacarpal bone (MCB) fracture

Acceptable nonoperative criteria

Acceptable shaft Acceptable shaft
angulation (degrees) shortening (mm)
Index & Long finger 10-20 @ 2-5
Ring finger 30 2-5

Little finger 40 2-5

Acceptable neck
angulation (degrees)

10-15
30-40

20-70



Metacarpal bone (MCB) fracture

Bennett fracture
— partial intra-articular of 15t MCB base

Rolando fracture
—complete intra-articular of 1t MCB base

Reverse Bennett fracture
— partial intra-articular of 5" MCB base

Boxer fracture
— 5t MICB neck fracture



BOXER'S FRACTURE

When you punch object with a closed fits your 4th or/and 5th
metacarpal bone takes the force of this impact
and breaks at its neck.

BENNETT'S
REVERSE

{
f< BENNETT'S

| {
y i )y E
ECU

APL FMNEEHRAL
ECU RAEIfEHBEA



Finger trauma
/-—/\\,,Torn of FDP

/”T—’F‘ ~¥
JERSEY FINGER

RUPTURE OF FLEXOR
DIGITORUM PROFUNDUS TENDON

Torn of EDT

Mallet

DIP in flexion I |
finger &7

central slip tear
lateral band volar subluxation

PIPinflexion goutonniere
DIP in hyperextension deformity

PIP in hyperextension Swanneck —— —" -
DIP in flexion deformity . -

TO rn F D S Central slip Sagi tal Band Extensor Tendon
] . Lateral band =
Rheumatic arthritis Terminal sip—__ 5\\\&_\

Lumbrical
Interosseus

Flexor digitorum superficialis

Flexor
digitorum profundus



45°-70°

35°

Fig. Hand dressing\safe” position of fingers AFrom Seiler JG lII.
Essentials of hand surg lppincottMAams & Wilkins, Philadelphia,
PA, 2002, with permission)
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Binder




Patient with a suspected pelvic ring fracture

v

Primary survey—ABCs
Intravenous access proximal to the diaphragm
Early blood transfusion
AP radiograph of pelvis

v

| Hemodynamically unstable |

Y
| Circumferential pelvic wrapping [

|
¥ v

Remains in extremis Responds to fluid but requires
despite aggressive ongoing transfusion to
resuscitation maintain blood pressure
Y

¥

Hemodynamically stable

\

Inlet and outlet views
Pelvic CT scan

Complete secondary survey

A J

Definitive pelvic
fracture management

Operating room for laparotomy™
Intraperitoneal hemmorhage control,
pelvic packing, and external fixation, —

open reduction and internal fixation

Complete secondary survey
Abdominal ultrasound,+CT,
inlet and outlet views

for all unstable fracture patterns

|
Y L]

| Intraperitoneal bleeding |

| Hemodynamically unstable |

bleeding

No intraperitoneal

| Hemodynamically stab\e| |Angiography|

L 7 Laparotomy* l

Pelvic external fixation

or open reduction and
internal fixation

Li

\ 4
| Definitive pelvic fracture management | ‘
Stable blood
*Pelvic binder or external fixation to pressure

Ongoing transfusion
requirement

remain in place during laparotomy

Y

Angiography

h 4

External fixation or

Definitive pelvic fracture management

Angiography
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Inlet view
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Lateral Compression (LC)
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Lateral Compression (LC)
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Vertical Shear (VS)
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Hip Dislocation

 Posterior dislocation 85-90%
 Anterior dislocations 10-15%

* The long-term prognosis (AVN, OA,
Sciatic nerve Injury) worsens If

reduction (closed or open) is delayed
>12 hours (6 hours).



Hip Dislocation

“¥ <« “Anterior dislocation
| ~Posterior dislocation

iy ‘y: S




Hip Dislocation

2JAllis maneuver for posterior hip
dislocation




Hip Dislocation

~Bigelow maneuver for posterior hip
dislocation

T



Hip Dislocation

~Allis maneuver for anterior hip dislocation




Hip Dislocation

* Post reduction CT scan required to R/O
— Femoral head fractures

— Intra-articular loose bodies/incarcerated
fragments

— Acetabular fractures

 Post-reduction

— for simple dislocation, follow with protected
weight bearing for 4-6 weeks



Hip fracture

Femoral head fr
Femoral neck fr
Basal neck fr
Intertrochanter fr
Subtrochanter fr

»

Intracapsular
(femoral neck)

fracture
N -

\
L. s

N\

‘ \\Intomochamenc

fracture

,\_ Subtrochanteric

fracture



Femoral neck fracture

« Garden classification
— Type I incomplete fr or impacted fr
— Type II: complete fr, but nondisplaced
(Type I,11: ORIF TXx)
— Type HlI: partial displaced fr
— Type IV: fully displaced fr
(Type H1,1V: <60 y/o ORIF;
> 60 Y/O: hip arthroplasty)



Femoral neck fracture

Fig 1. Garden classification of hip fractures

Ei'wa::m o — ‘ Garden stage 1 Garden stage 2 Garden stage 3 Garden stage 4
e g . Daap termorsl artety Undisplaced, incompiete Complete but Complete fracture that is Complete fracture that
fracture of the femoral neck undisplaced fracture incompletely displaced is completely displaced
where the head has tilted across the (some continuity between (no continuity between
into a valgus position fernoral neck the fracture ends) the fracture ends)

Source: adapted from Coughlin (2010)

< 60 y/o ORIF

Medial circlumflex femoral artery ORIF > 60 Y/O: hip arthroplasty



Femoral neck fracture

* Nonunion (ORIF)

— 5% of nondisplaced fractures, up to 25% of
displaced fractures

» Osteonecrosis (ORIF)

— 10% of nondisplaced fractures, up to 30% of
displaced fractures

 Dislocation (replacement)
— 1% to 2%

— posterior approach — posterior dislocation



Intertrochanteric fr of femur

Evans Classification

DHS, short Gamma nall

J

Stable

Stable
DHS, long Gamma nail /| @ ’ .
</ Reverse oblique
HELERHE R
Unstable Unstable

nst Unstable



Intertrochanteric fr of femur




Subtrochanteric fr of femur

Fractures occur below
the lesser trochanter to

5 cm distally in the shaft
of the femur.

Young age: high energy
Old age: osteoporosis
Tx: ORIF with long nail




Femoral shaft fracture

N \,\
\ \ v |
.\ :
.




Femoral shaft fracture

« Nerve injury: This is uncommon because
the femoral and sciatic nerves are encased
In muscle throughout the length of the
thigh. Most injuries occur as a result of
traction or compression during surgery.

« Vascular injury: This may result from
tethering of the femoral artery at the
adductor hiatus.



Patella fracture

N 4 =
Undisplaced  Transverse Lower or Multifragmented
upper pole undisplaced (stellate

Multifragmented Vertical Osteochondral
displaced



Patella fracture

Frontal View Lateral View Implant

\\ ‘H!/

[

Modified Anterior
Tension Wiring

Cannulated Lag
Screws with
Anterior Tension
Wiring

Bilateral Polyaxial 4
2.7 mm Fixed-
Angle Plates




Patellofemoral pain syndrome
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Patellofemoral pain syndrome

&év—;]z Ly

Activity

Force

% Body Weight

Pounds of Force

Walking

850N

100lbs

Bike

850 N

100lbs

Stair Ascend

1500 N

660lbs

Stair Descend

4000 N

1000lbs

Jogging

5000 N

1400lbs

Squatting

5000 N

1400lbs

Deep Squatting

15,000 N

4000lbs




Patella Dislocation

ePainAssist.com

Inferior Views of the knee

Subluxated




Reducing the Dislocated. Patella

ek
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=
Reducing the Dislocated Patella 0o »
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Patella Dislocation

 Immobilization of the knee in extension for
1 to 2 weeks

» Permitted to fully weight bear in the
iImmobilizer



Knee Dislocation

» Orthopedic emergency

* Vascular injury—popliteal artery disruption
(20% to 60%)

* Neurologic injury—peroneal nerve (10% to

3 5%) Posterior Dorsalis
tibial pedis
» Fractures 60% i
AN T
-_—‘-\‘ A \

Peroneal Anterior tibial



Knee Dislocation

/ \ 2
Medial, lateral Posterior Anterior
and rotatory




Knee Dislocation
* Anterior (30-50%)
— most common type of dislocation
— due to hyperextension injury
— usually involves tear of PCL

— arterial injury Is generally an intimal tear due to
traction

— the highest rate of peroneal nerve injury

« Posterior (25%)

— 2nd most common type due to axial load to flexed
knee (dashboard injury)

— highest rate of complete tear of popliteal artery



Knee Dislocation

 Lateral (13%)

— due to a varus or valgus force
— usually involves tears of both ACL and PCL

+ Medial (3%)
— varus or valgus force
— usually disrupted PLC and PCL

« Rotational (4%)
— usually irreducible
— posterolateral is most common rotational dislocation



Knee Dislocation

¢ Schenck Classification

o based on a pattern of multiligamentous injury of knee dislocation (KD)

Schenck Classification
(based on the number of ruptured ligaments)

KD | Multiligamentous injury with the involvement of the ACL or PCL
KD II Injury to ACL and PCL only (2 ligaments)
KD Il Injury to ACL, PCL, and PMC or PLC (3 ligaments).

KDIIIM (ACL, PCL, MCL) and KDIIIL (ACL, PCL, PLC, LCL).

KD IV Injury to ACL, PCL, PMC, and PLC (4 ligaments)
Has the highest rate of vascular injury (5-15%)

KDV Multiligamentous injury with periarticular fracture



Knee Dislocation

q . ‘\ »
Medial, lateral Posterior Anterior
and rotatory




Knee Dislocation
« Splint knee In 20-30 degrees of flexion

* Re-examine vascular status (Consult CVS
If any problem)

» Confirm reduction is held with repeat
radiographs in brace/splint



ACL Injury

« Lachman test (for Acute stage)
« Anterior drawer test

Internal rotation
of femur

valgus force
on knee

Planted foot




ACL Injury

« Assoclate injury

— Meniscal tears

e |ateral meniscal tears In
54% of acute ACL tears

« medial in chronic cases

— PCL, MCL, LCL/PLC
Injuries

Avulsion fracture of the
lateral tibial condyle.

Look for ACL injuries
(reported in up to 75 %

Other associations
meniscal tears,
commonly posterior
horns

In skeletally immature
patients, may not be as
pathognomonic for
ACL injury as in adults.




PCL injury

« Lachman test (for Acute stage)
e Posterior drawer test

‘ Mechanism of Injury

2N
~J)) Directblow to
Anterior tibia

In plantarflexion




A Lachman Test B Pivot-Shift Test

Knee at
300 of flexion

Anterior and Posterior Drawer Tests

Anterior Drawer Tost
Lower leg pulled up o check knee jont laxty

Posterior Drawer Test
Lower leg pushed down 10 check knee joint laxity




Stability Test (for collateral lig.)

Varus stress test

* LCL

Varus stress test

- MCL

Valgus stress test




Meniscus

PROVOCATIVE TESTS

McMurray's Test
(most popular)

Apley
Compression

Meniscal Tears -
Examination & Tests

All these tests are not specific

for meniscal pathology and

MRI is the procedure of choice
to confirm a meniscal tear.

Thessaly




Types of Meniscus Tear

CcCC

Health Meniscus Radial Tear Longitudinal Tear

Knee pain. Knee locking,
catching or feeling like
you can't move your knee

Flap Tear Complex (degenerative) Tear] ~ Buckle Handle Tear

(\

Horizontal Tear

\-\_\ Bucket Handle Repaired meniscus
Meniscal Tear



Tibial plateau fracture
(Schatzker cIaSS|f|cat|on)

|: split fr of lat T. plateau

11: split depression fr of
lat T. plateau

111: depression fr of lat
T. plateau

1\VV: med T. plateau fr

V: bicondylar fr

VI: bicondylar fr with
diaphyseal extension  Sitrecue.  scondir

medial plateau fracture

Type |l

Type Ili

Type VI
Dissociation of
metaphysis and
diaphysis



Tibia and fibula shaft fracture

 Diaphyseal tibial fractures are
the most common long bone fr.

e Tibia fracture - ORIF

— >5" varus-valgus angulation

— >10" anterior/posterior
angulation

— < 50% cortical apposition
— >1 cm shortening
— >10" rotational malalignment

 |solated fibula shaft fracture
— Conservative Tx




Ankle fracture

« Uni-malleolar fracture (4NN )
 Bi-malleolar fracture (9fA)
e Tri-malleolar fracture(¥p+1£+N)

« Plafond (Pilon) fracture (B8 &R ESHENE)

 Maisonneuve fracture CGITiwHEE+)



Ankle fracture

I SUPINATED FOOT PRONATED FOOT

e, ] — )3

Medal
malocius
tracrure
o
seloid
uctue
External Rotation | Adbduction |
Tarsverse med malechus Transverse mecsal malleoius
fracture or deltold lgament nptuse or delftckd kgamert rupture
Crapufs
ULerda
o
L eed
oAb
Bamont
External Rotation If Adduction §
Anteror YoM far Amoncr teoftular boament
rugture (or upture (Of avuison of
of Chaput's uoercle) Craouts uterse)

Neckd
mabesius
o
Saliced
naptuse
External Rotation IV
Transverse mecial maliockss

fractuen o dehosd dgament nE

Figure 12-3. Lauge-Hansen cdlassification of ankde fractures: 4 commen sequences of injury ocour
based on the postion of the foot at the time of Injury (Supsation versus pronation) and the dwection 12-3
of the force appled (adduction with supination, abduction with pronation). ol ' )




Plafond (Pilon) fracture

« Most challenging fracture

e Def.: distal tibia fracture with intra-
articular comminution

 Often associated with soft tissue injury

191



Plafond (Pilon) fracture

192



Plafond (Pilon) fracture

Mechanism: vertical loading that drives the
talus into distal tibia

Damage to articular surface
Extensive comminution of distal tibia
Fragile soft tissue

Increased risk of complications ( wound
dehiscence, wound infection, neuro-vascular
compromise, compartment syndrome,
nonunion or malunion, ankle joint stiffness or
traumatic arthritis )

193



Plafond (Pilon) fracture

 Full assessment Is aided by CT to complete
define the anatomy of the fractures

* ldentification of anatomy is critical to
planning the surgical approach because
plain films are unable to provide sufficient
Information to guide placement of fixation

devices.

194
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Achilles Tendon Rupture

Largest tendon of the human body

Often occur during sports activities ( 70-80% ): badminton, football,
skiing, and basketball

The information provided by the patient of a “ pop “ and sudden pain
IS indicative of rupture.

A palpable gap in the tendon is felt in the acute phase.

Thompson squeeze test (+) : failure in plantar flexion when the
soleus muscles are squeezed.

196




Achilles Tendon Rupture

 Functional bracing/casting In resting equinus

cast/brace 1n 20 degrees of
plantar flexion
*Early functional rehab

197



Achilles Tendon Rupture

« End-to-end achilles tendon repair
« Percutaneous achilles tendon repair
« Reconstruction with VY advancement




Achilles Tendon Rupture

* Re-rupture

— Incidence higher with non-operative management
(~10-40% vs 2%)



Dlex

'@ 40-28 Interosseous ligaments of Lisfranc's

- (From Wiley JJ: J Bone Joint Surg Br53:474, 1

Lisfranc injury

MECHANISM OF
NISERANC TNILRY HEALTHY FOOT LISFRANC INJURY

Medial view of the foot  Dorsal view of the foot with weight bearing

Normal position of the second

of the second
metatarsal
(dotted line)

metatarsal
(dotted line)

Lisfranc
ligament

is intact bones widen

Torn
Lisfranc
ligament

Medial
cuneiform

Dislocation
of the second
metatarsal

200

Normal position

Space between
the metatarsal



Lisfranc injury



Lisfranc injury




5t Metatarsal base fracture

Metaphyseal Nutrient artery
arteries

e ZOnel
— PseudoJones fr
e« Z0Ne 2 By (-
— Jones fr

— Increased risk of b -
nonunion (15-30%o) B o s e

e Z0ONne 3

— Proximal diaphyseal
fracture

Periosteal blood supply

Plantar Fascia Peroneus Brevis
Tendon







Children Specific Fractures

» Green-stick fracture:
Incomplete or bending fracture

« Torus fracture (buckle
fracture) : compression
fracture of metaphyseal region
with cortical buckling,
relatively stable injury

 Plastic deformation: bending
of the bone without any

evidence of discontinuity in Rockwood AC, Wilkins EK. Fractures in
Children (Vol. 3). 6th ed.
the cortex




Salter-Harris classification

Salter-Harris classification of physeal fractures

Normal Type I Type 11 Type 111 Type IV Type V
i \ /i | | | - | .‘. ‘ \‘\ . | ‘\ |‘ ‘_\
— O O O ™ O
S A L { & E R
Straight Above Lower or Two or ERasure of
across Below Through growth plate

or CRush



Supracondylar elbow fracture

Most common elbow fracture in children

Hyperextension type ( the most common )
Flexion type (rare)

Sequelae : cubitus varus deformity



Case presentation




10N

Case presentat




Neurological compromise

* Neuropraxia ( 15-20 % )

« Median nerve (anterior interosseous nerve,
AIN) > radial nerve > ulnar nerve (flexion

type, pinning)
« Complete return of nerve function is usual
(requests several months)



Neurological compromise

« Most common causes:
-- Initial severity of trauma ( marked
displacement, open fracture )
-- repeated attempts at closed reduction
-- hemorrhage or hematoma



Neurological compromise

« Most nerve injuries resolve without
Intervention within 3 months.

» Surgical exploration with neurolysis or
nerve grafting i1s recommended to 3-6
months after the fracture unless there Is
evidence of neural recovery.
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Indication of high tibia osteotomy
Age <60 yrs

Angular Deformity
¢ <15 deg of fixed varus deformity

4 No > 15 degrees flexion contracture
¢ Valgus deformities
¢ Valgus up to 12 deg can corrected
¢ Valgus >12 deg prefer distal osteotomy

NO 0steoporosis
Unicompartment OA
No laxity

NO previous meniscus surgery
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