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www0.sun.ac.za/ortho Orthopaedic web site

Orthopaedic
booklet

The information in this booklet is a printable version of the
instructional pages on the http://www0.sun.ac.za/ortho web
site.

The site's html pages will print, but their quality and
formatting, are very browser dependant. This document is a
printable document format collection of these. Students
may find this document easier to study from. It is not intended
to be a comprehensive orthopaedic manual, but rather a
refection of the material on the departmental web site.

The pages in this manual consists of basic orthopaedic
principles and traditional methods of treatment such as casts,
traction techniques etc. It is based on the syllabus of 5th and
6th year medical students, but may be valuable to other
specialties such as nursing and physiotherapy.
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Skeletal age - at the elbow

Department of Orthopaedic Surgery - University Stellenbosch, South Africa

CRITOE <<Previous

Ossification centres about the elbow

With elbow injuries in children always X ray the normal side for comparison. Displacements or of
the ossification centres / fractures can easily be missed if this is not done. The age of the child can
also be determined by the ossification centres.

There are 6 ossification centers around the elbow joint. These ossification centers all appear at
different ages and they all fuse to the adjacent bones at various ages. It is not clinically important
to memorize the specific ages of when these ossification centers appear or fuse. However, it is
clinically important to realize that the ossification centers always appear in a specific sequence.

The mnemonic of the order of appearance of the individual ossification centers is C-R-I-T-O-E:
Capitellum, Radial head, Internal (medial) epicondyle, Trochlea, Olecranon, External (lateral)
epicondyle. Remember that the anatomic position of the body places the upper extremities in
external rotation (supination at the elbows) such that the antecubital fossa faces anteriorly. Thus,
the external epicondyle is on the radial side of the elbow, while the internal epicondyle is on the
ulnar side of the elbow. The ages at which these ossification centers appear are highly variable, but
as a general guide, remember 1-3-5-7-9-11 years.

Skeletal age - at the elbow 3



Ossification centre Age (yr.)

Capetellum 1

Radius 3

Internal (medial) epicondyle 5

Trochlea 7

Olecranon 9

External (latreral) Epicondyle 11

<<Previous
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Determination of Skeletal Age

Download this talk

Iliac Apophysis - Risser's Sign

In general the long bone growth plates close at 15 to 17 years in males and 13 to 15 years of age in
females.

An accurate way to determine the skeletal age of a child is to use an X ray of the left wrist and to
compare it with X rays in the Greulich and Pyle atlas. Here a series of X rays showing the
development and ossification of the wrist, and hand bones is displayed, together with the average
age these appear.

The axial skeleton matures a few years later than the limbs, and for scoliosis,the Risser sign is a
useful method of bone age determination.

Skeletal age can be determined by the appearance of the iliac apophysis of the pelvis. The
apophysis appears laterally on a pelvic X ray, and moves towards the spine as the patient
approaches adulthood. Risser's sign is a measures the growth left in the spine - this may help to
determine the potential for progression of scoliosis.

Grading (based on iliac crest divided into 4 quadrants)

Determination of Skeletal Age 6



Risser's Sign
Risser 1: 25% iliac apophysis ossification Anterior Superior iliac spine (anterolateral)
Seen in prepuberty or early puberty

• 

Risser 2: 50% iliac apophysis ossification Ossification extends halfway across iliac wing
Seen immediately before or during growth spurt

• 

Risser 3: 75% iliac apophysis ossification. Indicates slowing of growth• 
Risser 4: 100% ossification, with no fusion to iliac crest . Indicates slowing of growth• 
Risser 5: Iliac apophysis fuses to iliac crest. Indicates cessation of growth.• 

A 'Risser 0' (before Risser 1) and Risser 5 are simlar in that both show no ossification centres on X
ray. The two can be destinguished by age - an adolescent with Risser 5 grading will show no open
growth plates in the long bones, and older be than 16 (female) or 18 (male), while a child with a
Risser 0 grading will still have open growth plates in most of the long bones.

Girls Boys

Risser Age Risser Age

1 13.8 1 15.2

2 14.3 2 15.2

3 14.7 3 16.3

4 16.0 4 16.3

5 16.1 5 18.0

Age determination in other areas

Other age determination systems are of value to the criminologist and immigration officials. It is
sometimes crucial to determine if the individual is over 18 or 21, or at whatever age defines
adulthood, and its attendant less lenient judicial treatment.

The third molar roots appear on X rays at age 18 years. The ossification of the sternal clavicular
cartilage also occurs at age 18 years.

Reference

1.Greulich WW, Pyle SI: Radiographic Atlas of Skeletal Development of the Hand and Wrist, 2nd
edition. Stanford, . CA: Stanford University Press, 1959.

Next page >
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Rotational deformities: Lower limb

Internal Rotational Deformities of the Lower Limb

Jason Crane

May 2008

Play video

Abstract

Most rotational variations in young children, such as in-toeing, out-toeing, and torticollis,
are benign and resolve spontaneously. Understanding the normal variations in otherwise
healthy children is vital to identifying true structural abnormalities that require
intervention. A deliberate assessment of the rotational profile is necessary

when evaluating children who in-toe or out-toe. In-toeing is usually attributable to
metatarsus adductus in the infant, internal tibial torsion in the toddler, and femoral
anteversion in children younger than 10 years.
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Definition 

Rotational profiles vary widely among normal children. Differences in appearance during
walking or running are most often just that, differences and not pathological conditions.
In toeing is described by the direction of the foot, relative to the body’s line of
progression during the gait cycle. This is referred to as internal torsion. It is produced by
the summation of factors that include version of the bones, capsular laxity or tightness
and muscle control.

Natural History 

Limb buds appear in the fifth week in utero. The great toes develop in a preaxial position,
rotating medially in the seventh week to bring the hallux to midline. Subsequent
intrauterine molding causes external rotation at the hip, internal rotation of the tibia, and
variable positioning of the foot. Thus, many infants are born with an internal tibial torsion
axis, an external contracture at the hip, or flexible foot deformities. 

The external hip contracture initially masks the high degree of femoral anteversion also
characteristic of normal infants at birth. Postnatally, the lower extremities continue to
rotate externally until adult values are reached (between ages 8 and 10 years). During this
period of rapid growth, the tibia typically externally rotates 15° (-50 at birth to10o at
maturity) while femoral anteversion decreases an average of 25° (400 at birth to 15o at
maturity). Normal rotational profiles in childhood therefore are variable and
age-dependent.

Femoral anteversion progression with age		 Tibial rotation progression with age 

Evaluation 

Department of Orthopaedic Surgery Website e-book
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Normal variability in young children must be differentiated from more serious structural
problems. The clinical history should delineate the onset and duration of a structural
problem and any evidence of progression. Whereas the typical natural history of benign
rotational conditions would suggest improvement over time, a progressive deformity
suggests a possible pathologic developmental or neurologic disorder.

Relevant birth history should be noted, including gestational age, length of labor,
complications, Apgar scores, birth weight, and number of days in the hospital. These
details may heighten the suspicion for possibility of cerebral palsy. The family

history should include a careful assessment of rotational disorders in other family
members and the presence of hereditary disorders (eg, vitamin D–resistant rickets,
mucopolysaccharidoses, achondroplasia, epiphyseal or metaphyseal dysplasia) that may
affect the rotational profile.

The child’s rotational profile, as described by Staheli, should be recorded.

The five components in this profile are:

Internal and external hip rotation,1. 
Thigh-foot axis,2. 
Transmalleolar axis,3. 
Heel-bisector angle,4. 
Foot progression angle during gait.5. 

Internal and external hip rotation.

Hip rotation is most easily measured with the patient in the prone position. Infants have
an average of 40° of internal rotation (range, 10° to 60°. The range is limited by the tight
posterior capsule even though they have increased femoral anteversion and should
potentially have a larger internal rotation arc.) and 70° of external rotation (range, 45° to
90°). By age 10 years, internal hip rotation averages 50° (range, 25° to 65°) and external
rotation, 45° (range, 25° to 65°). Internal rotation measuring 70°, 80°, or 90° is evidence
respectively of a mild, moderate, or severe increase in femoral torsion. Increased femoral
torsion may be evident during gait, with medially facing patellar alignment.

Department of Orthopaedic Surgery Website e-book
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Thigh-foot axis

Is best examined with the child in the prone position and the knee flexed 90°. This angle
consists of the rotation of the tibia and hindfoot in relation to the longitudinal axis of the
thigh and indicates the amount of tibial torsion present. In infants, the thigh-foot angle
averages 5° internal (range, 30° to +20°). Excessive internal tibial torsion spontaneously
resolves by age 3 or 4 years in most children. By age 8 years, the thigh-foot axis averages
10° external (range, 5° to +30°) and usually changes very little after that.

Department of Orthopaedic Surgery Website e-book
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Transmalleolar axis

Aids in determining the amount of tibial torsion present. This axis is the angle formed at
the intersection of an imaginary line from the lateral to the medial malleolus, and a
second line from the lateral to the medial femoral condyles. At gestational age 5 months,
the fetus has approximately 20° of internal tibial torsion. The tibia then rotates externally,
and most newborns have an average of 4° of internal tibial torsion. As a child grows, the
tibia continues to rotate externally. Adults have an average of 23° of external tibial
torsion (range, 0° to 40°).

The heel-bisector angle

This is the line drawn through the midline axis of the hindfoot and the forefoot. It is
helpful in evaluating forefoot adduction and abduction. In a neutral foot, the heel-bisector
line passes through the second web space.

Department of Orthopaedic Surgery Website e-book
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Foot progression angle

The foot progression angle is the angle of the foot relative to an imaginary straight line in
the patient’s path. Patients who in-toe are assigned a negative angular value; patients who
out-toe are given a positive value. This value represents the sum total

effect of the child’s structural alignment (i.e., femoral torsion, tibial torsion, foot contour)
as well as any dynamic torsion forces resulting from muscle forces

Differential Diagnosis 

In-toeing usually is caused by benign conditions such as metatarsus adductus, excessive
internal tibial torsion, and excessive femoral torsion. Less frequently, patients have

Department of Orthopaedic Surgery Website e-book
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pathologic conditions such as clubfoot, skewfoot, hip disorders, and neuromuscular
diseases. Metatarsus adductus, with or without internal tibial torsion, is the most common
cause of in-toeing from birth to 1 year. In toddlers, internal tibial torsion causes most
in-toeing. After age 3 years, in-toeing usually is caused by increased femoral anteversion.
More severe in-toeing suggests a combination of deformities, such as internal tibial
torsion and excessive femoral anteversion.

Out-toeing typically is caused by external rotation contracture of the hip, external tibial
torsion, or external femoral torsion. External rotation contracture of the hip capsule is a
common finding during infancy, whereas external tibial or femoral torsion is more
commonly seen in older children and adolescents who outtoe. Severe pes planovalgus
also has been associated with out-toeing. More serious conditions, such as a slipped
capital femoral epiphysis, hip dysplasia, or coxa vara, are less common but should be
considered. Severe Cerebral palsy children may develop femoral internal rotation and
tibilal external rotation, called miserable alignment syndrome.

Treatment 

Active treatment of childhood rotational disorders is unnecessary in most cases.
Treatment consists of reassurance and education about the natural history of the
condition. Bracing and shoe modifications are unnecessary and should be actively
discouraged for these normal children.

Department of Orthopaedic Surgery Website e-book
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Metatarsus Adductus 

Definition

Described by Henke in 1863, metatarsus adductus is the most common pediatric foot
problem referred to orthopaedic surgeons. It consists of medial deviation of the forefoot
on the hindfoot with a neutral or slightly valgus heel.

Incidence

Occurs in 1:5,000 live births and in 1:20 siblings of patients with metatarsus adductus.
The rate of metatarsus adductus is higher in males, twin births, and preterm babies.

Pathogenesis

Although the exact cause of metatarsus adductus is unknown, numerous theories exist.
One is that in utero positioning causes the deformity. Earlier studies suggested a

Department of Orthopaedic Surgery Website e-book
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relationship between metatarsus adductus and hip dysplasia, but recent studies indicate no
such correlation.

Clinically

Metatarsus adductus usually is seen in the first year of life and occurs more frequently on
the left side. Presenting complaints include cosmesis, an in-toeing gait, or excessive shoe
wear. On physical examination, the foot appears C-shaped, with a concave medial border
and a convex lateral border. The hindfoot will be neutral or in valgus, but never in varus.
Range of motion of the ankle and subtalar joint will be normal.

Classification

Depending on the heel-bisector angle metatarsus adductus has been classified by Smith et
al as mild, moderate, or severe. A later classification system described by Bleck
designated a flexible forefoot as one that could be abducted beyond the midline heel
bisector angle, a partially flexible forefoot as one that could be abducted to midline, and a
rigid forefoot as one that could not be abducted to midline.

Radiology

The usefulness of radiographs before age 4 years is limited by the lack of sufficient
ossification in the bones of the foot. In older children, forefoot adduction, excessive
medial deviation at the tarsal-metatarsal joint, and a neutral or valgus heel will be evident
on a standing radiograph.

Department of Orthopaedic Surgery Website e-book
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Management 

Conservative

Most cases of flexible metatarsus adductus resolve spontaneously and do not require use
of splinting, braces, or special shoes. In a series of 21 patients (31 feet) with partly
flexible or inflexible metatarsus adductus treated with serial casting, 20 patients (95% [29
feet]) had painless normal feet as adults Most evidence indicates that flexible metatarsus
adductus commonly resolves without treatment and that even when it does not, it rarely
leads to pain in adulthood. Patients with rigid metatarsus adductus deformities should
undergo early casting. 

Surgical

Uncommonly, resistant cases of inflexible metatarsus adductus that do not reduce with
serial casting may require surgery because of painful shoe wear. Surgery is planned
between three and seven years of age (As the midtarsal bones only ossify after 3 years of
age). Surgical options include release of the abductor hallucis tendon, medial midfoot
capsulotomy, tarsometatarsal joint capsulotomy and release of the intermetatarsal
ligaments, or osteotomy at the metatarsal bases and cuneiforms. An opening wedge
osteotomy of the medial cuneiform, combined with a closing wedge osteotomy of the
cuboid or osteotomies at the base of the second through fourth metatarsals, has been
shown to be safe and effective. Thus, this appears to be the most effective surgical option
in patients older than 3 years with persistent rigid metatarsus adductus deformities.

Metatarsus Primus Varus 

Metatarsus primus varus is an isolated adducted first metatarsal. In contrast with simple
metatarsus adductus, in metatarsus primus varus the lateral border of the foot has a
normal alignment, and there is often a deepened vertical skin crease on the medial border
of the foot at the tarsometatarsal joint. In general, metatarsus primus varus is a more rigid
deformity than simple metatarsus adductus, and early casting is recommended. Persistent
deformity in childhood is associated with progressive hallux valgus. Opening medial
cuneiform osteotomy has been described for selective use in children with a severe
deformity.
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Dynamic Hallucis Abductus 

Dynamic hallux abductus, otherwise known as the wandering or atavistic toe, also can
cause in-toeing. The great toe deviates medially during ambulation while the remainder
of the forefoot remains straight. Dynamic hallucis abductus usually presents after a child
begins walking and is thought to be caused by an imbalance of the great toe abductor and
adductor muscles. Dynamic hallux abductus usually resolves with age and subsequent
fine motor coordination development.

Skewfoot 

Skewfoot, also called congenital metatarsus varus or serpentine metatarsus adductus, is
characterized by adducted metatarsals combined with a valgus deformity of the heel and
plantarflexion of the talus. Little is known of the pathogenesis of this disorder. Improper
casting of metatarsus adductus or clubfoot deformities may result in a skewfoot because
of failure to support the hindfoot while abducting the forefoot in

the cast. However, most cases are thought to be idiopathic. The amount of hindfoot
valgus necessary to classify a foot as a true skewfoot rather than as the more common
metatarsus adductus is not strictly defined.

Standing radiographs confirm the presence of an adducted forefoot and a valgus hindfoot.
The natural history of this deformity is unclear. Although some feet undergo spontaneous
correction, others clearly continue to have pain, callosities, and problems with shoe wear.
Surgery is indicated for children with a persistently symptomatic foot deformity.
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Children are treated after age 6 years with an opening wedge osteotomy of the calcaneus
and a medial cuneiform opening osteotomy.

Skewfoot: An AP radiograph reveals the significant varus deformity of the forefoot
creating a negatively valued talo-first metatarsal angle. Delayed ossification of the
navicular prevents radiographic documentation of the lateral talonavicular subluxation.
The hindfoot valgus is portrayed by the increased talocalcaneal angle (the upper limits of
normal as shown). 

Tibial Torsion 

Incidence

Internal tibial torsion is the most common cause of in-toeing from ages 1 to 3 years. In
two thirds of affected children, the increased torsion is bilateral.

When unilateral, internal tibial torsion usually affects the left side.

Pathogenesis

Most cases are thought to be caused

by intrauterine positioning.

Clinically
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Accurate clinical recognition relies on measurement of the thigh-foot and transmalleolar
axes. Parents of children with increased internal tibial torsion often report that the child is
clumsy and trips frequently.

Treatment 

Conservative

Treatment with splinting, shoe modifications, exercises, and braces has proven to be
ineffective. Because the natural history of internal tibial torsion strongly favors
spontaneous resolution by age 4 years, expectant observation is recommended instead.
Disability from persistent residual internal tibial torsion is rare, and it has been found not
to be a risk factor for degenerative joint disease. Some have even suggested that in-toeing
improves sprinting ability.

Surgical

Surgical treatment of tibial torsion is rarely indicated and should be re- served for
children older than 8 years with marked functional or cosmetic deformity and a thigh-foot
angle greater than 15°. Both proximal and supramalleolar tibial derotational osteotomies
have been used to manage tibial torsion. However, most surgeons prefer the
supramalleolar osteotomy because of its lower complication rate. In the skeletally mature
adolescent, derotational osteotomy with intramedullary fixation is also an option.

Femoral Torsion 

Definition

Femoral torsion is the angular difference between the femoral neck axis and the
transcondylar axis of the knee.
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Development

At birth, neonates have an average of 40° of femoral anteversion. By age 8 years, average
anteversion decreases to the typical adult value of 15°.

Pathogenesis

Most cases of femoral torsion are idiopathic, although a familial association is identified
in some patients. No association between increased femoral anteversion and degenerative
joint disease has been proved; however, some association with knee pain has been
suggested. Knee pain may be particularly prevalent in children with concomitantly
increased femoral anteversion and external tibial torsion (so-called miserable
malalignment syndrome).

Etiology

Increased femoral anteversion is the most common cause of in-toeing in early childhood,
tends to occur in females, and is symmetrical.

Clinically

Children with excessive femoral anteversion characteristically sit with their legs in the W
position and run with an eggbeater-type motion (because of internal rotation of the thighs
during swing phase). In-toeing from excessive femoral anteversion usually increases until
age 5 years and then resolves by age 8.
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On physical examination, internal hip rotation is increased and external hip rotation
decreased (>700 internal rotation is classified as abnormal). Using Craig’s test; Patient
lies prone with knee flexed 900 and examiner palpates posterior aspect of greater
trochanter. Hip is then passively rotated internally and externally until greater trochanter
is parallel with examining table or reaches its most lateral prominent position. The degree
of anteversion can then be estimated, based on the lower leg's angle with the vertical.

Radiology

Previously plain X-rays using the Magillian method (complicated set of graphs and
tables) were utilized to calculate the femoral anteversion. Fluoroscopic methods using a
goniometer intra procedure have also been described. These methods have been largely
replaced by CT-Scan. Cuts are made through the femoral neck and the femoral condyles

Department of Orthopaedic Surgery Website e-book

Rotational deformities 22



with the patient in a static position this gives an accurate representation of the femoral
anteversion.

Treatment 

Conservative

Femoral anteversion is usually self-limiting, and if persistent causes no long term
pathological changes in the associated joints. No treatment is necessary for most cases of
femoral torsion.

Surgical

Surgical intervention may be indicated in a child older than 8 years with a marked
cosmetic or functional deformity, anteversion >50°, and internal hip rotation >80°.
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Surgeries to correct femoral torsion include proximal femoral, distal femoral osteotomies
and intra medullary nails. Todd etal suggested a proximal femoral osteotomy may be
considered if the patient has a concomitant varus or valgus deformity. Otherwise, a distal
femoral osteotomy through a lateral approach is the preferred treatment. A small
compression plate may be used to treat skeletally immature patients and a blade plate for
skeletally mature patients. This is controversial as many authors believe you should
correct proximally at the cora of the deformity. They also believe that a distal rotational
osteotomy will result in patella maltracking and patellar femoral pain, while others
maintain that you are correcting the deformity to its normal anatomical profile and there
for no maltracking should occur.

Summary 

Benign rotational variations are seen in many healthy children. Although the physical
appearance of these conditions may initially be alarming, spontaneous resolution occurs
in most cases. A thorough understanding of the normal rotational variations that may
occur in children younger than 10 years is essential to properly reassure and educate
families, as well as to identify more serious underlying structural problems that might
exist.
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Fractures of the ankle
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Ankle Fractures
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When the foot is forcefully externally rotated fracture rupture
of ligaments of the ankle or fracture of their attachments to
bone may occur. If the foot is supinated the lateral structures
will break first as they are in tension. If the lateral structures
are relaxed because the foot being pronated the medial
structures will fail first.

Patients seldom remember the position their foot was in when
it was injured. For this reason the Weber classification is more
practical.

Weber A. Comminution is
medial
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Weber A: Click to
show other examples

Weber A:

Fibula
Transverse fracture at level of ankle joint

Medial malleolus
Transverse vertical fracture

Posterior malleolus
Intact

Syndesmosis
Intact

Weber B:

Weber B Comminution is lateral.
Fibula fracture starts at joint level
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Fibula
Spiral fracture - begins at ankle joint level

Medial Malleolus
Intact or avulsion fracture

Posterior malleolus
Intact or avulsion fracture (posterior tib-fib ligament )

Anterior syndesmosis
Intact (as well as the anterior tib fib ligament - this is
why the fracture of the fibula begins here. The lateral
side is last to rupture. If this ligament holds and the
fibula fractures at this stress raiser higher disruptions
such as the interosseous ligament cannot take place.

If the displacing forces are insufficient only partial progression
to the full blown cases above will occur. E.g. An isolated
lateral malleolus fracture may be an incomplete Weber A , but
it could also be a occult Weber B or C where the only bony
fracture is of the distal fibula. Check for tenderness of the
medial malleolus to test if the deltoid ligament is ruptured. If
the fracture starts at the ankle and runs proximal to the joint it
is a Weber B, if the fracture of the fibula is above the
syndesmosis the fracture is classified as Weber C.

Weber C:

Weber C: Fibula fracture is above
ankle joint
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Fibula
Spiral fracture above the syndesmosis

Medial Malleolus
Transverse fracture or rupture of the deltoid ligament

Posterior Malleolus
Posterior syndesmosis ruptured an avulsion of the
posterior malleolus

Weber c: fractures are also known as the Dupytren's fracture.
A high fibula fracture (near the fibular neck) is known as a
Maisonneuve fracture. Always examine the ankle when you
see a spiral fracture of the fibular neck. Tenderness of the
medial malleolus may mean a rupture of the deltoid ligament,
even if the x rays appear normal. A stress x ray of the ankle
may be needed under general anaesthetic to demonstrate the
disruption of the syndesmosis.

Management

Order of failure
in a Weber C
fracture (seen
from behind) is
from medial to
lateral

If the hind foot shows obvious mal alignment reduce the ankle
even before taking X rays. A rough reduction can be
accomplished simply by grasping the heel, and reducing the
posterior subluxation, and then reducing the varus or valgus
mal alignment.

Fracture blisters: Early reduction
may prevent them
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Early reduction is important in preventing complications such
as gross swelling and fracture blisters, which will prevent early
internal fixation. The casualty officer must ensure that all
ankle fractures are grossly reduced, even if he intends referring
the patient elsewhere for definitive treatment. An accurate
reduction of under 2 mm displacement id difficult to achieve
and for this reason most bimalleolar and displaced fractures
will need internal fixation.

X Ray Examination

AP, Lateral and Mortise views are required.

Mortise view, taken with foot in
20 deg internal rotation

On the Mortise view, the talus must be central, with equal
space between the talus and the two malleoli, as well as the
tibial plafond above

Conservative treatment

Candidates for closed reduction are ankle fractures that can be
reduced to less than 2 mm of anatomical position. This can be
achieved with minimally displaced isolated lateral or medial
malleolar fractures, but is difficult with most bi malleolar
cases.

The fracture is manipulated under adequate analgesia or
general anaesthetic. A below knee plaster cast is applied with
the foot in the opposite position as the initial displacing force
to relax ruptured ligaments and close the fracture.
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Surgical Treatment

Most displaced fractures will require surgery. If your hospital
does not have the expertise or facilities to do open reduction
and internal fixation. Reduce the fracture, and place the limb
in a back slab to stabilise before referral.

The ideal time for Open Reduction and Internal Fixation
(ORIF) is immediately but, if there is significant swelling
operation must be delayed until swelling subsides in a few
days. Fracture blisters are a contraindication to surgery. Open
fractures ( the ankle subcutaneous and these injuries are
common) are debrided reduced and definitive ORIF is done at
48 hours, or whenever the wounds are deemed sterile enough
to close the skin.

Open reduction of a Weber C fracture. A syndesmosis
screw bridges the fibula and tibia to reconstruct the
ruptured

The medial malleolus needs to be fixed with one or two
screws. The lateral malleolus is usually shortened and or
displaced laterally. Once the fibula is pulled out length and the
fracture reduced a plate and screws are used to stabilise it. In
Weber C fractures the syndesmosis is stabiles ed by a
"syndesmosis" screw between the plate on the lateral side and
the outer cortex of the fibula. It is placed about 1.5 cm above
the ankle joint.

Fracture dislocations of the ankle

Dislocations of the ankle are often open. It is unusual to get a
dislocation without a fracture of one or both malleoli. Reduce
and treat as an open ankle fracture with debridement and
secondary ORIF.
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Prognosis

Late onset of osteoarthritis is rare if the ankle is reduced
satisfactorily. Osteochondral damage such as seen often in a
Weber A fracture carries a poorer prognosis.
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Examples of ankle fractures

Weber A ankle fracture. Note the transverse lateral
malleolar fracture at ankle level and the vertical medial
malleolar fracture. There is often osteochondral damage
at the base of this component
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Weber B fracture. Transverse medial
malleolar fracture with a more
comminuted lateral malleolar fracture.
The syndesmosis is intact

Weber C fracture of the ankle. Medial injury is a deltoid disruption, the syndesmosis is widened
with broadening of the ankle mortise, the fibula has a spiral fracture above the syndesmosis.
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Septic Arthritis
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Acute Pyogenic Arthritis
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Acute septic arthritis affects all age groups.

It is caused by haematogenous spread of a bacterial organism, or by a penetrating injury. The joint is swollen
and painful to move. Treatment is by arthrotomy and irrigation, appropriate antibiotic therapy, splints and
physiotherapy.

SUMMARY

Septic arthritis is usually a monoarthritis. It is a febrile condition;
joints affected have painful motion and an effusion.
The most usual causative organism is Staphylococcus areus,
but the intracellular cocci such as pneumo or gonococcus are common. In neonates and infants younger
than 6 months, S aureus and gram-negative anaerobes comprise the majority of infections.
Treatment is by antibiotics and effective irrigation of the joint
by open arthrotomy. Postoperative physiotherapy and mobilisation of the joint
is necessary, while splinting prevents contractures.
Early treatment may prevent severe complications such as dislocation,
acvascular necrosis and late osteoarthritis.

Etiology: Most septic arthritis cases are caused by Staphylococcus aureus and streptococci. In neonates and
infants younger than 6 months, S aureus and gram-negative anaerobes comprise the majority of infections.
Haemophilus influenzae is commonly seen in neonates and children up to 2 years age (in South Africa,
although in many developed lands the incidence due to this organism, has dramatically decreased due to
widespread use of the vaccine). After 2 years S Aureus (as in the case of acute osteomyelitis)is the main
causative organism. In the sexually active patient, Neisseria gonorhoeae is a common culprit.
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DIAGNOSIS and MANAGEMENT PROTOCOL

The patient complains of spontaneous onset of pain in a joint. Episodes of penetrating trauma e.g. knife
wound or thorn must be enquired about, as well as previous febrile illnesses, osteomyelitis and sexually
transmitted diseases.
The patient is systemically ill. Superficial joints have an obvious effusion and are warm. The is painful on
movement with pain on less than 5 degrees joint movement being characteristic. Children usually present with
an acute febrile illness and a swollen painful joint. The exception is the immunologically suppressed patient,
the elderly, and neonates, who may produce minimal clinical signs. In the neonate (especially when in a
temperature controlled environment, such as an incubator) Pseudo paralysis or failure to spontaneously move
a limb, is often the only clue to septic arthritis.

Special Investigations:

 X-rays - may show widening of the joint space, indicating an effusion.

This X-ray shows an effusion
- widening of the right joint space

Haematology - ESR and white cell count raised
Blood culture - recommended in children who present with a septicaemia-

(80% Specificity)

Joint aspiration - (may be done as a diagnostic test, but is not an effective treatment modality. It only
recommended for superficial joints,
where diagnosis is in doubt)

Aspiration of knee. Observe
aseptic precautions - insert a
needle into the joint by
placing it under the patella,
either medially, or laterally.

Appearance of synovial fluid in septic arthritis. Pus colored fluid (yellow or green), with WBC count of
>100 000 cells /mm^3,
The other condition that gives high white cell counts is crystal synovitis
(do polarised microscopy, and check the serum uric acid for elevated levels, if gout is suspected)

Synoial glucose level: Low synovial glucose level (40 mg/dl or less than half the serum level) is suspicious of
a pyogenic joint infection.
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Prevention:

Explore and debride all deep wounds in the region of a joint.
Neglect of this principle, with mere suture of a penetrating wound near any joint will likely to result in septic
arthritis. Wounds particularly at risk are those near the knee and the knuckles. (street fighter ,with tooth
penetrating. MP joint).

Treatment:

The joint needs to be thoroughly irrigated and appropriate antibiotic therapy started. Aspiration of a
superficial joint is acceptable for diagnostic purposes, but will not rid a joint of all pus. Deep joints such as the
hip are difficult to aspirate and failure to obtain pus may simply be because of faulty technique.
An open arthrotomy is recommended in most cases. Arthroscopy is also an effective method of thoroughly
rinsing out a joint.
It allows, usually inaccessible regions of the joint, to be reached for lavage. High volume irrigation is possible
through the arthroscope, allowing inaccessible parts of the joint can be visualised. Repeated needle aspirations
and irrigation, is another modality, but is not as effective as the above methods, and should be reserved for
superficial joints, in patients with high anaesthetic risk. A single aspiration will not be effective in draining a
joint of thick pus and the procedure needs to be repeated daily.
Preoperative preparation will include an intravenous drip and adequate rehydration. Blood transfusion may
be needed, especially cases of Staphylococcal septicaemia ( haemolysin). The patient may have other
concomitant infections such as bronchopneumonia, meningitis (meningococcus) or osteomyelitis. These will
also have to be addressed as they affect the anaesthetic risk. Under full or regional anesthesia, the joint is
opened via an appropriate incision that gives good exposure to the joint.
After incision of the capsule pus swabs are taken of the synovial fluid for microscopy and culture. The joint is
irrigated via a syringe and all pus is washed out. If the infection seems chronic, or the symptoms atypical, a
synovial biopsy is taken. (Histology, MC&S for possible Tuberculosis). In children symptoms and signs of
acute osteomyelitis are very similar.
Because of the possibility of concomitant, or misdiagnosed acute septic osteomyelitis a drill hole in the
adjacent metaphysis maybe warranted in patients with open physes, especially if the joint does not contain
obvious pus.
The synovuim is sutured. If significant pus was found , the wound is left open for later secondary suture,
otherwise, use a suction drain and close the wound.

Postoperative Care:

Antibiotics are given intravenously until the temperature is normal, followed by oral antibiotics. Organisms
responsible are Staphylococcus
(especially in children), The intracellular cocci
e.g. Meningococcus and Gonococcus, in sexually active patients are not infrequent.
In the immune compromised patient, atypical organisms, such as fungal may be encountered. Clinical
judgment as to appropriate antibiotic therapy,
must be used in view of the above variety of causative organisms.
E.g. a child. will probably have a Staphylococcal infection and Cloxacillin and Erythromycin would give
good cover before pus swab results could give better guidance.
Physiotherapy - most joints need motion rather than immobilisation.
If the cartilage seems still viable, mobilise the joint with a continuous passive motion machine, if available, or
regular active and passive physiotherapy. To prevent contractures , apply traction or splints while the patient
is not exercising. Appropriate for the hip would be skin traction and for the ankle a plaster back slab.
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In advanced or neglected septic arthritis there may be little hope of later joint function. It is then appropriate to
permanently immobilise the joint in a functional position, so that the joint can ankylose.
Here a spicka cast for a hip or full length cast for a knee may be applied.

Prevention and management of complications:
Advanced arthritis can result in many serious complications. If the effusion recurs repeated explorations and
debridements of the joint might be necessary. Suspect tuberculosis if the arthritis

does not respond to this regime and take a biopsy.
E.g. Arthritis of a child's hip can result in:

Complications of Septic Arthritis Hip in a child

(a) Dislocation
Is often seen in the hip due to the overdistended capsule. Traumatic dislocation of a child's hip is rare,
consider sepsis as one of the causes if a hip dislocation is seen in the young child.

(b) Osteomyelitis of the femur
(c) Avascular necrosis femur head
(d) Ankylosis
(e) Late osteoarthritis

The photo shows the late complications
of septic arthritis.
Note the chronic osteomyelitis of the femur
shaft. The femoral neck has fractured and the
femoral head is loose and avascular. There is
widening of the joint space. The effect of the
absent growth plate will be measured in later
years as the femur progressively shortens
relative to the normal side.

Postoperative Course

The ESR should return to normal within a few weeks.

A septic joint may need more than one trip to theater for irrigation.
If the arthritis does not clear up rapidly on the above treatment,
suspect tuberculosis. Take synovial specimens for histology in all acute
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arthritides, which do not respond to antibiotics.
TB is one of the few causes of arthritis that can be diagnosed on light microscopy.

Further Reading
1. Nord K. D. Evaluation of treatment modalities for septic arthritis.
JBJS Vol 77 A, No 2, February 1995, pp 258-265 http://www.ejbjs.org/cgi/content/abstract/77/2/258

2. Peltola Reduced incidence of Septic Arthritis in children  by Haempophillis influensae Type B vaccination: Implications for treatment J Bone Joint Surg
[Br] 1998; 80-B; 471-3 http://dx.doi.org/10.1302/0301-620x.80b3.8296

3. Kang SN, Sanghera T, Mangwani J, Paterson JMH, Ramachandran M. The management of septic arthritis in children: SYSTEMATIC REVIEW OF THE
ENGLISH LANGUAGE LITERATURE. J Bone Joint Surg Br 2009;91-B:1127-33.

4. JM Nel, A Visser, HF Visser, k Goller, R Goller: Adult septic arthritis in a tertiary setting: A Retrospective analysis: SA Orthopaedic Journal; Vol 8 No 3:
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Lever Systems

Consider a lever as a rigid rod that can be acted on by a force. This force is
resisted by a load.

There are three basic types of lever systems:

Class 1 lever:1. 

Here the fulcrum is between the effort and
the load. 

Biomechanics 39



The head is a class
1 lever
The posterior cervical muscles acting on the skull are the effort, the
fulcrum is on the cervical spine and the load (weight of the head)
acts anterior to this.
Class 2 lever:2. 

In this lever the fulcrum is a pivot point at he far end of the lever
and the effort is applied to the end with the load in the middle.

Ankle: A class 2
lever

With the ankle the fulcrum is where the metacarpal heads bear
weight, the load is on the talus and the effort is that of the
gastrocnemius and soleus muscles on the posterior calcaneus.

Class 3 lever.3. 

In the is class the fulcrum is also a the end of the lever, the load is
resisting the force in the middle from the far end.

 The elbow joint
is a class 3 lever system. Here a strong muscle, the biceps acts
against the resistance a the hand. The fulcrum is the elbow joint.
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Here, as in many muscular systems the lever system actually works
art a mechanical disadvantage. The pull of the muscle is many times
it would have to be if it acted nearer the load (at the hand). What is
gained by this type of lever system, is speed. Although the muscle
has to pull harder, this lever arrangement increases the distance the
hand travels a the expense of the force it can

A mechanical advantage is where the
force is multiplied to incease it, as in
the upper lever. In the skeleton, a
negative mechanical advantage allows
speed at he exlense of force (lower
lever and the legs of the antelope ).

exert there. Lever systems such as the long spindly legs of an
antelope allow him to outrun a lion (antelopes can run twice as fast
as a loin) Although the lion may be much stronger. The lion's
superior strength will allow him to accelerate faster, but he only has
a meal as he is able to out accelerate the buck within the first few
meters.

Levers in the skeleton are usually arranged to work at a mechanical
disadvantage, and gain speed and distance at the distal side of the
lever.

Rigidity

How rigid a structure is, depends to a large extent, more on it's geometry
then on what it is made of.

Rigity depends on:

oGeometry of cross section (moment of inertia)
oElasticity of the material (Youngâ’�s modulus)
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Area moment of inertia

The area moment of inertia is the resistance to the bending. It depends on
the cross sectional geometry of the beam. In the formula the height is cubed.
With a rectangular cross section Ia is equal to the height to the power of
three times breadth divided by 12. H is the cross sectional dimension in line
with the bending force (arrow).

As can be seen in the example above, turning this rectangle on its side
decreases its rigidity 16 times. This is because the dim en ti on (H) resisting
bending is cubed in the formula for inertia. The way an object is oriented
and the height away from the bending point often over ride the influence of
elastic modulus of the material itself.

Elastic modulus

To understand the elastic modulus of a material, how a material responds to
a firce - stress and strain, will have to be understood.

Stress

Stress is force per unit area. .
SI units are Pascals. Because a Pascal is in Newtons per square meter the
values are high typically Mega Pascals (Mpa) for steel, bone or concrete.
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Strain

Strain is the increase in length over original length when a stress is applied.
Mathematically there are no units, but is often called microstrain or
expressed as a percentage of the original length. For example if a 1 meter
wire is stretched by 1mm the strain would be 1/1000 = 0.1

Stress Strain Curve

Many materials e.g. metals, remain elastic as they are stressed i. e. they
change their length but will return to their original dimensions when the
stress is released. Eventually plastic deformity will occur - the material will
not be able to return to its original shape, as it has permanently deformed.
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This is the curved part a the top of the graph.

To test a material a test piece is machined to the form of the picture on the
right. It is them stretched in an Instong machine and the stress or increasing
length is plotted against the pressure (Stress) required. Ultimately the
material will fail by snapping giving the ultimate tensile strength (end star
on this graph)

Ductility

The Yield Point is the
point on a stess strain
graph where the matrial
first starts to show plastic
behavior. Ductility is a
mechanical property used
to describe the extent to
which materials can be
deformed plastically
without fracture. Mild
steel is an example of a

ductile material that can be pressed or worked into many forms.

Elasticity - Young's Modulus

Each material has an elasticity which
is constant for that substance.
Youngâ’�s modulus is defined as
stress / strain. Here is the stress
/strain graph for some common
materials. The modulus of elasticity
can be thought of as the slope on a
stress strain graph.

Department of Orthopaedic Surgery Website e-book

Rigidity 44



The elasticity thus determines how much a material will deform. The
geometry of the structure is even more important â’¦ the moment of inertia
can make even an elastic structure rigid if the beam has enough height.
Consider an inflatable boat (“rubber duck”) it is made of rubber spaces filled
with air, and yet is acceptably rigid!Â  A soft orthopaedic corset works on
the same principle.

Bone as a structural material

Cancellous
bone

Cortical
Bone

Cancellous bone is found in the metaphyseal regions. Its function is to
spread the load from the joint to the bone shaft. It is therefore more elastic
then cotical bone. Cortical bone is seen in the diaphysis and its main
function is strength and resisting fracture when loaded.

Cancellous bone is 10 to 20% the stiffness of cortical bone. Overloading a
joint may lead to a permanent depression in part of the joint surface without
evidence of fracture. This is due to the ductility.

Orthopaedic implant materials
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For biological fixation the metal must not corrode, must be non toxic to the
body and not only have a high tensile strength, but also have a high fatigue
strength. Commonly used materials are stainless steel, cobalt steel and
Titanium.

Characteristics of implantable materials

Must not corrode• 
Non toxic• 
Durable• 

Orthopaedic implant metals

Base Metal Yield Strength Stiffness

Stainless Steel Fe Lowest Intermediate

Titanium Ti Intermediary Most elastic

Cobalt Chrome Co Highest Stiffest
Stainless steels are the cheapest implant materials. They are iron with a trace
of chrome and other elements. Titanium is the base metal in titanium
alloysÂ  they are much more elastic than the other two common alloys and
this is often an advantage when fracture healing is concerned as it is nearer
(although far stiffer than) the elasticity of bone. Cobalt chrome alloys are
very strong but more difficult to machine. Stainless steel plates are easier to
contour (bend) when fixing fractures as they have a lower yield point and
are very ductile.

How corrosion can be avoided

Some orthopaedic implant metals (Titanium, Cobalt, Stainless steel) develop
a layer of oxide on their surface which is stable.

Department of Orthopaedic Surgery Website e-book

46



Anodizing the
Titanium gives
these tibial pins
their col our

This layer protects from further corrosion. With stainless steel it is the
chrome that develops a tough chrome oxide layer. Deep in the body
especially if cracks develop in the implant, the

re may be not enough oxygen to form this protective layer. The natural
oxide layer is abut 250 Angst oms thick, but can be increased by anodizing.
Anoxic conditions in the human body may deprive the metal of oxygen to
form this layer. This may occur at the bottom of cracks that may develop in
implants over time. This Crevice corrosion can lead to rapid failure of the
device.
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Management of benign cystic lesions of bone

Common Bone lesions appearing cystic on X ray

Simple Bone Cyst1. 
Aneurysmal bone cyst2. 
Ganglion cyst3. 
Chondromyxiod Fibroma4. 
Eosinophyllic grannuloma5. 
Non ossifying fibroma6. 
Fibrous dysplasia7. 
Infection8. 
Hydatid cyst (fairly common in South Africa)9. 

Patients with cystic bone lesions may present with pain or swelling or the cyst may be noticed
incidentally on an X Ray taken for other reasons.
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Pain may indicate that the cyst is developing a stress fracture and needs urgent treatment, or it
may be present for other reasons such as in the case of a ganglion cyst secondary to
degenerative joint disease.

The patient commonly presents with an established fracture through a lesion that appears
cystic.

Pathological fracture through
a simple bone cyst in a 17
year old

Not all cysts require treatment. In some lesions the danger of biopsy or other surgery may
outweigh any benefit.

The following lesions generally do not require operative treatment. Biopsy of bone infarct
will create to a stress riser in dead bone. A stress fracture will develop which can not heal and
leads to complete fracture of the bone. Similarly a biopsy of a stress fracture will yield callus
which may be mistaken by the pathologist as osteoid, leading to misguided surgery such as an
amputation or block resection.

Tumor and tumor-like lesions for non operative treatment

Bone infarct• 
Fibrous cortical defect• 
Small, solitary focus of fibrous dysplasia• 
Intraosseous ganglion• 
Stress fracture• 
Myositis ossificans• 
Hyperparathyroidism - Brown Tumour• 
Bone island (enostosis)• 
Enchondroma in a short, tubular bone• 
Avulsion fracture (healing stage)• 

As with everything medical, there are exceptions. Any lesion in the above list which is
painful, fast growing or large (appears as if it may immanently cause a fracture) will require
surgery.
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This non ossifying fibroma was so large it lead to a
pathological fracture and required internal fixation
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Management of Bone Cysts
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Aneurysmal bone cyst of 3rd
metatarsal. Note how the other
metatarsals have adapted to this
slow growing lesion

Patients with cystic bone lesions may present with pain or swelling or the cyst may be noticed incidentally on
an X Ray taken for other reasons.

Pain may indicate that the cyst is developing a stress fracture and needs urgent treatment, or it may be present
for other reasons such as in the case of a ganglion cyst secondary to degenerative joint disease.

The patient commonly presents with an established fracture through a lesion that appears cystic.

Pathological fracture through
a simple bone cyst in a 17
year old

Not all cysts require treatment. In some lesions the danger of biopsy or other surgery may outweigh any
benefit.

The following lesions generally do not require operative treatment.

Tumor and tumor-like lesions for non operative treatment

Bone infarct• 
Fibrous cortical defect• 
Small, solitary focus of fibrous dysplasia• 
Intraosseous ganglion• 
Stress fracture• 
Myositis ossificans• 
Hyperparathyroidism - Brown Tumour• 
Bone island (enostosis)• 
Enchondroma in a short, tubular bone• 
Avulsion fracture (healing stage)• 

Staging of Benign Bone Tumours(Enneking)

Stage 1 (latent) Stage 2 (active) Stage 3
(aggressive)

Non-ossifying
fibroma

Enchondroma
Osteochondroma
Osteoid osteoma

Giant cell tumor
Osteoblastoma
Chondroblastoma
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Enchondroma
Unicameral bone
cyst
Osteochondroma
Osteoid osteoma
Fibrous dysplasia
Eosinophilic
granuloma

Osteoblastoma
Giant-cell tumor
Chondromyxoid
fibroma
Fibrous dysplasia
Eosinophilic
granuloma
Aneurysmal bone cyst
Unicameral bone cyst
Osteofibrous dysplasia

Aneurysmal bone
cyst

Biopsy of bone infarct will create to a stress riser in dead bone. A stress fracture will develop which can not
heal and leads to complete fracture of the bone. Similarly a biopsy of a stress fracture will yield callus which
may be mistaken by the pathologist as osteoid, leading to misguided surgery such as an amputation or block
resection.

As with everything in medicine, there are exceptions. Any lesion in the above list which is painful, fast
growing or large (appears as if it may immanently cause a fracture) will require surgery.

This non ossifying fibroma was so large it lead to a
pathological fracture and required internal fixation

Exceptions to the rule: Intraosseous ganglion
(Gode). This lesion was painful and required a
vascularised graft.

Management

Surgical options

Aspiration with or without steroid infiltration• 
Cyst contents aspirated and replaced with steroid infiltration♦ 
Suitable for simple bone cyst - aspiration of blood means it is likely an ABC and recurrence
likely

♦ 

Curettage• 
Remove the roof of the cyst♦ 
Curette contents and send for histology♦ 
Burr the walls with a high speed burr until all tumour removed♦ 
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In lesions with a high recurrence rate (e.g. giant cell tumour) adjunctive ablation of surviving
tumour cells is required

♦ 

» Cryosurgery - effective but danger to neurovascular structures and skin◊ 
» Phenol - 80% phenol painted on inside of cyst. Wash it off with absolute alcohol
after 3 minutes and irrigate thoroughly

◊ 

Cyst is filled with bone graft either autogenous or allograft.♦ 
Block excision - reserved for expendable bones e.g. ABC in shaft of fibula. Or the higher grade lesion
e.g. giant cell tumour of the proximal tibia . The whole of the involved bone is excised and the defect
replaced either with an arthrodesis, or custom made prosthesis.

• 

The stage of the tumour must be taken into consideration when treatment is planned. The protocol in the table
below advocated S. Gitelis can be applied to all benign lesions, including cysts.

Treatment of benign bone lesion
according to surgical stage

Stage 1
Observation / Excision

Stage 2
Intralesional excision with or without adjuvant

Stage 3
Intralesional excision with or without adjuvant
Marginal or wide en bloc excision

After curettage the inner walls of
the cyst are burred

Cryosurgery: Liquid nitrogen is
poured into the cyst to ablate any
surviving tumour cells

Internal Fixation

Whether to do internal fixation or not after operating on a cyst depends on the site of the lesion. As a rule
simple bone cysts do not require internal fixation and can be treated conservatively, even if they have already
caused a fracture. The bone is merely treated as uncomplicated traumatic fracture, and the fact that the cyst
has decompressed itself will hasten its resolution.

Any cyst in a high stress area, such as the peritrochanteric region of the femur will require open reduction and
internal fixation in addition to the definitive treatment described above. Even a biopsy in this region is enough
to initiate a fracture and will probably require internal fixation before the patient can be safely mobilised.

Today's Date:
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Growth plate injuries
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In children the growth plate is up to five times weaker
than the ligaments stabilising the adjacent joint.The
adjacent bone is also stronger than the cartilaginous
growth plate. Injury thus often leads to separation of the
growth plate leaving the ligaments and capsule intact. The
separation takes place in the middle layer (hypertrophied)
of the growth plate.
The force is seldom parallel with the growth plate and the
bone on either the metaphyseal, epiphyses or both sides of
the plate. This is the basis of the Salter Harris
classification of growth plate injuries.

Type I Injuries Due to a separation through the growth
plate of the metaphysis and diaphysis.

Type II Injuries An incomplete type I with a
metaphyseal bone fragment still attached to the epipyhseal
end. Type I and II have a good prognosis as the blood
supply to the germinal layer ( ephyseal side) is still intact
and angulation and growth arrest are uncommon.

Salter & Harris classification of growth
plate injuries
Type III Injury This fracture occurs only rarely,and is
seen in the pre pubescent child. It is seen in the femur or
tibia. THe mechanism is a fracture that runs completely
through the epiphysis and separates part of the epiphysis
and growth plate from the metaphysis. Surgery is
sometimes necessary to restore the joint surface to
normal. The outlook or prognosis for growth is good if the
blood supply to the separated portion of the epiphysis is
still intact, if the fracture is not displaced, and if a bridge
of new bone has not formed at the site of the fracture.
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Type IV Injury Here the fracture is through the
metaphysis and epiphysis. As in the type III it is
intra-articular and will need open reduction and internal
fixation. The prognosis for future growth disturbances and
angulation is poor.

Type V Injury Is due to a compression force destroying
all or part of the growth plate. This is difficult to diagnose
and in most cases is a retrospective diagnosis where
angulation developed without radiological evidence of a
growth plate injury.The diagnosis can be established with
MR imaging if hemorrhage or a haematoma is identified
within the growth plate immediately after injury

Management

Salter Harris I and II injuries are usually managed by
closed manipulation and plaster cast.

Salter Harris II fracture of the
distal tibia

Removing the periosteum out of the fracture
gap - a common cause of failure of closed
reduction.

Because they are intra-articular and often displaced, types
III and IV injuries require open reduction and internal
fixation. Computer Tomography may help in planning the
procedure.

Long-Term Follow-up

Long-term follow up is usually necessary to monitor the
child’s recuperation and growth. Evaluation includes x
rays of matching limbs at 3- to 6-month intervals for at
least 2 years. Some fractures require periodic evaluations
until the child’s bones have finished growing. Sometimes
a growth arrest line may appear as a marker of the injury.
Continued bone growth away from that line may mean
that there will not be a long-term problem, and the doctor
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may decide to stop following the patient.

Prognosis

While most (85% of) growth plate injuries heal without
complication, growth arrest and late angulation may occur
.These deformities are usually minor, only 2% or less,
however, prove to be significant, that is, sufficient to
interfere with function 1

Factors affecting the prognosis

Severity of the trauma.• 
Age of the patient - younger patients have more to
grow and the deformity will be greater

• 

Type of Salter Harris fracture. Types I and II
rarely have growth problems while III and IV
have a worse prognosis. It is important to warn
the parents of this possibility. And mention that
although angulation and leg length discrepancy
are problems they can be corrected by osteotomy
or ephysiodesis or limb lengthening procedures.

• 

Growth plate affected. Growth plate disturbances
about the knee and the ankle have the worst
prognosis.

• 
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Initial X ray showing gross displacement

After closed
reduction:
The medial
growth plate
is still
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widened, a
sign of
periosteal
interposition

Open reduction was required to remove the periosteum
from the ruptured growth plate
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Acute Osteomyelitis
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Acute and Chronic Osteomyelitis

• Pyogenic
arthritis

• 

Tuberculosis• 
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map

• 

Acute osteomyelitis

Acute Osteomyelitis presents with an acute pyrexia illness. The child is
toxic and ill and complains of bone pain. In South Africa osteitis is
common, and must be suspected in any child who presents with a painful
limb together with a pyrexia illness. In a late case the limb may be
swollen, with pitting oedema resembling cellulitis. Children seldom
develop cellulitis without an underlying cause - consider osteomyelitis in
all children with "Cellulitis". Before antibiotics the mortality from this
illness we 20-30%, but today fatalities are rare. There is, however much
morbidity, especially if the diagnosis is delayed and chronic
osteomyelitis develops.

Pathogenesis

The primary septic focus is often a septic skin lesion such as scabies, a
septic tooth or other lesion. The child is often undernourished and the
disease is often associated with poverty. There may be a history of minor
trauma, the organisms seed to the metaphysis and form a small abscess,
perhaps in the pre-existing haematoma. The pus builds up in the
metaphysis and later escapes under the periosteum.
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Pathogenesis of acute osteitis, showing how the pus escapes from the bone

By this time there is a general septicemia and the child is toxically ill.In
some areas such as the hip and knee the metaphysis is partially intra
capsular and escape of this pus can cause a septic arthritis to complicate
the original osteomyelitis. The growth plate acts as a barrier and the pus
cannot cross it directly into the joint.

Acute Osteomyelitis is a disease of children. In adults only the vertebrae
can be infected. In children all long bones can be affected especially the
proximal femur and about the knee. The pelvis and vertebrae are also
often affected in children.

The septicemia can seed organisms to other bones and other systemic
complications such as meningitis, bronchopneumonia and pericarditis are
common. The child may present primarily to the paediatric casualty with
these complaints and the bone infection can be overlooked.
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The first X Ray signs of osteomyelitis
begin at about day 10,
when a periosteal reaction
will be seen

The causative organism in 95% of cases is Staphylococcus aureus.
Haemophyllis influenza is common under 2 years of age. In the immune
suppressed, virtually any organism can be the cause.
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Early Osteomyelitis
The right hip joint space is widened due to septic arthritis.
In the hip, pus can cross from the metaphysis into the joint
space, as the synovial space partially crosses over the metaphysis.
The metaphyseal area is osteopaenic and three drill holes are noted
from a surgical drainage.

Clinical

By the time most children present to casualty they are ill and dehydrated.
There is bone pain and tenderness. Percussion over a bony prominence
near the infected area produces acute pain.

Remember to examine the child thoroughly for other areas of
osteomyelitis as well s to move the joints for sighs of septic arthritis. If
the child has been on oral antibiotics the above signs may be masked and
the diagnosis is thus more difficult. Check the neck for signs of
meningism. Listen to the lungs and heart for signs of pneumonia or a
pericardial friction rub.

Special Investigations

The white cell count and ESR are raised. Take blood for a blood culture -
positive in 80%. A Technetium scan will be positive, but is time
consuming and is not usually necessary as the diagnosis can be made
without it. There is more urgency to get the child to theater and drain the
bone.
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X Rays are normal, except for possible soft tissue swelling. Check for
effusions in adjacent joints - this may denote septic arthritis or a
sympathetic effusion secondary to the inflammation caused by the
osteitis. After about 10 days signs such as a periosteal reaction will
appear. If treatment does not abort progress of the infection, signs of
chronic osteitis such as invulucrum and sequestrum will become visible
on x ray.

Treatment

The child is often dehydrated. Insert an intravenous catheter and re
hydrate, at the same time blood can be taken for culture, full blood count
and ESR. The aim is to resuscitate the patient and get her to theater for
drainage as soon as possible. In South Africa most cases present late (2
to 3 days after onset) and because of this operative treatment is
mandatory. If other medical conditions, such as bronchopneumonia,
meningitis etc complicate the osteitis these will need attention too.

Drainage of the pus is an emergency procedure and should not be
delayed unnecessary because of the need for bone scans and other non
essential investigations. If on clinical grounds the site of the lesion can be
localized, proceed with the drainage operation. If the site cannot be
localized a technetium scan is invaluable.

In theater the site is approached via an appropriate operative approach.
Go for the metaphysis, even if the skin is swollen over the diaphysis, the
pus originates in the metaphysis and this must be drained. Drill 2 or 3
small holes in the cortex over the metaphysis. In an early case pus will
stream out of the bone. In a advanced case the pus has already escaped
and may have to drained subperiosteally along the whole shaft. Break
dow any loculi so that the pus can drain freely. Resist the temptation to
drain the diaphysis even if there is pus along it. This creates a stress
raiser which may lead to a septic pathological fracture. If much pus was
encountered, leave the wound open for secondary suture later - a "second
look" operation is advised 24 to 48 hours later if the temperature does not
resolve and the wound remains contaminated. take numerous pus swabs
for microscopy and sensitivity studies.

Intravenous antibiotics are begun. If an appreciable delay is anticipated
before theater, these may be started preoperatively, but they may mask
bacteriological analysis of the pus. Because the type of organism will not
be known until later, begin with an antibiotic effective against S. aureus
such as Cloxacillin (100 mg /kg intravenously followed by 200mg /kg/day, divided
into six-hourly doses) and supplement it with something that will kill H.
influensae such as Erythromycin. Fucidic acid and Erythromycin is also
effective as is a first generation cephalosporin. By day 3 the sensitivity
will be known and the antibiotics can be changed if necessary.
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The pyrexia should abate by day 2 postop. If it persists the cause may be
the same site that was incompletely drained, another bone or joint
becoming infected, of a non skeletal source such as bronchopneumonia.

Postoperative physiotherapy is given to mobilize adjacent joints.The limb
may need protection by means of a back slab, splint or traction (hip
region). The Eryterocyte sedimation rate (ESR) should fall in the ensuing
weeks. If it does not, the patient may be developing chronic
osteomyelitis. Antibiotics are continued intravenously while the child is
pyrexial. Once the temperature abates an oral form of the antibiotic can
be given. Continue for a minimum of three weeks with antibiotics. If X
rays and a high ESR show the osteomyelitis is becoming chronic, it may
be necessary to continue longer. Once sequestrae are seen antibiotics will
be ineffective and surgical measures such as a sequestrectomy may be
considered.

The same
child as
above at
about 1
month after
presentation.
A periosteal
reaction can
be seen and
the femur is
osteopaenic.
The
osteomyelitis
has not
resolved
despite
drainage and
antibiotics
and is
becoming
chronic. At
this stage
there is a real
danger of
femur
fracture

After discharge from hospital the weakened bone may need protection by
a cast or use of crutches. Before invulucrum has formed the osteopaenic
bone can fracture easily. A fracture through a septic bone is difficult to
treat.
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X Ray of
right femur of
the above
child 1 year
later. Chronic
osteomyelitis
has developed
and the
femoral shaft
has become
sclerotic with
invulucrum
(new bone)
formation. A
sequestrum
can be seen in
the upper
third of the
shaft.

Chronic Osteomyelitis

Established osteomyelitis consists of new bone formation - the
involucrum. Dead bone- known as sequestrum acts as a nidus of
infection. Antibiotics will be ineffective until this is removed.

Chronic
osteomyelitis of
right humerus

Lateral x ray.

Note the sequestrum
appearing as a 'bone
- within - a - bone'

The sequestrum
removed at operation.
A window through the
surrounding
involucrum had to be
cut to allow access.
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Complications

Pathological fractures. As discussed above can be a serious
problem. Treat them by doing a sequsetrectomy and thoroughly
debriding the area followed by canecellous autografts.

1. 

Growth disturbances. If the growth plate is injured or destroyed
by the osteomyelitis growth will be affected in the child.

2. 

Septic arthritis especially of the knee or hip is often secondary
to or associated with acute osteomyelitis. Function of these major
joints may be compromised if the arthritis is overlooked or not
drained adequately.

3. 

Chronic osteomyelitis. Most cases of acute osteomyelitis
resolve without progression to the chronic form of the disease.
Late presentation, underlying immunosuppressive states, such as
HIV infections, and delayed diagnosis are the main reasons for
progression to chronic osteomyelitis.

4. 
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Acute Knee Injuries
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Ligamentous injury to the knee usually results from an indirect force such as a
twist or varus or valgus force on the knee.

Check for distal pulses and neurological injury such as a drop foot, signifying a
possible injury to the peroneal nerve. The presence of a heamarthrosis may mean
that the injury did not significantly tear the capsule. The stability of the knee
ligaments are tested by stressing them.

X rays are taken to show any ligamentous avulsions or more serious fractures such
as a Condylar or plateau fracture.
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Lipohaemarthrosis - Arrow shows fat - seen as a radiolucent area just proximal to
the patella

A horizontal shoot through film may show a lipohaemarthrosis - a radiolucent area in
the suprapatellar sac representing fat floating on the blood in the knee.

If examination is difficult because of pain, aspiration of the heamarthrosis together
with injection of local anesthetic may permit adequate evaluation of the ligaments. It
is advisable to aspirate a heamarthrosis if it is causing tension in the knee, small
intraarticular bleeds may be ignored. Examine the aspirated fluid for fat droplets.
These may signify the presence of an intraarticular fracture.

Knee Dislocations

A dislocated knee is obvious while a severely injured knee, with multidirectional
instability may have been dislocated, and has since spontaneously reduced. Regard
all severe knee injuries as dislocations. Check and note the presence or absence of
foot pulses. Up to 30% of knee dislocations have vascular compromise. Check for
peroneal nerve injury by asking the patient to dorsiflex the foot.

Posterior knee dislocation.
Click on image for further
discussion and other images
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Management:

Reduce the knee immediately.It usually reduces easily with only sedation being
necessary. If difficulty is encountered open reduction in theatre will be needed.

Obtain an arteriogram to check the vascular status even if pulses are intact. If there is
vascular compromise an emergency vascular repair will be needed. A grossly
unstable knee can be temporarily stabilised with an exfix over the knee.

Conservative treatment consists of an above knee plaster cast for six weeks. Because
of the scarcity knee dislocations and the variety of ligaments torn, it is still unproven
whether surgical repair of ligament is superior to plaster immobilisation. The
consensus is that surgical treatment is better.

Ligamentous repair is usually delayed for about a week. All major ligaments are
sutured. The anterior and or posterior cruciate ligaments are usually damaged in a
dislocation. In substance tears need replacement by either a bone patellar bone or
hamstring substitutes.

"Isolated" Ligamentous ruptures

More minor knee ligament disruptions are common in contact sports.

Medial Collateral ligaments - can often be treated conservatively by plaster
cast immobilisation with the knee in 60 degrees flexion.

• 

Lateral ligament complex. Is less amenable to conservative treatment and
may require operative repair.

• 

Cruciate ligament laxity. Active individuals may need repair. Unless there is
a clear bony avulsion a substitute for the ligament using patellar tendon or
hamstring is used. Older and low demand patients can tolerate the laxity and
are treated symptomatically.

• 

Meniscal tears. Often accompany ligamentous injury. Tears in the peripheral
"red zone (vascular region)" require suture. Most tears will need partial
menesectomy, usually arthroscopically.

• 

Milder knee injuries can be treated conservatively with a Robert Jones bandage for
one to 6 weeks, depending on the severity of the injury. Once pain has subsided
physiotherapy to restore range of motion and build up the quadriceps muscle is
required. If x rays show avulsion fractures these may favor surgical repair as avulsed
ligaments can easier be repaired than a mid substance tear. Surgical repair of
ligaments is usually done within 14 days of injury. If the cruciates require repair by
means of a substitute (bone patellar bone, or hamstring) it may be wise to allow
other ligaments to recover, and to first rehabilitate the knee with physiotherapy. A
mobile knee is vital to the success of this type of surgery. The surgeon can then
repair the cruciates on a fully rehabilitated knee at 6 weeks or more post injury.

Meniscal tears

Suspect a tear of the meniscus if the patient complains of "locking" or inability to
extend the knee. There is usually a history of a previous injury. The classical injury
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is:

O' Donahague's triad:

Medial collateral ligament1. 
Medial Meniscus2. 
Anterior cruciate ligament rupture.3. 

More commonly it is the lateral collateral of the knee that gives way first with an
anterior cruciate ligament rupture, with, or without a meniscal tear. A sure sign of an
anterior cruciate ligament rupture is the Segond avulsion. A avulsion fracture on the
lateral side of the tibial plateau.

Segond avulsion fracture signifies
an anterior cruciate rupture

Treatment of meniscal tears. The meniscus seldom heals on its own. Arthroscopic
partial menescetomy will be required.
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Knee
dislocation
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Posterior dislocation

This series of images of a patient with a posterior
dislocation of her left knee, emphasizes the effects of
vascular injury. She was transferred to our hospital in 48
hours after the dislocation. Despite an attempt at vascular
repair, the leg later had to be amputated because of
gangrene.

Arteriogram of the posterior
dislocation shows shut off. The
knee was stabilised with an exfix

The vascular repair was unsuccessful, and resulted in an above knee amputation.
She had a drop foot on the right side from a posterior hip dislocation.

Anterior knee dislocation

The patient depicted in the next 3 images, presented
with an anterior knee dislocation, and had normal
circulation. Reduction was done in the casualty
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department. A week later the posterior cruciate
ligament was stabilised with a bone patellar bone
transfer and other ligaments were sutured directly.

After reduction, gross posterior
instability was present

Ligaments being repaired. Strip of
patellar tendon is being harvested
for posterior cruciate repair.

Fixation of tibial plateau fractures
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Computer Tomogram of a Schatzker 5 plateau fracture

Fixation of the above using a "Tomofix" buttress plate
with locking screws

Plateau fracture - fixation by per-cutaneous screws
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Computer tomogramme of a Schatzker 5 fracture

Department of Orthopaedic Surgery Website e-book

Plateau fracture - fixation by per-cutaneous screws 75



Pointed reduction clamps used to fix the fracture after reduction -
ligamentotaxis by pulling on foot and correcting varus valgus
angulation

Screws are now placed percutaneously under fluoroscopy control.
Arthroscopy can also be used to confirm reduction

skip to: content | navigation
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Fractures about the knee
Department of Orthopaedic Surgery - University Stellenbosch, South Africa

Distal femoral and patella fractures Next Page >>
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Fractures of the distal femur shaft are more difficult
to treat conservatively. The gastrocnemius muscle
crosses the knee and pulls the distal fragment into
flexion thus causing a posterior angulation.
 If treated conservatively a two Denham pin method
is often necessary. One pin is placed into the
proximal tibia and the other is inserted into the distal
femur. The Femoral pin's line of traction is superior
and the Tibial pin is pulled horizontally.
In all cases the knee must be in flexion (about 60
degrees)to relax the pull of the gastrocnemei.

Supracondylar and Intracondylar fractures

A fracture that occurs just above the femoral condyles often has an intracondylar extension and one or both
the condyles may be loose.

Supracondylar femoral
fracture with no
intracondylar
extension

Displaced fractures that are intracondylar always need internal fixation. If unicondylar the fracture is
anatomically reduced and fixed to the intact condyle with screws. If both condyles are loose a blade plate or a
buttress plate (or locked plate) and screws will be necessary. Plates and screws are inserted on the lateral side
as this side of the femur is in tension and can tolerate a fixation device longer before the it fails. Retrograde
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intramuscularly pins, inserted via arthrotomy from the knee up into the shaft are an alternative option.

Intracondylar
fracture fixed
with sliding
screw and plate

In all cases it is imperative that the alignment of the knee is anatomical when finished. The lateral outer
margin of the condyle makes a 95 degree angle with the transverse axis of the knee and a 95 deg.many fixed
angle devices (such as the sliding screw shown here) make use of this for alignment. If the fixed screw or
blade is positioned parallel with the knee's transverse axis anatomical alignment is assured. Intramuscularly
devices and the modern "locking plates" lack this safeguard and the surgeon must be wary of varus or valgus
malalignment.

Patellar Fractures

The patella can fracture as a result of a direct below, or it may fail directly, or aided by a pull, of the
quadriceps. A direct blow will result in an intact quadriceps mechanism. The mechanism is often ruptured.
Ask the patient to extend the knee against gravity. If he cannot do so the mechanism is not intact and surgery
is indicated.

Patella fracture
with ruptured
quadriceps
mechanism

An X rays sign of a probable ruptured patella is a transverse fracture with more than 3 mm gap between the
fragments. An direct blow may produce a vertical fracture. Do not be fooled by a bipartite patella. This is a
bone in the quadriceps usually at the superior pole of the patella. Check the other side. A bipartite patella is
often bilateral and has well rounded borders. It occurs in 1% of the population. It is sometimes the cause of
knee pain.
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Treatment

Undisplaced patella fractures can be treated conservatively. A "Stovepipe" plaster from groin to ankle, with
knee in full extension is applied. Union takes about 6 weeks. Displaced transverse fractures will need surgery.
The quadriceps mechanism has to be restored. A tension band is usually the best way to reduce the fracture
and mend the quadriceps mechanism.

Tension band for patella fracture. Two parallel K wires
are placed along the axis of the knee and tensioned using
a stainless steel wire crossed as a figure 8 over them

Fractures or avulsions of the superior or distal pole also need surgical treatment. The quadriceps mechanism is
not intact and may need direct suture. For patellar tendon ruptures, the suture line is protected by a thick
stainless steel wire (threaded from a drill hole below the patellar tendon insertion on the tibia to above the
patella.)

The quadriceps is a strong muscle and all internal fixations also need protection in a postoperative plaster cast.

Next Page >
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Fractures about the knee
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Tibial plateau fractures Next Page >>
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Fractures of the proximal tibia that break into the knee are known as plateau fractures. They are often
displaced. Open reduction is often required because of this and there is a real risk of skin breakdown and
sepsis because of the subcutaneous nature, and poor blood supply of this region

Classification

Schatzker 1:

Split Fracture of the lateral side. Seen in
younger patients. Ligamentous
disruptions are common in this group.
Meniscal injuries are common.

Schatzker 2:

Depressed fracture of the lateral side
with central depression

Schatzker 3:

A depressed -central or lateral fracture
with no split component. Lower energy
fracture - usually in older persons.

Schatzker 4:

Medial Depression - no split. Often seen
in elderly patients. Peroneal nerve
injury is common due to traction on the
medial side.
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Schatzker 5:

Bicondylar. Split fractures, no
depression, Shaft still connects to
medial portion

Schatzker 6:

Bicondylar with associated shaft
fracture. Because it is high energy,
popliteal injury is common.

As can be seen from the above ligamentous and meniscal injuries are common, especially in the younger
patient having a high velocity fracture. More severe forms such as the Schatzker 6 also have a high incidence
of arterial injuries including compartment syndrome.

Management

Conservative management consists of skin or skeletal traction via a Den ham pin through the distal tibia or
calcaneus. Alignment must be restored and this may entail a manipulation under anesthetic. The knee is
mobilsed by the physiotherapist. Undisplaced or minimally displaced plateau fractures that do not have any
depression are suitable for this treatment. Once the knee has gained 90 degrees flexion an above knee plaster
cast may be applied until union in about six weeks.

All displaced fractures, especially those have depression require operative treatment. The optimal time is not
immediately, swelling must first be treated by elevation, ice packs etc and definitive operation deferred until
swelling subsides (in about a week). Obtain computer tomogrammes to visuaise the fracture in three
dimensions and plan the operation.

Pure split type fractures may be treated by arthroscopy to visualise the fracture and per cutaneous screwing.
Fluoroscopy and per cutaneous pinning also may be done if there is no depression and the fracture can be
reduced easily.

Schatzker 5 fracture
fixed with per
cutaneous screws
Click on image for
more views

Most other plateau fractures need open reduction and internal fixation. The split part of fracture is visualised
and opened up, the depressed area will need careful elevation and support from below by means of an
autologous bone graft. The condyle is supported by means of a buttress plate and screws. Avoid bilateral
plates - the extensive soft tissue swelling will lead to skin slough and sepsis. In Schatzker 5 fractures, open the
worst side and elevate it with a buttress plate. The proximal screws are crossed over to support the far
condyle. A locked plate is valuable in this situation as the (fixed to plate) proximal screws will prevent the far
side migrating downwards.
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Schatzker 1 fracture
fixed with buttress plate
and locking screws.
Click to see the
preoperative image

In Schatzker 6 fractures internal fixation is risky and an Ilizarov external fixation (with pins no closer than 1.5
cm from the knee joint line) can be used. Another method of avoiding massive soft tissue swelling is to do
ORIF with the plate placed subcutaneously. The screws are inserted using fluoroscopy, using a small stab
incision over the screw hole.

Next page>
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Tuberculosis of Bone
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Tuberculosis of bone and joint
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Tuberculosis affects primarily the lungs and gastrointestinal tract, but may also
infect the musculoskeletal system.

View Screencast TB Tutorial

Pathology

Hematogenous dissemination to long bones and vertebrae• 
Direct spread to bone from adjacent tuberculous lymphadenitis• 
Single or multi centric, particularly in AIDS• 
Predilection for synovium - higher oxygen pressure• 

 There is caseating granulomatous inflammation with bone necrosis,
resulting in the destruction of bone.

Extension of the TB osteomyelitis into joint spaces results in tuberculous arthritis.
The infection crosses to the bone on the other side of the joint.

Incidence

3% of tuberculosis is musculoskeletal. Of these, the commonest area affected is the
spine.

Radiological signs

Lytic process.• 
Affects both sides of a joint or disc space.• 

Tuberculosis of Bone 83



Soft tissue swelling
Effusion in a joint♦ 
Paravertebral swelling in thorax♦ 
Fusiform paravertebral swelling in the neck♦ 

• 

Cystic tuberculosis - causes cystic lesions in bones• 

Sclerosis is a sign of healing TB - successfully treated lesions become sclerotic as
they heal.

Special Investigations

The ESR is raised often to above 100 mm/hr. On the differential white cell count
there is a lymphocytosis. Sputum is taken for culture and a 24 hour urine collection
can be taken if renal tuberculosis is a suspected cause.

Serological tests such as the Mantoux or Tine test are positive. In a third world
population, such as South Africa there is anyway a high incidence of positivity with
these tests. A positive test merely indicates that a patient has had exposure to TB in
the past. A negative test may be of more value in excluding TB, but other
immunosuppressive diseases such as HIV may suppress the reaction.

Biopsy

Biopsy may be needed is the diagnosis is in doubt. In South Africa, where
tuberculosis is common, biopsy is not always done. If the blood and radiological
criteria point to Tuberculosis therapy is started without a biopsy

Treatment

Anti tuberculous drugs are started.

(South African Medicines Formulary, fifth edition pg. 277)

Antituberculosis Drugs for Adults

Intensive phase (2 �3
months):

Body weight <50kg >50kg

Rifampisin 120mg +

Isoniasid (INH) 60 mg +
Pirasinamide (PZA) 300mg +
Etambutol 200mg

Combination tablet
(Rifafour®, Myrin Plus®)

4 tablets daily 5 tablets daily
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daily, 5 days per week

Maintenance phase: <50kg >50kg
Rifampisin 150mg + INH
100mg

Rifampisin 300mg + INH
150mg

3 tablets daily

-

-

2 tablets daily
Pyridoxine (Vitamin B6) 10mg /day must be added in patients with inadequate intake, or at risk of
developing peripheral neuropathy (pregnancy, diabetics, HIV infected patients)

Children need to be weighed, and require the regimen given here.

Therapy lasts at least 1 year to 18 months. The ESR should show a decrease and the
lesion on X rays becomes more sclerotic.

Failure to respond may be due to:-

Failure to take the drugs• 
Wrong diagnosis• 
Drug resistant tuberculosis• 

Side effects of anti tuberculous drugs

Serious: Drug causing Action
Jaundice (hepatitis) INH, Rifampisin,

PZA
Stop TB Drugs. Contact an

infection specialist.
Skin rash with
pyrexia

INH, Rifampisin

Bleeding tenancy,
shock, renal failure.

Rifampisin

Impaired vision and
color perception

Etambutol

Splinting of joints

The affected joint must be immobiliased in a position of function. For the hip in the
acute phase it means skin traction. Once discharged from hospital the patient with hip
TB is told to sleep prone to avoid a flexion contracture. The spine will need an
appropriate brace. For other joints a plaster cast, back slab or a custom made splint
may be necessary

Place of Surgery

Surgery plays a limited role in the treatment of tuberculosis. Synovial biopsy may be
needed to make the diagnosis. In spinal tuberculosis, gross instability or neurological
fallout are indications for an anterior fusion and decompression.

Department of Orthopaedic Surgery Website e-book

Treatment 85



Late surgery may be needed to repair the damage by a joint being destroyed or left in
an unacceptable position. Arthrodesis is sometimes the only solution in these severe
cases.

Spinal Tuberculosis

In the thoracic spine the patient presents
with a gibbus.

There may be neurological fallout due to:

Mechanical pressure on the spinal cord• 
Vascular - blood supply to cord compromised• 
TB granuloma pressing on cord• 

Radiology

There is loss of disc space, soft tissue swelling is commonly seen adjacent to the
involved area, or the pus may track into the psoas sheath (involvement about
thoraco-lumbar junction)

TB spine showing loss
of disc height. Click
picture to see more
images

Treatment principles remain the same as with TB of other areas. Antituberculosis
medication is begun once the diagnosis is confirmed. Further deformity is prevented
with a hard brace such as a Thoraco sacro lumbar orthosis (for Thoraco-lumbar
involvement).

An indication for operation is neurological compromise, unresponsive to treatment.
As TB spine involves mainly the vertebral body, an anterior approach is needed. The
caseous material is curetted out and the vertebral bodies fused with an anterior bone
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graft. The rib removed for the thoracotomy can be used for this.
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The histology of Tuberculosis

Under the microscope multinucleate giant cells and granulomatosis are seen
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Caseous necrosis and granulomatosis
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TB Drug Regimens

New cases over 8 yrs old

Pre-treatment body weight

Iitial phase (2 months) Continuous phase
RHZE

150, 75, 400, 275 mg

RH

150, 75 mg

RH

300, 150 mg
30-37 kg 2 tablets 2 tablets -
38 - 54kg 3 tablets 3 tablets -
55 - 70 kg 4 tablets - 2 tablets

>70 kg 5 tablets - 2 tablets
R= rifampacin; H= isoniazid; Z= pyrazinamide; E=ethambutol

New cases up to the age of 8 years

Pre-treatment body weight Iitial phase (2 months) Continuous phase

RHZ 60, 30, 150 mg RH 60 , 30 mg

3 - 4 kg 1/2 tablet 1/2 tablet

5 - 7 kg 1 tablet 1 tablet

8 - 9 kg 1 1/2 tablet 1 1/2 tablet

10 - 14 kg 2 tablets 2 tablets

15 - 19 kg 3 tablets 3 tablets

20 - 24 kg 4 tablets 4 tablets

25 - 29 kg 5 tablets 5 tablets
R= rifampacin; H= isoniazid; Z= pyrazinamide

(From South African Medicines Formulary 8th Edition Page 302)

Imaging of Spinal Tuberculosis
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Note the loss of disc height. There is also
soft tissue swelling anteriorly to the
involved vertebrae.

The magnetic resonance shows compression of the
spinal cord
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MRI: A "cold abscess" of TB has increased the signal in the left psoas
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Fractures of the Tibia
Department of Orthopaedic Surgery - Stellenbosch University

Fractures of the tibial shaft are common. Due to the subcutaneous nature of the distal
part of the anterior shaft, these fractures are often open.

Management: Shaft fractures

Tibial fractures are often due to high velocity trauma. Remember to look for other
injuries, including chest and abdominal trauma. Check for other fractures and
dislocations, especially of the ipsilateral knee and hip.

Closed Fractures

Conservative Treatment

Stable and minimally displaced fractures can be treated conservatively by reduction and
an above knee cast. If the fracture is minimally displaced a general anesthetic may not
be necessary. Use a general anesthetic if there is overlapping of bones, or difficulty is
expected.

The below knee portion can be completed first.
Hang the leg over the end of the table. An assistant
can pull downwards on the ankle to maintain the
reduction

How to apply Above Knee plaster
15 degrees flexion at knee• 
Ankle at 90 deg.• 
Extend proximally to groin• 
Ends distally at MP joints• 

Take a check X Ray to confirm your reduction. Keep the patient overnight, or instruct
him to return for a circulation check the following day.
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The next follow up can be at one or two weeks. Here the plaster is checked. X rays are
taken in the cast. If there is angulation wedging can be done of the cast. If there is
unacceptable loss of length this method will fail and a remanipulation or possibly open
reduction and internal fixation is required.

Wedging a plaster.

Measure the angulation on the x ray (leg still in plaster). Extend a line at right angles to
the shaft at both sides of the fracture onto the image of the plaster. This will be
equivalent to the gap to open. The plaster is sawed open at eh fracture level - keep a
intact hinge open at the opposite side. hinge the limb into alignment by opening the gap
in he plaster and holding it with a wooden block. Check X rays are taken. Once the
desired result is achieved repair the defect with plaster bandage.

X rays show acceptable length , but valgus angulation of the
distal tibia. The wedge has been marked out. The cut will be
made so that an opening wedge can be made on the lateral side
of the plaster.

Deepening the cut. A hinge of intact plaster can be left at the
(medial) apex

Once the plaster gap has been opened; retain it with a wooden
block. Now take a follow-up x ray. If satisfactory alignment is
obtained, repair the plaster with more pop bandages

Once the doctor is satisfied with alignment, the patient is followed up as an outpatient.
Once the fracture starts stabilising after the initial few weeks he is seen monthly. The
plaster cast is kept on with only replacements when seen at the clinic. At this stage X
rays can be taken out of plaster, as callus formation is better assessed on X ray without a
cast.

For mid shaft or lower fractures a patellar bearing cast often speeds up union.

Department of Orthopaedic Surgery Website e-book

Closed Fractures 93



The PTB cast is well mould ed between the gastrocnemeus heads, (to prevent rotation) and applies load to the patellar tendon
area. A walking heel on the sole allows weight bearing
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Open Tibial Fractures
Department of Orthopaedic Surgery - Stellenbosch University

Femur Fractures• 
Ex Fix• 
Sitemap• 

Open Reduction

Indications for Open reduction and internal fixation -
Tibial Shaft
Inability to obtain a reduction• 
Inability to maintain a reduction• 
Vascular complications• 

IM Pin
Recently there has been a swing towards intramedullary pinning of
the tibia. The procedure has a low sepsis rate and pin breakages are
rare. Any closed unstable fracture of the shaft (large butterfly
segment or comminution) can be considered candidate for this
method. It is difficult to successfully plate a tibia shaft as there is a
high rate of sepsis due to its poor distal blood supply, and the
proximity of the skin to the bone lets in sepsis.

Open Fractures

Play animation on how to debride an open fracture (1 min40 sec)

Click to play: Debridement Video

Tibial fractures are often open due to most of the anterior border of
the shaft being subcutaneous. The wound must be inspected in the
trauma ward and then covered with a sterile dressing. A broad
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spectrum antibiotic is given (first generation cephalosporin plus
amiloglycocide if very contaminated) Prophylaxis against tetanus is
also necessary.

Curetting out the medullary cavity.
The bone may have become
contaminated when it embedded in the
ground

In theater the leg is scrubbed before it is draped. The wound is
incised to a larger size if it is too small for access. All dead tissue is
excised. Viable muscle will bleed, and should contract if pinched
with a forceps - if it does not it needs excision. Preserve nerve tissue
and suture if transected. Vessels may need repair at his stage. Lose
pieces of bone ( no muscle attachments) are discarded. Leave the
wound open for secondary suture later. take tissue and pus swabs for
areobic and anaerobic culture) The wound needs irrigation with
copious water (10 litres or more). A pulsed lavage system is
invaluable in getting fine contaminants out of the tissue. If there is a
large soft (Gustillo 3b type or more ) tissue defect consult a plastic
surgeon regarding a primary flap to close the defect. The limb is
stablised - use an exfix if the wound is large or will need attention
later (skin graft etc.) If the wound is small and easily closable a
paster cast may be necessary. Open reduction is not recommended at
this primary debridement. It may be done at a later stage (48 hr.+) in
the less contaminated fracture (below Gustillo 3B).

A second debridement at 48 hours is recommended in all
contaminated cases. Here further non viable tissue is identified and
removed. Wounds may be sutured at this stage if the wounds appear
clean.

Delayed and Non Union

The tibia should begin to show signs of callus formation on X rays
from six weeks onwards. The fracture becomes less mobile when
stressed and the pain diminishes. If the tibia does not show signs of
union or does not progress as expected delayed union may be
diagnosed.
Make sure there are not causes such as sepsis, medical conditions
such as diabetes etc. Smoking inhibits fracture union and should be
discouraged. Non union has occurred when there is no progress
towards union and the fracture is pain free.
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Established nonunion. This man had fractured
his tibia 20 years previously. He only had
minimal pain. Note the hypertrophy of the
fibula.

Treatment of delayed union needs to address
the cause. Conservative treatment such as a
dynamic cast (patellar tendon bearing cast)
may stimulate union. If this fails, surgical
measures are necessary. If sepsis is the cause a
sequestrectomy of the fracture area is needed.
If there is abundant callus but none bridges the
gap (hypertrophic delayed union -"Elephant's
foot" type) more stability is called for. An
open reduction and internal fixation may be
needed. Hypotrophic delayed unions ( where
there is little callus) are due to vascular reasons (e.g.severe stripping
of soft tissue in an open fracture) Here a bone graft as well as further
stabilisation (ORIF or Exfix) will be needed. Mal alignment is a
potent cause of non or delayed union, as there are shear and
angulatory forces tearing apart all attempts by capillaries to bridge
the fracture gap. In this case a realignment procedure with fixation by
exfix, or intramedullary pin is called for.

< Previous Page
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Bone Tumours
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Bone tumour index page

Menu:

Benign Tumours• 
Malignant Tumours• 
Metastasis• 
Management• 
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Benign Tumour
Video

Malignant
tumour
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Printable Version (All above pages, HTML)

PDF version (Printable booklet)
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Benign Tumours
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Benign Bone Tumours

Page
contents
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bone
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Differences between
benign and malignant
tumours

Benign tumors are unable to
metastasize and generally grow slowly.

Benign Malignant
Well defined
margin

Poorly defined
margin

Slow growth Rapid growth

No metastases Distant
metastases

Simple bone cyst
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This is a common bone tumor in children
and may lead to pathological fractures. If
it is painful, the cause is usually
mechanical stress ( pre fracture stage)
and symptomatic lesions should be

treated.  
Cysts in the region of the hip are
particularly prone to fracture.
Characteristics Simple bone cyst

Children• 
Mildly Expansile• 
Filled with serous fluid• 
Migrate to diaphysis• 
Path. fractures common• 

Treatment

Symptomatic or cysts in high stress areas such as the femur neck need
treatment The cyst needs to be decompressed. Methods such as curettage and
bone graft, injection with cortisone and simple drilling with K wires are all
effective. Fractures through a cyst are treated conservatively ( plaster cast).
In high stress areas such as the hip, internal fixation is needed. The cyst
usually resolves after the fracture unites.
If a cyst recurs a biopsy is needed, as the diagnosis may be a more aggressive
entity such as the aneurismal bone cyst.

Aneurysmal Bone Cyst

Is a cystic expansile bone tumor seen in the first and second decades. It may
appear in any bone.

Aneurysmal
bone cyst of
the clavicle.
Expansile bone
cyst, loculated

The cyst is filled with blood. 30% are associated or contain elements of

another 
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primary lesion such as a GCT, chondroblastoma, fibrous dysplasia, chondro
myxoid fibroma, EG, simple cyst, osteoblastoma, non ossifying fibroma The
ABC can become large, and can also be the cause of a pathological fracture.
Some ABC 's can be fast growing and locally aggressive. Biopsy and
histological diagnosis is mandatory if ABC is suspected. Treatment is by
curettage and packing with bone chips.

Commonly seen in
the vertebrae, the
ABC usually
involves the
posterior elements.

Online Video

Enchondroma

A benign cartilaginous lesion appearing in adult life, seen often in short
tubular bones e.g. the hand. The lesions are usually single but may be
multiple.

Characteristics

Age: 2nd - 5th decade♦ 
Cartilage♦ 
Short cylindrical bones,often in hand♦ 
Problem: ? Low Grade Chondrosarcoma♦ 

X-rays show scalloped erosions on endosteal surface. There may be flecks of
calcification. In multiple enchondromatosis (Ollier's disease) there may be
associated deformities, such as genu varus or valgus. In the systemic form
(Ollier's), there is a high (10 -20%) incidence of malignant transformation.
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Multiple enchondromata or Ollier's disease

Treatment is by curettage and bone grafting. Because many of these may be
low grade malignant chondrosarcoma ( which is difficult to distinguish
histologically from benign enchondroma) additional techniques, such as
cryosurgery are also added to make sure the residual cells are killed.

Non Ossifying Fibroma
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Fibrous cortical defect
X-ray features
Margin well defined,
sometimes scalloped,
and often sclerotic.

This is also known as a fibrous cortical defect or a
metaphyseal fibrous defect. Occurs in the metaphysis in the
first two decades of life. Histologically it consists of fibrous

tissue.It is often 
primary lesion such as a GCT, chondroblastoma, fibrous dysplasia,
asymptomatic and found incidentally on X-rays Large lesions may cause a
pathological fracture.

Treatment is only required in a symptomatic lesion. The defect is curetted
and packed with bone.  If found incidentally on x rays and the lesion is small,
leave it alone. Larger lesions are rare, but if > 50% of diameter of the bone
consider surgery, as pathological fractures can take place.

Fibrous dysplasia

Histologically also fibrous tissue. Is a more severe and often
systemic form non ossifying fibroma. It begins in childhood
and affects one (monostotic) or many bones. It may cause
deformities such as coxa vara and facial deformities.
X-ray features
Radio lucent or opaque lesions may be lobular or scalloped.
The cortex is eroded and expanded.

Osteoid Osteoma

Osteoid osteoma presents as a sclerotic cortical lesion. It is painful and the
pain is relieved by asprin

There is an oval lytic centre known as the nidus. It is this center that produces
benign osteoid.
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Osteoid Osteoma of femoral neck. Notice the sclerosis of the neck and the
central nidus

Histology - the nidus produces osteoid it
may contain giant cells

Differential diagnosis of a sclerotic cortical lesion
in a child
Osteoid osteoma♦ 
Stress fracture♦ 
Chronic osteomyelitis♦ 
Malignant tumor e.g. osteosarcoma♦ 

Management
To locate the nidus computer tomogrammes are helpful. A technetium scan
will show a hot spot. Excision of the nidus will cure the pain. An en block
excision is done.
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Osteochondroma

The osteochondroma is common and presents as a bony outgrowth near an
epiphysis.

Multiple osteochondromas

Lesions be single or multiple. It consists of a bony outgrowth with a cartilage
cap. The lesion may have a narrow neck (pedunculated) or may have a broad
base (sessile) Growth stops with skeletal growth. If the lesion enlarges the
cartilage becomes thickened in adult life consider malignant change in your
diagnosis. Malignant change to osteosarcoma or chondrosarcoma may occur
in up to 10% of multiple osteochondromas.

Causes of pain in an Osteochondroma
Mechanical eg ileotibial band impingement• 
Fracture• 
Malignant change• 

Management Not all lesions require excision. Excise symptomatic lesions
and do histology. In multiple osteochondroatosis yearly technetium scans are
done and hot lesions are excised. All symptomatic lesions must be excised.

Giant Cell Tumours

The Giant Cell Tumor grows in the epiphysis of adults and undermines the
mechanical integrity of the joint.
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Giant Cell Tumour

Treatment
The GCT consists of giant cells in a spindle cell stroma. The often breaks

through the bone and invades the soft tissue. 
primary lesion such as a GCT, chondroblastoma, fibrous dysplasia, On rare
occasions it metastasizes to the lungs. The tumor is curetted and packed with
bone. This may fail if it is a major joint and block excision may be required
with arthrodesis or joint replacement.

Chondroblastoma

The chondroblastoma has a predilection for the epiphysis and is almost always
found here. It does not stretch to the articular surface as the GCT does.

Chondroblastoma

- always in the epiphysis, shows areas of
calcification

Peak age incidence 10 to 20 yrs. Almost never undergo malignant

transformation. 
primary lesion such as a GCT, chondroblastoma, fibrous dysplasia,
Treatment
Curettage and bone graft.
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Chondromyxiod Fibroma

The Chondromyxoid Fibroma is composed of myxoid or primitive cartilage
and fibrous tissue. It presents in the second decade or later.

Chondromyxoid
fibroma
Eccentrically situated,
may stretch to, but not
cross, the growth plate

It has a very sclerotic endosteal border. 
primary lesion such as a GCT, chondroblastoma, fibrous dysplasia,

Treatment
Extra capsular marginal excision. Recurrence is rare.

1 2 3 4 5 Next
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Cystic and other benign bone tumours

Positions in the bone

Simple bone Cyst

Eccentric, non
expansile. One
compartment. May see
"fallen fragment "
sign. Starts at physis
and migrates away
with growth. Has a
long axis aligned to
the bone shaft. Never
penetrates cortex to
extend into soft
tissues.

Aneurysmal Bone Cyst

Usually metaphyseal, may extend
into epiphysis Blown out
appearance with thinned outer
cortex. Multi compartmental.
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Giant Cell Tumour

Seen in adults. Extends to the subchondral
bone of the joint margin. Crosses from
metaphysis into epiphyseal region. May be
expansile. Outer border may be thinned or
absent (may break into soft tissue).

Non Ossifying Fibroma / Fibrous
Cortical Defect

Eccentric and attached to cortex.
Commonly in metaphysis, but may be seen
in shaft. Well defined smooth or scalloped
margins.

Chondromyxiod Fibroma

Eccentrically situated lytic lesion with well
defined margins in the metaphysis of the
lower extremity. The lesion usually has a
sclerotic margin of bone and a lobulated
contour. Ridges and grooves that appear in
the margins secondary to scalloping falsely
appear to be trabeculae
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Chondroblastoma

Characteristically involves the epiphysis.Well
demarcated oval or round radiolucency. Has a
thin sclerotic bony margin. Fine calcifications,
either punctate or in rings, may be visible.

Electrophoresis Home

Department of Orthopaedic Surgery Website e-book

Positions in the bone 111



Diagnosis of Myeloma: Electrophoresis

Electrophoretic patterns in urine and serum. The upper panel
represents normal values. Below a "M peak" from the abnormal
plasma proteins is added. Light chains may spill over to the
urine as "Bence Jones Protein"
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Malignant Tumours
Department of Orthopaedic Surgery - Stellenbosch University

Malignant primary Bone Tumours

Page Contents

Ewing's♦ 
Myeloma♦ 
Chondrosarcoma♦ 

Osteosarcoma

Osteosarcoma is a primary malignancy of bone. The malignant cells

produce osteoid.  Histologically the tumor is
composed of malignant osteoblasts which produce osteoid Most occur in the
metaphysis of long bones especially about he knee. Age - 10 to 20 years. If
seen later in life consider a secondary malignancy ( to Paget's or post
irradiation) It metastases to the lungs and to other bones.

Prognosis

Poor in South Africa (20% 5 yr. survival, because of late presentation).
International experience is towards a 60% survival.
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Histology of an osteosarcoma. Note
the malignant osteoid (pink
trabeculae)

X-ray features
Codman's triangle, Sunray spicules

Ewing's Sarcoma

Ewing's is a small cell tumor seen in the 10 to 25 yr. age group. 60% occur
in the long bones, but the scapula and pelvis are often affected.

Ewing's

The tumor lifts the periosteum to
produce the typical onion skin
appearance

Ewing's

Small cells of uniform size. On
electron microscopy the cells contain
glycogen granules

Ewing's is one of the few tumors that frequently originate in the shaft of
long bones. 50% originate in the diaphysis. It is an osteolytic tumor and has
a large soft tissue component. It may mimic chronic osteomyelitis and even
produce a raised body temperature and ESR as well as white cell count.
Histologically the tumor consists of monotonous sheets of small round cells.
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Prognosis:
Poor 30% have lung or bony metastases at time of presentation.

Myeloma

Myeloma is a common primary tumour
from the 5th decade onwards. Myeloma
presents with lytic bone lesions which
commonly lead to pathological fracture. 
Site
Common in any bone containing red
marrow especially flat bones eg pelvis as
well as vertebra. Consider the diagnosis in a
vertebral fracture in the elderly. Typically
the vertebra is flattened the so called
"wafer" vertebra. If there is systemic
involvement the skull x-ray may show
"punched out" lytic lesions.
Clinically
Affects bone containing red marrow (skull,
ribs, vertebrae, sternum, pelvis)
Weakness, bone pain and pathological

fractures
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Backache is common and may cause root pain and occasionally paraplegia
Anemia, generalised malaise and cachexia
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Effects of Myeloma

Local bone destruction by the
tumour

• 

High plasma protein
concentration

• 

Renal effects of abnormal
plasma proteins

Renal Failure◊ 
Gout◊ 

• 

Diagnosis Myeloma
ESR usually >100
mm/hr

• 

Serum Electrophoresis• 
Urine Bence Jones
Protein

• 

Serum
immunoelectrophoresis

• 

Bone marrow biopsy• 
Biopsy - only
occasionally needed

• 

Histology

The tumor is composed of abnormal plasma cells. If the tumor is localised
to one bone it is known as a plasmacytoma Systemic involvement is known
as multiple myeloma A bone marrow biopsy must be done from the pelvic
rim to determine the extent of spread.

Histology Myeloma

Consists of plasma cells

Monoclonal peaks are seen in multiple
myeloma. Peaks such as the one on the right
do not correspond to the usual Alpha and Beta
peaks
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Chondrosarcoma

Chondrosarcoma usually presents after 6th decade.
Characteristically chondrosarcoma is slow growing and seen
proximally in the skeleton e.g. prox. humerus and pelvis.

Chondrosarcoma arising from an Osteochondroma.
The patient has multiple enchondromas. The lesion on the left ilium has
developed an indistinct border. Compare this to the enchondromas on the
proximal femurs.

Click on the image for other views.
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Chondrosarcoma often arises secondary to other
tumours.

Secondary Chondrosarcoma

Osteochondromata esp. Multiple• 
Enchondroma esp. Ollier's (25%)• 
Mafucci (100%)• 
Chondroblastoma• 
Chondromyxiod fibroma• 
Synovial chondromatosis• 

Treatment

Surgery alone is the only hope of cure with this tumour.
Chondrosarcoma is unresponsive to irradiation and
chemotherapy. Block excision is recommended.
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Metastatic Tumours
Department of Orthopaedic Surgery - Stellenbosch University

Skeletal metastases and Pathological Fractures

Pathological
Fractures

Metastatic bone tumours

Metastases are the most common bone tumours in older patients. They will present to
the orthopaedic surgeon with pain, either because of an actual or threatened
pathological fracture, or will present with a lytic or sclerotic bone lesion. The patient
may have had a primary diagnosed years beforehand, and a history of previous surgery
or investigations must be extracted as such information is not always volunteered.

Tumour Lytic / Blastic

Breast Lytic, rarely sclerotic

Prostate Sclerotic

Lung Lytic

Thyroid Lytic, expansile

Renal Lytic
Q: When does a patient with a known metastasis require prophylactic fixation?

A: If the lesion is painful it is likely to be at a pre fracture stage. If the pain, in a limb
with a metastasis, that increases with weight bearing is an indication for fixation. A
lesion that is bigger than 50% of the diameter of the bone will also need to be fixed.
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Spinal
metastases
Click for
further

discussion

Once a pathological bone has fractured conservative treatment will fail and the bone
needs ORIF. After fixation all the bone needs radiotherapy to kill residual cancer cells.

Mirel's Scoring System

Points 1 2 3

Site Upper
Limb

Lower
Limb Peri-trochanteric

Pain Mild Medium Severe

Lesion Blastic Mixed Lytic

Size
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Management of Tumours
Department of Orthopaedic Surgery - Stellenbosch University

Management of primary bone tumours

Basic Investigations

These are the basic investigations needed with most suspected primary tumours.

Investigation Reason

ESR High with sepsis and Myeloma, normal or moderate with
most tumors

Alk Phosphatase High - if tumor rapidly replaces bone

FBC Leucocytosis with sepsis, (sometimes with Ewing's)

Chest X-ray Pulmonary mets. common in malignant bone tumors.

CT Scan Lung More accurate than CXR - will detect smaller pulmonary
mets.

X-rays of lesion X-ray, features of bone tumor easily recognisable

Other imaging
Modalities

MRI excellent for soft tissue component CT scan - good
alternative especially with bone forming lesions eg
osteosarcoma

Staging

In addition the tumor will have to be staged. These investigations can be done at
the oncology center to which the patient is referred.

Staging Investigations
Magnetic resonance of tumour site♦ 
CT scan lungs - picks up smaller mets.♦ 
TC Scan - for other bony mets.♦ 
Biopsy♦ 
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Once the local imaging is done a  biopsy can be done and the histology of the
tumour studied A Staging system such as that of Enneking is used to prognosticate
and decide on management.

Treatment

Most malignant bone tumors require surgery and chemotherapy. Radiotherapy is
reserved for irresectable or marginally excised tumours.
Chemotherapy is usually started about 6 weeks preoperatively once the diagnosis
has been confirmed by histology.

Surgery

A wide surgical margin should be achieved.

Low grade Chondrosarcoma After block excision and
vascularised fibula graft

To achieve this aim, either a en block excision with arthrodesis, or custom mage
prosthetic joint is required or an amputation is needed. The patient needs

postoperative chemotherapy too, in most cases. 

Block excision can also be usedfor the treatment of benign, but aggressive tumours
e.g. giant cell tumour about the knee.
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Postoperative chemotherapy

Chemotherapy is also given postoperatively. Excised lesion is examined
histologically to determine if the margins ate tumour free. Another factor looked at
is the amount of tumour necrosis caused by the chemotherapy. If there was a good
response the same regimen is given postoperatively. If the response was poor the
chemotherapy agents are changed, with the hope that alternative drugs will be nore
effective.
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Spinal Metastases

Winking Owl Sign
Spinal metastases are common in malignant tumors. On X rays one of the first signs is
disappearance of the pedicle on the AP X-ray. This is known as the winking owl sign

A Technetium radio-isotope scan is another very sensitive way to pick up any
metastasis. Most matastatic tumors show up as a warm lesion on Tc scan. Myeloma,
however, almost always gives a cold scan.
Vertebral metastases involve the vertebral body and spare the disc space.Infection such
as tuberculosis affects two or more adjacent vertebrae and there is narrowing of the disc
space. The metastasis weakens the vertebra causing it to collapse This results in a
wedge or a flat (vertebra plana) vertebra.

Sclerotic Vertebral Metastases

Most vertebral metastases are osteolytic, prostatatic metastases are sclerotic. In the
example on the left the pedicle is absent (Winking Owl Sign) and the vertebral body is
sclerotic.

Sclerotic vs. Blastic Spinal Tumours

Lytic Blastic

Lung Breast

Breast Prostate
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Hypernephroma Lung

Thyroid

Large Bowel

It can be seen that some tumors such as breast and lung may be both sclerotic and / or
lytic.
Magnetic resonance may be valuable in assessing a spinal metastasis.

Prostate metastases. The tumor has infiltrated all visible
vertebrae as well as the pelvis. L2 is solid white - the "Ivory
vertebra" of prostate carcinoma

Treatment

The treatment of spinal metastases is mainly palliative. Diagnose and treat the primary
tumour. In most cases neurological fallout is treated by radiotherapy.
If the prognosis for life is > 6 months e.g. in lower grade malignancy (such as breast,
renal clear cell, and thyroid) operative decompression and stabilisation with internal
fixation may be warranted.
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Malignant change in a patient with multiple
enchondromas

This patient with multiple enchondromas developed pain
on the left side of the pelvis

The ileum has a fuzzy contour and the lesion is
calcified.The calcification has a "popcorn"
appearance.This is at the * area of the above x ray.
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At the superior acetabulum. Marked with the arrow
above, the bony trabeculae can still be seen. This is a
normal enchondroma. The cartilage cap is usually not
seen on plain x ray.

Suspect malignant change in an osteochondroma when:-

Growth of the lesion in an adult• 
>1cm cartilage cap (MRI or CT scan)• 
Area of fluffy density• 
Soft tissue invasion takes place• 
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Treatment of cystic bone lesions

by curettage, tumour ablation and cancellous bone grafting

Cystic lesions can be treated by opening the cavity. The cyst must be adequately deroofed, so that
teh entire inside can be easily visualised. All bony trabeculae are burred away until a smooth,
beeding border is

obtained.

Surviving tumour cells are then killed by either using cryosurgery such as liquid nitrogen to freeze
the immediate border of the cyst. An alternative technique is to use 80% phenol. This is painted
onto the cyst and then removed by absolute alcohol (with adequate irrigation to remove these toxic
substances). The cycle is repeated three times.

The cavity of the cyst is then packed with either autogenous bone, or in a large cyst, allograft chips
may be used.
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External Fixators
Department of Orthopaedic Surgery - University Stellenbosch, South Africa

External fixation Page Next Page >>

Menu:
Specific external fixators

Tibia Fractures

Open tibial fractures

Site Map

 With external fixation, pins are inserted through the skin into the bone and held
in place by an external frame.
The usual indications are open fractures such as a tibia fracture which requires dressings or attention to a
wound or flap.
It can also be used with closed fractures e.g. unstable radius fracture.
External fixation is most successful in superficial bones e.g. tibial shaft. Avoid it in deeper bones e.g. the
femur or humerus - here the chance of pin tract sepsis is greater.

Ilizarov external fixator
on a tibia. This type of
fixator, although
somewhat tiresome to
assemble, has a low
incidence of pin-site
sepsis, is very stable,
and is ideal in a
metaphyseal region. It is
often used for bone
lengthening as well as
bone transport
procedures
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Advantages of external fixation

The method provides rigid fixation of the bones in cases in which other forms of immobilization, for
one reason or another, are inappropriate. This is most common in severe, open types II and III
fractures in which cast or traction methods would not permit access for management of the soft tissue
wounds and in which exposure and dissection to implant an internal fixation appliance would
devitalize and contaminate larger areas and might significantly increase the risk of infection or loss of
the limb itself.

1. 

Compression, neutralization, or fixed distraction of the fracture fragments is possible with external
fixation, as dictated by the fracture configuration. Uncomminuted transverse fractures can be
optimally compressed, length can be maintained in comminuted fractures by pins in the major
proximal and distal fragments (neutralization mode), or fixed distraction can be obtained in fractures
with bone loss in one of paired bones, such as the radius or ulna, or in leg-lengthening procedures.

2. 

The method allows direct surveillance of the limb and wound status, including wound healing,
neurovascular status, viability of skin flaps, and tense muscle compartments.

3. 

Associated treatment, for example, dressing changes, skin grafting, bone grafting, and irrigation, is
possible without disturbing the fracture alignment or fixation. Rigid external fixation allows
aggressive and simultaneous treatment of bone and soft tissues.

4. 

Immediate motion of the proximal and distal joints is allowed. This aids in reduction of edema and
nutrition of articular surfaces and retards capsular fibrosis, joint stiffening, muscle atrophy, and
osteoporosis.

5. 
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The extremity is elevated without pressure on the posterior soft tissues. The pins and frames can be
suspended by ropes from overhead frames on the bed, aiding edema resolution and relieving pressure
on the posterior soft tissue part.

6. 

Early patient mobilization is allowed. With rigid fixation the limb can be moved and positioned
without

7. 

fear of loss of fracture position. In stable, uncomminuted fractures early ambulation is usually
possible; this may not be the case if these fractures are treated by traction or casting. Use of external
fixation also allows mobilization of some patients with pelvic fractures.
Insertion can be performed with the patient under local anesthesia, if necessary. If a patient�s general
medical condition is such that use of a spinal or general anesthetic is contraindicated, the fixator can
be inserted using local anesthesia, although this is not optimal.

8. 

Rigid fixation can be used in infected, acute fractures or non union's. Rigid fixation of the bone
fragments in infected fractures or in infected established non union's is a critical factor in controlling
and obliterating the infection. This is rarely possible with casting or traction methods, and
implantation of internal fixation devices is often ill advised. Modern external fixators in such
instances can provide rigidity not afforded by other methods.

9. 

Rigid fixation of failed, infected arthroplasties in which joint reconstruction is not possible and in
which arthrodesis is desired can be achieved.

10. 

Disadvantages of external fixation

Meticulous pin insertion technique and skin and pin tract care are required to prevent pin tract
infection.

1. 

The pin and fixator frame can be mechanically difficult to assemble by the uninitiated surgeon.2. 
The equipment is expensive.3. 
The frame can be cumbersome, and the patient may reject it for aesthetic reasons.4. 
Fracture through pin tracts may occur.5. 
It is difficult to do delicate surgery such as skin flaps once the exfix apparatus is in place. Rather do
this type of surgery before the frame is applied.

6. 

Re fracture after exfix removal may occur unless the limb is adequately protected (e.g. by walking
cast application), until the underlying

7. 

bone can again become accustomed to stress.
The noncompliant patient may disturb the appliance adjustments.8. 
The head injured patient may injure himself by thrashing his pin studded limb against other parts.9. 
Joint stiffness may occur if the fracture requires that the fixator immobilize the adjacent joint. e.g. an
exfix placed over the ankle for a pilon fracture as there was insufficient space for pins in the distal
tibial fragment.

10. 

Complications

There are many potential complications with sepsis being the most common.

Pin tract infection. Without proper technique for pin insertion and meticulous pin tract care, this may be the
most common complication, occurring in 30% of patients. It varies from minor inflammation remedied by
local wound care, to superficial infection requiring antibiotics, local wound care, and occasional pin removal,
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to osteomyelitis requiring sequestrectomy. A "ring sequestrum" is the radiological appearance of a sclerotic
ring about the hole left from a transfixion pin (from an exfix or other skeletal traction device.

Neurovascular impalement. Know the anatomy of the underlying limb, and avoid major neurovascular
structures. The surgeon must be familiar with the cross-sectional anatomy of the limb and with the relatively
safe zones and danger zones for pin insertion The radial nerve in the distal half of the arm and proximal half
of the forearm, the dorsal sensory radial nerve just above the wrist, and the anterior tibial artery and deep
peroneal nerve at the junction of the third and fourth quarters of the leg are the structures most often involved.
Vessel penetration, thrombosis, late erosion, arteriovenous fistulas, and the formation of aneurysms have also
been observed.

Muscle or tendon impalement. Pins inserted through tendons or muscle bellies restrain the muscle from its
normal excursion and can lead to tendon rupture, or muscle fibrosis. Ankle stiffness is frequent if multiple
transfixing pins are used in fractures of the tibia.

Delayed union. The rigid pins and frames can ��unload�� the fracture site, with cancellization and
weakening of the cortex similar to that noted with internal rigid compression plate fixation if the fixator
remains in place for several weeks or months. The callus produced is entirely endosteal, and delayed unions in
20% to 30% (and as many as 80%) of fractures have been reported in the literature with prolonged use of the
rigid fixator.

Compartment syndrome May occur in the limb treated with an external fixator. Unlike open surgery which
opens facial planes, an external fixator is basically a closed method and there is a higher rate of
compartmental syndrome.

Refracture. Union due to the rigid fixation is largely endosteal, with very little peripheral callus formation.
The de stressing of the cortical bone by the rigid fixation results in cancellization of the cortex; refracture is
possible after fixator removal unless the limb is adequately protected by crutches, supplemental casts, or
supports.
Limitation of future alternatives. Such methods as open reduction become difficult or impossible if pin tracts
become infected. If an external fixator is left in more than a week, there is a higher rate of infection if open
reduction and internal fixation (ORIF) is later attempted. Do not use an exfix for an extended period ,if you
anticipate open reduction will later be required. It is safe to do ORIF, however if the exfix removed within a
week of application. In "Damage Control" surgery i.e. where anaesthetic time must be limited due to other
life threatening conditions, in the multiply injured, a temporary exfix is a solution. Later when the patients
condition stabilises, the exfix can be replaced by performing definitive open reduction and internal fixation.

Avoid
causing
osteomyelitis
Place pins away
from fracture
lines. Organisms
may gain access
and infect the
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bone about the
fracture area.

Skin "tenting"
i.e. folds caused
by skin
compression
against the pin
must not be
tolerated - these
folds lead to pin
tract sepsis.
Make a relaxing
incision on the
side of the fold,
and suture any
resulting wound.

Causes of pin sepsis

Site selection
The more soft tissue there is, the greater is the chance for sepsis. Site the pin where the bone is as
superficial as possible.

Skin tethering
Place the pin so as not to tension the skin. Close wounds, if possible before inserting the pin, as
closure will be likely to move the skin. Make relaxing incisions to relieve skin tension - suture the
resulting defect if necessary.

Use of power instruments
Drilling wide diameter pins directly into bone will generate heat, this may lead to sequestrum
formation and sepsis. Either pre drill the pins with a helical drill, or use hand instruments to insert the
pin.

Pin Care
Inadequate pin care and poor hygiene may lead to sepsis

Pin Care

Clean the skin / pin interface of all discharges twice daily1. 
Antiseptic dressings - "Betadine" (povidone) ointment2. 
Inflamed or septic skin about a pin (not loose) - Appropriate (oral) antibiotic3. 
Septic Loose Pin - remove, and replace with another through normal skin4. 

Removal

Simple outpatient procedure1. 
Remove the exfix once its job is done. Replace the device with POP cast once skin defect ( the reason
the exfix was put on for) has healed, and fracture has stabilised enough not to easily displace.

2. 
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Management of an open tibia fracture with an external fixator

How to debride a tibia and apply an exfix
Open Fracture
Grade 1 - any
fracture with a
wound in the
region must be
regarded as an
open fracture and
the wound
explored in
theater

X-ray of the tibia
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Scrubbing the leg
prior to surgery

The debridement.
Curetting the
marrow cavity -
this may be
contaminated by
debris. In this
case the original
wound needed
extension to gain
access to the
tibia. Irrigate and
excise all dead
tissue.

The AO external
fixator has been
applied

Postoperative x
ray showing good
alignment

External fixators in other regions

Pelvic
reduction
clamp.
Used for
emergency
reduction
of unstable
open book
pelvic
fractures

An exfix is an effective, and potentially life saving procedure in open book type pelvic fractures. A Gantz
clamp is placed over the pelvis with the pins over the sacro ilaic joint. It will effectively reduce the fracture
and prevent haemorrage.
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Forearm fractures

Comminuted fracture of the radius stabilised with external fixator

Distal radius fractures can be stabilised and held at length by means of an exfix from the proximal radius to
the second metacarpal bone.
The indication a comminuted fracture of the distal radius with loss of length. In the forearm closed as well as
open fractures can be treated by this method.
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Plaster Casts and Splints

Robert Jones Bandage

This is useful for injuries that have a danger of swelling e.g. Ligamentous
damage to the knee.

Robert Jones Bandage

It consists of three alternate layers of cotton wool and crepe bandage.
The bulky Robert Jones Pressure bandage minimises further swelling
and it affords some immobilization.
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If necessary the bandage can be made more rigid
by application of plaster slabs to the sides.
These are secured by another layer of bandage.

Plaster of Paris

The chemical composition is Calcium Sulphate on a fabric mesh
The plaster sets by adding water of hydration
(CaSO4, 2 H2O) + heat = (CaSO4, ½ H2O) + 1.5 H2O) Gypsum was
discovered 9000 years ago in Syria This causes an exothermic reaction.

This increase in temperature can burn the skin
if the reaction is too fast e.g. use of hot water or, if the patient places the cast
near a radiator.

Reduction

The sooner the reduction of a fracture is attempted the better, because
swelling
of the extremity tends to increase for 6 to 12 hours after the injury.
Before embarking on the manipulative reduction, adequate x-ray films
must be obtained to determine what the objectives of the manipulation
are to be or if, indeed, a reduction is necessary. Perkins stated that
closed reduction is contraindicated when:

Contraindications for closed reduction

1. There is no significant displacement.
2. The displacement is of little concern (e.g., humeral shaft).
3. No reduction is possible (e.g., comminuted fracture of the head and neck of
humerus).
4. The reduction, if gained, cannot be held (e.g., compression fracture of the
vertebral body).
5. The fracture has been produced by a traction force (e.g., displaced fracture of
the patella).

To achieve a reduction, the following steps usually are advised:

(1) apply traction in the long axis of the limb;
(2) reverse the mechanism that produced the fracture; and
(3) align the fragment that can be controlled with the one that cannot.

Immobilization
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Once a satisfactory reduction has been achieved, it must then be maintained
until primary union has taken place. Immobilization may be provided by a cast,
continuous traction, or some form of splint.

Principles of plaster technique

Practice the reduction before cast is applied• 
Pad all fresh fractures - use wool such as "Velband"• 
Apply this padding evenly• 
Water must be slightly warm• 
Work the layers to get laminations to bind• 
Never flex a joint after POP is applied - hold it flexed beforehand• 
Three pressure points are needed to keep reduction• 
These pressure points must not cross a joint• 

Further information on basic plaster technique can be found in this document.

Follow up of a cast
Immediate post-reduction X Rays• 
Split plaster if any danger of swelling• 
Elevate limb• 
Circulation check 24 hours later• 

Swelling is maximal the first 48 hours and then subsides. Once the
patient discharged from your casualty, he must be seen and the
reduction checked within a week. If necessary the cast can be replaced
at this stage. A new reduction may be needed if the fracture has
displaced at this stage. After a week some fractures e.g. growth plate
injuries become increasingly difficult to manipulate.
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Plaster Casts and Splints

Upper extremity casts

Casts on the upper extremity may extend above the elbow or be limited to the
forearm and hand. In either case, the cast should be trimmed along the line of
the knuckles on the dorsum and obliquely across the proximal flexion crease of
the palm on the volar side to allow unrestricted motion of the fingers.
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Three points of contact should be mould ed into the cast. These points reverse
the direction of displacement and hold the fracture fragments reduced. A contact
point should not cross a joint. Take care to ensure these contact points are
smooth, make them wide, and gradual, with the base of your thumb or plam.Th
ese points should not cause discomfort to your patient.

Three points of contact should be mould ed into a plaster

Make the cross-section of your
forearm cast oval. Otherwise
falling in may result in possible
cross union

A hole should be cut out around the thumb just large enough to allow
unrestricted motion. � This means that the distal end of the cast should extend
to the level of the MP joints The edges of this thumb hole must be carefully
everted, so that the sharp edge does not cut the skin. Occasionally, the thumb
may be included in the cast, as in treating scaphoid fractures.

Pillow slip method of elevating upper limb. Turn the slip
half inside out,along its length as shown. Use this sling to
suspend the upper limb vertically from a drip stand, so
that the fracture is just above the level of the heart.

Post manipulation immobilisation: If the patient has to lie in bed the pillow slip
method of elevation can be used.
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Lower-Extremity Casts

.

The first plaster is best applied with the knee bent 90 degrees
over the end of the table. Traction is then applied by an
assistant, (or a bucket of water as depicted here) Make sure the
rotation, as well as the alignment is corrected. Velband is then
applied, and the pop applied to the lower leg. The knee is then
straightened to 15 degrees, and the above knee POP completed.

Long-leg casts may be applied with the knee flexed or extended, but if
weight-bearing is to be allowed, the knee should be neutral or in 5° of flexion.

Application of padding

BK Pop

Take up slack
by making tucks in
the plaster bandage

The cast should be trimmed in line with the metatarsal heads on the plantar
aspect and at the base of the toes dorsally. The fifth toe must be entirely free;
this is a common site for a plaster sore. Perkins stated that it is most important
not to immobilize the forefoot in varus, and he left the metatarsal heads free to
bear weight. If a toe plate is used, the metatarsophalangeal joints must not be
held in hyperextension. In fractures of the lower third of the tibia, dorsiflexion
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of the foot frequently causes angulation of the fracture. It is quite permissible
under these circumstances to immobilize the foot in plantar flexion, although in
fractures of the ankle this would be proscribed. When the foot is immobilized in
plantar flexion and a walking heel is applied, the contra lateral shoe should be
raised to equalize leg lengths.

Many orthopaedic surgeons reinforce their casts by applying splints to the
posterior aspect of the cast. This adds weight without adding much strength. The
same amount of plaster applied anteriorly as a fin strengthens the cast
immeasurably, making fracture of the cast at the ankle virtually impossible

Points in applying above knee cast

Proximal end � as high in the groin as possible1. 
Distal end � To MP joints of foot2. 
Knee in 5 to 15 degrees flexion3. 
Foot in at 90 degrees to tibia4. 

Hip and Shoulder Spicas

Avoid the use of hip and shoulder spicas in adults. They are more readily
tolerated in children. Make sure there is someone at home during the day to care
for the patient you discharge in a spica. In the past, patients were frequently sent
home in hip spicas to make space in hospitals. In their home environment, if no
one cares for them, they may lie unturned, soaking in their own urine and feces
and manufacturing immense decubitus ulcers. We have seen a paraplegic
woman with a fractured spine transported in a double hip spica, who on arrival
had bone showing over both iliac spines, both greater trochanters, and her
sacrum

Spica Cast

A one and a half spica cast. The leg
portions are reinforced with a piece of
wood. Beware also of "registrar's" corner
- the portion behind the buttocks often
neglected and this can cause breakage

It is hazardous to place patients in spicas when they lack sensation, and it is only
under the most unusual circumstances that we would now advocate the use of
the hip spica in adult fractures; however, they may still play a role in children's'
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fractures.

To reduce the weight of these casts and make the patient more comfortable, a
substantial window should be cut out over the belly. This portion of the cast
contributes nothing to its strength, but the window should always be circular or
oval and never rectangular, because corners act as stress risers. This means that
it is best cut with a knife. If one waits too long, cutting the hard plaster can be
tedious. The task is made easier by outlining the window with the knife and then
making a cross with the plaster saw within the circle. The free corners may then
be pried up and the cutting of the circumference completed with

Older orthopaedic surgeons at some time or other in their career have been
embarrassed by the disconcerting habit that spicas have of breaking at the hip.
This is sometimes caused when a triangular area, commonly known as the
"amateur's corner," at the junction of the limb and trunk does not receive its fair
share of the plaster. It also results, as Strange pointed out, from the juncture of
the body and leg being an open section and thus very much weaker than the
circular portions of the cast. To strengthen this weak point, fin-like
reinforcements are applied anteriorly, posteriorly, and laterally, much in the
same way that a walking cast might be reinforced apply a new cast.
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Plaster Casts and Splints

Functional Braces

The principle of these is that a well fitting plaster cast is applied and the
patient uses the extremity ie walks on a the cast. Muscle action and the
intermittent axial compression stimulates bony union.

Femoral Cast Braces

Cast braces enjoyed a considerable vogue during the 1970s for the
management of femoral fractures and fractures of the tibial plateau. After
preliminary treatment by traction, the cast brace is applied when the
fracture is "stable and firm."
In essence, a long-leg cast is applied over a long "Stockinette" stocking,
with the upper end molded to the shape of a quadrilateral socket, or a
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plastic socket is incorporated in the cast.
Another name for the femoral brace is a "Box Plaster" A full leg cast is
applied and molded in a right angled "box" form to prevent rotation. It
bears weight on the ischial region. Box plasters are only suitable from
the mid femoral shaft downwards. A hinge may be worked into the
plaster and the knee left free.

Cast Brace
Well molded into ischial region -

rubber walking heel

All functional braces need the fracture to be stable ie partially united. It is
not a suitable method for the fresh fracture.

The Patellar Tendon Bearing Cast

At Tygerberg hospital tibial fractures are initially treated
for about 6 weeks in a full length POP then Patellar
Tendon Cast (PTB) is applied. The PTB is not suitable for
proximal tibial fractures, but is a good conservative
method of treating stable tibial fractures from the middle
third downwards. The principle of tibial PTB casting is the
same as for the femoral cast brace. A well fitting below
knee cast is applied and molded between the
gastrocnemius heads. The actual weight is born on the
patellar tendon region anteriorly. A rubber heel is applied
and the patient is encouraged to weight-bear on the
plaster.

Technique of PTB casts
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A PTB Cast

Well molded
between the

gastroc. heads -
bears weight on the

patellar area

Patellar tendon-bearing (PTB) casts were devised by
Sarmiento to immobilize fractures of the tibial shaft and at
the same time allow the knee to bend. This type of cast
must be applied with care over minimal padding and is
applied in segments. In applying the upper portion of the
cast, the knee should be flexed to a right angle and the
cast molded flat over the upper calf to give a triangular
cross section. The cast is molded anteriorly around the
patella, and an indentation is made over the patellar
tendon. The cast is trimmed to look like a PTB prosthesis,
and it is most important to trim the cast like a wingback
chair around the femoral condyles to prevent rotation of
the proximal tibia on weight bearing

Consider using a PTB plaster, especially if a tibial fracture is taking
longer than expected to unite.

Next Page
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Plaster Casts and Splints

Windows in casts

There are times when it is necessary to inspect wounds under
casts, and making windows to do so seems reasonable. If at the
time of cast application such a window is known to be necessary,
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it is a good plan to apply a large bolus of dressings over the
wound, so that it sticks out. One may then take a sharp knife and
cut around the periphery of this wad, leaving an oval hole. A
rectangular hole cut with a saw makes the cast weak, because the
corners act as stress risers. The cast might reasonably be
reinforced by a dorsal fin to make up for the weakness of the
open section. If the window is made to inspect a wound - plaster
it closed again after the inspection to avoid a fracture in your
cast. If a tibial wound needs regular access eg a skin graft or flap
over a open fracture consider an alternative to a window such as
exoskeletal fixation.

Windows in casts are hazardous if left open, especially if there is
any tendency for the limb to swell. The soft tissue may herniate
through the hole, becoming grossly edematous, and the skin
tends to break down from the pressure produced by the margins
of the defect. To avoid this complication, we generally cut a
piece of felt or sponge rubber to the size of the hole and bandage
this snugly in place over the dressings with an elastic bandage to
provide uniform compression.

Wedging of a cast

After an attempted closed reduction and the application of a
circular cast, there may be some residual varus or valgus
angulation or posterior bow. Under these circumstances, it is
quite permissible to make a transverse cut two thirds of the way
around the cast (leaving a hinge opposite the convexity of the
angulation)

Angulated
Fracture

Cutting the POP
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and open up the cut until the angulation is adequately corrected.
The cut edges of the cast must then be everted with molders, or,
if these are not available, pliers. Little blocks of wood or corks to
are placed hold the wedge open. Make sure these do not exert
pressure on the unserlying skin. We generally pack some sheet
wadding in the defect and repair the cast while holding the limb
in the corrected position. To gain the greatest mechanical
advantage, the wedge should be made at the point where the
central long axes of both fragments intersect; this point can be
ascertained by drawing the appropriate lines on the x-ray film.
Wedging can correct angulation but not shortening or rotation.
We find the greatest use for wedging in fractures of the tibia,
where the correction tends to be comparatively small. If large
corrections are to be made, a combination of an opening wedge
on the concave side and closing wedge on the convex side is
safer, because a large opening wedge will elongate the cast and
apply undue pressure on the dorsum of the foot. However, if
large corrections are necessary, we usually apply a new cast.

Cast is corrected to
predetermined angle

Post reduction
X-ray
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Splitting a plaster cast

A cast is rigid and cannot compensate for swelling of the limb. If
there is any danger of swelling ie most fresh fractures the cast
must be split. Avoid circular casts in fresh fractures about the
elbow and knee
- rather use an back-slab as the initial plaster.
Technique
Use a plaster saw or shears to split the cast( and cut through all
padding too). In a forearm fracture make the cut on the Ulnar
border. If loss of reduction is feared after the swelling subsides
the cut can be railroaded. (a 25 mm track is cut out) A week
later a bandage can be applied over the plaster to compress it
over the shrunken limb.
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Operative choices

When operations are planned on the bony skeleton, the following broad
categories of operations are available. Factors such as age and physical fitness
are important in making the choice regarding the most appropriate procedure

Osteotomies

An osteotomy is the section and realignment of a bone. This realigns the bone
and may be used to correct an existing deformity e.g. varus of the tibia.
Realignment also redistributes the forces over a joint and a normal area of the
joint can be loaded in preference to the pathological e.g. osteoarthritic areas.

Hip Osteotomy
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Maquet proximal tibial
osteotomy 

 Indications Osteotomy

Age - young• 
Mal alignment• 
Mobile joint• 

Contraindications

Immobile joint• 
Poliarthritis• 

Arthrodesis

The joint is surgically fused in a position of function. Arthrodeses are usually
indicated in the younger patient with mono arthritis. E.g. Posttraumatic
osteoarthritis of the hip in a 20 year old active patient.

Indications Arthrodesis

Young patient• 
Severe pain• 
Loss of joint motion• 
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Contraindications hip Arthrodesis

Ipsilateral knee pathology• 
Other hip affected• 
Lumbar spine pathology• 

 A hip arthrodesis would be contraindicated in avascualar

necrosis of the hip caused by alcohol or steroids as there is a high chance the
other hip will develop AVN too.

Excision Arthroplasty

The joint is excised on one or both sides. Examples are the Girdlestone
arthroplasty of the hip. Here the femur head and neck are excised. A Keller's
operation of the first MP Joint of the big toe was a popular operation for hallux
valgus with joint degeneration. The proximal end of the first phalanx was
excised.

Keller excision arthroplasty for hallux valgus
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Girdlestone
Excision
Arthroplasty
Necessitated
by sepsis -
note the
Gentamycin
beads

Indications Girdlestone

Sepsis e.g. septic hip replacement.• 
Older patient.• 

Girdlestone operations are rarely done these days, but are a choice where sepsis
precludes total hip replacement. They leave a mobile joint but always result in
some shortening of the femur and are never entirely pain free.

Joint Replacement

Joint replacement is a cost-effective way of rehabilitating a patient with arthritis
of the hip, knee and even shoulder.

Moore's prosthesis
Un cemented femoral
component Acetabulum is
not replaced. Indication -
intra capsular fracture in the
elderly

Types of joint replacement

Hemi replacement e.g. Moore's prosthesis• 
Total joint replacement• 

Cemented♦ 
Un cemented♦ 

The �Gold Standard� is a cemented hip. In the active younger patient an un
cemented component may be used so that bone stock is preserved for a later
revision. At present a hip replacement should last 15 or more years before a
revision is needed.
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Indications Total Hip

Age > 60 yr• 
Grade 3 pain or more• 
Limited walking distance• 

Contraindications Total Hip

Any sepsis• 
Age < 60 yr (except rheumatoid)• 
Neuromuscular disease• 

Hip Pain: Decisions as to type of operation

An adolescent or child can be offered a osteotomy if the hip has more than 60
degrees of flexion. In severe hip osteoarthritis at this age, an arthrodesis is still a
good choice. Between the ages of 30 and 55 years total hip replacements for OA
are best avoided. Continue with conservative treatment if possible. An
osteotomy can be considered if there is hip motion and a normal area of
cartilage than can be moved into the superior weight bearing area by an
osteotomy.

In the active older patient a total hip replacement is the ideal treatment for
osteoarthritis. Because patients with autoimmune diseases such as Rheumatoid
arthritis have limited mobility, a total hip replacement can be done at any age.
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Uses of Bone Grafts

To fill cavities e.g. Cysts• 
To bridge joints - arthrodesis• 
To bridge major defects and restore continuity of a long bone• 
To provide a bone block and limit joint motion (arthrodesis)• 
To promote union in a pseudoarthrosis (nonunion)• 
To promote union in delayed union , non union or fresh fractures or
osteotomies.

• 

 Functions of Bone Grafts

Mechanical Strength - to immobilise a bone cortical graft e.g. an intact
fibula can be used.

1. 

Ostogenesis- marrow bone such as bone removed from the pelvis. e.g.
delayed union of a tibial fracture. This is laid about he fracture gap.

2. 

Replacement - loss of a section of long bone may be bridged by bone
graft. .If the gap is significant a vascurarised graft is indicated.

3. 

Terminology

Autografts Transposition of bone tissue from one site to an other in the same
individual

• 

Allograft  Use of grafts between different individuals of the same species.
Use is made of a bone bank that stores the bone harvested from cadavers or
femoral heads from hip replacements. The bone is preserved by freeze drying
or  irradiation. This bone has poorer osteogenic potential than allografts.

• 

Xenograft Transplantation from an individual of one species to another of a
different species.

• 

Bone Grafts 162



Harvest from the anterior Crista Iliaca

Donor Site Complications - Pelvis

Fracture e.g. Sartorius fractures off SIAS• 
Hernia - through pelvic defect• 
Nerve damage e.g. lat. cutaneous of thigh• 
Pain• 

Posterior pelvic bone graft.
Useful in spinal surgery. More bone can be obtained than anteriorly

Next Page >>
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Tendon Transfer

Loss of movement due to paralysis can sometimes be restored using a piece of tendon/
muscle unit whose function can be spared.

Pre-requites for a successful tendon transfer

Stability of proximal joints• 
Prior correction of any fixed deformity• 
At least grade 4/5 power• 
Direct line of pull• 
Firm point of fixation - preferably bone• 

Joint mobility is maintained pre-operatively by physiotherapy. There can be no fixed
contractures. Postoperatively the joint is splinted for at least six weeks.

Methods of attaching tendon to bone
The best way of attaching tendon to bone is to drill a tunnel through the bone and loop
the tendon back onto itself and then suture the tendon to itself.

Suture of tendons

Kessler suture for hand flexor tendons
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Severed tendons are best sutured primarily. In some situations such as Zone 2 (under the
flexor pulleys in the palm) special suture techniques such as the Kessler suture allow a
less bulky suture line.

Nerve Repair

Classification of nerve damage

Neurotmesis (complete division) Usually seen in open wounds e.g. knife
wound. The nerve is completely severed.

1. 

Axonotmesis (incomplete division) Only the axoms are divided. Usually in
traction and closed injuries. Clinically it in indistinguishable from axomomesis,
but complete recovery is likely

2. 

Neurapraxia (physiological interruption) The axoms are intact and the only
injury is degradation of the axon sheaths. Motor loss is usually seen and sensory
loss is less common.

3. 

Nerve Suture

Nerve Suture. Fascicles are matched and
epineuruim sutured   with 6/0 or finer material
Timing of repair

Immediate exploration and suture of open injuries• 
Closed nerve injuries can be treated conservatively (i.e. splints and
physiotherapy) and observed for signs of recovery. Repair is undertaken at 6
weeks to a few months later if necessary.

• 

Signs of nerve recovery

Return of sensory or motor function• 
Progressive Tinnel sign  ( point of percussion tenderness over nerve course)
migration distally.

• 

Speed of growth about 6mm per week. The distance to the target organ is thus
critical. The higher the lesion, the worse the prognosis.

• 
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Lower Limb

Inability to dorsiflex the foot can be controlled with splints. The classical type of splint is the below knee
caliper. Other types include the 0' Gorman spring and, with the advent of thermoplastics, the Ankle Foot
Orthosis (AFO)

Ischial weight bearing
caliper. Used to
relieve axial loading
on femur.

Cuff top caliper:
Use to control limb
alignment

O' Gorman Spring
Ankle foot orthosis. The elasticity of this
low profile splint provides an upward
force on the foot

The decision about the type depends on how much resistance due to spasticity and other factors, there is.

Below knee caliper with back stop - spasticity present• 
Spring type - mild resistance• 
Little resistance or flaccid foot - AFO type• 

The advantage of the AFO is that it is light, and easily tolerated by physically weak patients. It is also
cosmetically much less obtrusive than the other types, as it can be hidden under clothing. If there is no
spasticity, or other resisting forces, an AFO is the orthosis of choice for the drop foot.
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Ankle movement control with a caliper: A backstop to the pivot of the caliper (red arrow, left)
will limit plantar flexion - used for "drop" foot. A square ended pivot (right) will limit both dorsi
and plantar flexion - used in a totally flail foot.

For varus hind foot
deformities, an inside
iron with "T" strap is
prescribed

Upper limb splints

Fractures:

A collar and cuff is used to suspend a forearm with a cast or a humerus fracture that needs to hang under the
effect of gravity. A triangular bandage is a suspension that decreases the weight of the forearm on the
shoulder.

Forearm fractures: Collar and cuff (L) will cause inferior angulation, whereas a triangular bandage (R)
distributes load more evenly, thus preventing sagging

It is may be used to relieve the weight of a upper arm cast, or after shoulder trauma such as an
aromio-clavicular dislocation. It is sometimes used as an alliterative to a figure of eight bandage in minimally
displaced clavicular fractures.
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A type of dynamic radial splint: The"cock up" splint or
Dynamic Radial Extension Splint

For radial nerve paralysis the wrist has to be held in dorsi flexion. A passive dorsi flexion splint or a dynamic
arrangement such as the dynamic radial extension splint (DRES splint) can be used.

Spinal Orthoses

Neck Braces

For cervical sprains and fractures a neck brace can be used. Usually unstable fractures are treated by bed rest
for at least 6 weeks in traction before it is time to discharge with a brace. Even postoperative cervical fusions
will require a brace on discharge from hospital.

The following are the broad indications for cervical braces.

Soft brace - minor trauma or stable soft tissue injury• 
Hard polypropylene brace . Stable soft tissue injuries.• 
SOMI type braces - Cervical fractures after initial 6 weeks in traction, postoperative cervical fusions
potentially unstable soft tissue injuries.

• 
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SOMI Brace. Sterno Occipito
Mental Immobiliser

Thoracolumbar

The thoracolumbar spine can also be stabilised by a variety of braces. The lumbrosacral corset is effective for
the conservative treatment of lower backache.

Soft corset for lower backache

It works on a hydraulic principle and gives rigidity to the lumbar spine in much the same way a "Rubber
Duck" inflatable boat gets its rigidity from bags filled with air. It supplements weak abdominal muscles and is
effective for pain control as well as in spinal stenosis where it allows easy flexion of the spine, thus opening
up the posterior elements.

Hard corsets, custom made out of thermoplastics are useful in the potentially more unstable fractures of the
thoraco lumbar spine.

A hard brace: Thoraco Lumbar
Sacral Orthosis.(TLSO)

They are used postoperatively after spinal fusions, the internal fixation of unstable fractures, and for sepsis
including tuberculosis. Fractures above T6 level will need the head to be incorporated in the orthosis. A SOMI
or Milwaukee extension (for the brace) must be prescribed, if the fracture lies above T6.
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Traction methods
Department of Orthopaedic Surgery - University Stellenbosch, South Africa

Traction Pages

General Principles1. 
Femoral Traction2. 
Cervical Traction3. 
Other Tractions4. 

Orthopaedic traction pages

Traction is used for immobilisation of limbs and despite recent advances in internal fixation remains an
important technique for pain relief, keeping long bone fractures reduced and preventing joint contractures.

To
begin
click

Button
below

Printable version (All above pages as PDF)
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Femoral Traction
Department of Orthopaedic Surgery - University Stellenbosch, South Africa
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Skin Traction - Lower Extremity

Buck's skin traction is widely used in the lower limb for
femoral fractures, lower backache, acetabular and hip
fractures. Skin traction rarely reduces a fracture, but
reduces pain and maintains length in fractures.

Method

The skin is prepared and shaved -it must be dry. Friar's
balsam may be used to improve adhesion. The
commercially available strapping is applied to the skin and
wound on with an overlapping layer of bandage. The
bandage should not extend above the level of the fracture.

Dangers of Skin Traction
Distal Oedema• 
Vascular obstruction• 
Peroneal nerve palsy• 
Skin Necrosis over bony prominence's• 

Avoid complications resist the temptation of trying to
improve adhesion by wrapping the bandages more tightly.
If the tapes slip rather use skeletal traction if possible (not a
child)
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Gallows Traction

This is used in infants and children with femoral fractures.

Indications Gallows Traction

Child must weigh less than 12 kg• 
Femoral fractures• 
Skin must be intact• 

Both the fractured and the well femur are placed in skin
traction and the infant is suspended by these from a special
frame. Vascular compromise is the biggest danger. Check
the circulation twice daily. The buttocks should be just off
the bed.

Femur Fractures in older children

Older children with femur fractures can be treated with skin
traction in a Thomas splint. Unlike the adult the knee must
be kept straight in the Thomas Splint.

Skin
traction

in a
Thomas

Splint.

The ring of the Thomas splint must allow two finger
clearance on all sides- try it on the well leg for fit before
applying. The skin strapping is applied and the Thomas
Splint fitted. The ropes from the strapping are tied to the
end of the Thomas splint. The outer one is passed under the
Thomas splint bar and the inner one Over. This rotates the
foot internally. The limb is rested on three flannel strips
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secured by safety pins. The Master sling is the flannel strip
directly distal to the fracture.

Slings of flannel 150mm wide are
positioned down the length of the
Thomas splint. The Master sling should
be just distal to the fracture, allowing the
proximal fragment to reduce under
gravity.

These slings can be adjusted so that he fracture ends align
in the vertical plane. The longitudinal traction needs
adjustment every day in the first week. The knot at the end
of the Thomas splint is loosened and the slack taken up.
The quality of reduction is confirmed by regular X rays.

"Inner Under
Outer Over"
for
counter-torque

The Thomas splint is suspended from a Balkan Frame. This
is a frame attached to the bed. To allow the patient to move
about in the bed e.g. to use a bed pan. The limb with the
Thomas splint is suspended from the top of the Thomas
Splint by means of a counter weight. The longitudinal
traction exerts pressure on the groin and a further weight is
placed over a pulley on the balkan frame. It is in line with
the long axis of the limb at the foot of the bed. This counter
acts the reactive force on the groin generated by the skin
traction.

Overgrowth Slight overlapping (up to 2 cm) of the bones is
acceptable, as the fracture stimulates overgrowth in the
local growth plates. End-on-end reduction, as with plating
and other internal fixations, sometimes results in the injured
limb growing more then the uninjured. Most of the
overgrowth takes place in the first year after fracture.
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Femur Fractures in Adults

This requires a skeletal pin.

At Tygerberg hospital the Denham pin is commonly used.
This has a threaded middle portion that keeps it in the tibia.
For femoral fractures the Denham Pin through the proximal
tibia. Always insert from lateral to medial in the proximal
tibia, as the peroneal nerve needs to be missed and the site
of exit is unpredictable. On some occasions a distal femoral
site, or even the calcaneus may be used.

Site for prox. tibial Denham pin
2.5 cm inferior and distal to tibial
tubercle

Thomas Traction -Adult

Click to see annotated larger
image

A Thomas splint, (check it fits, by trying on the well leg) is
applied. Three flannel slings are secured by safety pins
under the thigh. The "Master splint" is the one under the
fracture. The correct tension on this sling will align the
fracture in the lateral plane. The knee can be flexed by
using a Pearson flexion splint attached to the Thomas splint
at the knee. The desired knee flexion can be maintained by
a rope at its end leading from the Thomas splint to the
Pearson attachment. Ropes from the Denham pin can either
be tied distally to the Thomas splint (static traction) or they
can be led over a pulley on the end of the Balkan frame
(dynamic Traction) In either case start with 7 kg ( or 10%
body weight) in the long axis of the femur. This opposes
the pull of the thigh muscles. As with the child, the traction
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is made balanced by a system of pulleys on the horizontal
limb of the Balkan frame to allow the patient to move his
limb. A "monkey chain" hung above the arms also allows
the patient to transfer himself onto a bedpan. as he moves
in the bed.

Alignment of Thomas Splint

The Thomas splint must be aligned by pointing the Balkan
frame in the direction of the proximal fragment.

Displacement
of a femur
fracture

Muscles
causing the
displacement

How to align
the Thomas
Splint.
Also raise
foot-end to
provide
flexion
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Balkan Frame Adjustment: For flexion, raise pulley (a). For
abduction, swing foot-end of balkan wide of bed (b)

Displacement - Proximal femur fracture
Prox. Femur - Flexion• 
Prox. Femur - Abduction• 
Align frame - Flexion & Abduction• 

Mid-shaft fractures remain relatively un displaced as the
proximal and distal muscles balance.

Distal femur fracture displacement
Posterior angulation - pull of gastrocnemius• 
Solution - flex the knee as far as possible• 

Bed Blocks

Bed Blocks must be placed under the foot end of the bed
with all the above types of traction. Raising the foot of the
bed a few centimeters provides a counter force to prevent
the patient being pulled distally down the bed by the
longitudinal traction.

Next Page>>
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Halter Traction

Halter traction is used for short term cervical traction. Uses include minor neck injuries
without obvious fractures e.g. Whiplash injury, neck muscle spasm, conservative
treatment of cervical disk lesions.
Children with cervical fractures can also be treated without skeletal pins as their skull
is too fragile to withstand pins.

Problems with Halter Traction
Uncomfortable• 
Tempero-mandibular pain• 
Contraindicated in mandible fractures• 
Difficult to control flexion - extension• 

Flexion Extension cervical X-rays

If a patient has normal cervical X-rays, but has neck muscle spasm Flexion Extension
views may be needed to exclude serious instability of the cervical spine. Halter traction
is a good way to relieve the spasm before these X Rays can be done. The patient is
admitted and placed in Halter traction until the neck is free of muscular spasm. Under
direct supervision of the attending doctor the flexion extension views are taken in the X
ray department. The patient must have no pain when the neck is flexed and extended. If
neurological symptoms such as parasthesia develop the X rays are abandoned.

Skull Traction

In more serious cervical injuries skull tongs such as Cones calipers are indicated.
Indications include the conservative treatment of cervical fractures and dislocations.
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Application of Cones Calipers
Shave the hair above the ear region• 
Local anaesthetic• 
Avoid masseter• 
Avoid Temporal artery• 
Small incision above ear in line with auditory meatus• 
Screw in pin until it just perforates outer table skull• 
Tie on rope• 
Attach weights• 

Position to apply the Cone's
Caliper pins - in line with
auditory meatus

Crutchfield tongs:

Allow the patient to be
easily turned, as the
caliper sits high on the
skull. Consider these in a
paralized patient.

Direction and Weights
Force - 2.5 kg for head and 1/2 kg for each vertebra*• 
Direction Neutral In line with Auditory meatus• 
Flexion needed - raise pulley• 
Extension needed - use double mattress ending @ shoulders• 
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*(Each uninvolved vertebra cephalad)

Complications of Cervical Traction
Bleeding - temporal artery• 
Pressure sore on skull - avoid downwards vector to rope• 
Sepsis - from skin to subdural abscess• 
Worsening neurological status• 
Squint from 6th cranial nerve fallout• 

Contraindications Skull Tongs
Children• 
Local sepsis• 
Skull fracture• 

The double mattress method is an effective way to extend the neck. Never place the
head pulley too low as a pressure sore can result on the occiput, especially in the
unconscious or neurologically compromised patient.
At Tygerberg Hospital the Cone's calipers are commonly used. The Crutchfield tongs
are another caliper that fit higher on the skull vault and allow easier turning of the
paralised patient.

Reduction of Facet dislocations

Skeletal traction to the skull can be used to reduce cervical
facet dislocations  Weights are serially added while the
neck is positioned in flexion After each 2.5kg weight is
added a lateral X ray is taken to determine reduction. The
attending doctor checks for neurological signs. If
neurology deteriorates the weights are removed. Up to 20

kg. traction may be used in this way for a few hours only. After reduction the neck is
placed in extension and the lighter maintenance weights are used.

Next Page >>
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Other Traction Methods
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Dunlop Traction

The main use of Dunlop's traction is in the maintenance of reduction in
supracondyar fractures of the humerus in children.

Dunlop Traction
Supracondyar fractures in children• 
Allows swollen elbow to settle• 
Contraindicated in open fractures and skin defects• 

Skin traction is placed on the forearm and A special frame used on the side of the
bed.
Traction is placed along the axis of the forearm as well as at right angles to the
humerus by means of a broad sling placed around the upper arm. Bed blocks are
required on the lateral side (fracture side up) of the bed.
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 If a supracondyar fracture
cannot be reduced to over 90
degrees elbow flexion, this
method of traction is an
alternative to invasive
methods such as a
percutaneous K-wires. It
allows swelling to subside.
Do not rely on this method to

reduce a supra condylar fracture, a manipulation will still be required!

Pelvic traction for Backache

In sciatica and other backaches relief from pain can be obtained by means of
pelvic traction. Traction is applied to a pelvic harness with weights over the end of
the bed.

An alternative in Sciatica is the 90-90 position. By means of cushions under the
knees, the hips are flexed near 90 degrees, as well as the knees. This shortens the
sciatic nerve and relieves pain.

Acetabular Traction

In conservative treatment of acetabular fractures longitudinal traction in the long
axis of the limb is often used. In addition the head of the femur can be disimpacted
from the acetetabulum ( central fracture dislocations) by means of manipulation
under anesthesia. The reduction is maintained by means of lateral traction from
pins paced in intertrochanteric region.
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Lateral Traction for an acetabular fracture

<< Go Home
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Skin Traction - Lower Extremity

Skin Traction

Buck's skin traction is widely used in the lower limb for femoral fractures, lower
backache, acetabular and hip fractures. Skin traction rarely reduces a fracture, but
reduces pain and maintains length in fractures.
Method
The skin is prepared and shaved -it must be dry. Friar's balsam may be used to
improve adhesion. The commercially available strapping is applied to the skin and
wound on with an overlapping layer of bandage. The bandage should not extend above the level of the
fracture.

Dangers of Skin Traction
Distal Oedema• 
Vascular obstruction• 
Peroneal nerve palsy• 
Skin Necrosis over bony prominences• 

Avoid complications resist the temptation of trying to improve adhesion by wrapping the bandages more
tightly. If the tapes slip rather use skeletal traction if possible (not a child)

Gallows Traction

This is used in infants and children with femoral fractures.

Indications Gallows Traction
Child must weigh less than 12 kg• 
Femoral fractures• 
Skin must be intact• 

Both the fractured and the well femur are placed in skin traction and the infant is suspended
by these from a special frame. Vascular compromise is the biggest danger. Check the
circulation twice daily. The buttocks should be just off the bed.

Femur Fractures in older children

Older children with femur fractures can be treated with skin traction in a Thomas slint. Unlike the adult the
knee must be kept straight in the Thomas Splint.

Department of Orthopaedic Surgery Website e-book

Skin Traction - Lower Extremity 187



Skin
traction

in a
Thomas

Splint.

The ring of the Thomas splint must allow two finger clearance on all sides- try it on the well leg for fit before
applying. The skin strapping is applied and the Thomas Splint fitted. The ropes from the strapping are tied to
the end of the Thomas splint. The outer one is passed under the Thomas splint bar and the inner one Over.
This rotates the foot internally. The limb is rested on three flannel strips secured by safety pins. The Master
sling is the flannel strip directly under the fracture. They can be adjusted so that he fracture ends align in the
vertical plane. The longitudinal traction needs adjustment every day in the first week. The knot at the end of
the Thomas splint is loosened and the slack taken up. The quality of reduction is confirmed by regular X rays.

Inner Under
Outer Over
for
counter-torque

The Thomas spint is suspended from a Balkan Frame. This is a frame attached to the bed. To allow the patient
to move about in the bed eg to use a bed pan. The limb with the Thomas splint is suspended from the top of
the Thomas Splint by means of a counter weight. The longitudinal traction exerts perssure on the groin and a
further weight is placed over a pulley on the balkan frame. It is in line with he long axis of the limb at the foot
of the bed. This counter acts the reactive force on the groin generated by the skin traction.

Femur Fractures in Adults

This requires a skeletal pin. At Tygerberg hospital the Denham pin is commonly used. This has a threaded
middle portion that keeps it in the tibia. The most common site for femoral fractures is insertion through the
proximal tibia. On some occasions a distal femoral site or even calcaneus may be used.

Site for prox. tibial Denham pin
2.5 cm inferior and distal to tibial
tubercle

Thomas Traction -Adult

Click to see annocated larger
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A Thomas splint (check it fits, by trying on the well leg) is applied. Three flannel slings are secured by safety
pins under the thigh. The "Master spiint" is the one under the fracture. The correct tension on this sling will
align the fracture in the lateral plane. The knee can be flexed by using a Pearson flexion splint attached to the
Thomas splint at the knee. The desired knee flexion can be maintained by a rope at its end leading from the
Thomas splint to the Pearson attachement. Ropes from the Denham pin can either be tied distally to the
Thomas splint (static traction) or they can be led over a pulley on the end of the Balkan frame (dynamic
Traction) In either case start with 7 kg ( or 10% body weight) in the long axis of the femur. This opposes the
pull of the thigh muscles. As with the child the traction is made balanced by a system of pulleys on the
horizontal limb of the Balkan frame to allow the patient to move his limb. A "monkey chain" hung above the
arms also allows the patient to transfer himself onto a bedpan. as he moves in the bed.

Alignment of Thomas Splint

The Thomas splint must be aligned by pointing the Balkan frame in the direction of the proximal fragment.

Displacement of
the proximal
femur

Muscular forces
displacing the femur

How the frame
must be aligned

Displacement - Proximal femur fracture
Prox. Femur - Flexion• 
Prox. Femur - Abduction• 
Align frame - Flexion & Abduction• 

Midshaft fractures remain relatively undisplaced as the proximal and distal muscles balance.

Distal femur fracture displacement
Posterior angulation - pull of gastrocnemius• 
Solution - flex the knee as far as possible• 

Bed Blocks
Bed Blocks must be placed under the foot end of the bed with all the above types of traction. Raising the foot
of the bed a few centimeters provides a counter force to prevent the patient being pulled distally down the bed
by the longitudinal traction.

Next Page >>
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Femur Shaft

Children

Fractures of the femur shaft in children are usually treated conservatively.

Babies under 12 kg

Gallows traction

Gallows traction• 
Both legs placed in skin traction• 
Buttocks suspended just above the mattress• 
Check circulation in legs regularly (90 deg hip flexion position conducive to vascular
compromise)

• 

It is essential to weigh the child and adhere strictly to the 12 kg limit.

Suspect non accidental injury if the child has multiple fractures at various stages of healing.
Natural diseases such as osteogenesis imperfecta can mimic child abuse. Look for burns, as
these together with other healing fractures suggest abuse.

Older children

Conservative management is usually indicated. Skin traction and Thomas splint will
allow most femur shaft fractures to unite in good position.

Skin
traction

in a
Thomas

Splint.

Details of Thomas traction in children are given on the traction page.

If cost is a problem the child may be placed in a spica cast once the fracture is partially united
(week 2 or 3) and sent home for parental care.
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How much shortening can be allowed in a child?

Up to 2.5 cm shortening is acceptable• 
Exact end to end apposition (as with plating) can cause overgrowth• 

When the fracture is clinically and radiologically united the traction is removed. Younger
children are allowed to stand up in their cot. Once he is bearing weight the infant is allowed to
mobilise outside the bed. Older children are taught to use crutches.

Operative treatment in children

Older children with bigger muscle mass may need more than the 5kg limit imposed by skin
traction. In these individuals operative treatment is indicated.

Surgical Options

Plates and screws. Require a large wound and may become septic or break.• 
Flexible intramedullary nails.From 6 yrs onwards multiple flexible nails can be used,
inserted from the distal metaphysis towards the proximal femur.

• 

IM Locking pin as with adults. - use only in the older (prepubutal) child as damage to
the growth plates and avascular necrosis of the femoral head are a risk.

• 

Adult Femur
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Femoral fractures in adults
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Hip Dislocations

Hip Fractures

Skin traction

Cervical spine
traction

Dunlop Traction

Site map

Conservative Treatment

Adults require skeletal traction as the traction needed to overcome muscle forces will
exceeded the limit of skin traction. A Denham pin is inserted into the proximal tibia
and balanced skeletal traction with a Thomas splint suspended in a Balkan frame is
set up.

Balanced Skeletal traction in a Thomas splint
An acceptable reduction must be obtained within the first week. Take X rays in the
traction after each adjustment to gauge the effect. Initial weights (at 'a' in the
drawing) are 10% body weight. These can be adjusted to minimize shortening or
distraction. Any abduction of the proximal fragment is counteracted by abducting the
distal limb (swing the Balkan frame wide of the bed.) Flexion of the proximal
fragment is addressed by flexing the whole limb ( move pulley 'a' up on the vertical
pole of the Balkan frame.

Conservative treatment requires at least 3 months in bed in the Thomas Splint and
another 3 months mobilization using crutches. It requires about a year before the
patient may take part in active sport. For this reason as well as the high cost of
hospitalization, most femur shaft fractures today are treated with some form of
internal fixation. Indications for conservative treatment are severely contaminated
wounds and other sepsis.

Open reduction and internal fixation
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The majority of femoral shaft fractures are treated by open reduction and
internal fixation. In the past plates and screws were used. This method,
however has a high rate of sepsis and the plates are prone to failure from
metal fatigue. Each hole of the plate is a stress raiser and the plate can
fracture through these.

If a plate is used bone grafting on the medial side may speed up union the race
between plate failure and fracture consolidation.

Closed intramedullary nailing is the method of choice. An awl is used to
make an entry point in the greater trochanter or piriform fossa and a guide
wire is inserted and guided across the fracture using fluoroscopic control.
Once this is in position the femur can be reamed by using a series of
cannulated reamers of increasing diameters. Unreamed IM pins can be
used and these may be preferable in the multiple injured patient or patients
otherwise at great risk of fat embolism syndrome.

The IM pin has only proximal and distal fansfixion screws to control rotation and
maintain length.

Cephalomedullary
pin

If the femur neck is fractured or the lesser trochanter is loose a cephalomedullary pin
is indicated (here the proximal locking screws angle up through the neck into the
femur head.

Retrograde intramedullary pins also have a place in the treatment of femur shaft
fractures. This type of pin is inserted from the knee upwards and locked both
proximally and distally with transfixion screws.

Retrograde IM pin

Indications for a retrograde femoral pin

Distal shaft fracture• 
Ipsilateral femoral shaft and tibial fracture (both are inserted through the same knee)• 
Grossly obese patient(conventional trochanter ic entry too deep)• 
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Complications

Sepsis - under 2%

IM Pin bent from another
fracture of the femur

• 

Delayed union• 
Pin and screw breakage - from metal fatigue (due to delayed union)• 

Femur fractures in children
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Thomas Traction for a child

How to rig a thomas splint

The arrangement of traction ropes for Thomas traction in a child with a left proximal femur
fracture

Thomas Traction for a child 196
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