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Preface

“Pediatric Orthopedics: A Handbook for Primary Care Physicians” is
designed to be a quick and practical resource for pediatricians, family
medicine physicians, residents, nurse practitioners, physician assis-
tants, and medical students caring for pediatric population with
musculoskeletal disorders in their busy daily practice. This book is a
concise, clinically oriented and readily available resource to study
common pediatric musculoskeletal diseases. Great emphasis was
given to the natural history of the diseases and indications for
referring the child to an orthopedic surgeon. The details of surgical
treatment and procedures were not included as this will not be of
major benefits to our readers.

This book has a very interesting and easy to follow format. We
tried to stay away from long paragraphs and controversial state-
ments. The book is printed in ‘pocket’ size and is easy to carry
around. The information in the book is presented in a simple “bullet’
format that allows the reader to understand the topic easily and with
minimal effort. More than 300 figures were included in this
handbook.

At the end of each chapter, we added ‘high yield facts’ that sum-
marize the important topics. In addition, a table of common ortho-
pedic scenarios that the health care providers may encounter in their
daily work is included, to guide them through the next steps in
managing children with particular orthopedic presentations.
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viii PREFACE

We are confident that this handbook will assist health care pro-
viders with a structured approach to the management of pediatric
musculoskeletal conditions, and that they will find it a valuable tool
in their daily practice.

Amr Abdelgawad, MD
Osama Naga, MD
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Chapter |

Introduction to Orthopedic
Nomenclature

Amr Abdelgawad and Osama Naga

PHYSIS (THE GROWTH PLATE)

m It is a cartilaginous area that is responsible for the longitudinal
growth of the bone.

m It appears as a radiolucent area in the radiographs.

m It should not be confused with fractures (physis has specific
anatomic location with smooth outline) (Fig. 1.1).

EPIPHYSIS

m It is the proximal or the distal part of the bone (Fig. 1.1).

m The physis separates the epiphysis from the diaphysis.

m Usually articulate with the epiphysis of another bone to form a
“joint.”

m Epiphysis develops by ‘secondary ossification center’ (see
later).

APOPHYSIS

m Epiphysis which does not articulate with another bone (e.g.,
iliac crest apophysis, greater trochanter apophysis, calcaneal
apophysis, tibial tubercle apophysis) (Fig. 1.2).

m Has a muscle attached to it and exposed to traction from this
muscle (e.g., abdominal muscles and gluteal muscles attached
to iliac crest).

A. Abdelgawad and O. Naga (eds.), Pediatric Orthopedics, I
DOI: 10.1007/978-1-4614-7126-4_1,
© Springer Science+Business Media New York 2014
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epiphysis
Physis (growth plate)

Metaphysis

diaphysis

Fig. 1.1 Radiograph of the knee of an 9-year-old child showing anterio-
posterior view of the knee. Arrows show the epiphysis, physis, metaphysis, and
diaphysis

m Can get inflamed “apophysistis’ causing pain (e.g., calcaneal
apophysitis (Sever’s disease), tibial tubercle apophysitis
(Osgood Schlatter disease).

DIAPHYSIS (SHAFT)

m It is the midsection part of a long bone (Fig. 1.1).

m It is the middle tubular part of the long bone composed of
compact bone (cortical bone) which surrounds a central
marrow cavity.

m Diaphysis develops by ‘primary ossification center” (see
later).

METAPHYSIS

m The part of the diaphysis which is the adjacent to the physis
(Fig. 1.1).
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Fig. 1.2 Anatomical nomenclature:proximal femoral epiphysis (arrow head)
and greater trochanter apophysis (arrow). Proximal femoral epiphysis artic-
ulate with acetabulum to form the hip joint while the greater trochanter does
not articulate with other bone, it has the attachment of the hip abductors
muscles

m This is a very active part of the bone with active cell division
(cell added from physis are laid in the metaphysis).

m Most of the bone tumors arise in the metaphysis.

m The metaphysis is formed of less dense bone (cancellous bone).

m The circulation in the Metaphysis is sluggish as this is an end-
capillary area (the physis is a relatively avascular structure
separating the circulation of the metaphysis from the one in
the epiphysis) (Fig. 1.3).

o0 Hematogenous osteomyelitis usually occurs in the
metaphysis. This is because bacteria from remote site
will migrate in blood and settle in the metaphysis with
its sluggish circulation (see also Chap. 21).


http://dx.doi.org/10.1007/978-1-4614-7126-4_21
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Fig. 1.3 Metaphyseal circulation. The blood flow in the metaphysis is slow as

it passes from arterial system to venous system. The physis is relatively
avascular structure separating the flow in the metaphysis from the epiphysis

PRIMARY CENTER
OF OSSIFICATION

m It is the ossification island responsible for changing cartilage
tissue to osteoid tissue.

m These develop in the diaphysis of all long bones in the intra
uterine life.
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SECONDARY CENTER
OF OSSIFICATION

m It differs from the primary center of ossification in that it develops
in the epiphysis after birth at different ages (except distal femur
epiphysis which develops in intrauterine life) (Fig. 1.4).

m The secondary centers of ossification are used to identify the

skeletal age of the child. (see identification of bone age in Chap. 2).

Fig. 1.4 Radiograph of a 3-day-old boy showing the shaft of the femur, tibia,
and fibula (primary centers of ossification developing intrauterine). The
radiograph also shows the distal femur ossific center which is the only
secondary ossific center present at birth (arrow).Proximal tibial and fibular
epiphyses cannot be seen in the radiograph because they are still cartilaginous


http://dx.doi.org/10.1007/978-1-4614-7126-4_2
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Fig. 1.5 Periosteal new bone formation in case of fracture healing. Plain
radiograph of the tibia and fibula anteroposterior view showing periosteal new
bone formation (white arrow) that happened during fracture healing (black
arrow)

PERIOSTEUM

m It is a membrane that lines the outer surface of all bones,
except at the joints surfaces.

m In children, periosteum is thick and loosely attached to the
bone (except at the physis where it becomes firmly attached to
the bone).

m Raising the periosteum away from the bone surface for any
reason (e.g., infections, tumors, trauma) will cause new
periosteal bone formation (Fig. 1.5).
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SOME ANATOMICAL
NOMENCLATURE

Proximal:

m The part close to trunk (axial skeleton) of the body.

Distal:

m The part further away from the trunk (axial skeleton) of the
body.

Medial:
m The part close to the Medline.

Lateral:

m The part away from the Medline.

DEFORMITIES

Varus Deformity:
m The deformity in which the distal part points medially
(Fig. 1.6).
Valgus Deformity:
m The deformity in which the distal part points laterally (Fig. 1.6).

Contracture Deformity:

m The joint is contracted in certain position.

m For example: flexion contracture of the knee means the knee
is always in flexed position cannot reach full extension
(Fig. 1.7).

General Joint Examination:

m Inspection:
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(a)

whits varus

pesvalgus

Heel varus.
meetatarus vanus

Fig. 1.6 (a) varus deformity and (b) valgus deformity. In varus deformity, the
distal part of the joint is pointing medially and in valgus deformity, the distal

part of the joint in pointing laterally

A\

Fig. 1.7 Knee flexion contracture. An 11-year-old girl with spina bifida and
30° flexion contracture of the knee. The knee cannot be extended more than

the position in the picture
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Fig. 1.8 Osteotomy. A 14-year-old boy who had fracture right tibia and fibula
treated in cast. (a) Patient had malunion in external rotation. The family did
not like the shape of the leg. (b) Osteotomy of the distal tibia and fibula was
done to re-align the extremity in appropriate rotation. The osteotomy was
fixed by metal (K-wires)

o Swelling

o Deformity

e Scars of previous surgeries
e Atrophy of the muscles.

= Palpation:

e Anatomical landmark
e Tenderness
o Swelling and effusion.

m Movement (active and passive)

e Assessment of the range of the motion of the joint both active
and passive.

m Special test (varies according to the examined joint).
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Fig. 1.9 Distraction osteogenesis. (a) A 4-year-old girl with limb length
discrepancy due to fibular hemimelia (left side shorter). (b) Lengthening was
done by application of external fixator. (¢) The bone was cut and then the soft
callus was stretched to lengthen the bone (distance between two dotted line).
The callus is then left to consolidate to hard bone. (d) Radiograph taken after

removal of the fixator showing the new bone formation and increase length of
the bone
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Fig. 1.10 Closed reduction. (a) A 6-year-old boy distal radius and ulna
fracture with angulation. (b) Closed reduction was done by manipulation of
the fracture and then sugar tongue splint (arrows) was applied to maintain the
reduction

ORTHOPEDIC SURGERIES/PROCEDURES

Osteotomy:

m Cutting of the bone. This surgery is used to correct deformity
(Fig. 1.8).

Distraction osteogenesis:

m Lengthening of bone by performing osteotomy and then
stretching the soft callus tissue which develop at the site of
osteotomy 7-10 days after the surgery (Fig. 1.9).
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Fig. 1.11 Open reduction internal fixation. (a) A 12-year-old boy fell down a
hill and fractured distal femur. (b) Open reduction internal fixation was done
using plate and screws

Closed reduction:

m Reduction of the fracture by manipulation of the extremity
without surgical incision (Fig. 1.10).

Open reduction:

m Reduction of the fracture by manipulation of the bone ends
directly after performing surgical incision (Fig. 1.11).

Internal fixation:

m Fixation of the fracture or the osteotomy by implant (usually
metal) inside the patient body (Fig. 1.11).

Open reduction internal fixation:

m One of the most commonly performed surgeries in orthopedic
(Fig. 1.11).
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Fig. 1.12 Closed reduction and Percutaneus fixation. (a) Salter Harris type IT
distal femur fracture treated with closed reduction and percutaneous fixation
by K-wires (b), (c¢). The wires were introduced from the skin without opening
by the help of intra-operative fluoroscopy. (d) Notice that there is no skin
incision around the pin entry points (arrows)
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Fig. 1.13 External fixator. (a) An 8-year-old child with pseudo-achondropla-
sia. (b) Patient had osteotomy of left tibia and fibula to correct the genu varum
(arrows). (c) External fixator was applied to obtain gradual correction

m The procedure includes open reduction of the fracture ends
followed by internal fixation of the fracture.

Closed reduction and Percutaneus fixation:

m The implant used to fix the fracture or the osteotomy is intro-
duced by small opening in the skin (Fig. 1.12).

m Intra-operative fluoroscopy is used to guide the insertion of the
implant.

External Fixator:

m A device used to fix the fractures or osteotomies (Fig. 1.13).

m Pins or wires are introduced in the bone and these are con-
nected together from outside by rods.

m Used mainly to corrected deformities or for open fractures.

Cast, splints, and braces:

m See Chap. 18.

REFERENCES

Hopyan S, Alman B. Growth and development. In: Staheli LT, Song KM, editors. Secrets of
Pediatric Orthopedic. 3rd ed. Philadelphia: Mosby Elsevier; 2007. p. 9-12.
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Williams & Wilkins; 2006. p. 2471-505.
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Chapter 2

Growth and Development and Their
Relation to Musculoskeletal Conditions

Ahmed M. Thabet

INTRODUCTION

m Growth and development have close relation with many pedi-
atric orthopedic conditions.

m Orthopedic conditions as cerebral palsy and spina bifida can
adversely affect the children normal growth. In most pediatric
orthopedic disorders the multi-displinary approach and espe-
cially the co-operation between the pediatrician and the
orthopedic surgeons is crucial for successful outcome.

m Knowing the normal growth and development can affect the
surgical planning of lots of musculoskeletal conditions.

m Typical examples of growth disturbances in the musculoskel-
etal system are limb length discrepancy (LLD), spine defor-
mities, skeletal dysplasia, and paralytic disorders.

BASICS OF NORMAL GROWTH

Children’s bones have unique ability to grow. This particular feature
of children skeleton differentiates between children (skeletally
immature) and adults (skeletally mature).

A. Basic definitions:

m Growth: increase in total individual body size or increase in
size of a particular organ or organ systems

m Development: physical changes of maturation that occurs as
the child gets older

A. Abdelgawad and O. Naga (eds.), Pediatric Orthopedics, 13
DOI: 10.1007/978-1-4614-7126-4_2,
© Springer Science+Business Media New York 2014
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TABLE 2.1 DEFINITIONS OF ABNORMAL GROWTH AND DEVELOPMENT

Congenital Anomaly that is present at birth e.g., congenital radial
club hand

Deformation A normally formed structure that is pushed out of shape
by mechanical forces

Deformity A body part altered in shape from normal, outside the
normal range

Developmental A deviation that occurs over time; one that might not be
present or apparent at birth e.g., developmental
dysplasia of the hip (DDH)

Disruption A structure undergoing normal development that stops
developing or is destroyed or removed

Dysplasia A tissue that is abnormal or wrongly constructed e.g.,
Achondroplasia

Malformation A structure that is wrongly built; failure of embryologic
development or differentiation resulting in abnormal
or missing structure

B. Abnormal growth and development definitions:

m It is very important to understand the basic definitions
reflecting the deviation from normal growth and development.

m Table 2.1 provides these basic definitions about the faults of
growth and development (Table 2.1).

C. Structure of the growth plate (Fig. 2.1):

m Reserve zone
m Proliferative zone
m Hypertrophic zone: is divided into three zones

e Maturation zone
e Degenerative zone
e Provisional calcification zone.

m The growth plates are responsible for longitudinal growth of
the long bones.

m Growth plate can be affected by various pathological processes
(e.g., traumatic, neoplastic, infectious, genetic, and nutritional
causes).
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e Injuries or infection to growth plate can affect the normal
limb development. Limb shortening and/or angular defor-
mities can result from these kinds of injuries (Figs. 16.9/

trauma and 16.44/trauma).

e Achondroplasia children have deficiency of fibroblast growth
factor receptors (FBGR) which affects the growth plate.

D. Types of growth plates:

There are different types of growth plates. The type of growth plates

depends upon the shape of the bone. These include:

m Epiphyseal growth plate: lies at the ends of long bones and

provide longitudinal growth.

m Ring epiphyses surround round bones such as the tarsals.

These bones grow circumferentially.

E. The contribution of each bone to the overall growth of the

extremity:
m The upper limb growth:

o 40 % proximal humerus


http://dx.doi.org/10.1007/978-1-4614-7126-4_16
http://dx.doi.org/10.1007/978-1-4614-7126-4_16
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e 40 % distal radius
e 20 % around the elbow

m The lower limb growth:

e 65 % around the knee
e 15 % proximal femur
e 20 % distal tibia

F. Evolution of proportionate body size:

m At birth: the head is 25 % of body size.

m At birth: the upper body segment/lower body segment is 1.7.

m At the age of 10 the ratio between upper and lower body seg-
ments is less than 1.

m Children with skeletal dysplasia have abnormalities of these
ratios. Measurements of these ratios are very useful in estab-
lishing the diagnosis.

m Extremity growth: Girls stop growing around the age of
14 years, and boys around the age of 16 years.

m Spine growth: spine growth continues after puberty. The
additional increase in height after puberty is through spine
growth.

G. Phases of growth:

1. Fetal phase: in this phase the child grows very fast and limb
rotation occurs during this period.

m Limb rotation: During the seventh week, the upper limb
rotates externally and the thumb will be laterally. The lower
limb rotates internally and the great toe moves medially).

m Abnormalities of lower limb rotation can result in tibia
internal rotational or external rotational deformities.

2. Early childhood:

m The child reaches half of his adult height during the 4th year
of life.

m The foot growth reaches half the adult length by the age of
2 years. The foot matures earlier than the long bones to
provide stable base during walking.
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3. Adolescent:

m The adolescent stage is a phase of rapid growth (peak
growth velocity).

m Most of the limb and spine deformities accelerate during that
time e.g.,: adolescent Blount’s disease and idiopathic scolio-
sis (peak growth velocity).

m The child continues to grow for 3 years after adolescent
growth spurt.

m The spurt in trunk length is greater than the spurt in lower
limb growth, so the increase in height in the adolescent
growth spurt is more derived from the trunk than the limbs.

m Gender differences in growth become evident during ado-
lescence with proportionally greater growth of the male
shoulders and the female pelvis.

ASSESSMENT OF GROWTH POTENTIAL AND ESTIMATION
OF DEGREE OF SKELETAL MATURITY

The concept of growth remaining:

m It is very crucial to know the amount of growth remaining for
surgical planning and determination of different orthopedic
intervention (e.g., spinal fusion for scoliosis or epiphysiodesis
for LLD in the growing children).

m The assessment of skeletal maturity can be achieved through
clinical and radiological methods.

1. Clinical assessment:

m Using the serial height measurements and Tanner’s staging of
secondary sexual characters. This can detect the peak growth
velocity period (children continue to grow three years after the
peak growth)

A. Peak Growth velocity:

m The peak growth velocity is the maximum skeletal growth
during adolescent growth spurt.

m The timing of peak growth velocity is estimated by serial (every
6 months) height measurements over time.
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The peak growth velocity is the earliest and best index of
adolescent growth spurt. After this peak the growth slows
down.

The peak growth velocity occurs after closure of triradiate
cartilage and before Risser stage 1 and menarche (see
Chap. 19).

B. Tanner staging:

The assessment of the secondary sexual characters is an
important tool in identification of level of skeletal maturity
and puberty.

Tanner’s staging uses secondary sexual characters in boys and
girls.

The first physical sign of puberty in boys (which is usually
testicular growth), occurs about 1.5 years before the peak
height velocity and 3.5 years before attaining final adult
height.

The first physical sign of puberty in girls (which is usually
breast budding), occurs about 1 year before peak height
velocity. Menarche occurs about 2 years after breast budding,
and final height is wusually achieved 2.5-3 years after
menarche.

C. The height measurement:

Before the age of 5 years, it can measured while the child is lying
down which is easier and reliable. After that age it can be measured
as standing. It can be subdivided into:

Sitting height:
o The sitting height is reflecting the trunk growth.
Sub-ischial height:

e Reflecting the lower limb growth. It can be calculated by
subtracting the sitting height from the standing height

Arm span:

e The span can be measured using tape between the middle
fingers of both arms. In 77 % of normal children the arm
span is 0-5 cm greater than standing height.


http://dx.doi.org/10.1007/978-1-4614-7126-4_19
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e In certain conditions like Marfan syndrome, the span is
greater than standing height by more than 5 cm (see Chap. 4).

2. Radiological assessment:
A. Bone age:

m The bone age is more important that the chronological age in
determining the future growth potentials.

m The bone age is the average age at which the bones reach
specific maturation stage.

m The average bone age and chronological ages for large group of
children should be the same, however for individual child the
difference may be up to 1 or 2 years (earlier or delayed bone
age).

m The bone age can be studied through hand and elbow
radiographs.

m Children with constitutional short stature can have delayed
bone age. These children will later on continue to grow and
achieve normal final adult height.

m Radiographs are taken for left hand and compared with
known characteristics of the radiographs for boys and girls
hands at certain ages using “Greulich and Pyle Atlas” (Fig. 2.2).

B. The order of ossification centers about the elbow:

m The ossific centers of the elbow are very important in knowing
the child’s bone age.

m The eponym for remembering these ossification centers is
CRITOE (the order of appearance is Capitellum, Radial head,
Internal (medial) epicondyle, Trochlea, Olecranon, and
External (lateral) epicondyle).

o The ossification centers at the elbow appear as the following
(in girls) (Fig. 2.3):

The capitellum appears by about 8 months-1 year.
The radial head at about age 3 years.

The medial epicondyle at about age 5 years.

The trochlea at about age 7 years.

The olecranon at about age 9.

The lateral epicondyle at about age 11.

Oo0oo0ooao


http://dx.doi.org/10.1007/978-1-4614-7126-4_4
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Fig. 2.2 Epiphysiodesis. (a) A 13-year-old girl with left lower extremity (LE)
diffuse hemangioma causing increased blood supply to left LE and left LE
longer than right LE by about one inch. One inch block is used underneath the
right LE to equalize the length (notice the dotted lines) (b). (¢) Hand
radiograph compared to Greulich and Pyle atlas showed bone age of about
12 years and six months. Epiphysiodesis of the distal femur and proximal tibia
(d). 2 years of follow-up showed equalization of the limb length between right
and left LE (e)
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e The age of appearance in boys is 1-2 years older than girls
(except the capitellum).

e Fusion of the these ossification centers is around the age of
15 years old in girls and 16 years old in boys.

C. Risser’s sign and tri-radiate cartilage (see Chap. 19):

m The Risser sign is a radiological sign based on the ossification
of the iliac apophysis. The sign can be interpreted from the
spine radiographs. It is very useful in surgical planning of all
spine deformities (Fig. 19.9/spine).

m Closure of the tri-radiate cartilage occurs about one year after
the start of adolescent growth spurt and about one and half
years before Risser stage 1.

DEVELOPMENTAL MILESTONES

m Gross motor skills: The timing of development of motor mile-
stones is part of routine assessment of the child during office
visits. Children with cerebral palsy have delayed development
of the motor milestones.

m Examples of the major development of the motor milestones
are:

e Sitting independently at age of 6 months.
e Walks independently at age of 12 months.

m Gait maturation:

e Infant’s gait is unstable gait and walks with wide base. The
walking speed is variable.

e The infants’ unstable gait is due to high center of gravity;
under development of their nervous system; low muscle
mass to body ratio and immaturity of balance controlling
system.

e As the child continue to grow, the gait becomes more stable
and more energy efficient.

e The gait pattern of children mature to become close to adult
walking by the age of 4 years old.


http://dx.doi.org/10.1007/978-1-4614-7126-4_19
http://dx.doi.org/10.1007/978-1-4614-7126-4_19
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(a) (bh)
Medial
epicondyle
trochlea Radial head
capitellum
olecranon

Fig. 2.3 (a) Radiograph of the elbow in a 10-year-old girl. (b) All ossific
centers are formed except lateral epicondyle

GROWTH OF CHILDREN WITH NEUROMUSCULAR DISORDERS

e Children with neuro-muscular disorders like cerebral palsy and
spina bifida can have affection of their growth because of their
decrease mobility and decreased muscle activity.

PREDICTION OF LIMB LENGTH DISCREPANCY (LLD)
AT SKELETAL MATURITY

m The Limb length discrepancy (LLD) in children can be due to
congenital, traumatic, tumor, genetic, or infectious causes.

m Prediction of LLD at skeletal maturity is critical for surgical
planning. The surgical treatment options are either shortening
the long leg by shutting down the growth plate or lengthening
the short leg (see below).

m Prediction of LLD at skeletal maturity can be calculated using
different methods:
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e Growth remaining method using Green and Anderson
charts:

0 The charts for growth remaining of the distal femur and
proximal tibia are utilized to predict the LLD at skeletal
maturity and timing of closure of the growth plates.

e Moseley straight line graph:

o The length of the long side and short side is plotted on the
graph on two or more occasion and these are used to draw
lines to predict the final LLD.

e Multiplier method:

o Using the length of the short and long side, a multiplier can
be used to detect the final LLD.

Limb equalizing procedures:

m Shortening of long limb can be achieved by closure of growth
plate. This procedure is known as epiphysiodesis (Fig. 2.2).

m Lengthening of short leg can be done using the principles of
distraction osteogenesis as pioneered by Ilizarov (Figs. 16.44/
trauma, 4.2/general).

m Distraction osteogenesis means gradual mechanical distraction
of immature bone using special devices at the rate of about
1 mm/day. These devices are either external devices (e.g., Il-
izarov ring fixator) or using internal devices (e.g., special nails
to lengthen the bones).
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Chapter 3
Metabolic Conditions

Amr Abdelgawad and Osama Naga

RICKETS

Definition:

m Deficient mineralization of the bone leading to increase in the
amount of uncalcified osteoid matrix.

Causes of Rickets:

m Vitamin D deficiency.

e Nutritional:

o Remain the most common cause of rickets globally.

o More common in developing countries.

o Less common with use of fortified food.

o Calcium and vitamin D intake are low in infants who are
fed vegan diets.

e Congenital vitamin D deficiency.
e Secondary vitamin D deficiency.

o0 Malabsorption.
o Increased degradation.
o Decreased liver 25-hydroxylase.

e Vitamin D dependent rickets typel.
e Vitamin D dependent rickets type2.
e Chronic renal failure.

m Calcium deficiency.

e Low intake.
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o Diet.
o Premature infant.

e Mal-absorption.
m Phosphorus deficiency.
e Inadequate intake.

o0 Premature infants.
o Aluminum—containing antacid.

e Renal losses.

o X-linked hypophosphatemic rickets.

o Autosomal dominant hypophosphatemic rickets.

o Autosomal recessive hypophosphatemic rickets.

o0 Hereditary hypophosphatemic rickets with hypercalciuria.
o Fanconi syndrome.

o Distal renal tubular acidosis.

o Oculocerebrorenal dystrophy (Lowe syndrome).

m Drugs

e Anticonvulsant drugs (e.g., phenobarbital, phenytoin) accel-
erate metabolism of calcidiol, which may lead to vitamin D
insufficiency and rickets.

m Intestinal malabsorption of fat.
m Diseases of the liver or kidney may produce a clinical pic-
ture similar to nutritional rickets.

Pathophysiology:
Sources of Vitamin D:

m Vitamin D2 (ergocalciferol) originates from plants.
m Vitamin D3 (Cholecalciferol):

e Vitamin D3 is produced in the skin via opening of the B-ring
of 7-dehydrocholesterol.

e 7-dehydrocholesterol transformed to previtamin D3 during
exposure to the sunlight.
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Liver:

m The first hydroxylation occurs at position 25 in the liver, pro-
ducing calcidiol (25-hydroxycholecalciferol).

e 25-hydroxyvitamin D is a good indicator of overall vitamin D
status and widely used clinically.

Kidney:

m The second hydroxylation step occurs in the kidney at the
1 position.

m It undergoes hydroxylation to the active metabolite calcitriol
(1,25-dihydroxycholecalciferol).

m Parathyroid hormone facilitates the 1-hydroxylation step in
vitamin D metabolism.

Calcitriol acts at 3 main sites:

m Intestine: it promotes absorption of calcium and phosphorus
from the intestine.

m Kidney: it increases re-absorption of phosphate.

m Bone: it releases calcium and phosphate from bone.

o The net effect of calcitriol is enhancing the mineralization of
the bone.

Calcification of osteoid:

m It occurs primarily at the metaphyseal growing ends of bones
but also throughout all osteoid tissue in the skeleton.

Changes in the vitamin D deficiency:

m Hypocalcemia or low to normal level of calcium.

m Increase parathyroid hormone level.

m Increase renal phosphorus loss.

» Hypophosphatemia.

m Elevation of serum alkaline phosphatase.

m Decrease calcium deposition in the bone. This will lead to
increase in the amount of unmineralized osteoid tissue.

Clinical Presentation:

m General symptoms.
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The Effects of Rickets

Open fontanelle

Soft skull bone (craniotabes)

Delayed teething

Wide Elbow Joints ‘_,f ——~—— Rickety rosary and Harrison sulcus

Wide Wrist Joints

Bowlegs ——— { _ Wide Knee Joints

B

Wide Ankle Joints

Fig. 3.1 Skeletal manifestation of rickets

Failure to thrive.
Muscle weakness.
Protruding abdomen.

Delayed teething.
m Hypocalcemic symptoms.

o Tetany.
e Seizures.
e Stridor due to laryngeal spasm.

m Bone manifestations in rickets (Fig. 3.1):

e Repeated fractures.
e Angular deformity of the lower extremity:
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o Commonly genu varum, rarely genu valgus (Fig. 3.1).
o Coxa vara.

Leg pain.

Broadening of the ends of the bone (wrists and ankles).
Rachitic rosary: It is a knobby chest deformity along the
costochondral junction.

Harrison sulcus: Groove at the lower edge of the thoracic
cage corresponding to the insertion site of the diaphragm.
Pull of the diaphragm on the soft bone will cause this groove.
Soft skull bone (Craniotabes).

Delayed closure of fontanels.

Spine.

o Scoliosis.
o Kyphosis.
o Lordosis.

Radiographs (Fig. 3.2):

m Fraying: The physis loses its sharp border and look like a brush

border.

m Cupping: The edge of metaphysis changes from a convex or flat

surface to a more concave surface.

m Widening of the physis: Increase width of the physis.
m Osteopenia: Decrease mineralization of bone will cause decrease

density of the bone in the radiographs.

= Bone deformity.

Laboratories

In Vitamin D deficiency Rickets:

Low to normal Ca.

Low Ph.

Low 25- hydroxyvitamin D.

Low or normal 1,25 dihydroxyvitamin D (Calcitriol).
High serum Alkaline phosphatase enzyme.

m Increase PTH.
m Decrease Ca in urine (Table 3.1).
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Fig. 3.2 Radiographs of rickets. Radiographs of the wrist (a) and leg (b) of a
3-year-old boy with nutritional rickets showing the cupping, fraying, and
widening of the physis

Table 3.1: Common types of rickets and laboratory values:
Treatment:
Depends on the type and the cause of the rickets.

m Vitamin D deficiency Rickets.
m There are two stratégies:

e Single day therapy

o Vitamin D with dose range from 300,000 to 600,000 IU are
administrated orally or IM as 2-4 doses over 1 day (it is
adequate if compliance is questionable).
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e Alternative method

o Oral Vitamin D with doses range from 2,000 to 5,000 IU/
day over 2-3 months.

e Both strategies should be followed by daily Vitamin D intake
of 400 IU/day if <1 year or 600 IU if >1 year, typically given
as multivitamins.

e Children with symptomatic hypocalcemia.

o Need IV Ca followed by oral Ca which typically tapered
over 2-6 weeks in children receiving adequate dietary Ca.

o Oral Calcitriol (1,25-D, active form) is often helpful in
reversing hypocalcemia, until oral Vitamin D is converted
to active vitamin D.

Management of skeletal deformities due to rickets.

m Treatment of the underlying medical condition.

m In most cases, the deformity will gradually improve over few
months.

m 6 months after adequate treatment, if the deformity is still the
same or getting worse, orthopedic referral for correction of the
deformity by osteotomy or guided growth correction.

Mucopolysaccharidoses:
Causes:

m All mucopolysaccharidoses are inherited as autosomal recessive
disorders with the exception of Hunter syndrome (MPS II),
which is inherited as X-linked recessive.

General Manifestations MPS:

m Non musculoskeletal manifestations.

e Corneal clouding.
e Organomegaly.

e Hearing loss.

e Mental retardation.

m Skeletal manifestations.
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e Progressive kyphosis.

e Short stature.

e Hip dysplasia and subluxation.
e Knee and ankle contracture.

Skeletal Manifestations of specific types of MPS:

Hunter syndrome:

e Claw hand.
e Joint stiffness.

Morquio syndrome:

e Genu valgum.

e Odontoid hypoplasia.

e Ligamentous laxity.

e Atlantoaxial instability: can lead to severe myelopathy,
paralysis, and death from cord compression.

Management of Orthopedic conditions:

Flexion extension radiograph of the cervical spine for assess-
ment of instability. These should be repeated every 3-5 years.
Orthopedic referral for management of musculoskeletal mani-
festation.

For any surgical interference, great care should be given to the
cervical spine to avoid neurological complication during
intubation.

Management of specific musculoskeletal pathologies:

e Hip dysplasia and subluxation: pelvic and hip osteotomy to
reduce the hip. If arthritis is advanced, arthroplasty (joint
replacement) may be needed.

e Genu valgum: osteotomy or guided growth (hemiepiphysiodesis).

e Carpal tunnel syndrome: Carpal tunnel release.

e Joint contracture: soft tissues release.
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e Scoliosis: spinal fusion.
e Atlantoaxial instability: C1-C2 fusion.

OSTEOGENESIS IMERFECTA

Definition:

m It is a defect in collagen type 1 which is an important constit-
uents of bone, ligaments, dentin, and sclera.

m The defect can be qualitative or quantitative reduction in type 1
collagen.

m Mutations in genes encoding type 1 collagen (COL1A1 or
COL1A2 genes) accounting for, approximately, 80 % of Osteo-
genesis imerfecta cases.

Types of Osteogenesis imerfecta

m Classically 4 types of osteogenesis imerfecta have been reported
(Silence Classification):

e Type I: Mild forms.

e Type II: Extremely severe; is often lethal due to fractures in
utero.

e Type III: Severe.

e Type IV: Moderate.

o The above four types are all autosomal dominant.
m More recently new types had been added:
e Type V, VI

o Non collage types (no mutation).

o Both of these types are clinically similar to type IV.

o Type V has distinctive histology of “mesh-like” appearance
of bone lamellae.

O Clinically this type has a triad of:

€ Hypertrophic callus formation.
€ Dense metaphyseal bands.
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@ Ossification of the interosseus membranes of the
forearm.

o Type VI has ‘fish-scale’” histological appearance with
Elevated alkaline phosphatase activity.

e Type VII, VIII, IX.

o Autosomal recessive.

o The defect in Collagen Prolyl 3-hydroxylation Complex.

o Types VII, VIII: severe forms of disease, type IX: mod-
erate to severe.

Clinical Presentation:
m General manifestations

Blue sclera.

Growth retardation.
Easy bruising.
Osteoporosis.
Presenile hearing loss.

Dentinogenesis imerfecta may be present.

m Skeletal Manifestation

Repeated fractures

o Fractures are most common during infancy and childhood
and decrease in frequency after skeletal maturity.

0 Old fractures can be discovered in infants after radio-
graphs are obtained for reasons other than an assessment
of osteogenesis imerfecta.

Macrocephaly.

Triangular facies.
Malocclusion of the jaw.
Barrel chest.

kyphoscoliosis.

Progressive limb deformities.

Generalized bone aches.
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Fig. 3.3 a, b A 12-year-old with osteogenesis imerfecta. The patient developed
fracture tibia and fibula when fell down in his class room. Notice the severe
osteopenia of bone (bone density is similar to soft tissue density) and the thin
fibula (arrow)

Diagnosis
Radiological Features (Fig. 3.3)

m Fractures—Commonly, transverse fractures and those affecting
the lower limbs.

m Severe osteopenia.

m Thin fibula (gracilis fibula).

m Bony deformity.

m Excessive callus formation (type V).

Genetic testing:

m Direct sequencing of COL1A1 or COL1A2 genes.
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Skin biopsy

m Collagen can be isolated from cultured fibroblasts and assessed
for defects, with an accuracy of about 85 %.

Management:
m Medical treatment:

e Bisphosphonate has been used in children with osteogenesis
imerfecta.

0 Indications include multiple fractures or marked demin-
eralization of the bone.
o Duration of therapy not well established yet.

e Vitamin D and Calcium supplement.
m Orthotics

e For protection against fracture.
e Have limited efficacy.

m Orthopedic interventions:
e Intramedullary rodding:

0 Acts as internal support to the bone (Fig. 3.4).
o Allows the bone to grow in a straight pattern.

e Osteotomy:

o For correction of the deformities of the bone.
o Combined with internal fixation (intramedullary).

e Scoliosis:

o Spinal fusion for advanced scoliosis curves.
o Orthopedic surgeon has to use multiple techniques to
enhance the implant fixation in the osteoporotic bone.
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il

Fig. 3.4 A 10-year-old boy with osteogenesis imerfecta. Osteotomy of the left
femur was done and two nails were applied intramedullary to straighten the
bone and allow it to grow straight

m Management of osteogenesis imerfecta in patient with
fractures:

See Chap. 12.

Musculoskeletal diseases associated
with childhood obesity.

Definition of obesity

m Obesity means an excess of fat relative to lean body mass.

m Children with BMI in the 85-95th percentile range for age and
gender are considered overweight.

m Children with BMI >95th percentile for age and gender are
termed obese.


http://dx.doi.org/10.1007/978-1-4614-7126-4_12
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Causes of obesity

m Non syndromic (exogenous) or polygenic obesity in childhood
is poorly understood.

m Syndromic e.g., Prader-Willi syndrome, Albright hereditary
osteodystrophy.

m Hormonal e.g., Cushing syndrome, hypothyroidism, polycystic
ovary syndrome (PCOS) and growth hormone deficiency.

m Genetic e.g., congenital leptin deficiency or leptin receptor
deficiency.

Diseases associated with obesity in children:

Cardiac diseases

m Obese children have an approximately threefold higher risk for
hypertension than non-obese children.

Respiratory
m Obstructive sleep apnea syndrome (OSAS).
Gastrointestinal

m Nonalcoholic fatty liver disease is associated with obesity and
insulin resistance.

m Obesity is well recognized as a risk factor for the development
of cholesterol gallstones in adults and children.

Gynecological

m Polycystic ovary syndrome.

Musculoskeletal disorders associated with obesity
Slipped capital femoral epiphysis (SCFE) (Fig. 3.5).

m SCFE is a hip disorder in adolescents that causes symptoms of
hip or knee pain (see Chap. 6).

m SCFE is more likely to occur in boys especially overweight.

m Obesity in early age increase the risk of SCFE.

Infantile tibia vara (Blount disease) (Chap. 7, Fig. 7.11).

m Infantile Blount disease is also related to obesity.


http://dx.doi.org/10.1007/978-1-4614-7126-4_6
http://dx.doi.org/10.1007/978-1-4614-7126-4_7
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Fig. 3.5 a A 14-year-old boy who weighs three hundred fifty pounds. The
patient had 3 months history of knee pain. Radiographs of the right knee were
normal while radiographs of the hip showed SCFE. b Fixation of the physis (In
situ pinnin) was done

m Obesity leads to increase mechanical stresses on the medial
aspect of the growth plate suppressing the growth from the
medial side.

m Growth plate suppression leads to decreased growth and a
varus deformity.

Bone density and fractures

m Children and adolescents who are overweight are more likely
than their normal-weight counterparts to have fractures.

m Dual-energy X-ray absorptiometry (DXA) shows that overweight
children have a greater bone density, but it does not protect them
from fractures.

Osteoarthritis

m Abnormal mechanical joint loading that occurs in obesity is a
primary cause of osteoarthritis.
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Pediatric Osteoporosis
Definition in the pediatric age group:

m Osteoporosis is a decrease in the bone density.

m In pediatric population, the Z-score (which compare the child
to matched age and gender) is used.

m Peak density for gender (T-score) is not used to in pediatric
testing of bone density.

Causes
m Primary bone disease:

e Osteogenesis imerfecta.
e Idiopathic juvenile osteoporosis.

m Gastrointestinal disorders

o Celiac disease and inflammatory bowel disorders.

e These conditions interfere with calcium absorption from the
intestine and cause vitamin D deficiency.

m Chronic liver disease

e Calcium and vitamin malabsorption, failure of vitamin D
activation.

m Decrease ambulation:

e E.g., Cerebral palsy, spina bifida, and muscular dystrophy.
e Decreased muscle development and impaired ambulation

will cause disuse atrophy of the extremity and increased risk
of osteoporosis.

m High-turnover conditions (increase bone resorption)

e Hyperparathyroidism.
e Hyperthyroidism.

m Trauma and burn injury increase the risk of bone loss due
to the following:
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Fig. 3.6 Osteoporosis. A 14-year-old boy with chronic inflammatory bowel
syndrome on long-term steroid intake. The patient has steroid-induced
osteoporosis, which resulted in compression fractures of the vertebrae with
back pain. a Notice severe osteopenia and loss of bone density of the vertebra,
also notice the compression of the vertebrae (arrows). b The patient also
developed scoliosis deformity due to vertebral body compression fractures

e Immobilization.

e Inflammatory responses leading to production of large
quantities of resorptive cytokines.

e High endogenous glucocorticoid production that rapidly
accelerate bone loss.

m Medications

e Corticosteroids, chronic long-term steroid use contributes to
loss of bone (Fig. 3.6).
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e Cyclosporine, and other cytotoxic agents.
o Anti epileptic medications.

m Total parenteral nutrition.

e Calcium and phosphorus requirements cannot be met by TPN in
any age group, and the infant, especially the very premature
infant, presents with hypophosphatemic metabolic bone disease.

m Nutrition:

e Adolescents with anorexia nervosa are at risk for developing
osteoporosis caused by inadequate nutrition.

m Lifestyle:

e Increased alcohol intake and smoking among adolescent
lead to impaired bone formation.
e Lack of exercises and physical activity.

Clinical Presentation

m Patients may be asymptomatic or may present with bone pain.

m Children may present with spinal deformities (e.g., kyphosis,
kyphoscoliosis).

m Pigeon chest deformity.

m Short stature and long-bone deformities.

m Back pain (from compression fractures) (Fig. 3.6)

m Fractures:

e Repeated fractures (including vertebral compression
fractures).

Diagnosis

m Laboratory studies for underlying disease.
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m Urinary deoxypyridinoline, an index of bone resorption, is high
in the urine of children who have rapid bone turnover.

Radiology

m Dual-energy x-ray absorptiometry (DEXA)

m According to AAP, DEXA is recommended for children with the
following conditions (testing should be performed on initial
evaluation and before treatment begins).

e Primary bone disorders such as idiopathic juvenile osteo-
porosis and osteogenesis imerfecta.

e Secondary conditions known to increase fracture risk (e.g.,
chronic inflammatory diseases, immobilization for long
periods, endocrine or hematologic diseases, cancer and
associated treatments that adversely affect bone).

e A history of clinically significant fracture, where significance
is defined as 1 long-bone leg fracture, >2 long-bone arm
fractures, or vertebral fracture resulting from low trauma
(Low trauma is defined as a fall from standing height or less).

m The AAP clinical guidelines for DEXA in children and ado-
lescents include the following recommendations for interpre-
tation of results and diagnosis:

e Pediatric osteoporosis may be diagnosed when there is a
clinically significant history of fracture and low bone mass,
defined as bone mineral density (BMD) more than 2 standard
deviations (SD) below reference data (Z-score).

e For children with chronic illness or delayed puberty, BMD
should be adjusted based on height or should be compared
with reference data specific for age, sex, and height.

Treatment
m Management is primarily medical, depending on the underly-

ing condition.
= Bisphosphonate:
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e E.g., pamidronate, alendronate, and risedronate.
e Mechanism of action.

o It is an antiresorptive agent, they prevent osteoclast
attachment to the bone matrix.

m Anabolic steroids (e.g., testosterone, oxandrolone) may be
helpful in forming new bone.
m Calcium and Vitamin D recommendations:

e Calcium intake of 800 mg/d until age 10 years, 1,200 mg/d
during adolescence, and 1,000 mg/d after adolescence.

e Calcium intake should be increased for women who are
pregnant, for women who are lactating (1,200 mg/d).

e An intake of vitamin D of 400-800 IU/d.

m Correction of the underlying risk factors:

e Correction of the underlying medical condition (malab-
sorption, hyperparathyroidism).

e Healthy nutrition, avoiding alcohol and smoking and fre-
quent aerobic exercises.

HIGH YIELD FACTS

m Rickets can cause poor muscle tone, skeletal deformity, and
developmental delay.

m Classic radiographic features of rickets are cupping, fraying,
widening, and osteopenia.

m Osteogenesis imerfecta has different types with variable
degrees of severity. Orthopedic referral is needed to manage
the fractures, deformities, and possible intramedullary rod-
ding of long-bone to act as internal spint.

m Osteoporosis can affect pediatric population for variety of
causes.
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m Bisphosphonate can be used to treat osteoporosis.

CLINICAL SCENARIOS

The presenting patient

The most probable diagnosis and
plan of action

3-years-old boy with severe
developmental delay brought to
the clinic by his mother for
referral to physical therapy. The
child is not able to walk, had eye
surgery 1 year ago for cataract,
and he is able to say only few
words. On physical examination,
the child has broaden wrist,
bossing of the forehead,
nystagmus, poor muscle tone,
and poor reflexes. Laboratory
tests shows Na 135, K 3.5, C1 110,
Co2 17, BUN 12, Creatinine is
0.4, glucose is 95, normal Ca, Ph
is 2.3, alkaline phosphatase is
1250, Ck 70, urine Ph and Ca
were elevated. Brain MRI is
positive for white matter
abnormality in the
periventricular area, what is the
most likely diagnosis?

14-years-old male with morbid
obesity presents to your clinic
with right knee pain, no history
of trauma, On Examination, the
child has external rotation
deformity of the right lower
extremity. Right knee
examination is unremarkable,
however, movement of the right
hip cause marked discomfort.
What is the differential
diagnosis?

Oculocerebrorenal Dystrophy
(Lowe Syndrome)

The patient has renal tubular
acidosis with
hypophosphatemic rickets, high
urine Ph and Ca together with
ocular and neurological
manifestations; they are all
consistent with Lowe syndrome

Treatment of hypophosphatemic
rickets: Vitamin D, oral Ph, and
bicarbonate to keep plasma
bicarbonate >22

SCFE
Obtain AP and LAT view of the
right hip and right knee
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Chapter 4

General Conditions Affecting
the Bones

Amr Abdelgawad and Osama Naga

DYSPLASIA

Definition:

m Affection of the bony skeleton with deformity and shortness.
m Can affect the epiphysis, the metaphysis, or the diaphysis.
m Can sometimes affect the spine (spondylodysplasia).

Clinical Presentation:

m The affected child is short disproportionate dwarf (the dis-
tance between the tips of the stretched hands is less than the
height).

ACHONDROPLASIA

Definition:

m It is a mesomelic dysplasia (i.e. proximal segments (femur and
humerus) are affected more than the distal segments (tibia/
fibula and radius/ulna).

m Achondroplasia is the most common type of dysplasia.

Inheritance:

m This condition is inherited as an autosomal dominant.
m Approximately 80 % of cases are due to new or de novo dom-
inant mutations.
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Prominent forehead

Fig. 4.1 General manifestation of achondroplasia

o Results from heterozygous mutation of genes encoding:
FGFR3 (Fibroblast growth factor receptor 3).

Clinical Presentation (Fig. 4.1):
m General manifestations

o The child will be severely short (less than 5th percentile
for his age).

e Prenatal diagnosis can be done by measuring the length
of the femur by ultrasound.

e Delayed milestones; Often do not walk unsupported until
18-24 months.

o Due to hypotonia, the child will have difficulty in balancing
the head on a normal size trunk and short extremities.
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o Intelligence is usually normal.
o A relatively long narrow trunk.
e Midfacial hypoplasia.
e Prominent forehead.

m Skeletal Manifestations

e Short limbs (very short upper arms and thighs)

e Genu varum

e Trident hand configuration (increased space between third
and fourth fingers)

lumbar hyperlordosis

Lumbar and cervical spinal stenosis.

Cervical stenosis may cause compression over the spinal
cord leading to cervical myelopathy:

o Cervical myelopathy can lead to:

O Quadriparesis

O Hypotonia,

O Central and obstructive apnea,
O Possible sudden death.

o Lumbar stenosis will lead to:

o Bilateral leg pain (radiculopathy)
O Leg weakness

Treatment:

m Growth hormone treatment:

e The availability of somatotropin (recombinant human
growth hormone) has revolutionized the treatment of short
stature.

e Growth hormone is currently being used to augment the
height of patients with achondroplasia.

e The greatest acceleration in growth velocity is seen during
the first year of treatment and in those with the lowest
growth velocities before treatment.

e A young age at initiation of therapy (1-6 y) is recommended
for maximum benefits.
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Fig. 4.2 a-d A 15-year-old girl, with achondroplasia had simultaneous
lengthening of both femurs and both tibia and fibulas using external fixators
(arrows). She was lengthened two inches in the thigh and two inches in the leg
(dotted line)

m Orthopedic referral:

o Refer to orthopedic surgery if the family is interested in
lengthening surgeries.

o Lengthening surgeries: (Fig. 4.2)

O These relay on the basis of “‘distraction osteogenesis’
(see the Chap.1 of introduction)

e Severe cases of spinal or lumbar stenosis may require
surgical decompression.

NEUROFIBROMATOSIS

Definition:

m Neurofibromatosis (NF) is a multisystem genetic disorder that
is associated with cutaneous, neurologic, and musculoskeletal
manifestations.

Genetics:

m Autosomal dominant


http://dx.doi.org/10.1007/978-1-4614-7126-4_1
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m Over half of the cases are sporadic representing de novo
mutations
m Types of neurofibromatosis

NF-1 is a mutation of a gene on long arm chromosome 17
(the most common type)
NF-2 is a mutation of a gene on long arm chromosome 22.

Clinical Presentation of NF-1 (Von Recklinghausen’s disease)

m Clinical diagnosis requires the presence of at least 2 out 7
criteria to confirm the diagnosis

Many of these signs do not appear until later childhood or
adolescence.

Clinical criteria used to diagnose NF1 are as follows:

Six or more café-au-lait spots or hyperpigmented macules
greater than or equal to 5 mm in diameter in children
younger than 10 years and 15 mm in post-pubertal (Fig. 4.3)
Axillary or inguinal freckles

e Two or more typical neurofibromas or one plexiform

neurofibroma

e Optic nerve glioma

Two or more iris hamartomas (Lisch nodules), identified by
slit-lamp examination

Distinct bony lesions as sphenoid wing dysplasia, scoliosis,
or typical long-bone abnormalities (see below)

First-degree relative (e.g., mother, father, sister, brother)
with NF-1

Skeletal manifestation:

e Sphenoid bone dysplasia is usually asymptomatic.
e Anterolateral bowing of the tibia (Fig. 7.27 knee Chap. 7).
e Congenital pseudarthrosis of the tibia (Fig. 7.27 knee Chap. 7).

0 Usually present within the first two years of life.


http://dx.doi.org/10.1007/978-1-4614-7126-4_7
http://dx.doi.org/10.1007/978-1-4614-7126-4_7
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Fig. 4.3 A 16-year-old girl with neurofibromatosis (NF1). Café-au-lait patch
can be seen (arrows)

e Scoliosis with or without kyphosis may become evident in
childhood or adolescent.

o Affects about 30 % of patients with NF1.
o Short segment scoliosis with angular deformity (Fig. 4.4).
o Dural ectasia:

O Widening of the dural sac and the spinal canal causing
erosion of the surrounding vertebral bone.

o It is thought to be due to weakening of the dura which
expands with the pressure of cerebrospinal fluid.

o Will cause scalloping of the posterior portions of the
vertebral bodies and erosion of the pedicles
(Fig. 4.5).

e Cervical spine instability

o flexion-extension views are needed before any
endotracheal intubation to assess cervical spine
stability.
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Fig. 4.4 A 16-year old with NF1 and kyphoscoliosis (notice the relatively
short segment of scoliosis with acute angular deformity)
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Fig. 4.5 Dural ectasia. A 15-year old with NF1 and kyphosis. CT scan shows
widening of the canal and scalloping of posterior vertebral bodies (arrow)

Diagnosis

e Genetic testing
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0 Testing the family members should be done.
m Orthopedic management of NF1

e Anterolateral bowing, congenital pseudoarthrosis of the tibia
(see knee chapter, congenital condition affecting the leg):

o Orthopedic referral.

O Bracing is indicated for the anterolateral bowing.
O Avoid contact sports.

e Scoliosis:
o Orthopedic referral.

O Surgery is usually needed as these patients do not
respond to bracing treatment.

O CT or MRI is needed before surgery to assess bony
anomalies (deficient posterior parts of the vertebrae) to
plan for surgery.

MARFAN SYNDROME

Definition:

m Marfan syndrome (MFS) is a spectrum of disorders caused by a
heritable genetic defect of connective tissue that has an auto-
somal dominant mode of transmission.

Pathology

m The defect in the FBN1 gene on chromosome 15, which codes
for the connective tissue protein fibrillin.

m Abnormalities in fibrillin protein cause anomalies of the mus-
culoskeletal, cardiac, and ocular systems.
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lax joints

chest wall deformity

Fig. 4.6 General manifestation of Marfan syndrome

Skeletal Manifestations (Fig. 4.6):

m Pectus carinatum, and pectus excavatum
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e Pectus excavatum is a chest wall deformity with a concave
appearance in the anterior chest wall (the sternum is
inward).

e Pectus carinatum (Pigeon chest) is a chest wall deformity
with protrusion of anterior chest wall (the sternum is
outwards).

m Ligamentous laxity of the joints
m Limbs are disproportionately long compared with the trunk
(dolichostenomelia)

e Reduced upper to lower segment ratio (distance from the
head to symphysis pubis divided by the distance from sym-
physis pubis to sole of the foot is less than 0.85)

e An Increased arm span-to-height ratio (greater than 1.05)

m Arachnodactyly is a common feature:
e Positive thumb (Steinberg) and wrist sign (Fig. 4.7).

m Joint hypermobility
m Scoliosis:

e More than half of patients with Marfan have scoliosis.
m Pes planus

o Definition: Flattening of the arch of the foot.

e Due to laxity of the ligaments of the foot, will not be able to
support the arch of the foot.

e On examination:

o Hindfoot valgus (outward angulation of the heel).

o Loss of the arch of the foot.

o Flexible deformity (restoration of the arch with standing
on the tip toes or with dorsiflexion of the big toe).

m Protrusio acetabuli:

o Definition: deepening of the acetabulum in the pelvic region.
e Due to softening of the pelvic bones, the femoral head pushs
the hip joint deep inside the pelvis.
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Fig. 4.7 Positive thumb (Steinberg) and wrist in Marfan patients. When the
patient make a fist with thumb in the palm, the tip of the thumb protrude from
the outer side of the small finger. The patient is able to encircle his wrist with
the other hand thumb and small finger

e Clinical manifestations include:

o Hip joint stiffness
o Progressive limitation in activity related to joint pain
o Eventual osteoarthritic change

Management:

Indication for Orthopedic referral:
m Scoliosis:
e Treatment is by brace or surgery.
m Protrusio acetabuli:

e Patient will need surgical interference.
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Fig. 4.8 Arthrogryposis. Notice the absence of elbow and wrist creases

m Pectus repair
e Pectus excavatum:

0 Repair of pectus excavatum is performed to improve
respiratory mechanics by increasing the space available for
lung.

o Better to be delayed until mid-adolescence to lessen the
risk of recurrence.

e Pectus carinatum,

o Repair is mainly performed for cosmetic reasons

ARTHROGRYPOSIS

Definition:

m It is a nonprogressive conditions characterized by congenital
multiple joint contractures.
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Pathophysiology

m Decreased fetal movements or fetal akinesia due to intra-
uterine abnormalities e.g.

e Neurogenic muscle

e Connective tissue abnormalities

e Mechanical limitations to movement
e Maternal disorders

e Infection, drugs, trauma

m Arthrogryposis is associated with:

e Short umbilical cord

e Polyhydramnios (some cases may be associated with
oligohydramnios)

Pulmonary hypoplasia

Micrognathia

Ocular hypertelorism
Epidemiology

m The frequency is about 1 in 3,000 live births
Age

m Arthrogryposis is detectable at birth or in utero using
ultrasonography

Etiology

m The causes of arthrogryposis are varied and not entirely
understood but are presumed to be multifactorial.
m Multiple syndromes and pathologies (more than one hundred)
are associated with arthrogryposis.
m Arthrogryposis multiplex congenita (AMC) is the most
common cause of arthrogryposis.

Clinical Presentation:

m Family history
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e Review the history of children with arthrogryposis and other
affected family members for possible associated syndromes
or pathologies.

m Pregnancy history, e.g.

e Congenital myotonic dystrophy
e Myasthenia gravis

e Maternal infections

e Exposure to teratogens, e.g. alcohol, and phenytoin

Physical Examination (Fig. 4.8)
m Skeletal manifestations
e Involved extremities:

o Fusiform or cylindrical in shape.
o Absent skin creases over the joints (knees and elbows).

e Joint contracture:

o Very limited range of motion specially the knee and elbow.

o The knee is usually contracted in flexion (which may be
associated with skin pterygium (web fold)).

o The elbow is usually contracted in extension. This can
affect the patient ability to feed him/her self.

e Hip dysplasia
e Scoliosis

m General manifestation:

e Facial deformities
e Jaw deformities

o Micrognathia
o Trismus

e Sensation is usually intact, although deep tendon reflexes
may be diminished or absent
e Inguinal hernia.
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CLINICAL CRITERIA FOR DIAGNOSING
ARTHROGRYPOSIS MULTIPLEX
CONGENITA(AMC)

m Presence of arthrogrypotic deformity of the limbs.

m Absence of characteristic features of other causes of arthro-
gryposis (diagnosis of exclusion).

Lack of visceral involvement.

Lack of significant dysmorphic features.

Negative family history.

Imaging Studies

m Radiography to evaluate skeletal and joint abnormalities

m Ultrasonography can help in evaluating the CNS and other
viscera for congenital anomalies

m CT scanning can be used to evaluate the CNS and the muscle
mass

m Prenatal ultrasonography can be used to assess the following:

e Decreased fetal movement
e Abnormal fetal lie
e Polyhydramnios or oligohydramnios

Management:

m Assess the patient ability to eat, clean him/her self, or write

m Most of the limb deformities can be managed non operative by
modification of the instruments to perform activity of daily
living e.g. walker, eating utensils, mouse, and keyboard for the
computers etc. (Fig. 4.9)

m Orthopedic referral is sometimes needed for management of
skeletal deformities:

e Muscle transfer
e Osteotomies
e External fixator for joint contracture.
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Fig. 4.9 Sitting walker. This walker is designed for arthrogrypotic patient
with knee flexion contracture. The child can sit on the chair of the walker and
uses her flexed knee to move the walker

o Coordination with plastic surgeons may be needed in cases
of knee flexion for management of the skin pterygium
posterior to the knee.

LYME DISEASE

m Lyme disease is the most common tick-borne illness in the
United States.

Etiology

m Lyme disease is caused by B burgdorferi which is transmitted by
ixodid tick species—primarily Ixodes scapularis, the common
deer tick

Clinical Presentation

m History of travel to endemic areas.

m Most patients with Lyme disease do not recall a tick bite.

m The clinical presentation depends on the stage at which the
disease is recognized:
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e Early disease
e Early disseminated disease
e Late disease

Early disease

m Usually develops 7-14 days after a tick bite

m Erythema migrans (EM) is the most common presentation and
is a pathognomonic skin lesion

m It starts at the site of the bite and is a slowly spreading irregular
erythematous lesion with a clear center

m Lyme disease in this early stage is a clinical diagnosis, and
serologic testing for children with a single EM lesion is gen-
erally not recommended because patients may be seronegative
early in the course of illness.

m During early disease, with or without the rash, patients may
complain of a flulike illness characterized by:

e Fever

e Chills

e Myalgias

o Arthralgias
e Headache
e Malaise

Early disseminated disease

m Usually develops 3-10 weeks after inoculation.
m Multiple EM lesions are present.
m These are relatively small oval erythematous macules (1-5 cm).

e Patients with early disseminated disease have general com-
plaints similar to early disease (fever, myalgias, arthralgias,
malaise, and headache).

m Neurological manifestations:

e Bell’s palsy
e Aseptic meningitis may develop at this stage
e Encephalitis is rare

m Carditis may present as complete heart block.
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Late disease
m Arthritis is the hallmark of this stage

e Arthritis affects about half of the non treated patients.
e Develops few months after disease onset.
e Pathology:

o Synovitis of the joint.

o B burgdorferi does not produce proteolytic enzymes (in
contrast to bacteria septic arthritis), this leads to less
damage to the articular cartilage.

Usually involve large joints (the knee is involved in 90 % of
cases).
e The joint is warm, swollen, and limited range of motion.

o These findings distinguish arthritis from simple arthralgia
(pain only) which is common in early disease.

o The swelling is usually large with relatively less complain
of pain (in contrast to bacterial septic arthritis).

e Fever is present in about one third of patients with arthritis.
e Most patients presenting with late disease do not have a
history of EM, because the rash typically leads to earlier
treatment, which prevents the development of late disease.
e Clinical presentation of Lyme arthritis:

o Two common forms:

O Classic arthritis is characterized by episodic synovitis
with involvement of one to four joints lasting less than
one week, separated by asymptomatic periods of more
than 2 weeks.

O The acute pauciarticular form (pseudoseptic) is
defined by continual involvement of one to four joints
for less than 4 weeks. This presentation is similar to
bacterial septic arthritis.

o Less commonly the presentation can be similar to juvenile
rheumatology arthritis (chronic pauciarticular, migra-
tory, and polyarticular)
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o Antibiotic-refractory Lyme arthritis

o Patients who do not respond to an initial course of anti-
biotic therapy and who display objective signs of synovitis
(e.g., persistent or recurrent joint swelling).

o It is thought to be due to immune reaction to the organism.

Diagnosis of Lyme disease:

m The most sensitive and specific test for Lyme disease is iden-
tifying the erythema migrans rash.

m For cases without a rash, workup for pediatric Lyme disease
may include:

e Blood studies
e Serology

o ELISA test is used to screen patient samples. A positive or
indeterminate ELISA test should be followed by confir-
matory Western blot assay, which is more specific for B

burgdorferi

e Polymerase chain reaction (PCR)
e Lumbar puncture if indicated

m Diagnosis of Lyme arthritis:

e Recognition of characteristic clinical findings

History of exposure in an area in which the disease is
endemic.

Confirmatory serologic testing.

e Arthrocentesis.

o positive PCR for B burgdorferi DNA in synovial joint
o cell count (WBCs) is similar to septic arthritis

o Differentiation from bacterial septic arthritis:

0 Lyme disease patients has a lower average peripheral
WBC, lower percentage of neutrophils in the CBC with
differential, less likely to present with a temperature more
than 101.5 °F (38.6 °C), and less likely to refuse to bear
weight on the affected extremity.
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Treatment
m Early disease and isolated bell palsy

e Oral doxycycline 100 mg PO bid for 21 days (Or)
e Amoxicillin (for children less than 8 years) for 21 days

m Cardiac and neurologic sequelae

o Ceftriaxone (75 mg/kg/day) IV max 2 grams for 21 days (Or)
e Penicillin 300,000 U/kg/day divides every 4 hours IV for
21 days

Management of Lyme arthritis:

m Can be treated by oral (doxycyclin or Amoxicillin) or intrave-
nous antibiotics (Ceftriaxone or Penicillin).

m NSAIDS for pain and swelling.

m After complete course of antibiotic therapy:

e Most patients should have resolved their symptoms.

e If the child shows partial improvement: oral antibiotic for 4
more weeks.

e If no improvement: intravenous antibiotic for 2-4 more
weeks.

m Management of antibiotic-refractory Lyme arthritis

e NSAIDS.

e intra-articular corticosteroids.

e orthopedic referral for possible surgical interference
(synovectomy).

HIGH YIELD FACTS

m Polyhydramnios, short umbilical cord, and fetal akinesia are
associated with arthrogryposis.

m Inheritance of Achondroplasia is autosomal dominant trait
complete penetrance.

m Approximately 80 % of achondroplasia cases are due to new or
de novo dominant mutations.
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m Risk of apnea and sudden death in achondroplasia can be due
to cervical spinal stenosis.
m Growth hormone is currently being used to augment the height
of patients with achondroplasia.
m More than half of patients with Marfan syndrome have
scoliosis.
m Lyme disease in its early stage is diagnosed clinically and not
requiring Lyme serology to start treatment.
m Arthritis is the hall mark of late Lyme disease.
m Lyme arthritis commonly presents as episodes of acute
arthritis or as an attack of acute inflammation of a large joint
(knee) similar to bacterial septic arthritis.

CLINICAL SCENARIOS

The most probable diagnosis and
The presenting patient plan of action

m A baby died unexpectedly after ~ Arthrogryposis
birth, he was born vaginally after a

pregnancy was complicated by

reduced fetal movement,

polyhydramnios, and a very short

umbilical cord, what is the most

likely associated condition:

m 15-month-old child with Reassurance

achondroplasia, mother is worry = Most childreq With
that he not walking yet achondroplasia will walk by
18-22 month

m 3-year-old child with MRI of cervical spine
achondroplasia started having . Centl.”al apnea occurs due
episodes of apnea, cyanosis, and arteflal compression at the
respiratory distress, what is the best cervical level of the foramen
method to establish the diagnosis magnum
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